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F O R E W O R
The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub­
mitted by the authors in camera-ready form. Papers are re­
viewed under the supervision of the Editors with the assistance 
of the Series Advisory Board and are selected to maintain the 
integrity of the symposia; however, verbatim reproductions of 
previously published papers are not accepted. Both reviews 
and reports of research are acceptable since symposia may 
embrace both types of presentation. 
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PREFACE 

There is a long romantic history of man's fascination, esteem, and food 
recognition of citrus fruits. According to one legend, it was not with 

an apple that Eve tempted Adam but with a citrus fruit (a primitive citron 
called the etrog or Adam's apple). Oranges were also once considered 
the fruit of the gods. The ancient dynasties of China regarded citrus fruits 
as prized tributes. During the reign of Ta Yu (about 2205-2197 B.C.), 
tributes of mandarins an
sent to the imperial cour

The importance of citrus fruits and their products as human food is 
underscored by the fact that more citrus is consumed than any other kind 
of fruit. To illustrate this point, a recent survey conducted by the Market 
Research Corporation of America showed that about 68% of all juices 
(combined total of fruit and vegetable juices) consumed in the United 
States were citrus juices. The world's citrus crop for the 1979-80 season 
was estimated at 39.5 million metric tons (MMT), of which the United 
States contributed a total of 14.4 M M T (oranges 10.4 M M T , grapefruit 
2.5 M M T , lemons 0.7 MMT, tangerines 0.5 M M T , other citrus cultivars 
0.3 M M T ) . The citrus industry in Florida is the largest and encompasses 
336,384 hectares (about 2 /3 of the total U. S. hectarage). During the 
1978-79 season, Florida produced 10.1 M M T of citrus fruit with a fresh 
and processed sales value of $1.99 billion. World production figures show 
that the citrus crop is second only to the grape crop. However, most grapes 
are utilized primarily in fermented liquors rather than consumed as fresh 
fruit or juice products. 

As citrus fruits and their products contribute substantially to the 
American diet and are consumed in great abundance, we believe the time 
is appropriate to review in detail some important nutritional and quality 
properties of this important fruit. Twenty-eight scientists joined with us 
to cover extensively subjects in the following areas: nutrition and health; 
quality as related to specific biochemical components; effects of handling 
and processing; quality control and evaluation; regulatory implication; and 
adulteration. 

Florida Department of Citrus S T E V E N NAGY 
Lakeland, Florida 33802 JOHN A. A T T A W A Y 

July 14, 1980 
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1 

Nutrients and Nutrition of Citrus Fruits 

S. V. TING 
Florida Department of Citrus, University of Florida, Institute of Food 
and Agricultural Sciences, Agricultural Research and Education Center, 
P.O. Box 1088, Lake Alfred, FL 33850 

A l l foods for human
ments. These elements ar
being metabolized in the body and those that are essential for the 
body to carry on this metabolism. Other qualifications for a food 
are i t s psychological and social effects. Many foods are eaten 
as a habit, custom, or t radi t ion; but all foods must possess 
acceptable physical attributes, i.e., color and texture, and 
desirable taste and pala tabi l i ty . 

The acceptance of fruits as a staple in human diet has only 
been practiced since the past century because of their perish­
ability as fresh produce. In most instances, they are used as 
desserts because most of them are sweet in taste and because of 
their high economic values. With the advent of canning and other 
preservation industries and with the better knowledge of nutr i ­
t ion , the use of fruits as staple foods has become more prevalent, 
especially in developed countries. 

The use of c i t r u s f r u i t , e spec i a l l y oranges, dramat ica l ly 
increased in the U.S. a f t e r World War II (1) because of the i n ­
troduct ion of frozen concentrated orange j u i c e (FCOJ) to the 
market. C i t rus f r u i t s , being subtropica l products, d id not enjoy 
the popular i ty of other f r u i t s , e.g. apples, because the l o c a l i t y 
of production were usual ly not near the world population centers 
and because of p e r i s h a b i l i t y of c i t r u s f r u i t s during storage. 
Their s u s c e p t i b i l i t y to phys io log ica l d isorders and to storage 
diseases, e spec i a l l y molds and r o t s , made the cost a deterr ing 
f ac to r to consumers. These shortcomings were overcome with the 
development of FCOJ, which i s a t t r a c t i v e in c o l o r , possesses f u l l 
f resh orange f l a v o r and great ly reduces the cost of t ransportat ion 
with nearly no storage l o s s . Research i n the area of storage 
disease control and in t ransportat ion of fresh f r u i t have a lso 
led to increased consumption i n many developed countr ies . 

C i t rus f r u i t s and t h e i r products are important sources of 
vitamin C in the American d i e t , and are becoming increas ing ly 
more important to other developed and developing countr ies . 
Consumer awareness of the hea l thfu l aspects of c i t r u s , together 

0-8412-0595-7/80/47-143-003$05.00/0 
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4 CITRUS NUTRITION AND QUALITY 

with i t s appealing co lo r and d e l i g h t f u l aroma and t a s te , makes 
c i t r u s products the most popular of the processed f r u i t products. 
The improved technology of c i t r u s f r u i t product ion, process ing, 
storage and t ransportat ion has placed the product w i th in economic 
reach of more people than ever. The cost of a serving (6 f l oz , 
177 ml) of orange j u i c e , g rape f ru i t j u i c e , and other ju i ce s were 
9 .7 , 9.0 and 10.7 cents , r e spec t i ve l y , as reported in September 
1979 (2:). Table I shows the gallonage and expenditures f o r c i t r u s 
f r u i t j u i ce s and f r u i t - f l a v o r e d d r i nk s , inc lud ing orange f l a vo red , 
i n the U.S. during September. 

Table I. Consumption of F r u i t Ju ices and Other F r u i t Beverages 
in the United States and Their Total Values-September, 1979 

M i l l i o n s of 
gal lons 

M i l l i o n s of 
do l l a r s 

Orange j u i c e 
Grapefru i t j u i c e 
A l l other f r u i t j u i ce s 26.1 70.0 

Orange f l a vo r dr inks 11.6 16.2 
A l l other f l a v o r dr inks 18.4 26.2 
Source: {2) 

The H i s t o r i c a l Role of C i t rus F r u i t i n the Human Diet 

C i t rus i s general ly regarded as one of the most important 
sources of ascorbic a c i d . The r e l a t i o n between c i t r u s f r u i t and 
an t i s co rbut i c a c t i v i t y a c t ua l l y was f i r s t reported by a Hungarian 
phys ic ian, Kramer, i n 1732 (3J . The dreadful disease of scurvy 
was found to be completely prevented with the ingest ion of green 
vegetable or pulp of c i t r u s f r u i t . The use of l ime and orange i n 
the d i e t of seamen in the Royal B r i t i s h Admira l i ty was the o r i g i n 
of the name "Limey" f o r B r i t i s h s a i l o r s . Harden and Z i l v a (4) 
found a concentrated f r a c t i o n from the lemon f r u i t that possessed 
strong reducing proper t ie s . Later Szent Gyorgyi (5) i s o l a ted the 
an t i s co rbut i c substance in c r y s t a l l i n e form from pepper and c i t r u s 
f r u i t . 

Many vegetables and f r u i t s , other than c i t r u s , contain ascor­
bic a c i d . I t was estimated that c i t r u s f r u i t s and tomatoes pro­
vided only 18% of the t o t a l v itamin C intake in the American d i e t 
during the decade of 1910. These two f r u i t s suppl ied 41% of 
vitamin C in 1956-58 (6) . Today orange j u i c e alone provides 
nearly 60% of the U.S. Recommended Dai ly Allowance (U.S. RDA) of 
vitamin C i n the American d i e t (7) . 

Ci t rus f r u i t s and t h e i r products are now recognized as an 
important food i n the human d i e t , not only because of t h e i r 
v itamin C contents, but a lso because of t h e i r other food a t t r i ­
butes, such as t h e i r pleasant aroma, appealing c o l o r , and p leas ­
ant tas te of appropriate r a t i o s of sweetness and tartness 
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1. TING Nutrition of Citrus Fruits 5 

and because of the awareness by the pub l ic of t h e i r n u t r i t i v e 
values and the other nutr ients they conta in. 

Macronutrients i n C i t ru s 

The energy-supplying nutr ients are general ly carbohydrates, 
prote in and f a t . While c i t r u s products provide l i t t l e prote in 
and f a t , t h e i r cont r ibut ion of carbohydrate i s an es sent ia l part 
of the n u t r i t i v e value of c i t r u s . The proximate composition of 
several kinds of c i t r u s f r u i t s (8) are shown in Table I I. Because 

Table I I. Proximate Composition of C i t rus F ru i t s (g/100 g) 

F ru i t s Moisture Prote in Fat Carbohydrate Ash 
So l . Inso l . 

Orange 
Whole f r u i t 86.
Ju ice 88.3 .6 .2 10.5 .1 .4 

Grapefru i t 
Whole f r u i t 88.9 .5 .1 10.1 .2 .4 
Ju ice 90.2 .5 .1 9.0 — .2 
Segment 91.3 .6 .1 7.6 .2 .4 

Tangerine 
Whole f r u i t 87.0 .8 .2 11.6 .5 .4 
Ju ice 88,9 J> .2 10.1 .1 .3 

Source: (8) 

the compositions vary g reat ly due to f r u i t maturity and v a r i e t y , 
these values can f l u c tua te considerably from actual samples. The 
main part of the c a l o r i c values suppl ied by c i t r u s i s from carbo­
hydrate and most of the prote in value i s a c tua l l y from f ree 
amino ac ids . 

Carbohydrates 

Simple sugars. The main port ion of carbohydrates in c i t r u s 
f r u i t are the three simple sugars: sucrose, glucose and f ructose 
(9). Together they represent about 80% of the t o t a l so lub le 
so l id s of orange j u i c e (jLO), and the r a t i o s of sucrose: glucose: 
f ructose are genera l ly about 2:1:1 (11_). In over-mature ear ly 
and mid-season F l o r i da oranges, and in tangerines, the r a t i o s of 
sucrose to reducing sugars have been found to increase but not i n 
the l a t e season F l o r i da oranges (12). In g r ape f ru i t , the sucrose 
to non-reducing sugar r a t i o s are less than 1. Most of the f ree 
sugars i n lemon and lime ju i ce s are reducing sugars (Table I I I ) 
and the main so lub le s o l i d in these f r u i t ju i ce s i s c i t r i c a c i d . 
In an a c i d i c medium such as c i t r u s j u i c e s , sucrose can be e a s i l y 
hydrolyzed; t h i s f a c t may account f o r the low sucrose values 
sometimes found in canned ju i ce s subject to long term storage. 
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6 CITRUS NUTRITION AND QUALITY 

Table I I I . Average Sugar Composition of C i t rus Juices (g/100 g) 
Total Total 

F r u i t Glucose Fructose Reducing Sucrose Sugars 

Orange 2.03 2.48 4.51 4.81 9.32 
Grapefru i t 1.66 1.75 3.41 2.56 5.97 
Tangerine 1.13 1.54 2.67 6.53 9.20 
Lemon 1.40 1.35 2.75 0.41 3.16 
Lime 3.48 0 3.48 

Source: (12) 

The main sugars i n the peel of c i t r u s f r u i t s are also suc­
rose, glucose and f ruc to se , although a trace of f ree xylose was 
reported (13J. The r e l a t i v e amounts of these sugars are shown in 
Table IV. These f ree sugars are a lso the major ingredients of 
c a t t l e feed manufactured fro  c i t r u l d processing res idue
e spec i a l l y when c i t r u s molasse

Table IV. Average Sugar Composition in C i t ru s Peel 

F r u i t and Time of Glucose Fructose Sucrose Total 
va r i e ty harvest ( Ï dry weight) sugar 

Hamlin oranges December 10.3 16.8 11.8 38.8 
Pineapple oranges January 10.8 21.2 13.9 45.8 
Valencia oranges A p r i l 10.9 10.9 16.5 37.4 
Marsh seedless 

g rape f ru i t December 11.6 12.8 14.3 38.7 

Source: (13) 

Polysaccharides and Polyuronides. These compounds are found 
in the a l coho l - i n so l ub le f r a c t i o n and cons i s t of pect ic sub­
stances, hemice l lu lose, c e l l u l o s e and l i g n i n . The recent i n t e re s t 
of d ie ta ry f i b e r i n human n u t r i t i o n has placed spec ia l emphasis 
upon these substances i n foods. Between 45 and 75 percent of the 
t o t a l s o l i d s in c i t r u s peel and membrane i s not so luble in a l c o ­
hol (13), and most of these alcohol i n so lub le s o l i d s consisted of 
polysaccharides or polyuronides (15). In orange f r u i t , the peel 
i s not genera l ly eaten except in such s p e c i a l i t y products as 
candied peel or marmalade. The b i t terness in the peel and the 
segment membrane of g rape f ru i t i s due to nar ing in and l imonin 
(12) and makes that port ion of the f r u i t unpalatable. Roe and 
Bruemmer (16) developed a method to deb i t t e r the albedo by vacuum 
in fus ion of t h i s t i s sue with nar inginase, thus, rendering the 
en t i r e f r u i t , except the f lavedo, ed i b l e . A d i s t r i b u t i o n of the 
various component parts of d i f f e r e n t c i t r u s f r u i t i s shown i n 
Table V (17, 18). Approximately 20 percent of the weight of 
orange and 30 percent of that of g rape f ru i t i s peel ( includes both 
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1. TING Nutrition of Citrus Fruits 7 

the albedo and f l avedo) , and about 10 percent of the weight of 
the f r u i t i s segment membrane. 

Table V. D i s t r i bu t i on of the Components of Oranae and Grape-
f r u i t (% Fresh Weight) 

F r u i t Peel 
Segment 
Membrane 

Ju i ce 
ve s i c l e s Seeds 

Oranges 
Pineapple 19.9 13.7 62.6 3.8 
Valencia 19.2 9.0 71.0 0.8 

Grapefru i t 
Seedy 27.2 10.0 59.4 3.4 

Source: (17, 18) 

About 30 percent of the polysaccharides i n the peel and pulp 
may be c l a s s i f i e d as c e l l u l o s e (Table V I ) . No separate c e l l u l o s e 
f r a c t i o n can be d i s t ingu i shed from the j u i c e polysaccharide. 
Over 50 percent of the t o t a l polysaccharide in the pee l , 60 per­
cent or more of that of the pulp and over 90 percent of that of 
the j u i c e are extracted with the pect ic substance, the balance 
being hemicel lu lose. Separate hydro lys i s of these f r a c t i o n s , 
ind icated that some monosaccharides, such as arabinose and ga lac ­
tose, were found in a l l f r a c t i o n s . Xylose occurred mostly i n the 
hemicel lulose f r a c t i o n whereas ga lacturonic ac id and glucose were 
the main monosaccharides i n the pect ic substances and the c e l l u ­
lose f r a c t i o n s , re spect i ve ly (Table V I I ) . 

Dietary F iber . The d e f i n i t i o n of d ie ta ry f i b e r i s not very 
s p e c i f i c and i t general ly includes that group of substances found 
in the a l coho l - i n so lub le f r ac t i on s of c i t r u s f r u i t s . The crude 
f i b e r value as convent ional ly reported i s only that port ion of 
the d ie ta ry f i b e r cons i s t ing of p a r t i a l l y p u r i f i e d c e l l u l o s e and 
l i g n i n . Although these compounds are not attacked by the human 
d iges t i ve system as they t rave l through the al imentary t r a c t , 
they are subject to p a r t i a l hydro lys i s by the m ic ro f l o ra in the 
lower part of the d iges t i ve system. The benef i t of d ie ta ry 
f i b e r has been a t t r i bu ted to i t s a b i l i t y to decrease the t r a n s i t 
time of food through the ga s t r o i n te s t i na l t r a c t (19). Some 
f r a c t i o n of the d ie tary f i b e r such as pect in has Been associated 
with the property of lowering the cho les tero l i n mammals (20), 
and the methyl content of the polymer has been reported to be 
cor re la ted to t h i s c a p a b i l i t y . C i t rus pect in has a methyl con­
tent of 7-10 percent as compared to 6-9 percent f o r apple pec t i n . 
Pect in from f leshy f r u i t s such as strawberry has only 0.2 percent 
(21). 

The polysaccharides of the peel and pulp of c i t r u s f r u i t s 
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10 CITRUS NUTRITION AND QUALITY 

provide a good source of d ietary f i b e r . Church and Church (22) 
reported that an average s i z e orange could supply about 0.8 g of 
d ie ta ry f i b e r , whereas 236 ml (8 f l oz) serving of j u i c e contains 
only one-half that amount. 

Organic Ac ids . The most predominate so luble const i tuents of 
c i t r u s j u i c e , fo l lowing the sugars, are the organic acids and 
t h e i r s a l t s . They represent about 10 percent of the t o t a l so lub le 
so l i d s i n c i t r u s j u i c e s . The proper r a t i o s of sugar and the acids 
and t h e i r buffers give the c i t r u s j u i ce s t h e i r de l i g h t f u l t a s te . 

The organic acids of c i t r u s f r u i t include a group of c a r -
boxy l i c acids (23) with d i f f e r e n t acids predominant in various 
component parts of the f r u i t . C i t r i c ac id i s the main ac id in 
the j u i c e , representing from 80 percent of the t o t a l a c i d i t y i n 
j u i c e from ripened oranges, about 90 percent of that of g rape f ru i t 
and nearly a l l of that o
a f fec t s the sourness o
by the ca t ions , e spec i a l l y potassium. The major acids in c i t r u s 
peel are ma l i c , o xa l i c (25), malonic (26), and qui n ic (27). 
Organic acids are metabolized in the body and should be considered 
as a source of energy. In the case of the sa l t s of these ac id s , 
the organic port ion i s metabolized leaving the f ree cations to be 
combined with other anions. Thus, c i t r u s j u i c e i s classed as an 
a l k a l i n e food (28). 

Prote in 

The amount of prote in i n c i t r u s f r u i t i s r e l a t i v e l y low 
(Table I I ) , and the j u i c e and peel have about the same amount (29). 
Much of the value that i s considered as prote in i s e i t he r f ree 
amino acids or non-protein const i tuents which contain n i t rogen. 
The t o t a l nitrogen of orange ju i ce s was found to increase with 
the maturity of the f r u i t and ranged between .068 to .120 g per 
100 ml (30). The actual prote in values obtained by Clements (31) 
were about 20 percent of the acetone powder. Nearly 30 percent 
of the a l coho l - i n so lub le so l i d s of j u i c e and about 20 percent of 
that of ve s i cu l a r pulp were found to be prote in as determined by 
the Kjeldahl procedure (32). These values are the actual prote in 
that was p rec ip i t a ted by alcohol and are only a f r a c t i o n of the 
t o t a l prote in values usual ly reported f o r orange j u i c e (8). The 
main source of proteins in c i t r u s j u i c e i s probably in the form 
of enzymes and the p l a s t i d s . At l ea s t 47 d i f f e r e n t enzymes have 
been reported to occur in c i t r u s f r u i t s (33). C i t ru s f r u i t s a lso 
contain several phenolic amines (34), some of which such as syn-
epherine, may have phys io log ica l importance (35). 

Among the various f ree amino acids reported in c i t r u s j u i ce s 
(32), arg in ine i s the only semi-indispensable amino ac id that 
occurs i n moderate amounts. The major i ty of amino acids in c i t r u s 
are considered to be nonessential according to the c l a s s i f i c a t i o n 
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1. TING Nutrition of Citrus Fruits 11 

by Block and Bo i l i n g (36). At most, the cont r ibut ion of f ree 
amino acids in c i t r u s j u i ce s to human n u t r i t i o n i s minimal. 

L ip id s 

From a d ietary standpoint, the cont r ibut ion of c i t r u s l i p i d s 
i s i n s i g n i f i c a n t ; and only between .06 and .09 percent has been 
found in oranges (37). They are, however, of importance because 
of t h e i r e f fec t s on the development of o f f - f l a v o r s (12), thus 
lowering the p a l a t a b i l i t y of these products. The near absence 
of l i p i d s i n c i t r u s makes i t a des i rab le food f o r those on a 
l im i t ed f a t d i e t . 

Micronutr ients i n C i t rus 

The term micro i s used purely to ind icate the physical quan­
t i t i e s required in n u t r i t i o
These nutr ients represen
stances that have d ietary s i g n i f i c ance . 

Fat-Soluble Vitamins in C i t rus F r u i t 

Among the several vitamins in t h i s c l a s s i f i c a t i o n , only 
vitamin A i s present in appreciable quantity as carotenoid pro­
vitamin A in c i t r u s (38). No vitamin D has ever been reported in 
c i t r u s nor any plant vitamin D precursors, such as e rgos te ro l . 
Several of the s te ro l s present in c i t r u s f r u i t s are reported (39, 
40, 41), but they are not re la ted to vitamin D. 

Vitamin Ε. The amount of vitamin Ε in c i t r u s i s n u t r i t i o n ­
a l l y i n s i g n i f i c a n t . Braddock (42) reported only 0.1 mg in 100 ml 
of orange j u i c e . The U.S. RDA f o r t h i s v itamin i s 30 mg. Newhall 
and Ting (43) found as much as 1 mg in 100 grams of f lavedo on a 
f resh weight bas i s . I ts ant iox idant property plays an impor­
tant r o l e in the keeping qua l i t y of c i t r u s o i l s . 

Vitamin A. The vitamin A of c i t r u s f r u i t i s e n t i r e l y in the 
form of provitamin A carotenoids. The carotenes (both the alpha 
and beta form) and the cryptoxanthins i n c i t r u s are considered as 
the main precursors. The carotenes are only a minor component of 
the t o t a l carotenoids of oranges ranging from about 5 to 10 per­
cent (44-46). In Dancy tangerine and Valencia oranges, c rypto-
xanthin i s the main vitamin A precursor (47, 48). High perform­
ance l i q u i d chromatography (HPLC) has been usëcT to separate 
cryptoxanthin from other oxygenated carotenoids (413, 50). Only 
the beta-cryptoxanthin has provitamin a c t i v i t y . P r i o r use of open 
column chromatography (51) could not separate the d i f f e r e n t mono-
oxygenated carotenoids, thus g iv ing higher values. Using the HPLC 
method, Stewart (52) analyzed the carotenoids of several v a r i e t i e s 
of oranges and mandarins, and found that beta-cryptoxanthin i s the 
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12 CITRUS NUTRITION AND QUALITY 

main provitamin A c i t r u s carotenoid. The mandarin-type c i t r u s 
f r u i t i s a good source of provitamin A, whereas oranges are s i g ­
n i f i c a n t l y poorer (Table V I I I ) . With g r ape f r u i t , the white v a r i ­
e t ie s have no vitamin A, but the pink and red v a r i e t i e s have been 
found to contain appreciable amounts of beta-carotene (53, 54). 

Table V I I I . Vitamin A Content of C i t ru s Ju ices 

% U. S. RDA 
F ru i t 177 ml (6 f 1 . oz) 

Ear ly and mid-season 1.6-2.7 
Late season 1.7 

Tangerines 
Dancy 19 
Honey 6
Robinson 2

Tangélos 
Orlando 4.7 

Grapef ru i t 
White None 
Ruby 30 

Source: (44, 52-54) 

Wàter-Sôluble Vitamins i n C i t rus F r u i t 

Vitamin C. Perhaps the most important cont r ibut ion of c i t ­
rus f r u i t s to human n u t r i t i o n i s a t t r i bu ted to t h e i r high ascorbic 
a c i d . Although c i t r u s products are not the only source f o r 
high contents of vitamin C among f r u i t s and vegetables, t h e i r 
popular i ty are l a rge l y due to t h e i r des i rab le f l a v o r , taste and 
co l o r . In Table IX (55) are l i s t e d some of the more common f r u i t s 
and vegetables and t h e i r v itamin C content. An average 177 ml (6 
f l oz) serving of e i t he r orange or g rapef ru i t j u i c e could provide 
100 percent U.S. RDA of vitamin C (60 mg). Tangerine j u i c e , a l ­
though containing less v itamin C than other c i t r u s j u i c e s , would 
provide a substant ia l amount toward the recommended d a i l y a l l ow­
ance. 

Nearly 3/4 of a l l v itamin C in an orange and 5/6 in a grape­
f r u i t i s found i n the peel (56), however, c i t r u s j u i ce s and t h e i r 
products provide a major port ion of the vitamin C in the American 
d i e t . Considerable va r i a t i on s in vitamin C content can be found 
in d i f f e r e n t c i t r u s products due to such factors as v a r i e t y s , 
maturity and c u l t u r a l pract ices of the f r u i t (57) from which the 
products o r i g i na te and to the processing pract ices and storage 
condit ions of these products before they reach the consumer. 

The decrease of ascorbic ac id with f r u i t maturity i s i l l u s -
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Table IX. Average Vitamin C Content of Freshly Harvested F ru i t s 
and Vegetables 

Product mg/100 g 

Guava 300 
Brocco l i 120 
Green pepper 120 
Turnip greens 120 
Cabbage 60 
Orange 50 
Lemon 50 
Grapefru i t 40 
Tangerine 25 
Potato 30 
Tomato 25 
Pineapple 25 
Banan
Appl
Peaeh 4 

Source: (55) 

t rated in Figure 1. Vitamin C content of the ear ly and midseason 
oranges are higher than that of the l a t e season f r u i t . These 
fact s i nd ica te that high qua l i t y does not co r re l a te with higher 
n u t r i t i o n a l q u a l i t y . The more mature f r u i t and those of the l a t e 
season va r i e ty are general ly regarded as of better qua l i t y . 

S t a b i l i t y of Vitamin C in C i t rus F ru i t s and Juices 

The ease of ox idat ion of reduced ascorbic ac id i s the basis 
f o r a simple method of ana lys i s by dye t i t r a t i o n (58). Ascorbic 
ac id as i t occurs i n c i t r u s j u i c e i s in the reduced form. When 
subjected to ox i da t i on , ascorbic ac id changes to the dehydro form. 
Dehydroascorbic ac id has nearly the same phys io log ica l a c t i v i t y as 
the reduced form and i s e a s i l y converted to the l a t t e r . Further 
ox idat ion of the dehydroascorbic ac id converts i t to 2,3-d iketo-
gulonic ac i d . This react ion i s i r r e v e r s i b l e , and the ox id ized 
product i s devoid of b i o l o g i ca l a c t i v i t y . These react ions are 
shown in Figure 2. Nearly 90 percent or more of the vitamin C 
found in c i t r u s j u i c e and c i t r u s products i s in the reduced form 
(Table X) (59). 

Vitamin C in c i t r u s j u i c e i s remarkably s table during the 
short period i t i s general ly kept a f t e r extracted from the f r u i t . 
Freshly extracted orange and g rapef ru i t j u i ce s retained about 98 Q 

percent of t h e i r o r i g i n a l v itamin C at 21,1 f o r 3 days. At 4.4 
orange and g rapef ru i t j u i ce s retained 96 and 99 percent, respec­
t i v e l y , of the o r i g i n a l amount a f t e r one-week's storage (60). Or­
ange j u i c e that has been heated to b o i l i n g f o r 15 min s t i l l r e ­
tained about 96 percent of the vitamin C (59). Atmospheric oxygen 
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Figure 1. Seasonal changes of ascorbic acid in juice of Florida oranges (average 
values for 2 seasons) 
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Table X. Reduced Ascorbic Acid and Dehydroascorbic Acid in 
C i t rus Products 

Reduced Dehydro 
Product (mg/100 g) 

Dehydro 

Canned orange j u i c e 43.1 0.9 
g rapef ru i t j u i c e 32.0 1.8 
tangerine j u i c e 27.2 1.1 

FCOJ 45.2 1.6 
Orange segments 36.0 1.5 
Grapefru i t segments 31.5 2.3 

Source: (59) 

i s an essent ia l element in the loss of vitamin C during long term 
storage. In sealed conta iners
min fol lowed by a slow decreas g y
Smoot and Nagy (61) found that when stored at high temperature, 
the loss of vitamin C continues even a f t e r the headspace oxygen 
i s exhausted and that the d iketogulonic ac id f r a c t i o n increased 
not iceably. 

A comparison of the vitamin C content of f re sh l y squeezed 
orange j u i c e and reconst i tuted FCOJ showed no marked d i f ference 
in the ascorbic ac id content during storage in a home r e f r i g e r a t o r 
fo r up to one week (62) (Figure 3). The loss of vitamin C in i n ­
tac t oranges during t F e i r marketing period are not expected to be 
more than 10 percent of the o r i g i na l (63). 

Thiamine (Vitamin B,). C i t rus products are also good sources 
of thiamine. They proviae comparable amount or more of v itamin 
B. than foods that are known suppl iers of t h i s nut r ient on the 
basis of nut r ient density as measured by the Index of Nutr ient 
Qual i ty (INQ) (64). L i s ted in Table XI are the INQ of some com­
mon foods. The vegetables have high INQ since the index i s c a l ­
culated on un i t nut r ient per KCal, but c i t r u s products are higher 
in INQ than some other f r u i t s . Wholewheat bread, usual ly cons id­
ered as a source of vitamin B. has an INQ much lower than that of 
orange j u i c e . Thiamine in canned orange j u i c e i s rather s tab le . 
A loss of only 16-17 percent was reported a f t e r the product was 
stored fo r 18 months at 27° (65). 

F o l i c Acid ( f o l a t e ) . Chemically, f o l i c ac id i s a p t e r y l -
glutamic acid.. The several forms that occur in nature depend on 
the numbers of glutamic ac id units and methyl groups in the mole­
cu les. Because of i t s usual low concentrat ion, f o l i c ac id i s 
general ly determined in food mater ia ls by the microb io log ica l 
assay with [Lactobacillus casei and measured turbidimetrically 
or t i t r i m e t r i c a l l y . Deficiency of this vitamin could result i n 
macroytic anemia (66). Orange j u i c e contains more f o l a t e than 
many other f r u i t j u i c e (Table X I I ) (67). 
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A V E R A G E V A L U E S FOR P E R C E N T A S C O R B I C ACID 
R E T A I N E D A F T E R R E F R I G E R A T I O N 
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Figure 3. Changes in ascorbic acid content of freshly squeezed orange juice and 
reconstituted orange juice concentrate during storage in refrigerator (62) 
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Table XI. Comparison of Index of Nutr ient Qual i ty (INQ) of the 
Amino Acids of C i t rus Products With Those of Various Other 
Common Foods 

Foods Index of nut r ient 
qua l i t y (INQ) 

M i lk (whole) 
Mi lk (skim) 
Eggs (hard-boi led) 1.00 
Beef .33 
Grapes (seedless) 1.71 
Grape j u i c e .74 
Apple (whole) 1.00 
Apple j u i c e .33 
Peaches (raw) 1.00 
Peaches (canned in water) .53 
Banana 1.20 
Grapefru i t segments 2.00 
Grapefru i t j u i c e (canned) 1.40 
Grapefru i t j u i c e (from concentrate) 2.00 
Orange (peeled) 4.00 
Orange j u i c e (canned) 2.83 
Orange j u i c e (from concentrate) 3.83 
Tangerine (peeled) 2.50 
Tangerine j u i c e (canned) 2.40 
Broccol i (cooked) 4.00 
Cabbage (raw) 5.00 
Tomato (raw) 5.60 
Tomato j u i c e 5.33 
White bread 2.94 
Whole wheat bread 2.50 

Source: (64) 
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18 CITRUS NUTRITION AND QUALITY 

Table XI I. F o l i c Acid Content of Some F r u i t Juices 

Range 
Product Average (mi crôgràms/100 ml ) 
Orange j u i c e 35 26-40 
Mixed f r u i t j u i ce s ( in fant ) 8 7-10 
Grapefru i t j u i c e 8 3-24 
Tangerine j u i c e 21 17-25 
Grape j u i c e 0.1 0.1 
Prune j u i c e 0.3 0.2-0.3 
Apple j u i c e 0.2 0.1-0.2 
Tomato j u i c e 9.9 9.7-10 

Source: (67) 

Vitamin B^. Analys i s of reconst i tuted frozen concentrated 
orange j u i c e has shown that i t contain f 55
100 ml (68). While t h i
j u i c e i s comparable to mi l  i  supplying th i s nu t r i en t . Atking 
ÊÏ. ϋ1· (69) reported that cow's milk suppl ies an average of 54 
meg of vitamin B 6 per 100 ml and orange j u i c e 56 meg in equal v o l ­
ume. Canned and fresh g rapef ru i t j u i ce s contain 8 and 18 meg per 
100 ml , re spect i ve ly (70). Vitamin B5 i s a group of 3 re la ted 
compounds, namely pyr idox ine, pyridoxamine and py r idoxa l . I t i s 
es sent ia l f o r many of the enzymes in amino ac id metabolism. Deter­
minations of v itamin Bg in c i t r u s are made by mic rob io log ica l 
assay. Although the RDA f o r t h i s nut r ient i s 2 mg, the actual 
requirement could be as low as 1.25 mg. With high prote in i n take , 
the need could be as much as 1.75 mg (71). 

N i a c i n , R ibo f l av in and Pantothenic Ac id . These three v i t a ­
mins are a l l present in c i t r u s j u i ce s but the amount of each pres­
ent i n orange j u i c e i s only between 2 to 4 percent U.S. RDA in a 
177 ml serving (68). In g rape f ru i t j u i c e , the amount i s s l i g h t l y 
less but i s a l so near the 2 percent U.S. RDA region (72). While 
these amounts are not l a r ge , they are, however, greater i n pro­
port ion to the average c a l o r i c intake as expressed by the INQ (7). 

Mineral Nutr ients i n C i t rus 

Potassium and Sodium. Potassium i s the most abundant mineral 
of c i t r u s ju i ce s and other c i t r u s products, amounting to 40 per­
cent of the t o t a l ash (73). In cont ras t , c i t r u s f r u i t s are low in 
sodium, general ly less than 1 mg/100 ml j u i c e (74). In 100 ml of 
orange j u i c e , 4 to 6 meq of potassium may be ava i l ab l e (73). 
S l i g h t l y less was found in canned g rapef ru i t j u i c e (72). 

These two elements are the main cations of the c e l l . Persons 
with high blood pressures are usual ly placed on a low sodium 
d i e t . Although potassium def ic iency in normal adults i s r a re , 
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people on d i u r e t i c medicine or on an improper d i e t have been 
known to need a supplemented intake of th i s element. 

Calcium, Magnesium and Phosphorus. Calcium and magnesium 
are the two major d i va lent cations of c i t r u s f r u i t , but both oc­
cur i n r e l a t i v e l y low amounts in the j u i ce s ranging between 6-15 
mg/100 ml (74). The cont r ibut ion of c i t r u s j u i ce s f o r these two 
mineral nutr ients would only be 2-3 percent U.S. RDA per a serving 
of 177 ml (6 f l oz ) . However, when ca lcu la ted on the basis of 
c a l o r i c in take, c i t r u s j u i ce s provide a l l these three nutr ients 
(phosphorus, calcium and magnesium) near or above t h e i r c a l o r i c 
cont r ibut ions . 

While phosphorus i s r e l a ted to the two b iva lent cat ion in 
human n u t r i t i o n as in s t ruc tu ra l formation, i t i s a l so present i n 
the blood c e l l s as phosphates and in p ro te i n , l i p i d s , carbohy­
drates and enzymes such as ATP and ADP  The U.S  RDA f o r phos­
phorus i s one gram, and
ta i n between 15 to 20 m

Trace Elements as Mineral Nutr ients . Within t h i s group of 
elements are copper, z i n c , i ron and manganese. A l l of these min­
era l s are suppl ied during the c u l t i v a t i o n of c i t r u s f r u i t , and are 
es sent ia l as p lant nu t r i en t s . They are important i n many of the 
enzymatic react ions i n the metabolic a c t i v i t i e s of the body. 
These minerals are a l l found to be near, or s l i g h t l y above, the 
c a l o r i c cont r ibut ion of the c i t r u s products (7_, 75). 

Other Constituents in C i t rus with Poss ib le Dietary Importance 

Several const i tuents of c i t r u s f r u i t s have been reported to 
have d ie tary importance, although there are strong controvers ies 
about them. While these substances do not cause def i c iency symp­
toms when not taken in s u f f i c i e n t quan t i t i e s , t h e i r presence in 
food may contr ibute to the betterment of hea l th. Among them are 
the biof lavonoids and i n o s i t o l . 

Biof lavonoids 

Flavonoids are a group of compounds contain ing a C5-C3-C5 
s t ructure . At l ea s t 50 f lavonoids have been i s o l a ted and i d e n t i ­
f i e d from c i t r u s (76), but only two are found in appreciable 
quan t i t i e s . Hesperidin i s the major f lavono id in oranges whereas 
nar ingin i s major i n g rape f ru i t . Some f lavonoids have been found 
to have b i o l o g i c a l a c t i v i t i e s ; the term biof lavonoids i s some­
times used to descr ibe these substances. Szent-Gyorgyi (77) had 
considered c a l l i n g these substances "Vitamin P". Since these 
substances are not es sent ia l i n the human d i e t , i n as much as 
t h e i r de f i c iency does not cause s p e c i f i c symptoms, the term 
"Vitamin P" was not accepted by most n u t r i t i o n i s t s . Tests of some 
of the b iof lavono id preparations f a i l e d to show any phys io log ica l 
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a c t i v i t i e s . Thus, i t was concluded by many n u t r i t i o n i s t s that 
the b iof lavonoids are not of any n u t r i t i o n a l importance. B io ­
f lavonoids as i s o l a ted from oranges f o r pharmaceutical purposes 
contain mostly hesper id in , and when p u r i f i e d , only hesper idin may 
be present. The phys io log ica l a c t i v i t i e s , however, are present 
in some of the minor components of the c i t r u s f lavonoid pool . 
Robbins (78) found that the f u l l y methoxylated f lavones, espe­
c i a l l y n o b i l e t i n and tangeret in , and heptamethoxyflavone are 
e f f e c t i v e in preventing the adhesion of red blood c e l l s . The 
decrease in t h i s red blood c e l l adhesion has been associated with 
a lessening of some heart diseases. 

Inos i to l 

I nos i to l i s a commonly occurr ing substance in plants and has 
been found to be present i n c i t r u s j u i c e in the amount of about 
150-200 mg/100 ml (79)
fo r some animals (807 bu
humans. I t i s doubtful that t h i s substance i s c r i t i c a l i n the 
human d i e t . 

Conclusion 

With increas ing knowledge of n u t r i t i o n and of nutr ients and 
food values of c i t r u s f r u i t and with the development of technology 
of process ing, packagin, and t ransportat ion to reduce the cost of 
the product, c i t r u s f r u i t s and t h e i r products have become stap le 
food items in most developed and some developing countr ies in 
recent years. The supe r i o r i t y of c i t r u s i s not only dependent on 
the f a c t that i t contains high vitamin C, although i t i s important, 
but that i t contains several hundred other chemical const i tuents 
inc lud ing many other v i tamins, polysacchar ides, amino acids and 
minerals . Many of these are essent ia l i n human n u t r i t i o n . The 
i nc lu s i on of c i t r u s i n the d i e t provides sugars as a quick source 
fo r energy as wel l as many other substances which may contr ibute 
to a person's wel l being. 

The major assets of c i t r u s as food are t h e i r des i rab le 
c h a r a c t e r i s t i c aroma, taste and co lor and in the i n t e r r e l a t i o n s h i p 
of a l l the d ie ta ry nutr ients i n a pool as in a l l natural foods 
such as c i t r u s when consumed. As a food i t can be enjoyed by 
persons of a l l ages and at a l l t imes. Many c i t r u s const i tuents 
e i t he r already i d e n t i f i e d or to be i so la ted may contribue to the 
betterment of hea l th . 
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Studies on the Role of Citrus in Health and 
Disease 
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Since 1973, we at
atically evaluating the
in human nutr i t ion. Our previous studies of citrus have yielded 
valuable information relating to the beneficial nutritional role 
of citrus in providing certain vitamins, replenishing lost elec­
trolytes, and possibly inhibi t ing v i ra l infections. Our ongoing 
research in the area of study of the chemistry and biological 
role of dietary ci trus pectin in human nutrit ion has yielded re­
sults elucidating the complex chemical nature of pectin and the 
possible biochemical basis by which dietary pectin may cause 
lowering of serum and/or l i ve r cholesterol. In addition, another 
series of ongoing experiments suggest that citrus pectin may 
influence the biological processes regulating the absorption of 
glucose in patients with postprandial hypoglycemia. 

This a r t i c le is a review of our major biomedical research 
efforts, previous and ongoing, on the role of citrus and citrus 
pectin in human nutr i t ion. Its purpose is to focus attention, 
provide sc ient i f ic evidence and evaluate the direction of future 
research on the beneficial role of citrus fruits in human 
nutr i t ion. 

NUTRITIONAL ROLE OF CITRUS BEVERAGES 

B i o a v a i l a b i l i t y of Water-soluble Vitamins 

N u t r i t i o n a l l y , the most important water-soluble vitamins i n 
c i t r u s f r u i t s are ascorbic a c i d , f o l i c ac id and pyr idoxine . C l i n i ­
cal s tudies on the b i o a v a i l a b i l i t y of these v i tamins , as wel l as 
basic research on the absorption and chemistry of these v i tamins , 
have y i e lded valuable information adding to our ove ra l l under­
standing of the n u t r i t i o n a l q u a l i t y and b i o a v a i l a b i l i t y of these 
vitamins found i n c i t r u s f r u i t s . 

Ascorbic A c i d . Unl ike a number of animal spec ies , man and 
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other primates as well as the guinea pig depend on d ie tary sources 
fo r t h e i r v itamin C needs because these species lack the b i o ­
chemical mechanism to synthesize th i s es sent ia l nu t r i en t . Lack 
of v itamin C in d ie ta ry sources causes scurvy in adults which i s 
character ized by sore spongy gums, impaired c a p i l l a r y i n t e g r i t y 
with subcutaneous hemorrhages and edema, j o i n t pa in , anorexia 
and anemia. In c h i l d r e n , vitamin C de f i c iency causes tenderness 
and swel l ing of j o i n t s , arrested s ke le ta l development, impaired 
wound hea l ing , anemia and inadequate tooth development. 

C i t rus j u i c e i s r i c h in ascorbic ac id and, therefore, i s an 
important d ie ta ry source of t h i s e s sent ia l v i tamin. Our studies 
were aimed at de f in ing whether vitamin C from c i t r u s sources i s 
comparable with the synthet ic vitamin i n terms of b i o a v a i l a b i l i t y 
and i n t e s t i n a l absorpt ion. These studies were conducted using 
human volunteers and guinea pig experimental models (]_,2_)· 

P r i o r to our work  absorption of vitamin C from i n te s t i ne was 
bel ieved to be pass ive
t ra r y to th i s b e l i e f , r e su l t
on the saturat ion k i ne t i c s r e l a t i n g to the i n t e s t i n a l absorption 
of pharmacological doses of ascorbic ac id in human volunteers and 
guinea pigs demonstrated that i n t e s t i n a l absorption of ascorbic 
ac id i s accomplished by an ac t i ve transport mechanism, supporting 
the observations made prev ious ly by Stevenson {3). The observed 
ac t i ve transport of ascorbic ac id showed parameters cha rac te r i s ­
t i c of the phenomenon of s a t u r a b i l i t y , i . e . , as the dose of 
v itamin C presented to the i n t e s t i ne i s increased, the r e l a t i v e 
proport ion of ascorbic ac id absorbed showed a decrease. The most 
e f f i c i e n t absorption of the vitamin was observed when amounts 
near ly i d en t i c a l to that present in orange j u i c e were presented 
to the i n t e s t i n e . These observations were fu r ther corroborated 
by studies on the absorption of v itamin C in v i t r o on i s o l a ted 
jejunum and ileum segments of guinea pig with i n t a c t vascular 
supply using experimental guinea pig models. These s tud ies , in 
add i t ion to establishment of the ac t i ve absorption of v itamin C 
by i n t e s t i n e , provided conclus ive evidence that human volunteers 
perfused with pharmacological doses of vitamin C absorbed the 
v itamin less e f f i c i e n t l y . Furthermore, i t was shown that the 
amount of vitamin C present i n orange j u i c e i s near optimum in 
terms of i t s e f f i c i e n t absorption by i n t e s t i n e , and the pharmaco­
l o g i c a l doses of vitamin C suppl ied to human volunteers would 
appear to be of l i t t l e or no add i t iona l n u t r i t i o n a l value and may 
even be det r imenta l . 

F o l i c Ac id . C i t ru s j u i c e both in frozen or fresh form i s a 
r i c h and s tab le source of f o l a t e . The presence of vitamin C in 
orange j u i c e protects i t from ox idat ion and, un l i ke other n u t r i ­
t i ona l sources of f o l a t e , the f o l a t e i n orange j u i c e i s not sub­
jected to dest ruct ion caused by cooking of foodstuf f . 

Research conducted in our l aborator ie s has c l e a r l y e s t a b l i s h ­
ed tha t , in add i t ion to being r i c h in f o l a t e , c i t r u s j u i c e 
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contains N-5 methyl t e t r a f o l a t e as the most predominant chemical 
form, which i s metabo l i ca l l y act i ve and most r ead i l y a va i l ab l e . 
Its natural occurrence i s unique in c i t r u s f r u i t s (4-6). Further­
more, by employing t r i p l e lumen perfusion techniques, i t was shown 
that diphenylhydantoiη does not inf luence the absorption of c i t r u s 
f o l a te in human volunteers. This may be c l i n i c a l l y s i g n i f i c a n t , 
s ince diphenylhydantoiη i n dosages s u f f i c i e n t to control e p i l e p t i c 
seizures inf luences absorption of forms of f o l a t e present in other 
food sources. 

Vitamin B-6. Comparative studies on the b i o a v a i l a b i l i t y of 
synthet ic and na tu ra l l y occurr ing forms of vitamin B-6 found in 
orange j u i c e have demonstrated that the absorption of vitamin B-6 
from orange j u i c e in human volunteers i s not e f f i c i e n t when com­
pared with the synthet ic forms of t h i s vitamin (7). These obser­
vations are s i m i l a r to the f ind ings of others ( 8 j that natural 
n u t r i t i o n a l sources contai
cooking of foodstuf f enhance y
in animals. Natura l l y occurr ing vitamin B-6 i s general ly bound 
to proteins (9), however c i t r u s f r u i t , which contains substant ia l 
amounts of b ioava i l ab le forms of vitamin B-6, i s low i n prote in 
contents. Further inves t i gat ions on the nature of the chemical 
component bound to vitamin B-6 found in c i t r u s f r u i t have demon­
s t rated that i n c i t r u s f r u i t v itamin B-6 i s bound to a small 
(molecular weight:<3,500) heat-stable and non-prote in ic molecule 
which exh ib i t s binding to both pyr idoxal and pyr idoxine (10). 
These studies have contr ibuted to our basic understanding of the 
b i o a v a i l a b i l i t y , absorption and chemistry of vitamin B-6 in 
general. 

E l e c t r o l y t e Balance 

I t has been previous ly demonstrated that considerable quant i ­
t i e s of sodium and potassium are l o s t through sweating (11,12). 
Loss of potassium from sk in has been estimated to be of the magni­
tude of 44% of the to ta l potassium losses. Furthermore, loss of 
potassium caused by strenuous physical a c t i v i t y in hot cl imates 
may cause rhabdomyolysis and myoglobinuria. 

Studies (13,14) were ca r r i ed out to evaluate the ro le of an 
orange j u i c e based " th i r s t -quencher " i n rep len i sh ing the l o s t 
e l e c t r o l y t e balance caused by extreme exerc ise i n a hot and humid 
c l imate , s ince orange j u i c e th i r s t -quencher contains appreciable 
amounts of sodium and potassium. Members of the Un iver s i t y of 
F l o r i da Track Club were se lected and studied f o r the sodium and 
potassium e l e c t r o l y t e balance changes caused by exerc i se , and 
monitored by employing whole body counting techniques using 4 0 K . 
These ath letes ran 18 to 20 miles a day and were given three i n d i ­
vidual l i q u i d e l e c t r o l y t e supplements, namely: Gatorade P v , orange 
j u i c e th i rst -quencher and an e lect ro lyte- sod ium only s o l u t i on . 
Results obtained from these studies demonstrated that only the 
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orange j u i c e th i r s t -quencher with i t s high potassium content r e ­
su l ted in a po s i t i ve potassium balance which even exceeded requ i re ­
ments recommended by the National Research Council fo r a th le te s . 
These f ind ings lend add i t iona l support to the n u t r i t i v e value of 
c i t r u s beverages in maintaining the e l e c t r o l y t e balance in exer­
c i s e , as wel l as in overa l l human health s ince potassium i s essen­
t i a l fo r normal funct ion of muscles, inc lud ing the heart. 

Resistance to V i r a l Infect ions 

Although h ighly c on t r o ve r s i a l , evidence has been presented 
in the l i t e r a t u r e which suggests that vitamin C could be involved 
in increas ing t i s sue res i s tance to re sp i ra to ry v iruses (15). 
Orange j u i c e i s a natural source of vitamin C containing an 
average of 30 mg of vitamin C per 100 ml of j u i c e . Studies (16) 
were ca r r i ed out on the e f f e c t of ingest ion of orange j u i c e on 
Rubella v i rus i n fec t ion
with the v i rus e i t he r b
j e c t i o n . Using t h i s model, human volunteers in fected in t ranas ­
a l ^ develop re sp i ra to ry symptoms whereas subcutaneous i n t r o ­
duction of v i rus leads to development of systemic symptoms. The 
in fected i nd i v idua l s were given a l i t e r of orange j u i c e a day 
whereas matched normal contro l s were in s t ructed to e l iminate 
c i t r u s from t h e i r d a i l y d i e t and not to take vitamin supplements. 
Results obtained from these pre l iminary experiments suggested 
that ingest ion of orange j u i c e might have an i n h i b i t o r y inf luence 
on the development of only re sp i ra to ry t r a c t symptoms s ince no 
such inf luence on the development of systemic symptoms was ob­
served in human volunteers in fected subcutaneously. In add i t i on , 
serum antibodies to Rubella v i rus appeared s i g n i f i c a n t l y e a r l i e r 
in i nd i v idua l s in fected through the nose. 

NUTRITIONAL ROLE OF DIETARY CITRUS PECTIN 

Diseases such as a the ro sc le ro s i s , colon cancer, con s t i pa t i on , 
gal l stones and many other so -ca l l ed "ai lments of the Western world" 
are l inked to a common e t i o l ogy , i . e . , de f i c iency of f i b e r in the 
d i e t . Atherosc leros i s and coronary ar tery disease occur more 
frequently i n populations showing a high incidence of hypercholes­
terolemia than in those showing hypocholesterolemia. Cholesterol 
i s the major component of the a the ro sc l e ro t i c les ions which are 
character ized by int imai p r o l i f e r a t i o n of smooth muscle c e l l s 
accompanied by an accumulation of large amounts of connective 
t i s sue components such as co l l agen, e l a s t i n , glycosaminoglycans 
and depos it ion of e x t r a - and i n t r a c e l l u l a r l i p i d . 

Elevated serum cho les tero l l eve l s are i n va r i ab l y associated 
with the et io logy of a therosc leros i s and coronary a r tery d isease, 
and i t has been shown by several invest igator s that pect in from 
a va r ie ty of sources when supplemented in the d i e t of a number of 
laboratory animals, as wel l as human volunteers, causes lowering 
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of l i v e r and/or serum cho les tero l l eve l s (V7). Furthermore, pec­
t i n has been shown to retard induced avian atherosc leros i s (18). 

Does C i t rus Pect in Bind B i l e Salts? A poss ib le mechanism by 
which d ietary pect in may cause lowering of cho lestero l l eve l s in 
rats has been reported (19j . In these i n v i t r o s tud ie s , pect in 
was found to i n h i b i t the transport of taurocho l ic ac id from 
everted sacs of r a t i n t e s t i n e . The absorption of l abe l l ed choles­
te ro l was depressed by the add i t ion of 5% pect in to the d i e t as 
evidenced by increased excret ion of l a be l l ed cho lestero l and 
diminished cho les tero l depos it ion i n the l i v e r . I t was concluded 
from these studies that pect in lowers cho lestero l l eve l s in 
cho le s te ro l - f ed rats p r imar i l y by binding b i l e s a l t s and, conse­
quently, by impair ing cho les tero l absorpt ion. Results s i m i l a r 
to those obtained with d ie ta ry pect in and described have also been 
reported fo r other non-nutr i t i ve substances such as guar gum, 
psy l l ium seed c o l l o i d an

Dietary f i be r s in genera
t h e i r binding of b i l e s a l t s by employing cen t r i f uga t i on techniques. 
These ana l y t i c a l methods are not app l i cab le to water-soluble muci-
lagenous f i be r s such as pec t in . Therefore, in our attempts to 
extend and demonstrate s i m i l a r binding of b i l e s a l t s to c i t r u s 
pec t i n , we have developed a methodology based on equ i l i b r i um d i ­
a l y s i s to study i n te r ac t i on of b i l e s a l t s with f ibrous as wel l as 
mucilagenous d ietary f i b e r . This method has been succes s fu l l y 
u t i l i z e d by us to study and compare f i b e r - b i l e s a l t binding and/or 
i n te rac t i on fo r a va r ie ty of f i b e r s , inc lud ing pec t i n . In our 
studies we compared and studied the binding of b i l e s a l t s by a 
va r ie ty of nonnutr i t i ve f i be r s by using both cent r i fuga t i on and 
equ i l i b r ium d i a l y s i s techniques. These studies were ca r r i ed out 
by u t i l i z i n g lkC sodium taurocholate. Centr i fugat ion studies were 
performed according to estab l i shed techniques. Equ i l ib r ium d i a l y ­
s i s studies were performed u t i l i z i n g Spectrapor 2 membrane and a 
Spectrum d i a l y z e r . The percentage of binding was determined by 
assaying the r a d i o a c t i v i t y in the supernatant f l u i d obtained 
fo l lowing cent r i f uga t i on and in the d ia l y sa te so lu t i on opposite 
to the f i be r - con ta in i ng ha l f c e l l . Comparable re su l t s were ob­
tained by the two methods used to study the binding of b i l e sa l t s , 
with an incubation mixture contain ing 2.5 mM of sodium taurocho­
l a te per mg of f i b e r . B i l e s a l t s binding was compared by these 
two methods using cholestyramine, a known res in which binds b i l e 
s a l t s , ground a l f a l f a , m i l l e r ' s bran, c e l l u l o s e , and c i t r u s pect in 
and l i g n i n . As summarized in Table I, re su l t s obtained from these 
studies c l e a r l y demonstrated the binding of a l f a l f a (8.4% by cen­
t r i f u g a t i o n vs. 14.4% by equ i l i b r i um) , bran (1.7% by cen t r i f uga ­
t i on vs. 8.5% by equ i l ibr ium) and l i g n i n (2.4% by cent r i f uga t i on 
vs. 1.4% by equi l ibr ium) to sodium taurocholate. Binding of 
taurocho l ic ac id to cholestyramine was found to be i den t i c a l (84%) 
by the two methods. However, no binding of b i l e s a l t s to pect in 
or c e l l u l o s e was observed. Results obtained from these studies 
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Table I. In v i t r o i n te rac t i on of b i l e s a l t s 
with pect in and other d ie ta ry f i be r s 

Equ i l ib r ium 
d i a l y s i s Centr i fugat ion 

(% bound) (% bound) 

a l f a l f a 14.4 8.4 
bran 8.5 1.7 
c e l l u l o s e n i l n i l 
pect in n i l technica l d i f f i c u l t i e s 
l i g n i n 1.4 2.4 
cholestyramine 84.0 84.0 
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suggest that bran and a l f a l f a , although c l i n i c a l l y less e f f e c t i v e 
in lowering of serum and/or l i v e r cho lestero l l e v e l s , d id bind 
small amounts of b i l e s a l t but only a f r a c t i o n of that bound by 
cholestyramine r e s i n , whi le pect in which i s unique in causing 
lowering of cho lestero l l eve l s demonstrated no binding to b i l e 
s a l t s . Although care must be taken in ext rapo lat ing these f i n d ­
ings to i n vivo processes which remain undefined, i t was concluded 
that the phenomenon of binding of b i l e s a l t s to d ietary f i b e r , 
p a r t i c u l a r l y pec t i n , i s not s u f f i c i e n t to exp la in the biochemical 
basis by which d ietary pect in causes lowering of cho les tero l 
l e v e l s . I t was, therefore, imperative to search f o r a l te rnate 
biochemical and phys io log ic mechanisms to help exp la in the 
hypocholesterolemic e f f e c t of d ietary pec t i n . 

Interact ion of Pect in with Serum L ipoprote ins . E a r l i e r i n 
the course of epidemiologi  studie  showin  stron  r e l a t i on sh i
between elevated l eve l s
development of a the ro sc le ro s i s ,
found i n plasma d id not occur in the free state but was bound/ 
ca r r i ed in various l i pop ro te i n f r a c t i on s . L ipoproteins found i n 
plasma are l i p i d - p r o t e i n complexes of various s i zes and den s i t i e s . 
These complexes are constructed with the charged prote in molecules 
on the surface and the nonpolar molecules, such as t r i g l y c e r i d e s 
and esters of c h o l e s t e r o l , on the i n s i de . The l i popro te in s func­
t i on to transport cho les tero l in a water-soluble form. Based on 
t h e i r den s i t i e s , s izes and behavior upon preparat ive u l t r a c e n t r i -
fugat ion, four major kinds of l i popro te in s are character ized to 
date. These are: chylomicrons which carry d ie ta ry t r i g l y c e r i d e s 
from i n te s t i ne to nonhepatic t i s sues f o r u t i l i z a t i o n or storage, 
very low density l i popro te in s (VLDL) conta in ing t r i g l y c e r i d e s 
made p r imar i l y in the l i v e r , the low density l i popro te in s (LDL) 
and the high density l i popro te in s (HDL). Of these l i p op ro te i n s , 
LDL are the major c a r r i e r s of c i r c u l a t i n g cho l e s t e r o l . Elevated 
l eve l s of LDL in the serum contr ibute s i g n i f i c a n t l y to the coro­
nary heart disease r i s k in persons o lder than age 50. On the 
other hand, elevated l eve l s of HDL, which carry approximately 
one quarter of the cho les tero l found i n serum, has a bene f i c i a l 
inf luence on the overa l l health of i nd i v i dua l s . In f a c t , increas ­
ed l eve l s of HDL in serum has been a t t r i bu ted with longev i ty (21). 
The ro le of VLDL in causing atherosc leros i s remains unclear. I t , 
therefore, fo l lows that much of what has been learned in the past 
about the i l l e f f ec t s of high serum cho les tero l can be a t t r i bu ted 
to the associated elevated l eve l s of LDL or cho les tero l c a r r i ed 
in t h i s l i p op ro te i n f r a c t i o n . Furthermore, re su l t s from recent 
studies (22) have shown that LDL, which are known to carry most 
of the cho les tero l found i n blood, play a key ro le i n both the 
development of a the ro sc l e ro t i c les ions and in the regu lat ion of 
cho les tero l metabolism in a va r i e ty of c e l l s . These studies 
suggest that s p e c i f i c binding s i t e s f o r LDL present in normal 
c e l l s are absent and/or defect ive i n f i b r ob l a s t s from subjects 
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with homozygous f a m i l i a l hypercholesterolemia. Interact ion of LDL 
with a s p e c i f i c receptor at the c e l l surface of normal c e l l s i n i ­
t i a t e s a ser ies of s t i l l poorly understood complex processes l ead­
ing to endocytosis of LDL, the lysosomal degradation of i n t e r n a l ­
ized LDL and suppression of cho lestero l synthesis in the c e l l . In 
i nd i v idua l s homozygous to f a m i l i a l hypercholesterolemia, a lack 
of binding s i t e s at the surface of f i b r ob l a s t s from these i n d i ­
v iduals lead to accumulation of large quant i t ie s of LDL in the 
blood stream and the development of severe, a the ro sc le ro t i c d i ­
sease. Results from these studies c l e a r l y suggest that serum 
c h o l e s t e r o l , most of which i s ca r r i ed in LDL, i s causa l ly involved 
in atherogenesis. 

Pec t i n , a polyanionic heterogeneous mixture of complex poly­
saccharides of high molecular weights, i s predominantly composed 
of l i n e a r (1-5) l inked galactopyranosyl uronic ac id residues (23). 
L ike pect ic polysacchar ides  glycosaminoglycans are also po ly
anionic polysaccharides
iduronic ac id and/or D-glucuroni
amine or D-galactosamine) residues and, exc lus ive of hyaluronic 
a c i d , a l l glycosaminoglycans are sulphated. In a the ro sc le ro s i s , 
the i n te rac t i on of glycosaminoglycans with l i poprote in s has been 
suggested as being involved in the mechanism of sequestering LDL 
at the endothelias surface (24). Evidence f o r complex formation 
between LDL and glycosaminoglycans in human aorta int imai layer 
and demonstration of a c o r r e l a t i on between the sever i t y of athero­
s c l e ro s i s and the amount of LDL present in intima has been pre­
sented by several invest igator s (25). This i n te rac t i on between 
polyanionic glycosaminoglycans and the c a t i on i c prote in moiety 
of l i popro te in s appears to be dependent upon the e l e c t r o s t a t i c 
forces between the two macromolecules (26). 

Based on our knowledge of the facts that (a) l i poprote in s are 
c a r r i e r s of cho lestero l i n the blood stream, (b) they are involved 
in atherogenesis,(c) pect in when supplemented in d i e t causes low­
er ing of serum and/or l i v e r cho lestero l i n man as wel l as a number 
of laboratory animals and (d) polyanionic glycosaminoglycans i n ­
te rac t with l i p op r o t e i n s , i t was of i n te re s t to us to invest igate 
the i n te rac t i on of polyanionic pect in with l i popro te in s in order 
to exp la in the biochemical basis by which pect in may cause lower­
ing of serum/liver cho lestero l l e v e l s . 

To te s t th i s hypothesis, very low density l i p op ro te i n (VLDL, 
d<1.0 gm/ml), low density l i p op ro te i n (LDL, d=l.02-1.063) and 
high density l i pop ro te i n (HDL, d=1.09-1.21) were i s o l a ted from 
outdated human plasma by u l t r a cen t r i f u ga t i on according to estab­
l i s hed procedures (27,28), using potassium bromide fo r density 
adjustments and stored at -20° C in the presence of 20% sucrose 
before use. The pur i t y of i nd i v idua l l i pop ro te i n f rac t i ons thus 
obtained was estab l i shed by polyacrylamide gel e lectrophores i s in 
sodium dodecyl buf fer system (29) and f i l t r a t i o n through a Sepha-
rose 6B column, equ i l i b r a ted with 0.2 M potassium bromide in 0.1 
M sodium phosphate bu f fe r , pH 7.2. Protein (30) and cho lestero l 
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contents of various l i pop ro te i n f rac t ions were estimated accord­
ing to establ i shed procedures. 

Commercially ava i l ab le g rapef ru i t (C i t rus parad i s i ) pec t i n , 
a g i f t from Lykes-Pasco Packing Company, Dade C i t y FL, was repre-
c i p i t a t e d three times using 70% ethanol p r i o r to study of the i n ­
te rac t i on of pect in with serum l i pop ro te i n s . In add i t i on , pect in 
from grapef ru i t albedo was also extracted in our laboratory 
according to establ i shed procedures of Thornber and Northcote (32). 
The chemical composition of the two pectins was found to be s i m i ­
l a r . These pect in preparations contained galacturonic ac id 
which accounted f o r 76-78% by weight of the t o t a l pec t i n . The 
remainder was accounted fo r by neutral sugar components, p r imar i l y 
galactose and arabinose and trace amounts of rhamnose, xy lose, 
mannose and glucose. 

Interact ion of pect in with various l i pop ro te i n f r ac t i on s 
was studied according t  estab l i shed ana l y t i c a l technique
c e s s f u l l y u t i l i z e d to stud
serum l ipopro te in s as reveale y
plexes (33). Pect in and l i pop ro te i n preparations were d ia lysed 
against appropriate buffer so lut ions and the i n te r ac t i on was 
studied over a wide range of pec t i n : l i pop ro te i n r a t i o , pH and a 
va r i e t y of experimental cond i t ions . To te s t tubes, each conta in ­
ing 0.5 mg of l i pop ro te i n in 0.2 ml of bu f fe r , was added var iab le 
amounts of pect in so lut ions and the f i n a l volume of react ion mix­
ture was brought to 4.0 ml with appropriate buf fer . A f t e r incu­
bation of react ion mixture fo r 15 mi η at room temperature, the 
formation of inso lub le complexes was assayed by recording absorb-
ance at 680 nm. Test tubes containing buffer and pect in, or l i p o ­
prote in alone,were also run in p a r a l l e l , to serve as cont ro l s . 

Results obtained from these studies revealed tha t , of a l l 
the l i pop ro te i n f r ac t i on s te s ted , the formation of inso lub le com­
plexes with pect in was l im i t ed s p e c i f i c a l l y to LDL. The pH o p t i ­
mum of the observed i n te rac t i on was found between pH 4.3 and 5.2. 
The i n te rac t i on between pect in and LDL was found to be optimal 
in 0.05 M phosphate bu f fe r , and increase i n the molar i ty of buf fer 
i n h i b i t ed the formation of complexes. Furthermore, presence of 
d i va lent cat ions such as Mg, Ca and Mn in concentrations above 
1 mM in the react ion mixture caused the i n h i b i t i o n of formation 
of complexes between pect in and LDL. 

Although several invest igator s have previous ly demonstrated 
the i n v i t r o i n te rac t i on of serum l ipopro te in s with glycosamino­
glycans, to our knowledge the i n te rac t i on between serum l i p op r o ­
te ins and d ietary pect in has never before been inves t i gated. The 
re su l t s obtained from the in v i t r o studies described here c l e a r l y 
suggest that pect in i n te rac t s s p e c i f i c a l l y with serum LDL and 
th i s i n te rac t i on appears to be e l e c t r o s t a t i c in nature. In add i ­
t i o n , the observed i n te rac t i on appears to be of potent ia l s i g n i ­
f icance s ince LDL i s the major b i o l o g i c a l c a r r i e r of cho les tero l 
and the p r i n c i pa l ingredient of a the ro sc le ro t i c les ions found i n 
diseased cardiovascular t i s s ue . The observed i n te rac t i on assumes 
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add i t iona l s i gn i f i cance when one considers our unsuccessful 
attempts described e a r l i e r to demonstrate the binding of b i l e 
s a l t s to pect in as the only suggested biochemical basis by which 
d ie ta ry pect in may cause the lowering of cho les tero l l e v e l s . 

The conclusion reached in our laboratory that pect in i n t e r ­
acts p r imar i l y with LDL, although of s i g n i f i c ance , i s at best 
only pre l iminary. A number of questions remain unanswered. These 
include (a) Is the in v i t r o i n te rac t i on between LDL and pect in 
of any phys io log ica l importance? (b) Is there a formation of 
soluble complexes between LDL and pectin under phys io log ica l con­
d i t i on s ? (c) Of a number of polysaccharides found in pec t i n , 
which unique polysaccharide i s p r imar i l y involved in the observed 
in teract ion ? and (d) Could t h i s observed i n te rac t i on have the 
merit to expla in the biochemical basis by which d ie ta ry pect in 
may cause lowering of serum cho les tero l leve l s ? A p re requ i s i te 
to answering these questions i s the a v a i l a b i l i t y of i nd i v idua l 
and h ighly pure and s t r u c t u r a l l
i n c i t r u s pec t i n . In add i t i o n
pect ic polysaccharides would g reat ly enhance our understanding 
of the problems and questions posed e a r l i e r . We have been able 
to achieve f r a c t i ona t i on as wel l as l a b e l l i n g of several poly­
saccharides found in c i t r u s pec t i n . These studies are described 
as fo l l ows . 

Fract ionat ion and Chemistry of C i t ru s Pect ic Polysaccharides. 
Pect i c polysacchar ides, commonly known as pec t i n , appear ear l y in 
p lant c e l l - w a l l formation. A ser ies of complex biochemical steps 
re su l t s i n the formation of c e l l p lates fol lowed f i r s t by i t s 
growth in area (primary c e l l wa l l ) then in thickness (secondary 
c e l l wa.ll). Exclus ive of randomly or iented c e l l u l o s e f i b r i l s , 
primary c e l l wal l i s composed mainly of pect i c polysaccharides 
(34). These pect ic polysaccharides are r i c h in D-galacturonic 
a c i d , D-galactose and L-arabinose res idues. With growth in t h i c k ­
ness of c e l l wal l (secondary c e l l wa l l ) , t he re appears to be a 
replacement of pect ic polysaccharide depos it ion with polysaccha­
r ides r i c h in D-glucuronic ac id or 4-0-methyl-D-glucuronic a c i d , 
D-xylose and D-glucose r i c h polysaccharides. 

E a r l i e r studies (35) led to the b e l i e f that pect ic poly­
saccharides were a complex mixture of three groups of polysaccha­
r i d e s , pect ic ac id contain ing chains of 1-4 l i nked D-galacturonic 
a c i d , a galactan contain ing chains of 1-4 l inked 3-D-galactopyra-
nose res idues, and a h ighly branched araban containing 1-5 and 
1-3 l i nked L-arabofuranose res idues. Later studies (36) on the 
chemistry of pect ic polysaccharides found in s i s a l plant pointed 
out that pect ic a c i d - l i k e substances are not polymers of D-
galacturonic ac id alone. Neutral sugars, e spec i a l l y D-galactose, 
L-arabinose and L-rhamonse, are in tegra l components of a c i d i c 
polysaccharides and l i nked to ga lacturonic ac id chains. Further 
studies (37J on the s t ructure and analys i s of pect i c polysaccha­
r ides from Lucerne have shown that the main chain of pect ic ac id 
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polysaccharides was composed of 1-4 l inked D-galacturonic ac id 
res idues. However, the i s o l a t i o n of a p a r t i a l hydro lys i s product, 
the a ldobiuronic a c i d , 2 -0- (3 -D-galacturonic acid) L-rhamnose 
provided evidence that the L-rhamnose residues were l i nked g l y -
c o s i d i c a l l y to D-galacturonic ac id and that L-rhamnose residues 
may act as branching po ints . Studies on the s t ructure and analy­
s i s of pect ic polysaccharides from soybean colyledon meal (38) 
and lemon peel pect in (23J revealed that L-arabinose and D-
galactose residues were a lso integrated i n the framework of 
D-galacturonic ac id and the chain of 1-4 l i nked D-galacturonic 
ac id was interrupted f requent ly by L-rhamnose res idues. Traces 
of 2-0-methyl-D-xylose and L-fucose were also found in the pect i c 
polysaccharides obtained from these t i s sues . In add i t ion to these 
neutral sugar components found in pect ic polysaccharides described 
above, D-apiose, a natural 5-carbon branched sugar, i s a l so found 
in the pect ic polysaccharides found in plants of the fami l y
Zosteraceae (39). Furthermore
a number of plant source
hydroxy-prol ine r i c h p r o te i n , extensin (40), adding fu r ther add i ­
t i ona l complexity to the chemistry of c e l l wal l associated pect i c 
polysaccharides. 

C la s s i c methods in use to f r ac t i ona te plant c e l l wal l po ly ­
saccharides are mainly based upon the d i f f e r e n t i a l s o l u b i l i t i e s 
of various c e l l wal l polysaccharide const i tuents (32). To s o l u -
b i l i z e pect ic polysacchar ides, the c e l l wal l mater ia l i s extracted 
with water, ammonium oxalate or disodium EDTA. The s o l u b i l i z a t i o n 
of pect ic polysaccharides could then be fol lowed by s o l u b i l i z a t i o n 
of hemicel lu loses, i . e . , polysaccharides r i c h i n D-glucuronic ac id 
4-0-methyl-D-glucuronic a c i d , D-xylose and D-glucose res idues. The 
s o l u b i l i z a t i o n of hemice l l u lo s i c polysaccharides i s accomplished 
by treatment of water, ammonium oxalate or EDTA in so lub le mate r i ­
a l with a strong a l k a l i . 

We have recent ly achieved ex t rac t ion of pect i c polysaccha­
r ides from g rapef ru i t p r ima r i l y based on a procedure described by 
Thornber and Northcote (26J. Grapefru i t albedo was cut into small 
pieces and homogenized using a V i t r i s 45 homogenizer i n hot 80% 
(v/v) ethanol. The ethanol - so luble mater ia l was removed from the 
in so lub le residue by cent r i fuga t i on of homogenate at 2000 χ g f o r 
30 min. This ex t rac t i on with ethanol was repeated .three t imes, 
fo l l owing which the inso lub le residue was recovered and extracted 
by continuous shaking i n 2 volumes of chloroformimethanol (1:1 
v/v) f o r 2 days at room temperature. At every 24 h i n te r va l 
chloroformimethanol so luble mater ia l was removed by cen t r i f uga ­
t i on and fresh chloroformimethanol was added to continue ex t rac ­
t i o n . The r e su l t i n g d e l i p i d a t e d , depigmented and dehydrated c e l l 
wal l f r a c t i o n was then a i r - d r i e d and weighed. Pect i c polysaccha­
r ides were then extracted from t h i s dr ied residue with continuous 
shaking in 0.2 M disodium EDTA fo r 24 h and then s o l u b i l i z e d pec­
t i c polysaccharides were removed by cen t r i f u ga t i on . This ex t rac ­
t i on procedure was repeated and the EDTA soluble f r ac t i on s thus 
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obtained were pooled and d ia lyzed extens ive ly against running de-
ion ized d i s t i l l e d water. To the d ia lyzed EDTA so luble f r a c t i o n 
representing pect ic polysaccharides was added enough 95% ethanol 
to br ing the f i n a l concentrat ion of ethanol to 80% which resu l ted 
in the p r e c i p i t a t i o n of these pect ic polysaccharides. The pre­
c i p i t a t i o n was allowed to continue f o r two days at room tempera­
ture . The p rec ip i t a ted polysaccharides were recovered by c e n t r i ­
fugat ion at 15,000 rpm fo r 1 h, d i sso lved in water and l yoph i l i zed . 
From a g rapef ru i t weighing approximately 121 g, 2.5 g of pect ic 
polysaccharides were recovered. Chemical ana lys i s of the pect ic 
polysaccharides thus obtained revealed the presence of only D-
galacturonic ac id and which accounted fo r 76% by weight of the 
t o t a l polysaccharides. The remaining 24% was accounted fo r by 
neutral sugar components: galactose, arabinose and trace amounts 
of rhamnose, xy lose, mannose and glucose. This chemical composi­
t i on i s s i m i l a r to the pect i c polysaccharides i s o l a ted from lemon 
peel (23). 

Labe l l i ng of Pect ic Polysaccharides. We have succes s fu l l y 
achieved the l a b e l l i n g of pect ic polysaccharides by using two 
methods described below: 

(a) B iosynthet ic Labe l l i n g of Pect i c Polysaccharides. Myo­
i n o s i t o l has been shown to be the precursor of oronosyl and 
pentysyl units of c e l l wal l polysaccharides found in g rapef ru i t 
(42). Label led myo- inos i to l -2 - 3 H (Amersham Sear le , Inc.) was 
suppl ied to r ipen ing g rapef ru i t (the s i ze of a go l f b a l l ) by 
p lac ing the cut surface of f r u i t stem in a small v i a l containing 
the l a b e l . A f t e r the l a b e l l e d myo- inos i to l had been taken up, 
d i s t i l l e d water was added to keep the cut f r u i t stem submerged, 
and the g rapef ru i t was allowed to metabolize the label fo r a 
period of four days. The l abe l l ed g rapef ru i t was then success­
i v e l y extracted with hot 80% ethanol , chloroform:methanol ( l : l v / v ) 
and f i n a l l y with 0.2 M EDTA to s o l u b i l i z e pect ic polysaccharides. 
These ex t rac t ion procedures are described above in d e t a i l . Chemi­
cal ana lys i s of the pect i c polysaccharides fo l l owing hydro lys i s 
by co l o r imet r i c and gas chromatographic techniques, demonstrated 
the presence of D-galacturonic ac id as the major component, con­
s t i t u t i n g approximately 76% of the t o t a l sugars found in the 
pec t i n . The remaining 24% was consisted of rhamnose, arabinose, 
xy lose, mannose, galactose, glucose at 16, 33, 13, 3, 31 and 2%, 
r e spec t i ve l y , of the t o t a l neutral sugar components. I t should 
be pointed out at th i s point that the chemical nature of these 
pect ic polysaccharides was found to be i den t i c a l with the pect ic 
polysaccharides obtained from mature g rapef ru i t albedo as de­
er i bed above. 

The s p e c i f i c r a d i o a c t i v i t y of the l abe l l ed pect ic polysacch­
ar ides thus obtained was about 8000 cpm/mg of polysacchar ides, 
counting e f f i c i e n c y of 3H being 30%. Of the t o t a l r a d i o a c t i v i t y 
incorporated, almost 50% was l o c a l i z e d in the galacturonic ac id 
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residues whereas the remainder was accounted f o r by arabinose 
(21%), galactose (21%) and xylose (8%) res idues. Results from 
these studies c l e a r l y demonstrated that l abe l l ed myo- inos i to l may 
succes s fu l l y be used to incorporate the label in pect ic polysacch­
ar ides found in g rape f ru i t . 

(b) Labe l l i ng of Pect ic Polysaccharides Using Galactose 
Oxidase T r i t i a t e d Potassium Borohydride. Although we did achieve 
the l a b e l l i n g of c i t r u s pect ic polysaccharides by supplying l a b e l ­
led myo- inos ito l to r ipening g rapef ru i t as described above, the 
technique was expensive and time-consuming. Therefore, an a l t e r ­
nate method fo r l a b e l l i n g of pect ic polysaccharides was developed 
(43). The merit of th i s method l i e s in i t s r a p i d i t y , s p e c i f i c i t y 
and y i e l d of l a be l l ed pect i c polysaccharides with high s p e c i f i c 
r a d i o a c t i v i t y . 

I t has been establ i shed b l inves t i gator d
ized i n the background sect io
pect ic polysaccharides ar  p r imar i l y compose  polymer  g a l
acturonic a c i d , neutral sugars such as galactose, arabinose and 
rhamnose also make up a considerable port ion of these heterogene­
ous polysaccharides. The nature of g l y co s i d i c l inkage appears to 
be 1-4 fo r galacturonans and galactans and 1-5 fo r arabans, sug­
gesting therefore that , l i k e the carboxyl group of ga lacturonic 
a c i d , the primary alcohol group of galactose i s f ree and not i n ­
volved i n the formation of g l y co s i d i c l inkages between various 
sugar residues found in pect i c polysaccharides. This knowledge 
was u t i l i z e d i n the experiments described here. 

Successful l a b e l l i n g of primary alcohol groups of galactose 
residues was achieved by f i r s t t rea t i ng commercially a va i l ab le 
g rapef ru i t pect in (Lykes-Pasco, Dade C i t y FL) rep rec ip i t a ted i n 
80% of ethanol in our laboratory before use, or g rapef ru i t pect in 
prepared in our laboratory as described above, with galactose 
oxidase (Sigma Chemical Co.) in order to enzymatical ly modify the 
primary alcohol groups of galactose residues to an aldehyde group 
fol lowed by the reduction of aldehyde group thus formed back to 
primary alcohol group with the concomitant in t roduct ion of 3H by 
using t r i t i a t e d potassium borohydride (Amersham Sear le , Inc.) as 
a reducing agent. Examination of l a be l l ed pect i c polysaccharides 
demonstrated the presence of label in the galactose res idues. A l ­
though the successful l a b e l l i n g of primary alcohol group of g a l ­
actose and/or galactosaminoglycans of animal and/or bac te r i a l o r i ­
gin has been achieved by several invest igator s by t h i s method 
o r i g i n a l l y described by Morel 1 et al (44), to our knowledge, the 
present technique i s the f i r s t to descr ibe the use of M o r e l l ' s 
method in l a b e l l i n g pect ic polysaccharides. 

F ract ionat ion of Pect i c Polysaccharides. A number of complex 
polysaccharides d i f f e r i n g i n t h e i r physical and chemical charac­
t e r i s t i c s are found in pec t i n . This heterogeneous nature of pec­
t i n has been reviewed e a r l i e r . In order to character ize these 
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various polysacchar ides, a combination of a number of f r a c t i o n a ­
t i on procedures such as anion-exchange chromatography, molecular 
s ieve chromatography and moving-boundary e lectrophores i s were em­
ployed to achieve the f ract ionaton of pect i c polysaccharides. 

(a) F ract ionat ion of Label led Pect i c Polysaccharides. In our 
laboratory , we have recent ly attempted the f r a c t i ona t i on of 
l abe l l ed pect ic polysaccharides. These l abe l l ed polysaccharides 
were obtained fo l l ow ing admin i s t rat ion of l abe l l ed myo- inos i to l 
to r ipening g rape f ru i t through the cut f r u i t stem, as described 
e a r l i e r . DE-52 d i e thy l aminoethyl c e l l u l o s e ion exchanger was 
poured i n a column (1.5x24 cm) and equ i l i b r a ted with 0.025 M 
sodium phosphate bu f fe r , pH 6.0. Label led pect i c polysaccharides 
(50 mg) having approximately 400,000 cpm were d i s so lved in 30 ml 
of e q u i l i b r a t i n g buffer and then loaded onto the column. The 
column was washed with 200 ml of e q u i l i b r a t i n g buf fer and then 
eluted with a l i n e a r gradien
sodium phosphate, pH 6.0
end of the gradient run, the column was f i n a l l y washed with 200 
ml of 1 M sodium phosphate bu f fe r , pH 6.0. Fract ions were c o l ­
lected and an a l i quo t from each f r a c t i o n was assayed fo r r ad i o ­
a c t i v i t y . The examination of re su l t s obtained from these studies 
suggests the presence of labe l i n at l ea s t e ight p a r t i a l l y or com­
p l e t e l y resolved pect ic polysaccharides. More than 95% of the 
t o t a l r a d i o a c t i v i t y loaded onto the column was recovered in these 
eluted pect ic polysaccharides having d i f f e r e n t ion-exchange pro­
per t ies (42), 

(b F ract ionat ion of Commercially Ava i l ab le Pect ins . In ano­
ther ser ies of experiments we have attempted f r a c t i ona t i on of 
commercially a va i l ab le c i t r u s pect in by employing a stepwise e l u -
t i on method. To achieve t h i s , g rapef ru i t pect in was subjected to 
chromatography using DE-52 c e l l u l o s e . E lu t i on of the column with 
increas ing s a l t concentrations resu l ted in the re so lu t i on of four 
chemical ly d i s t i n c t pect i c polysaccharides. These polysaccharides, 
eluted sequent ia l l y with 0.025, 0.1, 0.25 and 0.5 M sodium phos­
phate bu f fe r , pH 6.0, composed 13, 5, 62 and 20%, r e spec t i ve l y , of 
the t o t a l pect in subjected to chromatography. No s t r i k i n g d i f f e r ­
ences in the ga lacturonic ac id content, which ranged from 70-80% 
of these polysacchar ides, were observed. However, polysaccharides 
eluted sequent ia l l y with increas ing s a l t concentrations showed a 
not iceable decrease i n the degree of methylation of t h e i r ga lac­
turon ic ac id res idues. In add i t i o n , the neutral sugar composition 
of these i nd i v idua l pect ic polysaccharides was d i f f e r e n t . Of 
i n t e re s t was the neutral sugar composition of polysaccharides e l u ­
ted with the highest s a l t concentrat ion. This h igh ly a c i d i c 
polysaccharide was a l so high i n rhamnose content. The re su l t s ob­
tained from these studies a f f i r m the heterogeneous nature of pec­
t i n , and suggest the presence of a unique, rhamnose-rich polysac­
charide in g rapef ru i t pec t i n . 
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Biochemical Basis of Observed Interact ion Between Pect in and 
L ipoprote in . These studies await fu r ther research. A prerequ i ­
s i t e to these studies i s the establishment of the chemistry and 
structure of various polysaccharides found in c i t r u s pec t i n . As 
described above, these studies are in progress and w i l l eventual ­
l y lead to the i s o l a t i o n of several pure c i t r u s pect ic polysac­
charides of defined chemistry. 

In our study, formation of i s o l ub l e complexes between pec t i n , 
a heterogeneous mixture of a number of neutral and a c i d i c po ly­
saccharides, and l i pop ro te i n was studied. The basic l i m i t a t i o n 
with the formation of inso lub le complexes i s that i t i s d i f f i c u l t 
to quant i tate the said i n t e r a c t i o n . Furthermore, the observed 
i n te rac t i on between pect i c polysaccharides and l i pop ro te i n i s at 
a pH which i s not phy s i o l o g i ca l . We, there fore , are attempting 
to study t h i s i n t e r ac t i on under phys io log ica l condit ions and by 
use of buffer systems which are devoid of ca t i on s  in order to 
f a c i l i t a t e formation o
l abe l l ed pect ic polysacchar ides
dation of k i n e t i c s , s p e c i f i c i t y and nature of the i n te r ac t i on be­
tween l abe l l ed pect i c polysaccharides and l i pop ro te i n w i l l be 
performed. 

The s p e c i f i c i t y of the i n te rac t i on w i l l be determined with 
regard to a s ing le l abe l l ed pect i c polysaccharide by studying the 
competit ive a b i l i t y of other unlabel led pect i c polysaccharides of 
known cha r a c t e r i s t i c s on the formation of l abe l l ed complexes. The 
data obtained from these studies w i l l a l so be evaluated to deter ­
mine the inf luence of change in molecular weight and/or s t ructure 
of i nd i v idua l pect i c polysaccharides on the binding to low density 
l i p o p r o t e i n . S im i l a r experiments w i l l a l so be ca r r i ed out to 
study the competit ive i n h i b i t i o n of wel l establ i shed in te rac t ions 
between low dens ity l i p op ro te i n and various glycosaminoglycans 
caused by pect i c polysaccharides. The observation of i n h i b i t i o n 
of i n te rac t i on between l i pop ro te i n and glycosaminoglycans by pec­
t i c polysaccharides may suggest, at l ea s t i n v i t r o , the p o s s i b i l i ­
ty of a basis by which d i s s o l u t i on of a the ro sc l e ro t i c plaques 
could be achieved by pect ic polysaccharides. 

Our pre l iminary experiments suggest that , l i k e the i n t e r ­
act ion between glycosaminoglycans and l i p op r o t e i n s , the i n t e r ­
act ion between pect in and l i pop ro te i n i s a lso caused by the e l e c ­
t r o s t a t i c a t t r a c t i o n between polyanionic pect in and ca t i o n i c l i p o ­
p ro te in . To e luc idate t h i s hypothesis, the charge p r o f i l e of 
l i popro te in s w i l l be a l te red chemical ly and the inf luence of these 
a l t e r a t i on s on the i n te rac t i on with pect ic polysaccharides at op­
timum experimental condit ions w i l l be determined. 

The s i gn i f i cance of the observed i n t e r ac t i on between pect in 
and LDL, and fu r ther biochemical e l uc i da t i on of t h i s i n t e r a c t i o n , 
has d i r e c t relevance to the et io logy and/or cure of atherosc lero­
s i s . The ro le of d ie ta ry pect in i n lowering of serum and l i v e r 
cho lestero l l e ve l s i s wel l e s tab l i shed. However, the biochemical 
basis by which d ie tary pec t i n , which i s composed of 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



40 CITRUS NUTRITION AND QUALITY 

a number of complex polysacchar ides , causes t h i s lowering of 
cho les te ro l l e v e l s remains e l u s i v e . These studies w i l l provide 
an answer to t h i s problem. In a d d i t i o n , these studies may re­
s u l t in the i d e n t i f i c a t i o n of a unique and b i o l o g i c a l l y ac t ive 
polysaccharide found in p e c t i n , which may be s o l e l y responsible 
for lowering of choles te ro l l e v e l s . Furthermore, the r e su l t s ob­
tained from these studies may provide us with clues to achieve 
d i s s o l u t i o n of a the rosc l e ro t i c plaques, s ince LDL i s the major 
ingredient of these plaques and pec t ic polysaccharides i n t e r ac t 
with the LDL. 
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Medical and Nutritional Aspects of Citrus 
Bioflavonoids 

R. C. ROBBINS 

Department of Food Science and Human Nutrition, University of Florida, 
Gainesville, FL 32611 

In 1936 the discover
exerted therapeutic effect  capillary permeability
fragility ushered in the era of research on role of flavonoids in 
the mammalian body (1). Flavonoids were proposed to be vitamins 
(Vitamin P) necessary to maintain the capillaries, but the vitamin 
concept was never substantiated and in 1950 Vickery et al. (2) 
recommended the term Vitamin Ρ be discontinued (term Vitamin Ρ 
was replaced by bioflavonoid). Subsequent research had failed to 
confirm early indications that abnormal capillary permeability 
and fragility were due to a bioflavonoid deficiency but showed 
these capillary defects accompanied many diseases and stresses 
(3,4). In 1954 Martin (4) stated "There is no disease state in 
which the capillaries are not detrimentally modified and converse­
ly there are no disease states that will not benefit by assuring 
proper capillary strength and integrity." In 1955 Hendrickson and 
Kesterson (5) listed more than 50 diseases in which bioflavonoids 
reportedly showed beneficial effects on capillaries or the disease 
process itself. However, s l i ght and inconsistent effects along 
with f a i l u r e to establ i sh a mode of act ion led to controversies 
concerning the therapeutic effectiveness of bioflavonoids (6). 
In 1963 Freedman and M e r r i t t (7) aptly summarized the l i t e r a t u r e 
with the statement: "Following Szent-Gyorgyi's o r i g i n a l observa­
tions on the effect of h i s Vitamin C or c i t r i n preparations, 
invest igat ions by the many workers produced an experimental and 
c l i n i c a l l i t e r a t u r e of contradictory thought and observation." 
However, in recent years, evidence has accumulated on the pre­
sence of highly act ive methoxylated flavonoids and steroids i n 
c i t r u s extracts , and the Vitamin Ρ flavonoids have been found to 
exhibit a trimodal ac t ion . These findings have shed considerable 
l i g h t on the contradictory l i t e r a t u r e . 

Variat ions i n Ci trus Extracts 

The o r i g i n a l work of Szent-Gyorgyi and co-workers was done 
with a crude lemon extract containing pr imari ly hesperidin and 
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e r i o d i c t y o l , and the above workers had d i f f i c u l t i e s , using crude 
extracts, reproducing their i n i t i a l observations (8). In 1943 
work s t i l l centered on trying to identify the active component in 
cit r u s extracts. For example, Higby (9) claimed crude extracts 
containing hesperidin to be active, while purified hesperidin was 
inactive, but i n 1945 Scarborough (10) reported that hesperidin 
exhibited b i o l o g i c a l a c t i v i t y . In 1963 Freedman and Merritt (7) 
fractionated a c i t r u s flavonoid complex and i d e n t i f i e d i n addition 
to hesperidin and naringin, a hexamethoxylated flavone (nobile-
t i n ) , a pentamethoxy flavone (not tangeretin, probably sinensetin) 
and an unidentified compound with reducing properties. In con­
trast to hesperidin and naringin, which exhibited no antiinflamma­
tory a c t i v i t y , the methoxylated flavones showed strong antiinflam­
matory a c t i v i t y displaying a broader inhibitory potential than 
either cortisone or ACTH. Later, Biondi (11) and Biondi et a l . 
(12) reported the i s o l a t i o n from mixed citrus bioflavonoids of a 
steroid fraction which
a c t i v i t y in the rat and
pointed out that the amount of their highly active substances 
varied according to the methods of extraction and preparation 
employed. Importantly, the above work showed the occurrence i n 
ci t r u s of small amounts of highly active substances d i s t i n c t from 
the abundant vitamin Ρ flavonoids, and the amount of these active 
substances recovered with the Ρ compounds depended on the methods 
employed. Undoubtedly, the v a r i a b i l i t y in bioflavonoid prepara­
tions from cit r u s extracts has contributed to the confusion i n 
the l i t e r a t u r e . 

Trimodal Action of Bioflavonoids 

In addition to variations in c i t r u s extracts, there are 
features of bioflavonoid effects on the mammalian body which may 
have contributed greatly to the controversy concerning flavonoid 
action. In 1940 Yosida (13) and i n 1955 Rinehart (14) reported 
effects of hesperidin on rheumatic fever. Yosida determined the 
erythrocyte sedimentation rate (ESR) before and after injecting 
hesperidin into patients. In 26 sets of determinations the ESR 
was retarded i n 19, unchanged i n 3 and accelerated i n 4 cases. 
Rinehart administered hesperidin to 26 patients, 22 showed a 
decreased ESR, 1 an unchanged and 3 an increased ESR. Hence, by 
the usual interpretation that an increased ESR indicates patho­
logy, hesperidin i n some cases showed beneficial effects, i n 
others no effect and in s t i l l others made the disease worse. 
These are indeed confusing results. However, later research 
provided data for a different interpretation of the above 
results, i . e . , hesperidin did not act on the disease process 
but altered the ESR by direct action on blood c e l l s (15,16,17,18). 
In 1966 Robbins (15) reported that hesperidin, naringin and r u t i n 
reduced the intravascular erythrocyte adhesion accompanying 
Vitamin C deficiency in the guinea pig. The above findings 
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indicate an effect on the ESR since increased erythrocyte aggrega­
tion i s the major factor underlying an increased ESR. This was 
borne out in subsequent work in which bioflavonoids added to blood 
i n v i t r o reduced the ESR by disaggregation of blood c e l l s (16,17, 
18). Other workers reported action of flavonoids on blood c e l l s . 
In 1971 Srinivasan et a l . (19) reported that flavonoids reduced 
blood c e l l aggregation. In 1973 Ten Cate et a l . (20) and in 1975 
Van Haeringen (21) reported that the semi-synthetic derivatives of 
r u t i n 0(3-hydroxyethyl) rutosides reduced red c e l l and platelet 
aggregation. It i s of considerable interest that the naturally 
occurring methoxylated flavones of c i t r u s were several fold more 
active against blood c e l l aggregation than hydroxylated flavonoids 
(16,17), and the substitution of ethoxy groups on rutin greatly 
increased i t s a c t i v i t y against blood c e l l adhesion (17,21). 

When several bioflavonoids were compared for blood c e l l d i s ­
aggregating a c t i v i t y against the high ESR of normal horse blood 
(rouleaux formatin), hesperidin
but consistent retardin
methoxylated flavones, sinensetin, nobil e t i n , heptamethyoxyflavone 
showed several-fold greater retarding a c t i v i t y than the above com­
pounds, but naringin consistently accelerated the ESR of horse 
blood (16,17,18). However, when the above bioflavonoids were 
tested _in v i t r o against the increased ESR occurring in a wide 
variety of human diseases, the hydroxylated and less active 
methoxylated bioflavonoids exhibited a trimodal effect (22), 
i . e . , inhibited the ESR i n some cases, showed no effect in others 
and accelerated the ESR i n s t i l l others; the same effect Yosida 
and Rinehart (13,14) observed when hesperidin was tested _in vivo. 
Hesperidin which had consistently inhibited, and naringin which 
had consistently accelerated the ESR of horse blood, both showed 
a trimodal effect on the ESR of blood taken from a population of 
humans a f f l i c t e d with a wide variety of diseases (22). It should 
be emphasized that against one kind of erythrocyte adhesion (rou­
leaux formation of horse blood) the Vitamin Ρ flavonoids were con­
sistent in action but inconsistent in action against erythrocyte 
adhesion occurring in a wide variety of human diseases. Thus, the 
antiadhesive action of bioflavonoids on erythrocytes depends on 
the kind of bonding between c e l l s , which according to Easty and 
Mercer (23), depends on the agglutinating agent. However, the 
hexamethoxylated flavonoid nobiletin i n several studies on ery­
throcyte adhesion i n a wide variety of human diseases has not been 
found to s i g n i f i c a n t l y accelerate the ESR, while sinensetin showed 
sign i f i c a n t accelerating action in one study (22). 

The trimodal action of bioflavonoids on the ESR i s not with­
out precedent. Dintenfass (24) found that a pyrimidine type drug 
of the Persantin family showed a trimodal action on the ESR and, 
the accelerating effect was related to ABO blood type. Blood 
containing the A antigen showed a s t a t i s t i c a l l y s i g n i f i c a n t 
increase in accelerated ESR. In contrast, bioflavonoids exhibited 
a s i g n i f i c a n t l y higher rate of accelerated ESR 1s in blood contain-
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ing the Β antigen (25). Whether the bioflavonoids and pyrimidine 
drug are influenced in their response v i a the mucopolysaccharides 
on the c e l l membrane which determine blood type or are influenced 
via alterations of plasma constituents which may respond to blood 
type i s not known. Both concentrations of some plasma constitu­
ents and response of blood c e l l s to plasma constituents are 
influenced by ABO blood type (26,27). Whether blood type antigens 
influence adhesive bonds between erythrocytes under various condi­
tions of disease and stress remains to be determined. 

While the trimodal action of bioflavonoids on blood c e l l s 
sheds considerable l i g h t on the nature of their action i n the 
body, questions arise as to what extent action on blood c e l l s and 
blood rheology explains, in particular, their action on abnormal 
c a p i l l a r y permeability and f r a g i l i t y and therapeutic action i n a 
wide variety of diseases. It should be noted that while a great 
number of effects of bioflavonoids have been reported  the mecha­
nism of action proposed
acid against oxidation (6,28)
stimulate the p i t u i t a r y adrenal axis (30), i n h i b i t a variety of 
enzymes such as aldose reductase (31) or membrane bound ATP ases 
(32), sel e c t i v e l y i n h i b i t phosphodiesterase (33), act in cross-
linking of e l a s t i n (34), stimulate the reticuloendothelial system 
(35), act as vasotropic drugs (36), i n h i b i t blood c e l l aggrega­
tion (15-21) and prevent lactacidotic r i g i d i f i c a t i o n of the red 
c e l l (37); the l a t t e r two effects indicate action on blood rheo­
logy. There i s l i t t l e evidence to support any of the above mech­
anisms, except the action of bioflavonoids on blood rheology, as 
explaining their effects on abnormal c a p i l l a r y permeability and 
f r a g i l i t y over a broad range of conditions and beneficial effects 
in a wide variety of diseases. 

Blood Rheology and Capillary F r a g i l i t y 

As noted e a r l i e r , bioflavonoids f i r s t attracted attention as 
agents that acted on abnormal c a p i l l a r y permeability and f r a g i l i t y 
which was a characteristic finding i n scurvy (6). However, subse­
quent research revealed the above c a p i l l a r y defects were not res­
t r i c t e d to scurvy. Brown (3) reported the occurrence of a 
decreased c a p i l l a r y resistance in a wide variety of diseases. He 
found that infections were often present at the time when low cap­
i l l a r y resistance was observed. Consistent with the above c a p i l ­
lary defects i n disease, an increased blood c e l l aggregation and 
ESR i s also a generalized response of the body to infection and 
disease (38). Erythrocyte aggregates interfere with blood flow 
through the small vessels and contribute to increased blood visco­
s i t y in larger vessels. Both phenomena cause adverse physiologi­
cal effects. For example, the blood high v i s c o s i t y syndrome 
includes f a t i g a b i l i t y , bleeding from mucous membranes, r e t i n a l 
vein enlargement and hemorrhage, neurological abnormalities and 
heart f a i l u r e (39). (Several parameters can contribute to the 
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above condition, in addition to erythrocyte aggregation, erythro­
cyte concentration, r i g i d i t y of the erythrocytes and plasma visco­
s i t y are involved in blood v i s c o s i t y (40)). The resistance of 
blood to flow reduces c a p i l l a r y perfusion (41) with decreased 
rates of oxygen delivered to the c a p i l l a r y endothelium. According 
to Knisely et a l . (42) anoxic endothelium increases i n permeabil­
i t y . This i s consistent with the observations of Landis (43) that 
decreased blood flow causes a rapid increase i n c a p i l l a r y permea­
b i l i t y , but on resumption of flow, permeability rapidly returns to 
normal. Under two kinds of experimental conditions, Robbins (15, 
44) found an inverse r e l a t i o n between blood c e l l aggregation and 
c a p i l l a r y resistance, i . e . , as blood c e l l aggregation increased 
c a p i l l a r y resistance decreased and when aggregation decreased 
c a p i l l a r y resistance increased. It should be noted here that 
bioflavonoids have been proposed to be vasotropic drugs (36), that 
i s , prevent loss of endothelial c e l l  fro  blood l walls
O'Neill (45) reported tha
of the venous endothelium , impaire  appear  cap
able of causing abnormal c a p i l l a r y permeability and f r a g i l i t y . 
Further, the trimodal action of bioflavonoids on blood c e l l s 
offers an explanation for inconsistent action on the c a p i l l a r i e s . 
However, i t cannot be overlooked that bioflavonoids may act 
d i r e c t l y on the c a p i l l a r y wall, and the same factors that affect 
reaction of flavonoids with blood c e l l s influences reaction with 
the c a p i l l a r y membranes. It should be noted that bioflavonoids 
bind reversibly to both erythrocytes (20) and plasma proteins 
(46) . The l a t t e r action stimulates phagocytosis i n certain edemas 
(47) thereby exerting a therapeutic effect. Also, note that i n 
the above type edemas the action of bioflavonoids i s not on 
changes i n permeability of the c a p i l l a r y wall. 

Therapeutic Effects i n Disease 

The action of bioflavonoids on blood rheology appears to 
explain their reduction of symptoms i n a wide variety of diseases. 
Increased blood c e l l aggregation and ESR i s a generalized response 
of the organism to disease and trauma (38,42) and reportedly 
causes adverse effects such as interference with gaseous exchange 
in tissues, accumulation of acid metabolites, slowed healing of 
wounds, degenerative changes in parenchymatous organs and promo­
tion of thrombosis (48). Fajers and Gelin (49) reported that 
kidney, l i v e r and heart damage resulted from severe blood c e l l 
aggregation. In agreement, Bergentz et a l . (50) stated that i f 
erythrocyte aggregation was severe and of long duration i t caused 
organ enlargement and in f a r c t i o n . According to Fahraeus (51) 
eclampsia i s a disease of checked microcirculation by red c e l l 
aggregates. Further, erythrocyte aggregation may interact with 
other disease processes to increase symptoms (52,53). Thus, 
action of bioflavonoids on blood c e l l aggregation could explain 
their b e n e f i c i a l effects in a wide variety of diseases. 
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Perhaps at this point a question should be raised as to whe­
ther acceleration of the ESR by flavonoids i s an adverse ef f e c t . 
In an investigation of the accelerative action of bioflavonoids, 
the ESR increased 6 to 23% depending on the flavonoid (54). Based 
on an average ESR of 26.8 mm per hr. in the group of hospitalized 
patients under study, the maximum average accelerated ESR would 
reach 33.0 mm per hr. In contrast, the ESR may reach 50 mm or 
more per hr. i n certain diseases or traumas. Apparently, acceler­
ation of the ESR i s caused by flavonoid bridging between red c e l l s 
and may s e l e c t i v e l y involve aged red c e l l s similar to the action 
of polylysine (55). The bridged c e l l s may then be removed from 
the c i r c u l a t i o n by the phagocytic c e l l s of l i v e r spleen and bone 
marrow (56). The phagocytic action may continue under some con­
ditions to the point of anemia (56), but, with flavonoids the 
accelerative action i s associated with high red c e l l concentra­
tions and decreases when the concentration f a l l s to about 40 
volumes percent; area o
From th i s , i t was postulate
regulatory action on the hematocrit. However, the above action 
i s not proven, but the phenomenon deserves further attention since 
an elevated hematocrit reportedly i s associated with ischemic heart 
disease (58). 

Intact Organism, Physiological, Biochemical Levels 

When bioflavonoids are tested against biochemical parameters 
such as effect on isolated enzymes, they show consistent action. 
For example, quercetin i n h i b i t s membrane-bound ATPases, and there 
are several reports, in agreement, that quercetin i n v i t r o i n h i ­
b i t s ATPases from different species (32). Also, there does not 
appear to be controversy concerning inhibitory action of quercetin 
on other enzymes such as aldose reductase or catechol-O-methyl-
transferase (31,59). When we move to the physiological level and 
determine effect of bioflavonoids on blood c e l l adhesion, there i s 
consistent a c t i v i t y when the compounds are tested against a p a r t i ­
cular uniform type of adhesion such as rouleaux of horse blood, 
but they are inconsistent i n action when tested against different 
kinds of bonds between aggregated c e l l s as may occur i n human 
diseases (22,23,42,48). The controversies in the l i t e r a t u r e have 
arisen at the level of the intact organism when bioflavonoids were 
tested against a wide variety of diseases, vascular abnormalities, 
anaphylactic shock or non-specific stresses. For example, as 
noted e a r l i e r when hesperidin was injected into patients, three 
kinds of effects were noted, and quercetin described above as con­
sistent in action at the biochemical level exerted a trimodal 
action on erythrocyte aggregation (22). Thus, there are factors 
operating in the intact organism which modify bioflavonoid action. 
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When a variety of bioflavonoids are tested against a b i o l o g i ­
cal parameter, usually several flavonoids w i l l show some a c t i v i t y 
exhibiting their effects as a family of curves d i f f e r i n g s i g n i f i ­
cantly in a c t i v i t y . For example, over 40 flavonoids showed some 
inhibitory a c t i v i t y on aldose reductase, but quercetin and querci-
t r i n were most active (31). Nineteen flavonoids were observed to 
i n h i b i t catechol-O-methyltransferase of human l i v e r , but those 
with 0-dihydroxy structure at the side ring showed the greatest 
effect (59). The 0 (3-hydroxyethyl) rutosides (HR) are semisyn­
thetic dérivâtes of naturally occurring r u t i n . The crude prepara­
tion consists of the following: 7-10% of 5,7,3 f,4'-tetra HR; 60-
65% of 7,3',4'-tri HR; 5-8% of 5,7,4 f-tri HR; 8-12% of 7,4 d i HR 
and 5-8% of 4 f mono HR. A mixture of mono/di HR has the greatest 
inhibitory effect on platelet aggregation (60), but the tetra 
derivative has the greates
(21). The methoxylated
ing order of a c t i v i t y (from high to low) against the high ESR of 
horse blood, i . e . , sinensetin (pentamethoxy), no b i l e t i n (hexa), 
heptamethoxyflavone (hepta), tangeretin (penta), tetra-0-methyl-
scutellarein (tetra), tri-O-methylapigenin ( t r i ) and hesperidin 
(mono). Sinensetin has methoxyl groups at 5,6,7,3f,4f whereas 
nob i l e t i n (5,6,7,8,3*,4f hexamethoxyflavone) d i f f e r s by a methoxyl 
at the 8 position and i s s i g n i f i c a n t l y (P<0.01) less active. A 
methoxyl group at the 3 position, i n addition to the 8th, reduced 
a c t i v i t y s t i l l further as shown by 3,5,6,7,8,3',4' heptamethoxy-
flavone. Tangeretin 5,6,7,8,4' pentamethoxyflavone lacks a meth­
oxyl group at the 3' position which represents the structural 
difference between nobiletin and tangeretin, and nobiletin i s 
s i g n i f i c a n t l y (P<0.01) more active. Tangeretin d i f f e r s from 
sinensetin by s h i f t i n g a methoxyl group from the 3' position 
of sinensetin to the 8 position of tangeretin with a several-fold 
drop i n a c t i v i t y (22). However, when sinensetin, nobileten and 
heptamethoxyflavone were tested in human blood taken from patients 
with a variety of diseases (61), the three compounds showed equal 
a c t i v i t y in 44.8% of the cases and heptamethoxyflavone showed 
s i g n i f i c a n t l y greater a c t i v i t y than the other two flavones i n 2.4% 
of the cases. Apparently, certain structural configurations are 
more effective against certain kinds of adhesive bonds between 
erythrocytes. 

Citrus Bioflavonoids and Disease 

The highly methoxylated flavones found i n food plants are 
almost unique to c i t r u s , and they are b i o l o g i c a l l y an unusually 
active group of compounds. Several methoxylated flavones have 
been isolated from citrus species (62,63,64), Table 1, with most 
attention given to bi o l o g i c a l a c t i v i t y of nobiletin, tangeretin, 
sinensetin, heptamethoxyflavone and tetra-O-methylscutellarein. 
Generally, methoxylated flavonoids exhibit much higher b i o l o g i c a l 
a c t i v i t y than their methoxyl free counterparts. Also they are 
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Table I 
Flavonoids Isolated from Citrus Species 

Flavones 
Apigenin 7 -3-rutinoside (5,7,4'-trihydroxyflavone 7-^-rutinoside) 
Auranetin (3,6,7,8,4'-pentamethoxyflavone) 
Chrysoeriol glycoside (5,7,4'-trihydroxy-3'-methoxyflavone 

glycoside) 
Diosmin (5,7,3 f-trihydroxy-4 f-methoxyflavone 7 -3-rutinoside) 
Fortunellin (5,7-dihydroxy-4'-methoxyflavone 7-3-neohesperido-

side) 
Hexo-O-methylgossypetin (3,5,7,8,3',4'-hexamethoxyflavone) 
Hexo-O-methylquercetagetin (3,5,6,7,3',4'-hexamethoxyflavone) 
Isolimocitrol 3-3-D-glucoside (3,5,7,3'-tetrahydroxy-6,8,4'-

trimethoxyflavone 3- 3-D-glucoside) 
Isorhamnetin glycoside (3,5,7,4'-tetrahydroxy-3'-methoxy-

flavone glycoside) 
Isosinensetin (5,7,8,3',4'-pentamethoxyflavone
Kaempferol glycoside (3,5,7,4'-tetrahydroxyflavon
Limocitrin 3- 3-D-glucoside (3,5,7,4'-tetrahydroxy-8,3'-dimethoxy-

flavone 3-3-D glucoside) 
Limocitrol 3-3-D-glucoside (3,5,7,4'-tetrahydroxy-6,8,3'-tri-

methoxyflavone 3-3-D-glucoside) 
Luteolin 7-3-neohesperidoside (5,7,3',4'-tetrahydroxyflavone) 
Natsudaidain (3-hydroxy-5,6,7,8,3',4'-hexamethoxyflavone) 
Neodiosmin (5,7,3'-trihydroxy-4'-methoxyflavone 7- 3-neohesperido-

side) 
Nobiletin (5,6,7,8,3',4' hexamethoxyflavone) 
Rhoifoiin (5,7,4'-trihydroxyflavone 7-3-neohesperidoside) 
Rutin (3,5,7,3',4'-pentahydroxyflavone 3 -3-rutinoside) 
Sinensetin (5,6,7,3',4'-pentamethoxyflavone) 
Sudachitin (5,7,4'-trihydroxy-6,8,3'-trimethoxyflavone) 
Tangeretin (5,6,7,8,4'-pentamethoxyflavone) 
Tetra-O-methylisoscuteilarein (5,7,8,4'-tetramethoxyflavone) 
Tetra-O-methylscutellarein (5,6,7,4'-tetramethoxyflavone) 
Xanthomicrol (5,4'-dihydroxy-6,7,8-trimethoxyflavone) 
3'-Demethoxysudachitin (5,7,4'-trihydroxy-6,8-dimethoxyflavone) 
3-Hydroxy-5,6,7,3',4'-pentamethoxyflavone 
3,5,6,7,8,3',4'-heptamethoxyflavone 
5-Hydroxy-3,6,7,8,3',4'-hexamethoxyflavone 
5-Hydroxy-3,7,8,3',4'-pentamethoxyflavone 
5-Hydroxy-7,8,3',4'-tetramethoxyflavone 
5-0-Desmethyltangeritin (5-hydroxy-6,7,8,4'-tetramethoxyflavone) 
5-0-Desmethoxynobiletin (5-hydroxy-6,7,8,3',4'-pentamethoxy-

flavone) 
5,4'-Dihydroxy-6,7,8,3'-tetramethoxyflavone 
5 Hydroxyauranetin (5-hydroxy-3,6,7,8,4'-pentamethoxyflavone) 
Flavanones 
Citromitin (5,6,7,8,3',4'-hexamethoxyflavanone) 
Dihydrokaempferol glycoside (3,5,7,4'-tetrahydroxyflavanone 

glycoside) 
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Eriodictyol new name E r i o c i t r i n (5,7,3',4'-tetrahydroxyflavanone 
7 -3-rutinoside) 

Hesperidin (5,7,3'-trihydroxy-4'-methoxyflavanone 7 -3-rutinoside) 
Isosakuranetin 7 -3-rutinoside (5,7-dihydroxy-4 1-methoxyflavanone 

7 -3-rutinoside) 
Naringin (5,7,4'-trihydroxyflavanone 7-3-neohesperidoside) 
Naringin 4 ' -3-D-glucoside (5,7,4'-trihydroxyflavanone 7-3-neohes­

peridoside 4 ' -3-D-glucoside) 
Naringenin 7 -3-rutinoside (5,7,4'-trihydroxyflavanone 7 -3-rutino­

side) 
Naringenin 7 -3-rutinoside 4 ' -3-D-glucoside (5,7,4'-trihydroxy-

flavanone 7 -3-rutinoside 4 ' -3-D-glucoside) 
Neoeriocitrin (5,7,3',4'-tetrahydroxyflavanone 7-3-neohesperido­

side) 
Neohesperidin (5,7,3'-trihydroxy-4'-methoxyflavanone 7-3-neohes­

peridoside) 
Poncirin (5,7-dihydroxy-4'-methoxyflavanon
5- 0-Desmethylcitromitin (5-hydroxy-6,7,8,3',4'-pentamethoxyflava

none) 
C-Glycosylflavones 
Isomargariten (5,7-dihydroxy-4'-methoxy-6C-3-neohesperidosy1fla­

vone) 
Margariten (5,7-dihydroxy-4'-methoxy-8-C-3-neohesperidosylflavone) 
2"-0 -3-D-xylosylvitexin (5,7,4'-trihydroxy-8 (2"-0-3-D-xylosyl-C-

3-D-glucosyl) flavone 
6- C-3-D-Glucosyldiosmetin (5,7,3'-trihydroxy-4'-methoxy-6-C-3-D-

glucosy1flavone) 
6,8-Di-C-3-D-glucosylapigenin (5,7,4'-trihydroxy-6,8-di-C-3-D-

glucosylflavone; Vicenin-2) 
6,8-Di-C-Glycosyldiosmetin (5,7,3'-trihydroxy-4'-methoxy-6,8-di-

C-glycosylflavone) 
8-C-3-D-Glucosyldiosmetin (5,7,3'-trihydroxy-4'-methoxy-8-C-3-D-

glucosy1flavone) 
Anthocyanins 
Cyanidin 3-3-D-glucoside (3,5,7,3',4'-pentahydroxyflavylium 3-

3-D-glucoside) 
Cyanidin 3,5,-di-3-D-glucoside (3,5,7,3',4'-pentahydroxyflavylium 

3,5-di-3-D-glucoside) 
Delphinidin 3-3-D-glucoside (3,5,7,3',4',5'-hexahydroxyflavylium 

3-3-D-glucoside) 
Peonidin 5-3-D-glucoside (3,5,7,4'-tetrahydroxy-3'-methoxyflavy-

lium 5-3-D-glucoside) 
Petunidin 3-3-D-glucoside (3,5,7,3',4'-pentahydroxy-5'-methoxy-

flavylium 3-3-D-glucoside) 
Ref. Table taken from reference no. 62; see references 63 and 64 
for further information. 
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more resistant to bacterial degradation in the i n t e s t i n a l tract 
(65,66,67). Reportedly, the methylation of hydroxylated flavo­
noids can be carried out in the intact animal by the l i v e r enzyme 
catechol-O-methyltransferase which catalyzes introduction of 
methyl groups into Β ring hydroxyls in flavonols (68,69). Report­
edly, quercetin given o r a l l y to rats was methylated i n the 3 f 

position (68). This conversion increases the a c t i v i t y of the com­
pound and raises questions as to whether certain methoxylated 
compounds have an indispensable role in the body. 

Certain bioflavonoids may play a preventive role against car­
diovascular diseases. Some citrus and other bioflavonoids have 
been demonstrated to reduce serum cholesterol levels and to affect 
fatty acid metabolism (70,71,72). The strong antiadhesive action 
on red c e l l s and platelets of highly methoxylated flavones such as 
nobile t i n , which also demonstrates antithrombogenic a c t i v i t y (73), 
indicates an important role i n blood rheology and tissue perfusion. 
The antiadhesive actio
sclerosis since there i
vascular wall may interact with serum l i p i d s to promote 
atherogenesis (74). 

Also, a role i s indicated for c i t r u s bioflavonoids against 
certain carcinogenic and cytotoxic agents. The methoxylated 
flavones, tangeretin and nobiletin, reportedly induce aryl hydro­
carbon hydroxylase a c t i v i t y , enzymes which detoxify polycyclic 
carcinogens (75,76). Most hydroxylated bioflavonoids have l i t t l e , 
i f any, inducing a c t i v i t y on aryl hydrocarbon hydroxylase. The 
inducing capacity of methoxylated flavones in most instances 
p a r a l l e l s their anti-tumor a c t i v i t y which i s demonstrated both 
in vivo and i n v i t r o against several strains of human carcinoma 
c e l l s (77). Recently, Swartz and Rate (78) found that four bio­
flavonoids (quercetin, f i s e t i n , nobiletin, tangeretin) protected 
cultured rat l i v e r c e l l s against aflatoxin B.-induced cytotoxicity 
and inhibited binding of aflatoxin B^ to c e l l u l a r DNA. The two 
methoxylated compounds showed greater protection than the hydroxy­
lated flavonoids. The hydroxylated bioflavonoid, quercetin, 
reportedly i n h i b i t s the high aerobic glycolysis i n tumor c e l l s 
i n v i t r o (but this effect i s negated by serum albumin and bicar­
bonate X79_2_80) ) . The effect i s ascribed to i n h i b i t i o n of membrane 
bound ATPases that generate the ADP and inorganic phosphate 
required for g l y c o l y s i s . Also, quercetin affects c y c l i c AMP by 
i n h i b i t i o n of phosphodiesterase which i s involved i n control of 
c e l l growth. In several types of malignant c e l l s a low level of 
c y c l i c AMP was observed and believed to be responsible for loss of 
contact i n h i b i t i o n and uncontrolled growth of tumor c e l l s . The 
decreased concentration of c y c l i c AMP i n malignant c e l l s may be 
due to reduced a c t i v i t y of adenylate cyclase, (the enzyme respons­
i b l e for formation of c y c l i c AMP) or an increased a c t i v i t y of 
phosphodiesterase, (the enzyme which catalyzes i t s degradation) 
(81). It should be noted that while quercetin acts consistently 
i n the above systems, i t shows a trimodal action on blood c e l l s 
i n human diseases (22). 
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In addition to the kinds of a c t i v i t y enumerated above, the 
highly methoxylated bioflavonoids exhibit a rather strong a n t i ­
b a c t e r i a l , antifungal, a n t i v i r a l a c t i v i t y (82-86). The compounds 
have shown inhibitory a c t i v i t y against organisms such as E. c o l i , 
Typhi, Salmonella Typhi, Shigella Dysenteriae, Staphylococcus, B. 
Abortus Bang, influenza Virus A and rhinoviruses. Some of the 
compounds were active in concentrations as low as 2.5 yg per l i t e r . 

Are Certain Flavonoids Essential i n the Diet? 

The inevitable question arises: Are bioflavonoids essential 
in the diet? Kuhnau (63) i n a review called flavonoids semi-es­
sential nutrients and stated that flavonoids have shown in the 
mammalian organism a great number of s p e c i f i c effects valuable or 
even decisive for maintaining health and well-being. Certain 
flavonoids have been reported to be feeding stimulants for certain 
insects (87,88,89), growt
for the rat with a deficienc
structural alterations in tissues (91) and a decreased metabolism 
of drugs (92). Nevertheless, i t has not yet been demonstrated 
that i n the absence of certain bioflavonoids in the diet an ani­
mal sickens and dies; a rigorous and necessary d e f i n i t i o n of 
e s s e n t i a l i t y . However, from another point of view, the methoxy­
lated flavones with their broad spectrum of a c t i v i t y might be 
interpreted as a defense system against disease transferred from 
the plant to the animal through the diet with an action directed 
against biochemical and physiological mechanisms such as red c e l l 
adhesion and impaired microcirculation that may be decisive in 
prevention of degenerative processes (93). Thus the question of 
e s s e n t i a l i t y i n the case of man may hinge on the question of whe­
ther in the absence of these compounds in the diet physiologic 
aberrations arise which uncorrected are eventually manifested as 
degenerative diseases. Hence, i f humans consuming certain b i o f l a ­
vonoids survive for a longer time than those without the bioflavo­
noids, then the compounds have met the rigorous test of essential­
i t y ; without the compounds man sickens and dies. However, in such 
a situation, cause-effect associations are d i f f i c u l t to make since 
long periods of time may elapse between i n i t i a t i o n of the de f i c i e n ­
cy (or long-term ingestion of s l i g h t l y active compounds) and the 
appearance of i l l - h e a l t h and death. Further, confusion may arise 
because similar deficiencies may be manifested i n different people 
by different sets of symptoms. Thus, e s s e n t i a l i t y i s d i f f i c u l t to 
demonstrate by the usual procedures. 

Is a Theory Unifying Mode of Action Possible At Present? 

The great number of flavonoids found in nature and the myriad 
of physiological effects appears to defy an unifying concept of 
mode of action. However, while flavonoids may exert a yet unde-
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termined nutrient role, present evidence suggests that flavonoids 
(some at least) act as a broad spectrum defense system with ac t i v ­
i t y against disease in both plants and animals. We appear to be 
viewing in this case a primitive defense system generated in the 
plant with vestiges of a c t i v i t y s t i l l demonstrated in the animal 
body. There are evolutionary relations between plant and animal 
c e l l s . Vitamins and certain amino acids synthesized only in 
plants are required by both plants and animals. Similarly, flavo­
noids synthesized only in plants may increase in concentration in 
response to invasion by pathogens or other adverse conditions (94, 
95), thereby exerting a defensive role in the plant. Some basic 
s i m i l a r i t i e s between metabolism in plant and animal c e l l s underlie 
a c t i v i t y in the animal body. There i s some support for the above 
point of view. In 1937 Schreiber and Elvehjem (96) reported that 
Vitamin Ρ appeared to exert a vitamin-like action only in stress 
or emergency situations. Essentially in agreement, Hughes and 
Wilson (28) state that availabl
noids are of greatest significanc
to the animal body. 

Possibly, the variety of flavonoid effects, i . e . , trimodal 
action on blood c e l l s or other parameters; potentiation or i n h i b i ­
tion of enzymes; an t i b a c t e r i a l , antifungal, a n t i v i r a l a c t i v i t y ; 
cytotoxic effects against tumor c e l l s , etc. are manifestations of 
a fundamental physiochemical mode of action which involves a bind­
ing or reaction of flavonoids with s p e c i f i c sites on tissues, 
c e l l s or c e l l constituents. Thus, flavonoid action occurs as an 
expression of molecular configuration, r e a c t i v i t y , nature and 
a v a i l a b i l i t y of s p e c i f i c binding or reactive sites in the body; a 
diverse system of protection. S p e c i f i c i t y i s indicated by the 
finding that the Β antigen of the ABO blood groups i s involved in 
the trimodal action on human blood c e l l s (25). 

Microorganisms which succumb to action of a s p e c i f i c flavo­
noid evidently have not had previous exposure to the flavonoid. 
However, animals have been exposed to a variety of flavonoids in 
their diet throughout their evolution and adaptations have 
occurred to where minimal binding or reactive sites are available 
in tissues of normal animals. However, the disruptive processes 
of diseases, traumas and stresses would appear to establish a 
basis for flavonoid action since these adverse conditions may 
cause alterations in tissue constituents such as morphological 
alterations i n proteins with which flavonoids react to exert their 
reparative processes. For example, flavonoids bind (reversibly) 
to blood c e l l s to exert their antiadhesive action (20), bind to 
abnormal proteins and stimulate phagocytosis to reduce edemas 
(47), bind to enzymes to a l t e r a c t i v i t y (32), bind to microorgan­
isms to exert inhibitory or lethal action (94). The exposure of 
binding sites in disease or stresses appears to be corroborated 
by findings that in rats on a flavonoid-free diet fine structural 
alterations occur in blood vessels and tissues (91). The anabol-
ism involved in the reparative process, such as the above, may 
explain stimulation of the basal metabolic rate by flavonoids (65). 
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A s p e c i f i c disease or other damaging agent would not appear 
to result always i n precisely the same alterations i n tissue con­
stituents thus, differences occur i n reactive sites which suggests 
why a particular flavonoid does not always exhibit the same effect 
in a particular physiological or pathological condition. For 
example, Grigor'eva (97) i n a study of effects of bioflavonoids on 
serum cholesterol observed that when the compounds were admini­
stered to 26 animals, serum cholesterol decreased i n 18, did not 
change i n 4 and increased i n 4. The effects observed may be due 
to potentiation, no effect, or i n h i b i t i o n of enzymes which in turn 
depends on available reactive or binding s i t e s on enzymes. Also, 
available binding sites and potentiation of enzymes may explain 
the growth promoting effects of flavonoids i n certain insects. 

A theory of flavonoid action as described above appears to 
explain several confusing features of their action, i . e . , the 
wide variety of effects i n the animal body, why a considerable 
number of flavonoids sho
apparent inconsistent effects

Summary 

Subsequent to the discovery that the flavonone fraction of 
lemons exerted a therapeutic effect on abnormal c a p i l l a r y perme­
a b i l i t y and f r a g i l i t y , controversies arose concerning the identity 
of the active substance and the nature of i t s role i n the body. 
The controversies have long hampered ef f o r t s to make effective use 
of bioflavonoids i n n u t r i t i o n and medicine, but research of recent 
years has shed considerable l i g h t on phenomena underlying incon­
sistent flavonoid action. Findings i n the following areas have 
made substantial contributions to understanding bioflavonoid 
action: 
1. In the early work on bioflavonoids, c i t r u s extracts were used, 

and later research has revealed the presence of highly active 
methoxylated flavones i n c i t r u s . The amount of these flavones 
recovered along with the more abundant hesperidin, naringin, 
er i o d i c t y o l varies with the methods of extraction and p u r i f i ­
cation used. Thus, bioflavonoid preparations by the many 
workers may have varied widely i n a c t i v i t y . 

2. Efforts to identify the most effective bioflavonoids have been 
frustrated by the m u l t i p l i c i t y of flavonoids which have demon­
strated some degree of a c t i v i t y against a particular b i o l o g i ­
cal parameter. The early c r i t e r i a of bioflavonoid a c t i v i t y , 
i . e . , action on c a p i l l a r y defects or beneficial effects i n a 
wide variety of diseases lacked discriminatory s e n s i t i v i t y . 
Testing of bioflavonoids against biochemical parameters such 
as isolated enzymes or a simple uniform physiological para­
meter, such as rouleaux formation of normal blood, has shown 
that a variety of flavonoids w i l l demonstrate their a c t i v i t y 
as a family of curves d i f f e r i n g s i g n i f i c a n t l y i n a c t i v i t y . 
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However, while many flavonoids may show a c t i v i t y , c l i n i c a l l y 
useful compounds are few in number. For example, only nobile­
t i n and sinensetin of citrus and the semi-synthetic te t r a -
ethoxy derivative of r u t i n are effective erythrocyte disaggre­
gating agents; compounds of choice at present. 

3. Bioflavonoids have been discovered to exert an antiadhesive 
action on blood c e l l s . Erythrocyte adhesion i s a general 
accompaniment of disease and trauma and has rheological impli­
cations. Hesperidin or other of the less active flavonoids 
administered to a series of patients or added to blood i n 
v i t r o may show three kinds of a c t i v i t y , i n h i b i t blood c e l l 
adhesion i n some, no effect in others or accelerate adhesion 
in s t i l l others, i . e . , a trimodal action. This characteristic 
feature of flavonoid action undoubtedly has been interpreted 
as an inconsistent effect. However, a l l flavonoids do not 
show a trimodal action  Also  there i s considerable evidence 
linking rheologica
on c a p i l l a r y defect
the trimodal effects may explain the apparent inconsistent 
action against the above phenomena. 

4. Research of recent years has moved bioflavonoids from a consi­
deration of their effects on c a p i l l a r i e s into a more central 
position in human health. Certain bioflavonoids intervene at 
the molecular level to potentiate or i n h i b i t enzyme action or 
at the physiological level to affect rheology of blood. The 
broad spectrum of a c t i v i t y demonstrated by some of these meth­
oxylated flavones appears to be directed towards processes 
which underlie degenerative diseases, at present our 
greatest k i l l e r s . 
This survey of present evidence indicates that we have 

arrived at a level of understanding of bioflavonoids to where we 
can begin to make effective use of these compounds. Bioflavonoids 
understood and applied in modern nu t r i t i o n and medicine would 
appear to confer advantages i n increased resistance to a variety 
of diseases against which we do not have effective measures at 
this time. 
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L i m o n o i d s a r e a group o
found i n the Rutaceae an
the g r o u p , o c c u r s w i d e l y i n c i t r u s j u i c e s . I t has commerc ia l s i g ­
n i f i c a n c e because b i t t e r n e s s ( e x c e s s i v e b i t t e r n e s s i n the case o f 
g r a p e f r u i t ) r e d u c e s j u i c e q u a l i t y . D r e y e r (1_) and C o n n o l l y e t a l . 
(2) have rev i ewed the c h e m i s t r y and b i o c h e m i s t r y o f l i m o n o i d s . 

More r e c e n t l y M a i e r e t a l . (3_) p u b l i s h e d a comprehens ive rev i ew o f 
the l i m o n o i d c o n s t i t u e n t s o f C i t r u s and the impact o f l i m o n i n b i t ­
t e r n e s s on j u i c e q u a l i t y . T h i s p a p e r summarizes the c h e m i c a l , 
b i o c h e m i c a l and j u i c e q u a l i t y a s p e c t s o f l i m o n o i d s i n C i t r u s (and 
r e l a t e d genera) and p r e s e n t s r e l e v a n t advances s i n c e p r e v i o u s r e ­
v iews . 

L i m o n o i d S t r u c t u r e s and R e l e v a n t C h e m i s t r y 

L i m o n i n (I) i s a h i g h l y oxygenated t r i t e r p e n e d e r i v a t i v e 
whose s t r u c t u r a l f e a t u r e s i n c l u d e a f u r a n r i n g , two l a c t o n e r i n g s , 
a f ive -membered e t h e r r i n g , and an e p o x i d e . A l l o t h e r c i t r u s l i ­
monoids a l s o c o n t a i n the f u r a n r i n g and a t l e a s t one o f the l a c ­
tone r i n g s . Compounds I , I I I , V - X I I , and X I V - X V I were known as 
n a t u r a l c i t r u s c o n s t i t u e n t s a t the t ime o f our l a s t r e v i e w (_3) · 
S i n c e t h e n s e v e r a l o t h e r c i t r u s l i m o n o i d s have been i s o l a t e d and 
t h e i r s t r u c t u r e s d e t e r m i n e d : l i m o n o l ( I I ) , o b a c u n o l ( I V ) , and d e -
o x y l i m o n o l (XVII) from g r a p e f r u i t seeds ( 4 ) , i s o l i m o n i c a c i d 
(XIII) from sour orange and g r a p e f r u i t seeds (5) / d e o x y l i m o n i c 
a c i d (XVIII) from g r a p e f r u i t seeds ( 6 ) , and m e t h y l d e a c e t y l n o m i -
l i n a t e ( V I I I ) , c a l a m i n ( X I X ) , r e t r o c a l a m i n ( X X ) , c y c l o c a l a m i n 
( X X I ) , and m e t h y l i s o o b a c u n o a t e d i o s p h e n o l (XXII) from ca lamondin 
seeds (7_) . 

T a b l e I (8) shows the c o n c e n t r a t i o n s o f l i m o n o i d s i n seeds 
o f s e v e r a l c i t r u s s p e c i e s , as w e l l as the r e l a t i v e p r o p o r t i o n s o f 
n e u t r a l and a c i d i c l i m o n o i d s i n e a c h . T a b l e s I I and I I I (8) show 
the r e l a t i v e amounts o f the major i n d i v i d u a l n e u t r a l and a c i d i c 
l i m o n o i d s , r e s p e c t i v e l y , i n s e v e r a l s p e c i e s . The cases i n which 
two d i f f e r e n t samples o f the same s p e c i e s were a n a l y z e d show the 

This chapter not subject to U.S. copyright. 
Published 1980 American Chemical Society 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



CITRUS NUTRITION AND QUALITY 

L I M O N I N X = 0 III O B A C U N O N E X = 0 
L I M O N O L Χ = α - Ο Η , β~Η IV O B A C U N O L Χ = α ~ Ο Η , β-Η 

X I S O O B A C U N O I C A C I D XI E P I I S O O B A C U N O I C A C I D 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



4. MAIER ET AL. Limonin and Limonoids 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



CITRUS NUTRITION AND QUALITY 

XIX C A L A M I N X

XXIII 1 9 - H Y D R O X Y D E A C E T Y L N O M I L I N I C A C I D 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



4. MAIER ET AL. Limonin and Limonoids 67 

T a b l e I . C o n c e n t r a t i o n s o f Limonoids i n C i t r u s Seeds (8) 

Seeds 
T o t a l , % of 
f r e s h weight 

% o f t o t a l l i m o n o i d s 
N e u t r a l A c i d i c 

G r a p e f r u i t 
V a l e n c i a Orange 
Lemon 
Calamondin 
Kumquat 

1.5 
1.1 
1.1 
0.75 
0.61 

77 
84 
61 
83 
55 

23 
16 
39 
17 
45 

Journal of Agricultural and Food Chemistry 

ranges o f v a r i a t i o n i n composition which can be expected. 
The c h e m i c a l r e a c t i o n s o f l i m o n i n have been reviewed p r e v i ­

o u s l y (_1,_3) . From a p r a c t i c a l s t a n d p o i n t th t important
a c t i o n s are the openin
c i t r u s l e a f and f r u i t t i s s u
s a l t o f l i m o n o i c a c i d Α-ring l a c t o n e (XIV), i n which the A - r i n g 
i s c l o s e d and the D - r i n g i s open. T h i s t a s t e l e s s compound i s o n l y 
s t a b l e i n the s a l t form. A t a c i d i c pH's, and more r a p i d l y i n the 
presence o f c i t r u s limonoate D - r i n g l a c t o n e h y d r o l a s e , the D - r i n g 
c l o s e s t o form the b i t t e r substance l i m o n i n ( 9 ) . The g r a d u a l con­
v e r s i o n o f XIV t o l i m o n i n occurs whenever f r u i t t i s s u e s are d i s ­
r u p t e d , such as, through severe b r u i s i n g , f r e e z e damage or d u r i n g 
j u i c e e x p r e s s i o n (10). Limonin occurs as such, w i t h both l a c t o n e 
r i n g s c l o s e d , i n c i t r u s seeds. The seeds a l s o c o n t a i n s m a l l 
amounts o f the s a l t o f XIV (10,11). 

S t r u c t u r a l r e l a t i o n s h i p s and pathways 

The c i t r u s l i m o n o i d s may be d i v i d e d i n t o groups on the b a s i s 
of s t r u c t u r a l s i m i l a r i t i e s . One such c r i t e r i o n i s the nature o f 
C-19, which may be e i t h e r methyl, as i n obacunone (III) , or oxy-
methylene, as i n l i m o n i n . Another c h a r a c t e r i s t i c f e a t u r e i s the 
five-membered e t h e r (A 1) r i n g i n compounds such as l i m o n i n and 
i s o o b a c u n o i c a c i d (X). The calamondin limon o i d s XIX-XXII are 
unique i n two r e s p e c t s : the 3 - c a r b o x y l i s m ethylated and C-6 i s 
oxygenated. While these s t r u c t u r a l groupings are h e l p f u l i n sug­
g e s t i n g p o s s i b l e b i o s y n t h e t i c pathways, they do not a l l o w a d e c i ­
s i o n t o be made as t o the a c t u a l pathway by which l i m o n i n i s syn­
t h e s i z e d . F o r i n s t a n c e , X c o n t a i n s a l l o f the s t r u c t u r a l f e a ­
t u r e s o f l i m o n i n except f o r 19-oxygenation and l a c t o n i z a t i o n and 
thus c o u l d be c o n s i d e r e d the immediate p r e c u r s o r . However, 
i c h a n g i n (XII) i s a l s o a p o s s i b l e immediate p r e c u r s o r , c o n t a i n i n g 
the A l a c t o n e r i n g but l a c k i n g the A 1 - r i n g . The t r u e pathway 
w i l l u l t i m a t e l y have t o be determined by i n c o r p o r a t i o n s t u d i e s o f 
p o s s i b l e p r e c u r s o r s i n r a d i o a c t i v e form. N e v e r t h e l e s s , i t seems 
h i g h l y p r o b a b l e t h a t d e a c e t y l n o m i l i n i c a c i d (VII) i s a key l i m o ­
n o i d i n t e r m e d i a t e . Lactone r i n g c l o s u r e and/or a c e t y l a t i o n 
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T a b l e I I . R e l a t i v e C o n c e n t r a t i o n s of N e u t r a l Limonoids i n C i t r u s 
Seeds (8) 

% D i s t r i b u t i o n 
Seeds Limonin N o m i l i n Obacunone D e a c e t y l n o m i l i n 

G r a p e f r u i t 76 1
83 1

V a l e n c i a Orange 50 34 1 15 
75 10 1 5 

Navel Orange 87 10 1 2 

Sour Orange a 37 26 1 11 
39 21 1 17 

Lemon 39 31 29 1 

40 40 20 1 

Lime 70 28 1 1 

Tangelo 43 43 13 1 
Tangerine 63 16 1 20 

60 18 1 21 
a 
A l s o Ichangin 25 

2 2 Journal of Agricultural and Food Chemistry 
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T a b l e I I I . R e l a t i v e C o n c e n t r a t i o n s o f A c i d i c Limonoids i n C i t r u s 

N o m i l i n i c D e a c e t y l n o m i l i n i c I s o l i m o n i c 
Seeds A c i d A c i d A c i d 

G r a p e f r u i t 86 5 8 
85 13 1 

V a l e n c i a Orange 83 17 -
Sour Orange 6 47 47 

3 64 32 

Lemon 95 5 -
Lime 76 15 9 
Tangelo 56 44 -Tangerine 33 33 34 
Navel Orange 90 10 -
a 
F r u i t t i s s u e s 

Journal of Agricultural and Food Chemistry 
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r e a c t i o n s c o u l d c o n v e r t i t t o d e a c e t y l n o m i l i n (V), n o m i l i n i c a c i d 
(I X ) , o r n o m i l i n ( V I ) , and an e l i m i n a t i o n r e a c t i o n c o u l d then 
produce obacunone (III) from e i t h e r V o r V I . A 1 , 4 - c y c l i z a t i o n o f 
VI I would l e a d t o X, which c o u l d form l i m o n i n by 1 9 - h y d r o x y l a t i o n 
and l a c t o n e r i n g c l o s u r e . 1 9 - H y d r o x y l a t i o n o f V I I would form 
XX I I I , which c o u l d undergo 4 , 1 9 - c y c l i z a t i o n t o produce i s o l i m o n i c 
a c i d (XIII) o r 1 , 4 - c y c l i z a t i o n , f o l l o w e d by l a c t o n e r i n g c l o s u r e 
t o l i m o n i n . A l t e r n a t i v e l y , XXIII c o u l d form XII by l a c t o n e r i n g 
c l o s u r e and the l a t t e r c o u l d then c y c l i z e t o produce l i m o n i n . 

The b i o s y n t h e t i c pathway o f the calamondin l i m o n o i d s seems 
s t r a i g h t f o r w a r d . Methyl d e a c e t y l n o m i l i n a t e (VIII) i s an obvious 
p r e c u r s o r o f cal a m i n (XIX), and the l a t t e r c o u l d then be con­
v e r t e d t o r e t r o c a l a m i n (XX) by a r e t r o a l d o l - t y p e r e a c t i o n . 
1 , 4 - C y c l i z a t i o n o f XIX would produce c y c l o c a l a m i n (XXI), which 
c o u l d form methyl isoobacunoate d i o s p h e n o l (XXII) by o x i d a t i o n o f 
the 7-hydroxyl t o a ketone, f o l l o w e d by e n o l i z a t i o n . 

B i o s y n t h e s i s 

S i n c e t h i s s u b j e c t was reviewed i n 1977 (_3) important p r o ­
g r e s s has been made i n s t u d i e s o f the b i o s y n t h e s i s o f limonoids 
i n C i t r u s . A n a l y s e s o f C i t r u s f o r XIV conte n t a t v a r i o u s matu­
r i t y stages and r a d i o a c t i v e t r a c e r work showed t h a t l i m o n o i d s are 
a c t i v e l y s y n t h e s i z e d i n c i t r u s l e a v e s , p a r t i c u l a r l y i n young 
l e a v e s (12) · Hasegawa e t a l . (13.) attempted t o l o c a t e l i m o n o i d s 
w i t h i n mesophyll c e l l s and found t h a t l i m o n o i d s are p r e s e n t i n 
c h l o r o p l a s t s . F u r t h e r f r a c t i o n a t i o n o f t h i s o r g a n e l l e showed the 
presence o f l i m o n o i d s i n grana. The grana i s o l a t e d from lemon 
l e a v e s c o n t a i n e d as much as 1,000 ppm o f XIV. These f i n d i n g s 
suggested t h a t l i m o n o i d s are most l i k e l y s y n t h e s i z e d i n c h l o r o ­
p l a s t s , a l t h o u g h f u r t h e r work i s needed t o c o n f i r m t h i s p o i n t . 

When 5- g - s i z e n a v e l oranges were^fed w i t h 44 χ 10^ cpm o f 
a c e t a t e - 2 - C a t the r a t e of 4.4 χ 10 cpm per day f o r 10 consec­
u t i v e days e i t h e r by i n j e c t i o n o f the f r u i t or by a p p l i c a t i o n on 
the p e e l , no l a b e l e d XIV was d e t e c t e d i n the f r u i t . A l s o , no 1 4 C 
was i n c o r p o r a t e d i n t o XIV when 5-g- s i z e n a v e l orange was s i m i l a r ­
l y f e d w i t h 20 χ 10^ cpm of mevalonate-2-^^C. When l a b e l e d ace­
t a t e was f e d t o l e a v e s a d j a c e n t t o a 5-g-navel orange, r a d i o a c ­
t i v i t y was i n c o r p o r a t e d i n t o XIV i n the f r u i t (_12) . These r e ­
s u l t s suggest t h a t l i m o n o i d s a re most l i k e l y not s y n t h e s i z e d i n 
the f r u i t t i s s u e s (12). However, they do not r u l e out the p o s s i ­
b i l i t y t h a t a p r e c u r s o r ( s ) o f limono i d s beyond a c e t a t e or meva-
l o n a t e i s s y n t h e s i z e d i n le a v e s and t r a n s l o c a t e d t o f r u i t and 
th e r e c o n v e r t e d t o l i m o n o i d s . 

C i t r u s t r e e s are capable o f t r a n s l o c a t i n g l i m o n o i d s from 
l e a v e s t o f r u i t t i s s u e s (12). When 20,000 cpm o f XIV, randomly 
l a b e l e d , was f e d t o a l e a f a d j a c e n t t o a 5- g - s i z e lemon, about 
13.3% o f the t o t a l a c t i v i t y was t r a n s l o c a t e d t o the f r u i t d u r i n g 
20 h r s . These f i n d i n g s o f Hasegawa e t a l . (1^/_13) show t h a t l i ­
monoids i n c i t r u s f r u i t t i s s u e s are s y n t h e s i z e d i n leaves and 
t r a n s l o c a t e d t o the f r u i t . 
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I t has been mentioned i n the p r e v i o u s s e c t i o n t h a t c i t r u s 
seeds c o n t a i n h i g h c o n c e n t r a t i o n s o f l i m o n o i d s . D a t t a and 
N i c h o l a s (14) showed the presence o f l i m o n o i d b i o s y n t h e t i c s y s ­
tems i n germinated V a l e n c i a orange seeds by demonstrating the i n ­
c o r p o r a t i o n o f mevalonate-2- C i n t o I . However, Hasegawa e t a l . 
(8) c o u l d not f i n d such systems i n lemon seeds, immature or ma­
t u r e . S i n c e limonoids are a c t i v e l y s y n t h e s i z e d i n young, imma­
t u r e l e a v e s (12.) , most l i k e l y the r a d i o a c t i v e I found by D a t t a 
and N i c h o l a s was s y n t h e s i z e d i n the c o l e o p t i l e s o f the germinated 
orange seeds. 

The c a p a b i l i t y o f C i t r u s t o t r a n s l o c a t e l i m o n o i d s from the 
f r u i t t i s s u e s t o the seeds was demonstrated by a d m i n i s t e r i n g 
1 χ 10 cpm of methyl-"^C d e a c e t y l n o m i l i n a t e t o the stem end o f 
detached calamondin f r u i t s . A f t e r 16 h r s of i n c u b a t i o n , 7,500 
cpm o f a c t i v i t y were t r a n s l o c a t e d t o the seeds, and over 90% of 
the t o t a l a c t i v i t y i n the seed e x t r a c t was r e c o v e r e d as the o r i g ­
i n a l s u b s t r a t e (8_) . Thes
c i t r u s seeds are t r a n s l o c a t e

I n h i b i t i o n o f B i o s y n t h e s i s . T r i e t h y l a m i n e d e r i v a t i v e s such 
as 2 - ( 4 - e t h y l p h e n o x y ) t r i e t h y l a m i n e and 2-(3,4-dimethylphenoxy)-
t r i e t h y l a m i n e markedly i n h i b i t the accumulation of l i m o n o i d s i n 
c i t r u s l e aves (15J. For example, young lemon le a v e s sprayed w i t h 
500 ppm o f 2 - ( 4 - e t h y l p h e n o x y ) t r i e t h y l a m i n e c o n t a i n e d o n l y 27 ppm 
o f XIV 8 days a f t e r the treatment, whereas the c o n t r o l c o n t a i n e d 
344 ppm. S i m i l a r l y , those sprayed w i t h 300 ppm o f the compound 
c o n t a i n e d 0.3 times as much XIV as the c o n t r o l . 

Metabolism 

Metabolism i n B a c t e r i a . Three s p e c i e s o f b a c t e r i a , which 
are capable o f m e t a b o l i z i n g l i m o n o i d s , have been i s o l a t e d from 
s o i l by Hasegawa e t a l . (16,17,18,19), Table IV. 

T a b l e IV. L i m o n o i d - m e t a b o l i z i n g B a c t e r i a and M e t a b o l i c Pathways 

A r t h r o b a c t e r g l o b i f o r m i s 17-dehydrolimonoate 17-dehydrolimonoid 

B a c t e r i a Major M e t a b o l i t e s a Pathways 

Pseudomonas sp. 321-18 deoxylimonate 
deoxylimonin 

deoxylimonoid 
17-dehydrolimonoid 

No. 342-152-1 17-dehydrolimonoate 17-dehydrolimonoid 
deoxylimonate deoxylimonoid 
deoxylimonin 

aWhen grown on limonoate 
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Two m e t a b o l i c pathways of limonoids have been e s t a b l i s h e d : one 
v i a 17-dehydrolimonoids and the o t h e r v i a deoxylimonoids. A. 
g l o b i f o r m i s m e t a b o l i z e s l i m o n o i d s v i a o n l y the 17-dehydrolimonoid 
pathway (17_) . Pseudomonas sp. 321-18, on the o t h e r hand, p r o ­
duces i n i t s growth media o n l y XVI and XVIII, which are metabo­
l i t e s o f the deoxylimonoid pathway, but t h i s organism a l s o pos­
sesses the 17-dehydrolimonoid pathway (18_) . T h i s organism un­
d o u b t e d l y m e t a b o l i z e s l i m o n o i d s p r e f e r e n t i a l l y v i a the deoxy-
l i m o n o i d pathway. Bacterium No. 342-152-1 produces m e t a b o l i t e s 
i n v o l v e d i n both pathways (19). The r a t i o o f XV to XVIII i s 
about 3 t o 1, s u g g e s t i n g t h a t t h i s organism m e t a b o l i z e s limonoids 
p r e f e r e n t i a l l y v i a the 17-dehydrolimonoid pathway. 

Enzymes i n B a c t e r i a . Limonoate dehydrogenases, which c a t a ­
l y z e the c o n v e r s i o n o f XIV t o XV, have been i s o l a t e d from t h r e e 
s p e c i e s o f b a c t e r i a by Hasegawa e t a l  (17,18^  19)  Each dehydro­
genase has d i f f e r e n t c h a r a c t e r i s t i c

T able V. B a c t e r i a l Limonoate Dehydrogenases 

B a c t e r i a C o f a c t o r s Optimum pH 

A r t h r o b a c t e r g l o b i f o r m i s NAD 9.5 

Pseudomonas sp. 321-18 NAD or NADP 8.5 

No. 342-152-1 NAD 7.5 

These enzymes a t t a c k not o n l y XIV, but o t h e r limonoids which con­
t a i n a f u r a n r i n g and epoxide, p r o v i d e d t h a t the D - r i n g i s open. 
The enzymes r e q u i r e s u l f h y d r y l groups and Zn f o r t h e i r c a t a ­
l y t i c a c t i v i t y . 
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Deoxylimonin h y d r o l a s e , which c a t a l y z e s the c o n v e r s i o n o f 
XVI t o XVIII, has been i s o l a t e d from c e l l - f r e e e x t r a c t s o f 
Ρseudomonas sp. 321-18 (20). T h i s enzyme a t t a c k s o n l y the c l o s e d 
D - r i n g o f XVI and r e q u i r e s no c o f a c t o r f o r i t s c a t a l y t i c a c t i v ­
i t y . U n l i k e o t h e r common h y d r o l a s e s , t h i s enzyme i s i n h i b i t e d by 
p-chloromercuribenzoate and H g C l 2 . 

Limonin D - r i n g l a c t o n e h y d r o l a s e has been i s o l a t e d from 

Pseudomonas sp. 321-18 (21_) . H y d r o l y z i n g a c t i v i t y i s o p t i m a l a t 
pH 8.0, whereas l a c t o n i z i n g a c t i v i t y i s o p t i m a l a t pH 6.0. The 
enzyme a t t a c k s l i m o n o i d s whose s t r u c t u r e s d i f f e r from I i n the 
v i c i n i t y o f the A o r A 1 - r i n g . The enzyme does not a t t a c k XVI and 
XVIII. 

Metabolism i n C i t r u s . R e c e n t l y , Hasegawa e t a l . (6) have 
e s t a b l i s h e d the presence o f a deoxylimonoid pathway i n C i t r u s . 
Methyl-14c v i l l was m e t a b o l i z e d i n l e a v e s o f calamondin t o form a 
deoxy d e r i v a t i v e , showing the presence o f epoxidase a c t i v i t y 
which i s r e q u i r e d f o r the f i r s t s t e p o f the deoxylimonoid pathway. 
Compound XVIII, the p r o d u c t o f the second s t e p , was a l s o i s o l a t e d 
from g r a p e f r u i t seeds (6). Furthermore, deoxylimonate A - r i n g 
l a c t o n e h y d r o l a s e , which i s i n v o l v e d i n the t h i r d s t e p o f the 
pathway, was a l s o d e t e c t e d i n g r a p e f r u i t seeds {6). These f i n d ­
i n g s c l e a r l y show t h a t l i m o n o i d s are m e t a b o l i z e d i n C i t r u s not 
o n l y v i a the 17-dehydrolimonoid pathway as p r e v i o u s l y e s t a b l i s h e d 
(22), b u t a l s o v i a the deoxylimonoid pathway. 

Limonin D - r i n g l a c t o n e h y d r o l a s e i s the o n l y l i m o n o i d enzyme 
which has been i s o l a t e d from C i t r u s and c h a r a c t e r i z e d (11)· I t i s 
of i n t e r e s t t o note t h a t t h i s enzyme i s extremely heat r e s i s t a n t . 
I t r e q u i r e s 15 min o f h e a t i n g a t 100°C t o i n a c t i v a t e i t complete­
l y . I t s f u n c t i o n a l c h a r a c t e r i s t i c s are v e r y s i m i l a r t o those o f 
the b a c t e r i a l h y d r o l a s e mentioned p r e v i o u s l y . 

A c t i v i t i e s o f limonoate dehydrogenase (2_2) , epoxidase (6) 
and deoxylimonate Α-ring l a c t o n e h y d r o l a s e (6) have been demon­
s t r a t e d i n C i t r u s , but they have not been i s o l a t e d y e t . 
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O r g a n o l e p t i c A s p e c t s 

Limonin has been known t o be an i n t e n s e l y b i t t e r substance 
s i n c e i t was f i r s t i s o l a t e d i n 1841 by Bernay (23). B e g i n n i n g i n 
1966 the development of a n a l y t i c a l methods f o r l i m o n i n a l l o w e d 
c o r r e l a t i o n s o f apparent b i t t e r n e s s w i t h j u i c e l i m o n i n c o n t e n t to 
be undertaken. The v a r i o u s r e p o r t s o f r e l a t i v e b i t t e r n e s s o f 
s u p r a t h r e s h o l d l i m o n i n l e v e l s have been reviewed by Maier e t a l . 
(3_) . The g e n e r a l c o n c l u s i o n s reached i n these t e s t s were t h a t 
l i m o n i n l e v e l s l e s s than about 6 ppm were g e n e r a l l y n o n b i t t e r and 
t h a t the b i t t e r n e s s p e r c e i v e d a t h i g h e r l i m o n i n l e v e l s v a r i e d w i t h 
the sweetness, a c i d i t y and o i l l e v e l s o f the j u i c e . 

I n d i v i d u a l v s . Group B i t t e r n e s s T h r e s h o l d s . A comprehensive 
study o f l i m o n i n t h r e s h o l d s i n model systems and i n orange j u i c e 
was r e p o r t e d by Guadagni e t a l  (24)  Limonin t h r e s h o l d s  the 
minimum c o n c e n t r a t i o n p e r c e i v e
under c l o s e l y c o n t r o l l e
o f 27 judges, chosen from a group of 60 f o r t h e i r i n d i v i d u a l con­
s i s t e n c y i n d e t e c t i n g b i t t e r n e s s , showed a wide range of s e n s i t i v ­
i t y . The most s e n s i t i v e i n d i v i d u a l had a l i m o n i n t h r e s h o l d i n 
orange j u i c e o f 0.5 ppm w h i l e t h a t o f the l e a s t s e n s i t i v e was 32 
ppm (Table V I ) . T h i r t y p e r c e n t o f the p a n e l c o u l d d e t e c t 2 ppm 
l i m o n i n and 62% c o u l d d e t e c t 4 ppm. The group t h r e s h o l d f o r t h i s 
t e s t was 6 ppm i n an orange j u i c e o f pH 3.8, B r i x / a c i d r a t i o (B/A) 
o f 14.8. 

Most t a s t e s t u d i e s c o n c e n t r a t e on the group t h r e s h o l d r a t h e r 
than the t h r e s h o l d s o f the i n d i v i d u a l s i n the group. The above 
study demonstrates t h a t both are important. The group t h r e s h o l d 

T a b l e VI. T h r e s h o l d s of I n d i v i d u a l s f o r Limonin B i t t e r n e s s i n 
Orange J u i c e (3) 

Limonin T h r e s h o l d 
(ppm) Cumulative % o f P a n e l 

0.5 8 
1.0 17 
2.0 30 
3.0 49 
4.0 62 
5.0 70 
6.0 75 

10.0 91 
32.0 99.5 

apH 3.8, B/A 14.8 The AVI Publishing Company, Inc. 
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i s u s e f u l t o determine the g e n e r a l i z e d e f f e c t o f a p a r t i c u l a r 
t a s t e f a c t o r . However, i n d i v i d u a l t h r e s h o l d s are h e l p f u l i n 
s t u d i e s aimed a t de t e r m i n i n g the t a s t e q u a l i t y parameters o f j u i c e 
a c c e p t a b l e t o a wider segment o f the p o p u l a t i o n , e s p e c i a l l y those 
i n d i v i d u a l s most s e n s i t i v e t o b i t t e r n e s s . 

I n f l u e n c e o f J u i c e Components on B i t t e r n e s s . The e f f e c t s o f 
a number o f j u i c e v a r i a b l e s were a l s o s t u d i e d (24). A pH optimum 
f o r the l i m o n i n group t h r e s h o l d was observed a t pH 3.7 t o 3.9 i n 
r e c o n s t i t u t e d orange j u i c e c o n c e n t r a t e systems. The t h r e s h o l d was 
a maximum o f 6.4 ppm a t pH 3.8 w i t h a t h r e s h o l d o f 3.4 ppm a t pH 
3.5 and pH 4.1. V a r y i n g the pH w h i l e keeping the B/A co n s t a n t 
a g a i n showed a maximum t h r e s h o l d o f 6.5 ppm a t pH 3.8. A t a con­
s t a n t pH o f 3.65, i n c r e a s i n g the B/A from 10 t o 16 i n c r e a s e d the 
l i m o n i n t h r e s h o l d from 6.2 t o 8.5 ppm. A h i g h e r B/A had no g r e a t ­
e r e f f e c t . When judges were p r e s e n t e d j u i c e s c o n t a i n i n g 4 ppm 
l i m o n i n w i t h d i f f e r e n t p
i t e p r e f e r e n c e f o r thos
i n t h r e s h o l d s above 4 ppm as p r e d i c t e d from the above d a t a . T h i s 
c onfirmed the c o r r e l a t i o n between h i g h l i m o n i n t h r e s h o l d (low 
l i m o n i n d e t e c t i o n ) and t a s t e p r e f e r e n c e i n orange j u i c e . 

Another important i n t e r a c t i o n i s t h a t of l i m o n i n w i t h the 
b i t t e r flavanone g l y c o s i d e n a r i n g i n . Both of these b i t t e r sub­
st a n c e s are p r e s e n t i n g r a p e f r u i t j u i c e and Guadagni e t a l . (25) 
found t h a t they i n t e r a c t a t s u b t h r e s h o l d l e v e l s i n an a d d i t i v e 
way. Less than t h r e s h o l d amounts of l i m o n i n o r n a r i n g i n c o n t r i b ­
ute t o the b i t t e r n e s s o f a mixture o f the two compounds. The 
b i t t e r n e s s o f the mixture can be p r e d i c t e d by adding the t a s t e -
u n i t c o n t r i b u t i o n o f each component ( t a s t e u n i t = c o n c e n t r a t i o n / 
t h r e s h o l d ) . 

I n f l u e n c e o f Sweeteners on B i t t e r n e s s . In model system s t u d ­
i e s , n a t u r a l f r u i t j u i c e sugars were observed t o r a i s e the l i m o n i n 
t h r e s h o l d (24). An expanded study o f n a t u r a l and a r t i f i c i a l 
sweeteners (26) demonstrated t h a t s u c r o s e , n e o h e s p e r i d i n d i h y d r o -
c halcone (NHD), h e s p e r e t i n d i h y d r o c h a l c o n e g l u c o s i d e (HDG) and 
a s p a r t y l p h e n y l a l a n i n e methyl e s t e r (AP) a l l r a i s e the l i m o n i n 
t h r e s h o l d . A t low sweetness l e v e l s HDG was the most e f f e c t i v e 
f o l l o w e d by AP and NHD. Sucrose was without e f f e c t up t o the 2% 
l e v e l . A t sweetness l e v e l s e q u i v a l e n t t o 1% s u c r o s e , HDG, AP and 
NHD r a i s e d the l i m o n i n t h r e s h o l d i n water from 1.0 ppm t o 3.2, 2.5 
and 1.3 ppm, r e s p e c t i v e l y . Because of i t s h i g h sweetness i n t e n ­
s i t y , the c o n c e n t r a t i o n o f NHD (16 ppm) was c o n s i d e r a b l y lower 
than HDG (80 ppm) and AP (90 ppm). A t 3-10% sucr o s e sweetness 
e q u i v a l e n c y , the e f f e c t i v e n e s s o f NHD i n c r e a s e d s u b s t a n t i a l l y , 
s u crose moderately and HDG s l i g h t l y , w h i l e t h a t o f AP decreased. 
T h e r e f o r e , the sweeteners HDG, AP and NHD can e f f e c t i v e l y suppress 
l i m o n i n b i t t e r n e s s a t low c o n c e n t r a t i o n s . 

NHD has a l s o been found t o suppress n a r i n g i n b i t t e r n e s s (26). 
I t was suggested as be i n g e s p e c i a l l y u s e f u l i n upgrading the 
f l a v o r o f low B/A, e a r l y - s e a s o n g r a p e f r u i t j u i c e (27). 
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B i t t e r n e s s Suppressors. Limonin b i t t e r n e s s s u p p r e s s i o n has 
a l s o been r e p o r t e d (28) t o occur when the c i t r u s c o n s t i t u e n t neo-
di o s m i n (ΝΕΟ), the t a s t e l e s s f l a v o n e analog o f the b i t t e r f l a v a n -
none n e o h e s p e r i d i n (29), i s p r e s e n t i n s o l u t i o n s o r j u i c e s con­
t a i n i n g l i m o n i n . Low l e v e l s o f ΝΕΟ were e f f e c t i v e i n r a i s i n g the 
l i m o n i n t h r e s h o l d i n orange j u i c e , r e d u c i n g b i t t e r n e s s o f s u p r a -
t h r e s h o l d l e v e l s o f l i m o n i n , and even r e d u c i n g the b i t t e r n e s s o f 
v e r y h i g h l e v e l s o f l i m o n i n . ΝΕΟ i s a l s o an e f f e c t i v e s u p p r e s s o r 
o f n a r i n g i n b i t t e r n e s s and would, t h e r e f o r e , be e s p e c i a l l y u s e f u l 
i n b i t t e r g r a p e f r u i t j u i c e which c o n t a i n s both n a r i n g i n and l i m o ­
n i n . On the b a s i s o f the t a s t e t e s t s a p r o c e s s f o r r e d u c i n g the 
b i t t e r n e s s o f c i t r u s j u i c e s was proposed which comprises adding 50 
t o 150 ppm neodiosmin (30). Another t a s t e l e s s f l a v o n e g l y c o s i d e 
t h a t i s p r e s e n t i n g r a p e f r u i t and b i t t e r orange, r h o i f o l i n , has 
the a b i l i t y t o p a r t i a l l y suppress the b i t t e r n e s s o f n a r i n g i n (29). 

P r e h a r v e s t , P o s t h a r v e s
f a c t o r s have a s u b s t a n t i a
j u i c e . A d e t a i l e d d i s c u s s i o n o f these i n f l u e n c e s i s g i v e n by 
Maier e t a l . (3). P r e h a r v e s t f a c t o r s such as s p e c i e s and c u l t i -
v a r , r o o t s t o c k , f e r t i l i z a t i o n and i r r i g a t i o n p r a c t i c e s , and time 
o f h a r v e s t a l l have an important b e a r i n g on the l i m o n o i d c o n t e n t 
o f the f r u i t . D u r i n g the p o s t h a r v e s t p e r i o d , l i m o n o i d metabolism 
g r a d u a l l y reduces the XIV co n t e n t o f the f r u i t t i s s u e s . The ex­
t e n t o f XIV l o s s i n c r e a s e s w i t h h o l d i n g time and temperature. The 
metabolism i s a c c e l e r a t e d by b r i e f exposure t o e t h y l e n e gas or t o 
a d i l u t e s o l u t i o n o f e t h y l e n e g e n e r a t i n g substances such as 
2 - c h l o r o e t h y l p h o s p h o n i c a c i d (31). 

Commercial n a v e l orange, Shamouti orange and g r a p e f r u i t 
j u i c e s , and l a b o r a t o r y samples o f Murcott orange and N a t s u d a i d a i 
j u i c e s from e a r l y season f r u i t c o n t a i n h i g h l e v e l s o f l i m o n i n (3_) -
Under c e r t a i n c o n d i t i o n s l i m o n i n b i t t e r n e s s can be found i n 
e s s e n t i a l l y a l l types o f c i t r u s j u i c e s . The r o o t s t o c k has been 
shown t o be an important f a c t o r i n d e t e r m i n i n g the time r e q u i r e d 
a f t e r commercial m a t u r i t y i s reached f o r the f r u i t t o y i e l d j u i c e 
w i t h low l i m o n i n l e v e l s . The r o o t s t o c k s promoting f a s t e s t a t ­
tainment o f low l i m o n i n l e v e l s are t r i f o l i t a t e orange, t a n g e l o 
and C l e o p a t r a mandarin, w i t h sweet orange b e i n g i n t e r m e d i a t e , and 
rough lemon, sweet l i m e , Kusaie lime and E a s t I n d i a lime r e t a r d ­
i n g the disappearance o f l i m o n i n (32). 

The amount o f l i m o n i n i n c o r p o r a t e d i n t o the j u i c e i s i n f l u ­
enced by a number o f j u i c e p r o c e s s i n g v a r i a b l e s . F a c t o r s such as 
the m a c e r a t i o n o f albedo, c e n t r a l v a s c u l a r bundle and c a r p e l l a r y 
membranes, the time o f c o n t a c t between the rag and the j u i c e , and 
the amount o f p u l p i n c o r p o r a t e d i n t o the f i n a l j u i c e p r o d u c t are 
known t o i n f l u e n c e j u i c e l i m o n i n c o n t e n t . The uneven d i s t r i b u ­
t i o n o f XIV i n the v a r i o u s t i s s u e s o f the f r u i t (Table VII) i s 
l a r g e l y r e s p o n s i b l e f o r the e f f e c t s o f p r o c e s s i n g v a r i a b l e s (33). 
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a 
T a b l e V I I . Limonoid D i s t r i b u t i o n i n D e s e r t N a v e l Orange T i s s u e 

Limonoic A c i d A-Ring Lactone Content 
ppm f r e s h weight mg per f r u i t 

A lbedo and F l a v e d o 
C a r p e l l a r y Membranes 
J u i c e V e s i c l e s 

415 
305 
15 

22 
10 
1.9 

Harvested November 12 
Determined as l i m o n i n 

Only about 6% o f the t o t a l XIV c o n t e n t o f the f r u i t i s p r e s e n t i n 
the j u i c e v e s i c l e s . An  s t e  i  j u i c  p r e p a r a t i o  t h a t i n c r e a s e
i n c o r p o r a t i o n o f the o t h e
es the e x t r a c t i o n o f XI
l i m o n i n c o n t e n t o f the j u i c e . Consequently, techniques t h a t i n ­
c r e a s e j u i c e y i e l d , such as hard v e r s u s s o f t e x t r a c t i o n , tend t o 
i n c r e a s e l i m o n i n content (34). 

Limonin L e v e l s o f C i t r u s J u i c e s . A c o m p i l a t i o n o f l i m o n i n 
v a l u e s i n v a r i o u s c i t r u s j u i c e s i s g i v e n i n (3_) · Limonin has been 
found i n e s s e n t i a l l y a l l v a r i e t i e s o f c i t r u s j u i c e s examined. 
Alt h o u g h t h e r e i s a c o n s i d e r a b l e range o f l i m o n i n v a l u e s r e p o r t e d , 
c e r t a i n t r e n d s a r e apparent. 

Limonin l e v e l s g e n e r a l l y decrease as the season p r o g r e s s e s . 
T h i s decrease w i t h m a t u r i t y o f the f r u i t i s seen i n most v a r i e t i e s 
t e s t e d , a l t h o u g h the magnitude o f the change and the l e v e l a t any 
one time o f the y e a r or any p a r t o f the h a r v e s t i n g season i s v a r ­
i a b l e . 

Two e x t e n s i v e s t u d i e s o f l i m o n i n content throughout the s e a ­
son were r e c e n t l y conducted by A l b a c h e t a l . (35). Commercial 
orange and g r a p e f r u i t j u i c e s from t h r e e c i t r u s p r o c e s s i n g p l a n t s 
i n south Texas were sampled twice each day a t three-week i n t e r v a l s 
from e a r l y November t o l a t e June f o r two c o n s e c u t i v e y e a r s . The 
average l i m o n i n c o n t e n t o f these j u i c e s i s summarized i n T a b l e 
V I I I . The November orange j u i c e samples were a l l above the group 
l i m o n i n t h r e s h o l d determined by Guadagni (24). Some of the sam­
p l e s o b t a i n e d through February were a l s o above the 6 ppm l i m o n i n 
group t h r e s h o l d . Throughout the season a s i g n i f i c a n t number of 
j u i c e s c o n t a i n e d enough l i m o n i n f o r b i t t e r n e s s t o be d e t e c t a b l e by 
30-50% o f the i n d i v i d u a l s o f Guadagni 1s t a s t e p a n e l . The l i m o n i n 
c o n t e n t o f these orange j u i c e s would, t h e r e f o r e , be l i k e l y t o low­
e r the t a s t e q u a l i t y o f the j u i c e f o r a s u b s t a n t i a l p o r t i o n o f the 
p o p u l a t i o n . 

Another s e t o f t e s t s o f two orange v a r i e t i e s from 5 l o c a t i o n s 
i n Texas were sampled a t two-week i n t e r v a l s throughout t h e i r s e a ­
son o f m a t u r i t y and j u i c e d i n the l a b o r a t o r y on a commercial t e s t 
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T a b l e V I I I . Limonin Content o f Commercial Orange and G r a p e f r u i t 
J u i c e s Throughout the H a r v e s t i n g Season 

Limonin Content (ppm) 
P r o c e s s i n g 

Date Orange G r a p e f r u i t 

Range Average Range Average 

November 6.2-8.2 7.2 11.2-12.2 11.4 
December 4.2-7.8 5.3 7.1-11.6 10.0 
January 3.3-5.5 4.5 7.4-16.6 9.1 
F ebruary 2.3-6.8 3.8 5.3-9.7 7.1 
March 2.5-3.9 3.3 4.4-7.1 5.1 
A p r i l 2.1-3.8 2.7 2.2-4.7 3.8 
May 1.7-2.1 
June 1.8-2.4 

Source: (35) 

e x t r a c t o r (36). A g a i n the l i m o n i n l e v e l s decreased as the season 
p r o g r e s s e d f o r both Hamlin and Marrs e a r l y oranges on Texas sour 
orange r o o t s t o c k . The Marrs v a r i e t y was suspected o f having a 
b i t t e r n e s s problem because i t arose as a bud s p o r t from the 
Washington n a v e l . The d a t a show l i t t l e c o n s i s t e n t d i f f e r e n c e i n 
the l i m o n i n l e v e l s o f the two v a r i e t i e s i n any one grove. Much 
more s i g n i f i c a n t d i f f e r e n c e s were seen i n f r u i t o f the same v a r i ­
e t y from the d i f f e r e n t grove l o c a t i o n s , p r o b a b l y due t o d i f f e r e n ­
ces i n c u l t u r a l p r a c t i c e s , s o i l type and environmental f a c t o r s . 

While most o f the l i m o n o i d s of C i t r u s have been i s o l a t e d from 
seeds, s e v e r a l o c c u r i n d e t e c t a b l e amounts i n o t h e r p a r t s o f the 
f r u i t . Minor amounts o f d e a c e t y l n o m i l i n , n o m i l i n , obacunone, de-
a c e t y l n o m i l i n i c a c i d and n o m i l i n i c a c i d were i d e n t i f i e d i n ex­
t r a c t s o f n a v e l orange p e e l (37). 17-Dehydrolimonoate A - r i n g 
l a c t o n e was i s o l a t e d from p e e l and j u i c e o f n a v e l oranges (38) and 
n o m i l i n has been r e p o r t e d t o occur i n g r a p e f r u i t j u i c e and j u i c e 
v e s i c l e s (39). The o n l y C i t r u s l i m o n o i d s known t o be b i t t e r are 
l i m o n i n , VI, X I I , obacunoic a c i d and IX (_3) . 

I n f l u e n c e o f Limonin Content on J u i c e Q u a l i t y . S e v e r a l s t u d ­
i e s have shown t h a t l i m o n i n b i t t e r n e s s d e t r a c t s from j u i c e q u a l ­
i t y . The t a s t e t e s t s r e p o r t e d by Guadagni (24) u s i n g screened 
l a b o r a t o r y p e r s o n n e l i n d i c a t e d t h a t f a c t o r s which r a i s e the l i m o ­
n i n t h r e s h o l d i n orange j u i c e have a b e n e f i c i a l e f f e c t on p r e f e r ­
ence. F e l l e r s (40) r e p o r t e d r e s u l t s o f t a s t e t e s t s o f g r a p e f r u i t 
j u i c e w i t h added l i m o n i n and n a r i n g i n g i v e n t o a Washington D. C. 
consumer-type t a s t e p a n e l o f 72 p e r s o n s . These t e s t s showed a 
h i g h l y s i g n i f i c a n t l i n e a r drop i n p r e f e r e n c e r a t i n g s w i t h 
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s u c c e s s i v e l y h i g h e r l e v e l s o f b i t t e r n e s s w i t h i n each B/A group. 
The i n v e r s e r e l a t i o n s h i p between l i m o n i n content and t a s t e p r e f ­
erence was confirmed i n another study (41) u s i n g a stepwise mul­
t i p l e r e g r e s s i o n a n a l y s i s o f d a t a from 60 samples o f commercial 
f r o z e n - c o n c e n t r a t e d orange j u i c e (FCOJ) packed d u r i n g two seasons. 
T h i s and a l a t t e r r e p o r t (42) concluded t h a t l i m o n i n content was 
h i g h l y c o r r e l a t e d w i t h the f l a v o r q u a l i t y o f the j u i c e . 

J u i c e Q u a l i t y Standards. In r e c e n t years l i m o n i n content 
has become w i d e l y r e c o g n i z e d as a q u a l i t y f a c t o r i n most c i t r u s 
j u i c e s . P r e v i o u s l y l i m o n i n had been c o n s i d e r e d t o be important 
i n the j u i c e q u a l i t y of o n l y a few h i g h l i m o n i n c u l t i v a r s . Limo­
n i n i s b e i n g used r o u t i n e l y by some p r o c e s s o r s as a q u a l i t y con­
t r o l element. In a d d i t i o n , l i m o n i n content i s now i n c l u d e d i n 
the F l o r i d a S t a t e Grades f o r canned and c h i l l e d g r a p e f r u i t j u i c e 
and f r o z e n c o n c e n t r a t e d g r a p e f r u i t j u i c e (£3)  Grade "A" j u i c e 
packed d u r i n g the p e r i o
l e s s than 5 ppm l i m o n i
method). Grade "B" j u i c e must c o n t a i n l e s s than 7 ppm l i m o n i n or 
l e s s than 750 ppm n a r i n g i n . 

D e t e r m i n a t i o n o f Limonin Content. A summary o f the methods 
r e p o r t e d through 1976 f o r the q u a n t i t a t i v e d e t e r m i n a t i o n o f l i m o ­
n i n i n c i t r u s j u i c e s was p u b l i s h e d p r e v i o u s l y (3_). S i n c e then 
improvements have been made i n the h i g h - p r e s s u r e l i q u i d chroma­
t o g r a p h i c method (44, 45) and advances have been made i n the 
development o f enzymatic (46) and immunoassay (47, 48) (see 
Chapter 15) methods. The l a t t e r methods h o l d g r e a t promise f o r 
the f u t u r e . However, i n each case the r e q u i r e d enzyme or a n t i ­
body i s not y e t commercially a v a i l a b l e . Thus, w h i l e s u b s t a n t i a l 
p r o g r e s s i s b e i n g made the need s t i l l e x i s t s f o r a simple, s e n s i ­
t i v e , and r a p i d commercially a v a i l a b l e method f o r r o u t i n e i n d u s ­
t r i a l q u a l i t y c o n t r o l purposes. 

C o n t r o l o f J u i c e B i t t e r n e s s . A number o f advances have been 
r e p o r t e d i n t h i s f i e l d s i n c e i t was l a s t reviewed (.3) . A commer­
c i a l a p p l i c a t i o n o f the c e l l u l o s e a c e t a t e a d s o r p t i o n technique 
f o r the removal o f l i m o n i n from c i t r u s j u i c e s was undertaken (49). 
New s o r b e n t g e l forms o f c e l l u l o s e e s t e r s f o r a d s o r p t i o n o f l i m o ­
n i n were developed (50). Knowledge was gained t h a t l i m o n o i d s are 
b i o s y n t h e s i z e d i n c i t r u s l e a v e s and t r a n s l o c a t e d t o the f r u i t (12) 
and t h a t s p e c i f i c b i o r e g u l a t o r s can i n h i b i t accumulation of XIV 
i n c i t r u s l e a v e s (15). A d d i t i o n a l s t u d i e s were c a r r i e d out on 
the use o f neodiosmin t o suppress l i m o n i n and o t h e r types o f b i t ­
t e r n e s s (30,51). The i n f l u e n c e of e x t r a c t o r and f i n i s h e r p r e s ­
sures on the l e v e l o f l i m o n i n and n a r i n g i n i n g r a p e f r u i t j u i c e 
was r e p o r t e d (34). A l s o , f u r t h e r s t u d i e s were conducted on the 
m i c r o b i a l sources and p r o p e r t i e s o f limonoate dehydrogenase (52_) , 
the enzyme t h a t c o n v e r t s XIV t o XV and can be used t o p r e v e n t 
l i m o n i n from forming i n f r e s h l y expressed c i t r u s j u i c e s (53). 
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As these new tec h n i q u e s f o r r e d u c i n g l i m o n i n b i t t e r n e s s are 
developed and come i n t o use, they w i l l a f f o r d a d d i t i o n a l and more 
d i r e c t means o f a c h i e v i n g h i g h e r q u a l i t y c i t r u s j u i c e s . T h i s w i l l 
be e s p e c i a l l y important f o r t h a t s i g n i f i c a n t p o r t i o n o f the pop­
u l a t i o n t h a t has a l i m o n i n b i t t e r n e s s t h r e s h o l d i n the v i c i n i t y o f 
and below 2 ppm. U n t i l then, much can be done t o reduce b i t t e r ­
ness by c a r e f u l management o f f a c t o r s i n f l u e n c i n g j u i c e l i m o n i n 
l e v e l s ( c h o i c e o f c u l t i v a r , r o o t s t o c k , r i p e n e s s , p o s t h a r v e s t me­
t a b o l i s m , j u i c e e x t r a c t i o n parameters, p u l p c o n t a c t time, b l e n d i n g 
o f j u i c e , etc.) and f a c t o r s i n f l u e n c i n g the p e r c e p t i o n o f b i t t e r ­
ness ( j u i c e pH, a c i d i t y , sweetness, e t c ) . 

Abstract 

Limonoids are a group of chemically related triterpene deriv­
atives found in the Rutaceae and Meliaceae families  Limonin is 
an intensely bitter limonoi
where its presence at abov  generally
from juice quality. Studies have shown that the metabolically ac­
tive form of limonin is limonoate Α-ring lactone (LARL) which is 
nonbitter. LARL is synthesized in the leaves and translocated to 
the fruit and seeds. It is slowly degraded in the fruit to non­
-bitter products by at least two metabolic pathways. LARL under­
goes acid catalyzed lactonization to limonin when the fruit tis­
sues are disrupted in juice preparation. Group bitterness thresh­
olds for limonin in orange juice have been reported to be in the 
6 ppm range. On the other hand, individual thresholds as low as 
0.5 ppm have been reported. In the latter study, 30% of the panel 
had thresholds of 2 ppm or below. While limonin content tends to 
be high in the juice from early-season navel, Shamouti, and 
Murcott oranges, available data indicate that levels of 2 ppm are 
not uncommon in commercial orange juice. Bitterness is modulated 
by juice properties including soluble solids, citric acid content 
and pH. In addition, several tasteless citrus flavonoids specif­
ically suppress bitterness and increase juice acceptability, as 
do the flavanone glycoside derived dihydrochalcone sweeteners. 
The above areas are reviewed in detail and new developments in 
limonoid biochemistry are discussed. 

Acknowledgement 

The authors thank Roger F. Alb a c h , USDA-SEA-AR, Weslaco, 
Texas; R u s s e l l L. Rou s e f f , Department o f C i t r u s , AREC, Lake 
A l f r e d , F l o r i d a ; and R. L. M a n s e l l , Department o f B i o l o g y , 
U n i v e r s i t y o f South F l o r i d a , Tampa, F l o r i d a and t h e i r coauthors 
f o r p r e p u b l i c a t i o n c o p i e s o f t h e i r r e s p e c t i v e m a n u s c r i p t s . 

Literature Cited 

1. Dreyer, D. L. Fortschr. Chem. Org. Naturst., 1968, 26, 190-244. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



4. MAIER ET AL. Limonin and Limonoids 81 

2. Connolly, J. D.; Overton, K. H.; Polonsky, J. In "Progress in 
Phytochemistry"; Reinhold, L.; Liwschitz, Y., Eds.; John Wiley 
and Sons: New York, 1970; 2. 

3. Maier, V. P.; Bennett, R. D.; Hasegawa, S. In "Citrus Science 
and Technology"; Nagy, S.; Shaw, P. E.; Veldhuis, M. Κ., Eds.; 
AVI Publishing Co.: Westport, Conn., 1977; 1, 355-396. 

4. Bennett, R. D., unpublished data. 
5. Bennett, R. D.; Hasegawa, S. Phytochemistry, in press. 
6. Hasegawa, S.; Bennett, R. D.; Verdon, C. P. Phytochemistry, in 

press. 
7. Bennett, R. D.; Hasegawa, S. Tetrahedron, in press. 
8. Hasegawa, S.; Bennett, R. D.; Verdon, C. P. J. Agric. Food 

Chem., in press. 
9. Maier, V. P.; Margileth, D. A. Phytochemistry, 1968, 8, 243-

248. 
10. Maier, V. P.; Beverly, G. D. J. Food Sci., 1968, 33, 488-492. 
11. Maier, V. P.; Hasegawa

495-407. 
12. Hasegawa, S.; Hoagland, J. E. Phytochemistry, 1977, 16, 469-

471. 
13. Hasegawa, S.; Bennett, R. D.; Verdon, C. P. Abstracts Citrus 

Research Conference, Pasadena, CA, 1979; 3. 
14. Datta, S.; Nicholas, H. J. Phytochemistry, 1968, 7, 955-956. 
15. Hasegawa, S.; Yokoyama, H.; Hoagland, J. E. Phytochemistry, 

1977, 16, 1083-1085. 
16. Hasegawa, S.; Bennett, R. D.; Maier, V. P. J. Agric. Food 

Chem., 1972, 20, 435-437. 
17. Hasegawa, S.; Bennett, R. D.; Maier, V. P.; King, A. D., Jr. 

J. Agric. Food Chem., 1972, 20, 1031-1034. 
18. Hasegawa, S.; Maier, V. P.; King, A. D., Jr. J. Agric. Food 

Chem., 1974, 22, 523-526. 
19. Hasegawa, S.; Kim, K. S. Abstracts Citrus Research Conference, 

Pasadena, CA, 1975; 16-17. 
20. Hasegawa, S.; Maier, V. P., Border, S. N.; Bennett, R. D. J. 

Agric. Food Chem., 1974, 22, 1093-1096. 
21. Hasegawa, S. J. Agric. Food Chem., 1976, 24, 24-26. 
22. Hasegawa, S.; Maier, V. P.; Bennett, R. D. Phytochemistry, 

1974, 13, 103-105. 
23. Bernay, S. Annalen, 1841, 40, 317. 
24. Guadagni, D. G.; Maier, V. P.; Turnbaugh, J. G. J. Sci. Food 

Agric., 1973, 24, 1277-1288. 
25. Guadagni, D. G.; Maier, V. P.; Turnbaugh, J. G. J. Sci. Food 

Agric., 1974, 25, 1349-1354. 
26. Guadagni, D. G.; Maier, V. P.; Turnbaugh, J. G. J. Sci. Food 

Agric., 1974, 25, 1199-1205. 
27. Fellers, P. J. 27th Annual Citrus Processors Meeting, Lake 

Alfred, FL, 1976; 13. 
28. Guadagni, D. G., Maier, V. P.; Turnbaugh, J. G. J. Food Sci., 

1976, 41, 681-684. 
29. Horowitz, R. M. In "Biochemistry of Phenolic Compounds", 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



82 CITRUS NUTRITION AND QUALITY 

J. B. Harborne, Ed.; Academic Press: New York, 1964; Chap.14; 
545. 

30. Guadagni, D. G., Horowitz, R. M.; Gentili, B.; Maier, V. P. 
U.S. Patent 4,031,265, 1977. 

31. Maier, V. P.; Brewster, L. C.; Hsu, A. C. J. Agric. Food 
Chem., 1973, 21, 490-495. 

32. Kefford, J. F.; Chandler, Β. V. In "Advances in Food Research, 
Supplement 2"; Chichester, C. O.; Mrak, Ε. M.; Stewart, G. F., 
Eds.; Academic Press: New York, 1970; 150-164. 

33. Maier, V. P.; Brewster, L. C., unpublished data. 
34. Attaway, J. A. Proc. Int. Soc. Citriculture, 1977, 3, 816-820. 
35. Albach, R. F.; Redman, G. H.; Cruse, R. R.; Lime, R. J., un­

published data. 
36. Albach, R. F.; Redman, G. H.; Lime, B. J., unpublished data. 
37. Bennett, R. D., unpublished data mentioned in (38). 
38. Hsu, A. C.; Hasegawa, S.; Maier, V. P.; Bennett, R. D. 

Phytochemistry, 1973
39. Rouseff, R. 30th Annua

Alfred, FL, 1979; 21. 
40. Fellers, P. J. 24th Annual Citrus Processors Meeting, Lake 

Alfred, FL, 1973; 6. 
41. Cornell, J. A. 25th Annual Citrus Processors Meeting, Lake 

Alfred, FL, 1974; 3. 
42. Carter, R. D.; Buslig, B. S.; Cornell, J. A. Proc. Fla. State 

Hortic. Soc., 1975, 88, 358-370. 
43. Florida Department of Citrus, Standards for Processed Citrus 

Products, 1979; Section 20-64.03, 20-64.09. 
44. Fisher, J. F. J. Agric. Food Chem., 1978, 26, 497-499. 
45. Rouseff, R. L.; Fisher, J. F., unpublished data. 
46. Hasegawa, S.; Verdon, C., unpublished data. 
47. Mansell, R. L.; Weiler, Ε. W. Phytochemistry, in press. 
48. Weiler, E. W.; Mansell, R. L. J. Agric. Food Chem., in press. 
49. Kefford, J. F.; Chandler, Β. V. In "Citrus Science and 

Technology"; Nagy, S.; Shaw, P. E.; Veldhuis, Μ. Κ., Eds.; 
AVI Publishing Co.: Westport, Conn., 1977; 2, 609-616. 

50. Chandler, Β. V.; Johnson, R. L. J. Sci. Food Agric., 1979, 30, 
825-832. 

51. Guadagni, D. G.; Horowitz, R. M.; Gentili, B.; Maier, V. P. 
U.S. Patent 4,154,862, 1979. 

52. Hasegawa, S.; Verdon, C. P.; Schroeder, M. F., unpublished 
data. 

53. Hasegawa, S.; Brewster, L. C.; Maier, V. P. J. Food Sci., 
1973, 38, 1153-1155. 

RECEIVED May 22, 1980. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



5 

Flavonoids and Citrus Quality 

R U S S E L L L . R O U S E F F 

Florida Department of Citrus, Institute of Food and Agricultural Sciences, 
Agricultural Research and Education Center, P.O. Box 1088, 
Lake Alfred, FL 33850 

Flavonoids are one of the most widely distributed and di­
verse chemical groups i
be found in nature in many organisms, from bacteria to higher 
plants, they are most prevalent in the higher plants. They have 
been found in the roots, stems, flowers, pollen, fruit, seeds, 
wood and bark. 

In terms of chemical structure, flavonoids are C15 compounds 
arranged C6-C3-C6 with the central group usually linked with oxy­
gen and numbered as shown below: 

These compounds are differentiated primarily by the oxida­
tion state of the central three carbon atom unit . Thus, as shown 
in Figure 1, some compounds are class i f ied as flavones, f lava-
nones, flavonols, anthocyanins, etc. (The A and Β rings have 
been lef t off for clarity). A secondary means of differentiating 
flavonoids is by the position and numbers of attached hydroxy, 
methoxy or sugar units. In c i t rus , flavonoids usually occur as 
glycosides, although the polymethoxylated flavones are a notable 
exception. 

Metabolically flavonoids can be thought of as a combination 
of two d i s t i n c t u n i t s : 1) the C5 fragment of the A r ing and 2) 
the C3-C6 fragment of the Β r i n g . However, whi le s i g n i f i c a n t 
progress has been made i n the areas of b i o l o g i c a l o r i g i n s and 
i n t e r r e l a t i o n s h i p s of f lavonoid compounds the exact b i o l o g i c a l 
funct ion of these compounds remains a mystery. 

Qua l i ty i n any food product i s usua l ly defined i n terms of a 

0-8412-0595-7/80/47-143-083$06.50/0 
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II 
C-OH 

FLAVONOLS 

CH

XHOH 

F L A V A N O N O L S 

LEUCOANTHOCYANINS 

F L A V O N E S 

C-OH 

ANTHOCYANINS 

F L A V A N O N E S 

Figure 1. Flavonoid structures and nomenclature as determined by the central 
C3 group (A and Β rings have been left off) 
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number of f a c to r s . These fac to r s are usua l ly evaluated by the 
human senses, namely, s i gh t , t a s t e , touch and sme l l . The primary 
sense in evaluat ing a food item i s t a s t e , although other senses, 
such as s ight and sme l l , can in f luence the perception of t a s te . 
Flavonoids play a major r o l e i n the determination of c i t r u s qua l ­
i t y p r imar i l y due to the taste of flavanone neohesperiodosides. 
Flavonoids do not play a s i g n i f i c a n t r o l e i n the v i sua l deter ­
mination of f r u i t or j u i c e q u a l i t y . Although many f lavonoids i n 
the plant kingdom are h ighly co lo red, most c i t r u s f lavonoids are 
c o l o r l e s s . The compounds responsible f o r the deep yel lows and 
oranges i n c i t r u s are carotenoids. Flavonoids play a s i g n i f i c a n t 
r o l e i n human n u t r i t i o n but s ince t h i s area i s the subject of 
chapter 3, the present d i scuss ion w i l l be l im i t ed to how f l a ­
vonoids a f f e c t c i t r u s q u a l i t y . 

Physical and Chemical Cha rac te r i s t i c s 

Chemical and physica
vonoids and f lavonoids i n general have been discussed in other 
reviews U-5.). In the f lavono id molecule the A and Β r ings are 
s tab le and r e l a t i v e l y unreact ive. The centra l C3 group i s the 
most reac t i ve port ion of the molecule, e spec i a l l y i f l i nked with 
oxygen to form a heterocyc l i c r i n g . The dihydropyrone r ing of 
flavanones i s very reac t i ve and r ead i l y undergoes r i ng opening 
react ions with base or a ce t i c anhydride (3). However, f lavonoids 
are general ly s tab le under normal processing or storage cond i ­
t i on s . Flavonoid physical p roper t ie s , such as UV absorption 
spectrum and s o l u b i l i t y are h ighly dependent on the bonding and 
arrangement of the atoms i n the C 3 group. S i g n i f i c a n t s h i f t s are 
observed i n the absorption maxima from the UV spectra of f l a v o ­
noids -when r i ng opening or complexing reagents are introduced. 
Thus, much s t ruc tu ra l information can be i n fe r red from the spec­
t r a l changes of these compounds (6). There i s l i t t l e enzymatic 
a c t i v i t y to a l t e r the f lavono id composition during storage as the 
f r e sh l y extracted j u i c e i s pasteurized to i nac t i v a te most enzymes. 

Hesperidin S o l u b i l i t y . Hesper id in, a ta s te le s s flavanone 
g lycos ide, i s the l ea s t so lub le of a l l c i t r u s f lavono ids . I t i s 
found i n p r a c t i c a l l y every va r i e t y of c i t r u s (5) and i s the major 
f lavono id i n sweet oranges and lemons. In f ruTt or leaves, 
hesperidin i s found as a so lub le complex which can be extracted 
with water or alcohol (5). During j u i c e e x t r a c t i on , the complex 
i s destroyed and hesperTdin s lowly p rec ip i t a te s as f i n e , whi te, 
needle-shaped c r y s t a l s . Once i n the s o l i d form, hesperidin can 
be red i s so lved i n formamide, pyr id ine or i n d i l u t e a l k a l i . 

Hesperidin c r y s t a l s are found i n f r o s t damaged oranges (8) 
where c e l l s have been disrupted due to the formation of i c e 
c r y s t a l s . I t occas iona l l y p rec i p i t a te s out of concentrated 
orange j u i c e products during storage and i s often found as a 
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th in c rus t on the surfaces of f a l l i n g f i l m evaporators used in 
the production of frozen orange concentrate (9). Hesperidin 
c r y s t a l s have a l so been found to coat the surface of j u i c e ex­
t r a c t o r s . This crust reduces the rate of evaporator heat ex­
change which adds to the energy costs and slows the rate of con­
centrate production. I f the evaporator surfaces are not cleaned 
p e r i o d i c a l l y , hesperidin c r y s t a l s w i l l f l a ke o f f in to the con­
centrated j u i c e . Ju i ce contain ing excessive amounts of hesper­
i d i n c r y s t a l s i s downgraded (10). Shown in Figure 2 are accept­
able and unacceptable amounts of hesperidin c r y s ta l s from 710 ml 
of reconst i tuted orange j u i c e . I t should be pointed out that the 
presence of hesperidin c r y s t a l s i n a c i t r u s product i s a v i sua l 
defect and does not a f f e c t the f l a vo r of the product. 

Naringin S o l u b i l i t y . Nar ing in, the major f lavono id in grape-
f r u i t and pummel ο, has been observed (11) to c r y s t a l i z e in canned 
f r u i t or j u i c e during storage
when s l i g h t l y immature f r u i  nar ing i
t r a t i on s are highest i n immature f r u i t and general ly decrease as 
the f r u i t matures, the eas ies t way to prevent t h i s p r e c i p i t a t i o n 
problem i s to use mature f r u i t . Another means of reducing the 
nar ing in content i s to reduce or e l iminate from the f i n a l product 
those port ions of the f r u i t containing high nar ing in concentra­
t i on s , i . e . , the albedo and segment membrane. 

Methods of Analys i s 

The establishment of prec i se object i ve measurements f o r 
c i t r u s qua l i t y has been hindered by the lack of good ana l y t i c a l 
methods and the lack of consensus on a common d e f i n i t i o n of 
q u a l i t y . The evaluat ion of b i t terness i s a prime example. 
Idea l l y the method should be r a p i d , s p e c i f i c , accurate and i n ­
expensive. Unfortunately, no method has been developed that 
s a t i s f i e s a l l four c r i t e r i a . Compromises and t rade-o f f s must be 
made. 

One of the e a r l i e s t methods to measure the b i t t e r nar ing in 
and other flavanones i n g rapef ru i t j u i c e was developed by W. B. 
Davis i n 1947 (12!). This t e s t i s based on the react ion of d i l u t e 
a l k a l i with flavanones to form the corresponding ye l low chalcones. 
The flavanone concentration i s then determined by measuring the 
absorbance of the chalcones at 427 nm. Davis pointed out that 
the procedure was not s p e c i f i c f o r any flavanone but could be 
used to determine the p r i n c i p l e flavanones in c i t r u s j u i c e , i . e . , 
nar ingin i n g rape f ru i t j u i c e and hesper id in i n orange j u i c e . 
He suggested that the method might a lso be su i t ab le f o r the 
determination of f lavones and f l avono l s . This method i s s t i l l 
widely used to measure nar ing in in g rapef ru i t j u i c e ; a l b e i t i t 
i s not s p e c i f i c f o r na r ing in , i t i s a s imple, rapid and inexpen­
s ive method of ana l y s i s . However, s ince g rapef ru i t contains 
both b i t t e r and nonbit ter flavanone g lycos ides , Davis values are 
only a crude approximation of b i t te rnes s . 
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SCORING GUIDE 

FOR HESPERIDIN 

FROZEN

AND CONCENTRATE

UNACCEPTABLE ACCEPTABLE 

Figure 2. USD A visual aids used ίο determine acceptable and unacceptable 
amounts of hesperidin crystals in orange juice 
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Other co l o r imet r i c methods have been developed to determine 
f lavono id b i t terness i n c i t r u s products (1^3, 1^, 15^ jJ6). The 
basic approach involves the add i t ion of a reducing agent, such as 
sodium borohydride or magnesium, to j u i c e fol lowed by the add i t ion 
of HC1 to form a c h a r a c t e r i s t i c co l o r . Again, the co lo r i s due 
to both b i t t e r and nonbit ter flavanone glycosides in add i t ion to 
the ta s te le s s flavanone aglycones. An o lder and even less 
s p e c i f i c method i s the f e r r i c ch lo r ide method (17^, 18) f o r 
nar ing in . Unfortunately, t h i s method reacts with many f lavonoids, 
both b i t t e r and nonb i t te r , as wel l as c i t r i c ac id and other hy­
droxy compounds present i n the j u i c e . 

D i rect u l t r a v i o l e t spectrophotometry methods have been 
developed to measure nar ing in in g rape f ru i t (19) and hesperidin 
in orange j u i c e (20, 21). While these methods are r ap i d , they 
are a l so nonspeci f ic f o r f lavono id b i t te rnes s . 

Chromatographic methods were developed to separate a few of 
the c i t r u s f lavonoids fro
o ids . The ear ly paper chromatographi
(22, 23) were d i f f i c u l t to quanti ta te because of band broadening 
and uneven solvent development. Several th in l ayer chromato­
graphic (TLC) methods were developed to separate the b i t t e r from 
the nonbi t ter flavanone glycosides (24^, 2!5, 26, 27). 

Gas - l i qu id chromatography (GLC) has not been employed f o r 
the analys i s of flavanone glycosides because they are non-vol ­
a t i l e and thermally unstable. One GLC method (28) has been de­
veloped f o r the ana lys i s of the flavanone aglycones. However, 
the method i s extremely time consuming in that the samples must 
be ext racted, hydrolyzed and de r i va t i zed before ana l y s i s . 
Furthermore, the procedure cannot d i s t i ngu i sh between b i t t e r and 
nonb i t ter f lavono ids . 

Swif t (28) developed a TLC-spectrophotometric ana lys i s of 
f i v e methoxylated flavones from orange pee l . Since the ana lys i s 
consisted of two stages, one f o r separation and the l a s t f o r 
quan t i t a t i on , the analys i s was rather time consuming and a l so 
subject to some po s i t i v e errors due to incomplete sample sep­
a ra t i on . Tatum et a K (29) developed several d i r e c t TLC methods 
f o r methoxylated and hydroxylated f lavones, coumarins and 
psoralens in c i t r u s . Maier and Metzler (30) developed a semi­
quan t i t a t i v e , two-dimensional TLC procedure to determine a number 
of c i t r u s f lavanones, f l a v ano l s , f lavones, coumarins and psoralen 
aglycones. High performance l i q u i d chromatographic methods 
(HPLC) have been developed f o r the separation of nar ing in from 
n a r i r u t i n (3l_, 32) i n c i t r u s j u i c e s . A method to determine the 
major methoxylated flavones in c i t r u s has been developed (33). 
Gradient e l u t i on HPLC has been employed to separate a wide 
va r i e t y of c i t r u s flavanone g lycos ides , coumarins and psoralens 
(34). Thus, with the recent improvements i n methodology, i t i s 
now poss ib le to evaluate the r e l a t i v e cont r ibut ion of i nd i v idua l 
c i t r u s f lavonoids because the concentration of each can now be 
r ap id l y and accurately measured. 
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Ci t rus Flavonoids as Qual i ty Factors 

Flavonoids have no odor or mouth f ee l and, i n genera l , do 
not contr ibute s i g n i f i c a n t l y to the co lo r of most c i t r u s j u i c e s . 
Their primary e f f e c t on c i t r u s q u a l i t y i s due to the b i t t e r tas te 
of ce r t a i n flavanone g lycos ides. Thus, quant i t a t i ve descr ipt ions 
of des i rab le c i t r u s q u a l i t i e s are usual ly based on the absence 
or maximum concentration l i m i t s f o r these compounds. 

B i t terness i s a general ly undesirable f l a v o r component and 
i s usua l l y detrimental to the qua l i t y of c i t r u s products. Any 
b i t terness i n orange or tangerine products reduces t h e i r q u a l i t y , 
whereas, a l i t t l e b i t terness i s a c tua l l y des i rab le f o r g rapef ru i t 
products. However, i t has been shown (35) that as the concen­
t r a t i o n of b i t t e r mater ia l s increase, f l a v o r scores and ove ra l l 
product a c c e p t a b i l i t y decrease. Thus, excessive b i t terness i s 
usua l ly considered object ionable and the F l o r i da Department of 
C i t rus has enacted regulat ion
which may be present durin
I t i s d i f f i c u l t to quan t i t a t i v e l y def ine g rape f ru i t qua l i t y i n 
terms of b i t terness because i nd i v idua l tas te thresholds and 
b i t terness preferences vary markedly. Guadagni et^ al_. (37) found 
that 7% of a 27 member tas te panel could detect as l i t t l e as 1.5 
ppm nar ing in in water. Yet, another 7% of that same panel could 
not d i s t i ngu i sh a 50 ppm nar ing in so lu t i on from water alone. 
This represents over a 30-Fold d i f fe rence in tas te thresholds. 

Fe l l e r s (38) used a large population of g rape f ru i t j u i c e 
users to evaluate nar ing in b i t terness preference l e v e l s . Some of 
his data i s shown i n Table I. Using a low nar ing in j u i c e he 
added various amounts of nar ing in to d i f f e r e n t l o t s of the same 
j u i c e . The tas ter s were not t o l d the j u i ce s contained d i f f e r e n t 
b i t terness l e ve l s but were asked to evaluate each j u i c e on a s i x 
point sca le from poor = 1 to exce l l en t =6 . As expected f l a v o r 
scores f e l l as the nar ing in content of the j u i c e increased. 
Correspondingly, the percentage of the panel that thought the 
j u i c e was too b i t t e r increased with increas ing nar ing in concen­
t r a t i o n . However, the su rp r i s i ng r e s u l t of t h i s study was that 
at 1900 ppm nar ing in (an excess ive ly b i t t e r j u i c e ) , 12% of the 
tasters d id not th ink the j u i c e was b i t t e r enough. These re su l t s 
show the tremendous range i n i nd i v idua l b i t terness response, as 
wel l as in s e n s i t i v i t y . 

Taste and Structure of C i t ru s Flavonoids 

I n te re s t i n g l y , flavanone glycos ides e x i s t as s t r uc tu ra l 
isomers of which one w i l l be intense ly b i t t e r whi le the other i s 
t a s te l e s s . The flavanone port ion of the b i t t e r molecule i s 
t a s t e l e s s , whi le the g lycos ide port ion i s t a s te le s s or s l i g h t l y 
sweet (1). B i t terness i s observed only when the sugars and the 
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Table I. Evaluation of nar ing in b i t terness as a f ac to r i n 
preference of F l o r i da g rapef ru i t j u i c e 

Nan* ngin cone, (ppm) 

300 700 1100 1500 1900 

Mean ra t i ng 3.7 3.6 3.4 3.4 3.3 

B i t terness 

Too b i t t e r 17 a 31 33 46 51 
Just r i g h t 59 55 55 44 37 
Not enough 

b i t te rness 24 14 17 10 12 
Don't know 

(Number of 
respondents) (201

α Percentage of tas ters 
Source: (38) 

flavanone aglycone are l i nked in a s p e c i f i c fash ion. These com­
pounds have been thoroughly studied to determine the r e l a t i on sh i p 
between taste and s t ructure and has been thoroughly reviewed by 
Horowitz ( U 37). While no s i ng le s t ruc tu ra l feature has been 
associated witiï b i t t e rne s s , the l inkage of the sugars rhamnose 
and glucose i s very important. Linked from C - l i n the rhamnose 
to the C-2 i n glucose, the r e su l t i n g d i sacchar ide i s c a l l e d 
neohesperidose (2-0-(rhamnopyranosyl) glucopyranose). I f the 
e s s e n t i a l l y ta s te le s s neohesperidose (40) i s l i nked to a f l a ­
vanone through the 7-hydroxy p o s i t i o n , the r e s u l t i n g flavanone 
g lycos ide w i l l be in tense ly b i t t e r . However, i f the same sugars 
are l i nked C - l to C-6 to form 6-0-(rhamnopyranosyl) glucopyranose 
(rut inose) and l i nked i n the same way to the i den t i c a l flavanone 
aglycone, the r e su l t i n g molecule i s t a s t e l e s s . The d i f f e r e n t 
rhamnose-glucose l inkages are i l l u s t r a t e d in Figure 3 f o r the 
b i t t e r nar ing in and i t s nonbit ter isomer, n a r i r u t i n . 

A l l c i t r u s flavanone neohesperidosides are b i t t e r and a l l 
flavanone rut inos ides are ta s te le s s Since the neohesper-
iodose sugar plays such an important r o l e i n flavanone b i t terness 
one might expect other f lavonoids with a neohesperiodose attached 
at the 7 po s i t i on to be equal ly b i t t e r . Fortunate ly , t h i s i s not 
the case, f o r even subt le changes i n the flavanone molecule can 
destroy i t s b i t t e rne s s . As shown in Figure 4 i f the b i t t e r 
neohesperidin i s converted to neodiosmin (the corresponding 
f lavone) the r e s u l t i n g compound i s ta s te le s s (41). S im i l a r 
r e su l t s have been observed f o r other flavanone neohesperidosides 
(1). No c i t r u s f lavone g lycos ide has been found to be b i t t e r . 
Furthermore, i f the rhamnose port ion of the neohesperidoside i s 
removed from na r i ng in , the r e s u l t i n g glucoside (prunin) i s s t i l l 
b i t t e r , but at a much reduced i n t en s i t y (See Table I I ) . While 
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OH OH 0 

NARIRUTIN ( n a r i n g e n i n 7-β-rutinoside) 

Figure 3. Structural isomers of naringenin illustrating the two possible configura­
tions of the sugars attached at the 7 position. Naringin is bitter whereas narirutin 

is tasteless. 

OH 0 

Neod i o sm in ( t a s t e l e s s ) 

Figure 4. Minor structural changes to the aglycone portion of the molecule can 
destroy bitterness. Adding a single double bond between Carbons 2 and 3 will 
convert bitter flavanone neohesperidosides to tasteless flavone neohesperidosides. 
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a l l flavanone neohesperidosides are b i t t e r , some are more b i t t e r 
than others. Thus, as shown i n Table I I , nar ingin and ponc i r in 
are two of the most b i t t e r f lavone glycosides found in c i t r u s . 
Each i s about o n e - f i f t h as b i t t e r as quinine d ihydroch lor ide. 
Neohesperidin and n e o e r i o c i t r i n are only one-tenth as b i t t e r as 
the other two flavanone g lycos ides. Thus, i t appears the number 
and pos i t i on of r i ng subst i tut ions a f f ec t s the degree of b i t t e r ­
ness of the ove ra l l molecule. 

Table I I. Re lat ive B i t terness of C i t rus Flavonoid Aglycones 
and Glycosides 

Compound Taste 
* 

Relat ive B i t terness 
Hesperet in a SI. sweet 
E r i o d i c t o y l 3 No taste — 
Naringenin? 
Hesperidin 
Neohesperidin 0 B i t t e r 2 
Na r i r u t i n No taste — 
Nar ing in 0 B i t t e r 20 
Didymin b No taste — 
Ponc i r in . B i t t e r 20 
E r i o c i t r i n No taste — 
N e o e r i o c i t r i n 0 B i t t e r 2 
Prunin B i t t e r 6 

On a molar basis with quinine d ihydrochlor ide taken as 100 
b Aglycones 

Rutinosides 
. Neohesperidosides 

Glucoside 
Source: (1, 39) 

Hagen et a K (42) determined the r e l a t i v e amounts of a l l the 
flavanone glycosides i n Texas g rape f ru i t . Their re su l t s are 
shown in Table I I I . Naringin i s the dominant f lavonoid in grape­
f r u i t and i s p r imar i l y responsible f o r the immediate b i t t e r taste 
in g rape f ru i t . The equal ly b i t t e r ponc i r in and the much less 
b i t t e r neohesperidin are present i n r e l a t i v e l y small amounts and 
do not contr ibute s i g n i f i c a n t l y to ove ra l l b i t te rnes s . 

While there are no b i t t e r f lavone glycosides i n c i t r u s , 
there are some highly methoxylated f lavone aglycones that are 
reportedly b i t t e r . Swi f t (28) i d e n t i f i e d s i nen se t i n , n o b i l e t i n , 
tet ra -O-methyscute l le re in , 3, 5, 6, 7, 8, 3 ' , 4 1 heptamethoxy-
flavone and tangeret in from the b i t t e r f r a c t i o n of orange peel 
j u i c e . He l a t e r determined the i nd i v idua l and c o l l e c t i v e taste 
thresholds of these flavones and compared ,them to the concentra­
t ions found in commercial orange j u i c e (43). Orange j u i c e with 
an added t o t a l of 24 ppm of these flavones could not be d i f f e r ­
ent iated from the orange j u i c e alone. Since the maximum to t a l 
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concentration found in orange j u i c e over several years was 7 ppm, 
he concluded that these flavones were not important contr ibutors 
to the f l a v o r of orange j u i c e . 

Table I I I . Flavanone Glycosides i n Texas Canned Grapefru i t Ju ice 

Compound Concentration (ug/ml) 

Naringin 306 
Naringin ru t inos ide 124 
Neohesperidin 10.5 
Hesperidin 9.9 
Ponc i r in 17.0 
Isosakuranetin ru t inos ide 5.3 

Source: (42) 

Flavonoid B i t terness Suppressor

A l l known c i t r u s f lavone glycosides are odorless and gen­
e r a l l y ta s te le s s yet they appear to have an important funct ion i n 
reducing the perceived b i t terness of flavanone neohesperidosides 
and l imonoids. Horowitz (1_) was the f i r s t to i d e n t i f y the b i t t e r ­
ness suppressing funct ion of these compounds. He found that 
r h o i f o l i n , the f lavone equivalent of the b i t t e r na r ing in , could 
p a r t i a l l y suppress the b i t terness of nar ing in . Thus, higher 
nar ing in concentrations were necessary before b i t terness could be 
detected, i f the so lu t i on contained large amounts of r h o i f o l i n . 
Guadagni et al_. (41) found neodiosmin, the tas te le s s f lavone 
analog of b i t t e r neohesperidin, to be a very e f f e c t i v e b i t terness 
suppressor. As l i t t l e as 10 ppm in water increased the b i t t e r ­
ness threshold of nar ing in and l imon in , a nonflavonoid b i t t e r 
compound, 3.5-and 4 . 0 - f o l d , re spec t i ve l y . Neodiosmin was a lso 
e f f e c t i v e in reducing preceived b i t terness of l imonin in orange 
j u i c e . 

I t was speculated that these f lavone neohesperidosides are 
so s i m i l a r i n s t ructure that they compete with flavanone neo­
hesperidosides f o r s i t e s on the b i t terness receptors i n the mouth. 
This explanation assumed that these flavones could be adsorbed at 
taste s i t e s without producing an appreciable tas te response of 
t h e i r own. Unfortunately, ne i ther of these b i t terness suppressors 
has been found to occur na tu ra l l y i n the sweet orange (C_. s inen­
s i s ) although Nakabayashi (44) found r h o i f o l i n i n the sour orange 
"(CT aurantium). Dunlap and Wender (45) reported f i nd ing rho-
i T o l i n i n g rapef ru i t extracts but no attempt was made to deter ­
mine i t s concentration i n j u i c e . Neodiosmin has ye t to be found 
in g rape f ru i t . Thus, i t remains to be shown i f these compounds 
play any r o l e i n the natural reduction of nar ing in b i t terness as 
g rapef ru i t matures. 
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Chalcones and Dihydrochalcones. Chalcones and dihydro-
chalcones are intense ly sweet compounds (39) that are e f f e c t i v e 
in r a i s i n g the threshold at which the b i t terness of nar ing in and 
l imonin i s perceived (46). As i l l u s t r a t e d in Figure 5, chalcones 
are e a s i l y formed from flavanone glycosides by the add i t ion of 
a l k a l i and dihydrochalcones are formed from hydrogenated c h a l ­
cones. L ike the flavanone neohesperidosides, the chalcones and 
dihydrochalcones vary in the i n t en s i t y of t h e i r tas te response. 
Dihydrochalcones are sweeter than chalcones and of the dihydro-
chalcones, neohesperidin dihydrochalcone (NHD) i s the sweetest 
(39). I t has been estimated that NHD i s 1,500 times sweeter than 
sucrose on an equal weight bas i s . Thus, i t has been proposed that 
NHD be added to excess ive ly b i t t e r j u i c e to reduce the perceived 
b i t terness and increase the qua l i t y of the j u i c e (47). A 1969 
F l o r i da Department of C i t rus Market Research Report ind icated 
favorable sales and consumer acceptance of a r t i f i c i a l l y sweetened 
g rapef ru i t j u i c e . F e l l e r
of NHD in s ing le - s t rengt
Neohesperidin dihydrochalcone l eve l s between 8-12 ppm produced a 
s i g n i f i c a n t sweetening of the g rapef ru i t j u i c e with only a s l i g h t 
but acceptable a f t e r t a s t e . Higher l eve l s of neohesperidin d i ­
hydrochal cone produced ju i ce s that were excess ive ly and unaccept-
ably sweet. Thus, NHD employed in the proper amounts could be 
used to upgrade the f l a v o r of ea r l y season g rape f ru i t j u i c e or 
replace a s i g n i f i c a n t amount of sucrose used i n covering syrups 
in canned or frozen g rapef ru i t sect ions . 

Chalcones have been proposed (48) as a precursor that i s 
enzymatical ly c y c l i z ed to form flavanone g lycos ides. The enzyme 
responsible f o r t h i s s t e reo spec i f i c r i ng c losure disappears or 
i s i nac t i va ted as the f r u i t matures (5). However, no chalcones 
have been i s o l a ted from c i t r u s . Therefore, i f chalcones are a 
part of the metabolic pathway that leads to the formation of 
flavanone glycosides they probably e x i s t as short l i v e d , unstable 
intermediates. I t appears u n l i k e l y that these compounds play a 
s i g n i f i c a n t r o l e i n m i t i ga t i ng b i t terness at t h e i r natural l e v e l s . 

Taxonomic S i gn i f i cance of Flavonoids 

In terms of i t s f lavono id composit ion, c i t r u s i s unique 
wi th in the p lant kingdom. Some c i t r u s f lavanoids are found no­
where e l se . Furthermore, the r e l a t i v e f lavonoid composition 
var ies with each va r i e t y . Thus, the f lavonoid composition of 
c i t r u s j u i ce s has been proposed (2) as a measure of j u i c e authen­
t i c i t y . 

In most of the p lant kingdom, flavanones occur only i n small 
amounts compared to other f l avono ids , yet they are the predom­
inant f lavono id in c i t r u s . C i t rus flavanones usua l ly occur as 
g lycos ides , whereas i n other p l an t s , flavanones are seldom found 
in the glycos ide form (1). Four types of glycosides have been 
found in c i t r u s . They are O-glucosides, C-glycos ides, rut inos ides 
and neohesperidosides. Kefford (2) was one of the f i r s t i n v e s t i ­
gators to recognize that flavanone composition could be used to 
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D I H Y P R 0 C H A L C O N E 

Figure 5. Conversion of bitter flavanone neohesperidosides to the corresponding 
intensely sweet chalcones and dihydrochalcones 
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d i s t i ngu i sh d i f f e r e n t v a r i e t i e s of c i t r u s . He c l a s s i f i e d sweet 
oranges, mandarins, lemons and c i t ron s together because hesper­
i d i n was the predominant flavanone i n each. Since the p r i n c i pa l 
f lavono id in g rapef ru i t and pummelo was nar ing in , Kefford put 
these c u l t i v a r s in a separate group. Horowitz [1) observed that 
the f lavono id glycosides of many v a r i e t i e s of c i t r u s occurred 
e i t he r a l l i n the rut inos ide or neohesperidoside forms. He thus 
proposed that a l l c i t r u s could be d iv ided according to t h e i r 
g lycos ide form. 

Albach and Redman (49) confirmed t h i s method of c l a s s i f i c a ­
t i on with t h e i r flavanone survey of 41 c i t r u s c u l t i v a r s and 49 
hybrids from Texas. They found that the r e l a t i v e amounts of 
flavanones w i th in d i f f e r e n t c u l t i v a r s of the same species were 
f a i r l y constant. Some of t h e i r re su l t s are shown in Table IV. 
Most of the commercial c i t r u s c u l t i v a r s contain only the non­
b i t t e r r u t i no s i de s , whereas the sour orange and pummelo (C
grandis) have only b i t t e
with hybrids of known parentage
ta in ing only flavanone rut inos ides i s crossed with another con­
ta in ing only neohesperidosides, the r e su l t i n g hybrid contained 
both types of flavanone g lycos ides. An example of t h i s i s shown 
in Table IV f o r the cross between s inens i s χ Poncirus t r i -
f o l i a t a . Thus, i t i s suspected that the Meyers lemon (C. limon) 
and the g rapef ru i t are hybrids rather than pure v a r i e t i e s because 
they contain both flavanone rut inos ides and neohesperidosides. 

Kamiya et al^. (50) d iv ided c i t r u s into 12 groups based on 
the number and kind of flavanone glycosides found. With t h i s 
c l a s s i f i c a t i o n system, they were able to d i s t i ngu i sh between 
nuce l l a r and zygot ic seedlings using both leaves and f r u i t . Of 
the 94 hybrids examined, 53 c u l t i v a r s were judged as true hy­
b r id s . The remaining c u l t i v a r s were not c l a s s i f i e d as true hy­
br ids because t h e i r flavanone g lycos ide pattern was not s u f f i ­
c i e n t l y d i f f e r e n t from the female parent. 

Ta turn et al_. (29) used the presence of various methoxylated 
flavones from l ea f extracts to d i s t i ngu i sh between nuce l l a r and 
zygot ic seedl ings. They a l so i d e n t i f i e d the predominant f l a ­
vanone g lycos ide and three un iden t i f i ed coumarins i n t h e i r 
samples. Ting e t ^ a l . (51) showed that there were quant i ta t i ve 
as wel l as q u a l i t a t i v e cfifferences in the methoxylated f lavone 
content from the ju i ce s of d i f f e r e n t c i t r u s v a r i e t i e s . They 
fu r ther showed that ce r t a i n blends of j u i ce s could be d i s t i n ­
guished based on the amounts of methoxylated flavones found. 

Both d i r e c t l y and i n d i r e c t l y , f lavonoid composition a f fec t s 
the qua l i t y of i nd i v idua l c i t r u s c u l t i v a r s and hybrids. Some 
c u l t i v a r s , such as the sour orange, are d i r e c t l y a f fected by the 
presence of b i t t e r neohesperidosides to the point they are un­
pa latab le . The qua l i t y of other c u l t i v a r s may be i n d i r e c t l y 
a f fected due to the presence of b i t terness suppressing f lavone 
neohesperidosides. Certa in hybr ids, such as the Κ e a r l y , a l so 
contain b i t t e r flavanone glycosides at l eve l s which reduce i t s 
a c c e p t a b i l i t y . Therefore, the knowledge of the r e l a t i v e type and 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



5. ROUSEFF Flavonoids and Citrus Quality 97 

Table IV. Thin Layer Chromatographic Survey of Flavanones 
in C i t rus Taxa 

Re lat ive f luorescence i n t e n s i t y 3 

7-Rutinosides of: 7-Neohesperidosides o f : 

C i t rus Taxa 

3 _ l . 3 " 
C O -s Φ 
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_ J . 
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O 3 

3 

-s 
- J . 
3 

C Q 

Φ 
3 
- J . 
3 

-P* 

I 
C Q 

C 

CL 
Φ 

Ci t rus s inens i s (7) 4 2 - 10 1 
C. r e t i c u l a t o r (4) 4 2 - 10 -
V. a u r a n t i f o l i a 10 -
C. limon "L i sbon" 2 - 10 10 -
"Meyer" 1 - - 10 -
? "Ponderosa" 1 - - Ι ­
Ο. grandis - - -
C. aurantium (3) - - -
C. paradis i (2) 4 1 - T 1 
Poncirus t r i f o l i a t a - - -

_ 

3 - - 10 -
10 - - 1 
10 - - 10 -
10 2 - T 1 
10 10 - -

Hybrids 

C. parad i s i χ C. r e t i c u l a t a 

"Minneola" Tangelo 4 2 - 10 
"Orlando" 3 1 - 10 

C. s inens i s χ Poncirus t r i f o l i a t a 

" Ru s t i c " c i t range 4 
"Troyer" 4 

5 10 
10 10 

8 
2 

The flavanone with the highest f luorescence i n t en s i t y was 
given a value of 10; Τ = t r ace ; - = not detected. 

( ) number of v a r i e t i e s tested 
Source: (49) 
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concentrations of f lavonoids in potent ia l parentage w i l l be im­
portant to p lant breeders in developing hybrids of desired 
f l a v o r . 

E f fect s of F r u i t Matur i t y , Rootstocks and Ho r t i c u l t u r a l Var iables 

I t i s general ly held that the amount of f lavonoids in whole 
f r u i t increase only during the very ear ly stages of f r u i t develop­
ment. There i s l i t t l e change in the absolute amount of c i t r u s 
f lavonoids during most of the l i f e t i m e of the f r u i t . Kesterson 
and Hendrickson (7) found that the t o t a l amount of nar ingin (as 
measured by the Davis Test) in several c u l t i v a r s of g rape f ru i t 
remained constant once the f r u i t reached 2.3 inches in diameter. 
However, as shown in Figure 6, the concentration of nar ing in 
decreased cont inua l l y because i t was being d i l u t ed due to i n ­
creasing f r u i t s i z e . They (52) reported s i m i l a r re su l t s with 
hesperidin in oranges. Huet"T53
monthly measurements o
Shamouti oranges grown in Morocco and I s r a e l , r e spec t i ve l y . They 
also found that the absolute whole f r u i t f lavono id content changed 
very l i t t l e once the f r u i t reached a c r i t i c a l s i z e ear ly i n i t s 
development. 

While there i s general agreement as to the whole f r u i t f l a ­
vonoid content of c i t r u s , there i s considerable disagreement as 
to what, i f any, changes occur in j u i c e f lavonoid concentrations 
as the f r u i t matures. Many invest igator s {7_9 52, 53 ,̂ 54) report 
f i nd ing no s i g n i f i c a n t change in f lavono id content u n t i l a f t e r the 
f r u i t i s past i t s peak matur i ty. These studies employed a va r i e t y 
of ex t rac t ion techniques on most of the common orange and grape­
f r u i t c u l t i v a r s that were grown in d i f f e r e n t regions of the world. 
Each used e i t he r the Davis t e s t or the d i r e c t UV method to deter ­
mine f lavono ids . 

An a l te rna te view i s that j u i c e f lavono id concentration de­
creases con t inua l l y during maturation. Lime et al_. (55) using 
the Davis Test found f lavono id concentration i n Texas Ruby Red 
g rape f ru i t to decrease cont inua l l y during the growing season. 
Hagen et al_. (25) used a th i n layer chromatographic-fluorometric 
method to measure the concentrations of each of the s i x major 
flavanone glycosides present i n Texas Ruby Red g rape f ru i t . They 
also measured t o t a l g lycosides using the Davis Test. Since both 
they and Lime et a l . (55) used the same va r i e t y of g rape f ru i t 
grown at the sameTocatton, t h e i r r e su l t s are compared in Figure 
7. In both studies t o t a l g lycosides decreased r ap id l y during the 
ear ly part of the season and then gradual ly diminished as the 
f r u i t continued to mature. However, the d i f ferences in the Davis 
values, shown as curves A and D, f o r these studies are too great 
to be explained by seasonal v a r i a t i o n . Comparing these values 
with another report (7) on the same c u l t i v a r and method of a na l ­
y s i s i t was found that the values of Hagen et al_. (25) were 
unusually high. Since Hagen and co-workers separatidf the j u i c e 
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A M J J A S O N D J F M A 
MONTH OF H A R V E S T 

Figure 6. Effect of fruit maturity on: (A) fruit size; (B) weight of naringin per 
fruit; and (C) the % of naringin in each fruit (Ί) 
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Figure 7. Maturity effects on naringin and other flavanone glycosides in juice 
sacs of Texas Ruby Red grapefruit; (A) "naringin" by Davis value; (B) total 
flavanone glycosides by TLC; (C) naringin by TLC (25); and (D) naringin by 

Davis value (55) 
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ves i c le s from the centra l core, segment membrane and albedo be­
fore e x t r a c t i n g , there should be no contamination from these high 
f lavono id sources. Rouseff and Dougherty (56) found a sma l l , but 
cons i s tent , decrease of nar ing in i n F l o r i d a g rape f ru i t j u i c e as 
the f r u i t matured. They a l so found that the major drop i n f l a ­
vonoid content as wel l as na r i ng in , occurred a f t e r the f r u i t 
passed peak matur i ty . However, t h i s was observed only when ex­
perimental condit ions were t i g h t l y c o n t r o l l e d , i . e . , when a 
large number (120) of c a r e f u l l y s ized f r u i t from the same bloom 
were extracted i n exact ly the same manner throughout the season. 

Numberous f a c t o r s , such as f r u i t s i z e , h o r t i c u l t u r a l con­
d i t i on s and the age of the tree (57) a l l a f f e c t the f lavono id 
content of the j u i c e . The la rger the f r u i t , the lower the f l a ­
vonoid content. Rootstock e f fec t s are most evident ear ly i n the 
season (53) with only s l i g h t d i f ferences found at the end of the 
season. H o r t i c u l t u r a l p ract i ces such as spraying immature grape­
f r u i t with lead arsenat
increases the f lavonoid
regu la tor , such as g i b b e r e l i n , toThamouti oranges reduced t h e i r 
hesperidin content (59). 

C l imat i c d i f ferences w i l l a l t e r the f lavono id content of 
c i t r u s . Rouse et _]_. (60) and Maraulja e__al_. (61) found the 
hesperidin contents i n F l o r i da oranges to be higher i n co lder 
seasons. In a s i ng le season, Dougherty and F i sher (62) found the 
nar ing in concentration of g rape f ru i t to increase dramat ica l l y 
a f t e r a f reeze. Conversely, Herzog and Monselise (63) found the 
nar ing in content of g rape f ru i t grown i n warm a r i d regions to be 
lower than that from coo le r , humid areas. Thus, coo ler temper­
atures appear to favor increases i n f lavono id concentrat ions. 

E f fect s of Processing on Ju ice B i t terness 

Flavonoids are not evenly d i s t r i b u t e d w i th in c i t r u s f r u i t . 
Flavanone glycosides are concentrated p r imar i l y i n the albedo, 
(the inner , white, spongy port ion of the peel) with lower concen­
t r a t i on s i n the centra l core and segment membranes. Ju i ce con­
ta ins the l ea s t amount of flavanone glycos ides (7_, 52, 53). Since 
these f lavonoids r ead i l y d i s so l ve i n the j u i c e , add i t iona l amounts 
of flavanone glycosides from other f r u i t parts may d i f f u se in to 
the j u i c e during e x t r a c t i on . In the production of orange j u i c e , 
a higher f lavono id content i s of l i t t l e concern s ince most of 
t h i s mater ia l w i l l be ta s te le s s hesper id in , the predominant 
f lavono id in sweet oranges. However, i n g rape f ru i t j u i c e , the 
add i t iona l f lavono id content w i l l genera l ly produce a less de­
s i r a b l e product because the p r i n c i p l e f lavono id g lycos ide i s the 
b i t t e r nar ing in . Thus, the technolog ical challenge i n the pro­
duction of good g rapef ru i t j u i c e i s to minimize the amount of 
nar ing in incorporated i n to the j u i c e from other f r u i t parts . 

Extractor designs that minimize squeeze pressure and j u i c e 
contact time with the albedo w i l l produce g rapef ru i t j u i ce s with 
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lower nar ing in l e v e l s . Designs which incorporate a p re f i n i s he r 
to separate segment membrane, centra l core and seeds from the 
pulp and j u i c e immediately a f t e r ex t rac t ion w i l l a l so help to r e ­
duce j u i c e nar ing in concentrat ions. I t has been shown (52) that 
nar ing in concentrations could be reduced by l i m i t i n g the amount 
of pulp incorporated in to the j u i c e . Ju ice nar ing in l eve l s were 
reduced by as much as 20% when the pulp was immediately separated 
from the j u i c e a f t e r e x t r a c t i on . The usual methods of pulp sepa­
r a t i o n , however, produce ju i ce s with 10% less nar ing in but with 
no s i g n i f i c a n t improvement i n q u a l i t y . 

Ext ract ion and f i n i s h e r pressures can great ly in f luence the 
f lavono id content of c i t r u s j u i c e s . Genera l ly , as the f r u i t i s 
squeezed harder more j u i c e i s recovered. However, excessive ex­
t r a c t o r pressures produce j u i c e of a lower qua l i t y (35). As 
shown in Figure 8, g rape f ru i t flavanone glycos ide concentrations 
increase with increas ing ext ractor pressures  In the ear ly 
port ion of the season almos
under hard squeeze condit ion
squeeze. The e f f e c t of f i n i s h e r pressure i s not as c l e a r , and i s 
dependent on the composition of the raw j u i c e which, i n t u rn , i s 
dependent on the type of ex t rac to r used. 

Attaway et a l . (64) found that ext ractor pressure was pro­
port iona l to t o t i T flavanone glycos ide values in several v a r i e t i e s 

of orange j u i c e . In a l a t e r survey of commercial orange j u i c e 
(65) i t was found that there was a s i g n i f i c a n t c o r r e l a t i on between 
t o t a l flavanone glycosides (Davis Values) and f l a v o r score. Since 
the flavanone glycosides i n commercial orange j u i c e are the t a s t e ­
less r u t i no s i de s , the r e l a t i on sh i p observed i s probably due to 
small amount of the b i t t e r l imonoid, l imon in , whose concentration 
a lso increases with increas ing ext ractor pressure. 

At one time i t was thought that methoxylated flavones were 
found only in the o i l glands of the f lavedo (2). However, l a t e r 
invest igator s (33) using more sen s i t i ve techniques found that they 
are d i s t r i bu ted throughout the f r u i t . Rouseff and Ting (66) r e ­
ported that of the f i v e major methoxylated flavones in Valencia 
oranges, 96% were found in the f lavedo and during ex t rac t ion very 
l i t t l e was incorporated in to the j u i c e from other f r u i t par t s . 

Thus, the type of e x t r ac to r , ex t rac to r pressure, j u i c e pulp 
contact time as wel l as u l t imate j u i c e pulp content w i l l a l l a l t e r 
the amount of flavanone glycosides found i n the j u i c e . 
I t should be pointed out that i f ex t rac t ion condit ions are care ­
f u l l y c o n t r o l l e d , the qua l i t y of the j u i c e w i l l be maintained. No 
degree of manipulation of ex t rac t ion condit ions can y i e l d a good 
qua l i t y j u i c e i f poor qua l i t y f r u i t i s used. The important r o l e 
that f r u i t va r ie ty and maturity play in determining the qua l i t y of 
the f i n a l product cannot be overemphasized. 

Enzyme Deb i t te r ing . One of the more promising ways to reduce 
nar ingin b i t terness i s to use enzymes to convert the b i t t e r f l a ­
vone neohesperidoside into a less b i t t e r glucoside or non-b i t te r 
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aglycone. This can be accomplished by t rea t i ng the j u i c e with a 
naringinase enzyme. The advantage of using enzymes i s that they 
are s p e c i f i c , i . e . , under mi ld condit ions they w i l l s e l e c t i v e l y 
a l t e r nar ing in or other s i m i l i a r compounds wh i l e , at the same 
time, leave the major i ty of j u i c e components unchanged. The 
j u i c e w i l l be deb i t tered and the g rapef ru i t f l a v o r and character 
w i l l remain i n t a c t . Other methods of destroying nar ing in b i t ­
terness, such as chemical hydro l y s i s , would a lso destroy the 
f l a vo r and most of the nu t r i en t s . 

One ea r l y i nve s t i ga t i on (67) found that a f t e r t r ea t i ng grape­
f r u i t j u i c e with r e l a t i v e l y higïï concentrations of pect ino l to 
f a c i l i t a t e f i l t e r i n g , j u i c e b i t terness and nar ing in values de­
creased. Pect ino l i s a commercial pec t i c enzyme of fungal o r i g i n . 
I t was l a t e r found (68) that the enzyme responsible f o r j u i c e de­
b i t t e r i n g was an impurity i n the pect ic enzyme. The deb i t te r i ng 
enzyme was found to cons i s t of a oc- rhamnosidase and a/! - g l u -
cosidase i n about equa
sidase w i l l cleave rhamnos
(naringenin 7 - g lucos ide) . This g lucoside i s about one-th i rd as 
b i t t e r as nar ing in (1). β - glucosidase w i l l hydrolyze glucose 
from prunin to form the ta s te le s s aglycone, nar ingenin. These 
react ions can be wr i t ten as f o l l ows : 

oc- rhamnosidase 
nar ing in — • prunin + rhamnose 

J& - glucosidase 

> naringenin + glucose. 
Naringinase so lut ions were found to r ap id l y convert nar ing in 

to naringenin. The same process d id not occur when naringinase 
was added to j u i c e . Due to the natural l e ve l s of glucose in 
j u i c e , the react ion rate of the second step was decreased by over 
60% (68). Thus, prunin accumulated as an intermediate product and 
was s lowly converted to nar ingenin. The i n h i b i t i o n of glucose on 
the second react ion rate could be e l iminated i f the enzyme, 
emulsin, was a l so added to naringinase. However, s a t i s f a c t o r y 
deb i t t e r i ng was achieved with naringinase alone, and complete 
hydrolys i s to naringenin was not required (68). 

Invest igat ions on poss ib le commercial use of enzymes to r e ­
move nar ing in b i t terness were ca r r i ed out f o r j u i c e (70, 71), con­
centrate C71), and f r u i t sect ions (72). Those inves t i gat ions 
showed that i t was t e chn i c a l l y poss ib le to use enzymes to reduce 
nar ing in b i t terness on a commercial s ca le . However, due to en­
zyme expense, most of the industry has found i t more cost e f f e c ­
t i v e to use more mature ( less b i t t e r ) f r u i t rather than employ 
deb i t te r i ng enzymes. 

The Japanese have been very ac t i ve in the use of enzymes to 
reduce nar ing in b i t te rne s s . This i s due in part to the presence 
of nar ing in i n Natsudaidai orange, an important c u l t i v a r i n 
Japan. They were one of the f i r s t to inves t i gate the commercial 
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Figure 8. Effect of extractor pressure on total flavanone glycoside concentration 
for Florida grapefruit at different stages of maturity (35) ((Φ) hard squeeze; (O) 

soft squeeze) 

Table V. E f f ec t of Enzyme Treatment on Naringin Content and B i t -
terness Perception i n Grapefru i t Juice.(79) 

Ju ice C i r c u l a t i o n Naringin B i t terness 
Sample volume (mL) time (min) content (ug/mL) rat ing* 3 

Control — — 285 3.8 
l a 1500 100-30 240 3.6 
2a 1500 180-134 195 3.3 
3 a 500 120 122 3.2 
4 a 500 125-150 95 2.9 

a = blended samples of 2-6 batches of j u i c e . 
b = average b i t terness scores from 20 member taste panel, where 

1 = no b i t t e rne s s , 2 = j u s t pe rcept ib le , 3 = d e f i n i t e l y 
pe rcept ib le , 4 = moderately intense, 5 = very intense and 
6 = extremely intense. 

Journal of Food Science 
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app l i ca t i on of naringinase (73) and have done extensive studies 
to f i n d inexpensive sources f o r t h i s enzyme (74·, 75). The most 
successful approaches have been to soak the peeled f r u i t i n 
enzyme so lut ions f o r up to 16 hour before processing (76) or 
adding naringinase preparations with low pectinase a c t i v i t y along 
with the f r u i t as i t i s being canned (77). Roe and Brummer (78) 
success fu l l y infused naringinase in to whole shaved g rapef ru i t 
(f lavedo removed). This reduced the b i t terness of the albedo to 
the point that i t was as equal ly ed ib le as the f r u i t segments. 
In add i t i o n , the process increased the n u t r i t i o n a l and d ie ta ry 
f i b e r content of the f i n a l product. 

Cost has not been the only problem i n employing enzymes to 
reduce nar ing in b i t te rnes s . The other problem was the undes i r ­
able loss of cloud due to pectinase impur i t ies i n the naringinases 
employed (70). However, both problems have been reduced i n a 
promising new procedure  Olson et a K (79) have succes s fu l l y 
immobilized naringinase
nar ing in b i t te rne s s . Enzym y
grape f ru i t j u i c e was pumped through the hollow f i b e r reactor f o r 
up to three days. Thus, much more j u i c e can be treated with the 
same amount of enzyme and the cost per un i t of j u i c e was reduced. 
Pectinase impur i t ies d id not cause a loss of j u i c e cloud because 
the high molecular weight pectins could not d i f f u s e through the 
hollow f i b e r membrane to come in contact with the enzyme. As 
i l l u s t r a t e d i n Table V, they could reduce j u i c e nar ing in l e ve l s 
by c o n t r o l l i n g the amount and the c i r c u l a t i o n time of the j u i c e . 
Naringin concentrat ion was reduced from 285 to 95 ppm with a 
corresponding reduction i n the b i t terness r a t i n g . This i s a 
promising approach to the problem of j u i c e nar ing in b i t t e rne s s , 
however, the process s t i l l remains to be evaluated under p i l o t 
p lant cond i t ions . 

Enzymes have a l so been developed to reduce or e l iminate 
problems associated with hesper id in 1 s i n s o l u b i l i t y . Since hes­
pe r id in problems are v i sua l problems, enzymes have been used to 
convert the in so lub le hesper id in to the more so lub le g lycos ide. 
The add i t ion of these enzymes has g reat l y reduced the t u r b i d i t y 
in canned mandarin sections due to hesper idin c r y s t a l formation 
during storage (80). 
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The Role of Pectin in Citrus Quality and Nutrition 

R O B E R T A . B A K E R 

U.S. Citrus and Subtropical Products Laboratory, U.S. Department of Agriculture, 
Science and Education Administration, Southern Region, P.O. Box 1909, 
Winter Haven, FL 33880 

Pectin is one of th
It exists both in the primar
the intercellular cement between cells. In this capacity it 
contributes significantly to structural integrity of fruits and 
vegetables. As a soluble component of juice and an insoluble 
component of juice particulate material, pectin affects many 
facets of juice quality. 

The basic structure of pectin consists of a chain of 
galacturonic acid units linked via a(1-> 4) glycosidic bonds. 
Although pure galacturonans have been reported (1), most pectin 
probably contains small quantities of rhamnose as inserts in the 
main chain (2). Soluble pectins may contain from 150 to 1500 
units in the primary chain structure. In addition, most pectins 
have side chains containing arabinans, galactans, xylose and 
fucose (3, 4). These are attached by covalent bonding to the 
free hydroxyl groups of either the rhamnose inserts in the 
primary chain (5) or the galacturonic acid residues (6) 
(Figure 1). Recent advances in structural elucidation of pectin 
have been reviewed by Nelson (7). 

In most pect ins , many of the carboxyl groups of the 
galacturonic acid residues are e s t er i f i ed with methanol. The 
extent of e s t e r i f i c a t i o n i s expressed as the degree of 
e s t e r i f i c a t i o n (0-100% D.E . ) or methoxyl content [0-16.32%, the 
theore t i ca l upper l i m i t based on the molecular weight of a 
methylated galacturonic acid unit (8)]. Citrus pectins that are 
not deester i f ied by extract ive procedures usual ly have a D . E . in 
excess of 50%. When combined, the factors of varying primary 
chain length, rhamnose inser t s , side chains, and p a r t i a l 
methylation y i e l d a family of molecules of almost l i m i t l e s s 
heterogeneity. Any measurement made on a pect in so lut ion i s at 
best an average for the molecular species present. 

This chapter not subject to U.S. copyright. 
Published 1980 American Chemical Society 
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Figure 2. "Egg-box model" of calcium pectate formation. Calcium ions (repre­
sented by circles) bound by chain-stacked sections of deesterified pectin molecules. 

Adapted from Ref. 11. 
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The attributes of pectin which most d i r e c t l y affect citrus 
product q u a l i t y — v i s c o s i t y , g e l l i n g a b i l i t y , and a b i l i t y to 
precipitate as pectates—are primarily determined by chain length 
(molecular weight) and degree of e s t e r i f i c a t i o n . High molecular 
weight, high D.E. pectins form gels when soluble solids levels 
reach 65% and pH i s in the range of 2.9-3.4 (9). Low D.E. 
pectins w i l l gel without sugar and at high pH i f s u f f i c i e n t 
calcium i s present. If molecular weight i s lowered below a 
certain l e v e l , pectins lose their a b i l i t y to gel in either 
system. Precipitation of pectins as pectates and gel formation 
are influenced not only by D.E. and molecular weight, but also 
by the di s t r i b u t i o n of free acid and e s t e r i f i e d sites along the 
molecule (10). Rees (11) and Grant et a l . (12) proposed an 
"egg-box model" to explain calcium pectate formation (Figure 2). 
In this model deesterified sections of pectin molecules chain 
stack, cooperatively binding calcium ions i n the intervening 
c a v i t i e s . 

Pectin i s often divide
of s o l u b i l i t y (13). Water soluble pectin, that which can be 
extracted from tissue with hot water, usually has a high D.E. 
(2). Insoluble pectates are only soluble i f chelating agents 
such as ammonium oxalate or detergents are present. Insoluble 
pectates are low D.E. pectins which have formed the insoluble 
s a l t of a divalent cation, such as calcium. The third category, 
protopectins, are solubilized only by heating with acid or 
a l k a l i . The chemistry of this class of pectins i s poorly 
understood, since harsh extraction procedures a l t e r both 
molecular weight and D.E. The i n s o l u b i l i t y of protopectins in 
s i t u i s probably a result of bonding to hemicelluloses and 
mechanical intermeshing with other c e l l wall constituents (14). 

Citrus f r u i t s , especially certain of their component parts, 
constitute one of the richest sources of pectin. On a dry weight 
basis, as much as 30% of orange f r u i t albedo may be pectin (8). 
The rag, comprising the f r u i t core and segment membranes after 
juice extraction, i s also a r i c h source. Since pectin i s a c e l l 
wall component, i t follows that comparatively l i t t l e would be 
present i n juice expressed from f r u i t . For example, concen­
trations ranging from 0.01 to 0.13% i n orange juice have been 
reported (15). Much of this would be present as c e l l wall 
fragments and particulate material in juice pulp and cloud. 
Even at these levels, pectin influences juice quality, both 
p o s i t i v e l y and negatively, by i t s contribution to v i s c o s i t y , 
gelation, and cloud s t a b i l i t y . 

Quality 

Viscosity. In freshly extracted juic e , v i s c o s i t y imparted 
by pectin i s a desirable characteristic, commonly referred to 
as body. If this v i s c o s i t y i s not present, or i s lost through 
destruction of the pectin c o l l o i d , juice i s described as thin, 
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watery, and lacking a j u i c e - l i k e mouth f e e l . Fresh, single-
strength, or reconstituted juices should, therefore, contain 
some soluble pectin for optimum quality. 

However, when juice i s processed into concentrate, excessive 
pectin-induced v i s c o s i t y can be detrimental. Increasing energy 
costs for frozen storage and transport of concentrate make 
production of very high Brix concentrates economically 
att r a c t i v e . Concomitant high v i s c o s i t y i s a technological 
problem which must be dealt with i f these products are to be 
accepted. As t o t a l soluble solids approaches 65%, v i s c o s i t y 
increases rapidly. Ingram (16) noted that this l e v e l coincides 
with the sugar l e v e l required for sugar-acid-pectin gels. Such 
viscous preparations cannot be poured or reconstituted to 
single-strength juice e a s i l y . To obtain flowable high solids 
concentrates, soluble pectin levels must be reduced either 
before or during concentration. This may be accomplished by 
treating juice before concentratio
available polygalacturonas
h y d r o l y t i c a l l y cleaves primary pectin chains between adjacent 
nonesterified galacturonic acid residues, reducing v i s c o s i t y 
rapidly at 30°. Subsequent pasteurization terminates added 
PG and native pectinesterase (PE) a c t i v i t i e s , s t a b i l i z i n g 
juice cloud. 

An alternative approach i s to treat concentrate to reduce 
v i s c o s i t y . Berk (18), using ultrasonic radiation, succeeded in 
lowering v i s c o s i t y of 60° Brix concentrate to 25% of i t s i n i t i a l 
l e v e l . Viscosity of 70° Brix concentrate prepared from this 
material was only 50% higher than that of untreated 60° Brix 
concentrate. Viscosity of 70° Brix concentrate prepared without 
ultrasonic treatment was nearly 8 times that of 60° Brix 
concentrate. Irradiation was more effective at an intermediate 
stage of concentration (e.g., 60° Brix) than after concentration 
to 70°Brix. 

Viscosity poses a similar problem in the production of pulp 
wash concentrate. Pulp wash consists of juice solids obtained 
by countercurrent washing of pulp after i t s separation from 
j u i c e . On a °Brix basis, pulp wash liquids are higher in pectin 
than juice from which the pulp has been screened (19). 
Concentration of pulp wash above 40°Brix i s at times hampered 
by excessive pectin levels (20). To control v i s c o s i t y 
processors may be forced to reduce finisher pressure to minimize 
pectin extraction, thereby c u r t a i l i n g y i e l d . A more effective 
solution i s to treat pulp wash with pectinases to reduce pectin 
levels (21). If pectinases are incorporated into the wash water, 
thi s method has the advantage of increasing t o t a l solids y i e l d 
by reducing juice retention in the pulp. 

Gelation. Pectins can form two types of gels : 1) sugar-
acid-pectin gels, with a 65% sugar l e v e l , low pH, and highly 
e s t e r i f i e d pectin, and 2) pectate gels, requiring only low 
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ester pectin and divalent cations. The former would be seen 
only i n very high Brix concentrates. Gelation seen i n commercial 
concentrate (42-45° Brix) i s of the l a t t e r type, and varies 
from soft curds to firm gels. This i s a v i s u a l quality defect, 
but i n severe cases firm gels impair reconstitution of concen­
trate. Gelation i s accompanied or preceded by c l a r i f i c a t i o n , 
since both phenomena involve precipitation of low D.E. pectins 
with calcium. 

Gelation became a significant problem with the introduction 
of frozen orange juice concentrate, which i n i t i a l l y was often 
packed without pasteurization. This product, when not frozen, 
rapidly developed low ester pectins by virtue of the PE i t 
contained. Much of the research generated in response to this 
problem has been reviewed by Joslyn and P i l n i k (22). B r i e f l y , 
i t has been found that gelation i s the result of pectin 
d e e s t e r i f i c a t i o n (23), and increases as juice pulp (24)  PE 
(25) , and extraction pressure
undergoing gelation, wate
while pectates increase (22). Gel formation i s best prevented 
by pasteurization at both s u f f i c i e n t temperature and holding 
time to inactivate most PE, coupled with storage of concentrate 
near -18°. Introduction of high temperature evaporative 
systems has largely eliminated the problem of gelation. 

Gel formation by pectins can be a positive quality factor 
i n some ci t r u s products, for example, gelled citrus salads 
(26) . These salads consist of citrus f r u i t sections suspended 
in a gel of low ester pectin, carrageenan, and locust bean 
gum. Similar pectin mixtures have also been suggested as a 
sealer for grapefruit halves (27). Ready-to-eat grapefruit 
halves may be s a t i s f a c t o r i l y stored 48 hours i f c h i l l e d . 
Prolonged storage results in flavor deterioration, drying and 
fungal growth. A s t i f f c i trus flavored pectin gel applied 
to the cut surface sealed the f r u i t , maintaining flavor and 
preventing shrinkage or fungal invasion for up to 19 days. 
This would be of particular value to i n s t i t u t i o n a l consumers. 

Juice Cloud. Mechanical extraction of c i t r u s f r u i t s 
y i e l d s a turbid suspension of wall fragments and c e l l u l a r 
organelles i n a serum composed primarily of c e l l vacuolar 
f l u i d s . In most citrus juice products, such a suspension 
of fragments and organelles i s a desirable component, since 
i t provides most of the characteristic color and flavor (28). 
Essence and peel o i l s suspended in juice contribute desirable 
c i t r u s notes to flavor, and these o i l s are rapidly adsorbed 
by juice particulate material shortly after extraction (29). 

If steps are not taken to s t a b i l i z e cloud, most citrus 
juices w i l l c l a r i f y when allowed to stand. C l a r i f i c a t i o n 
occurs when native PE lowers the ester content of juice 
soluble pectin u n t i l i t becomes susceptible to precipitation 
as insoluble pectates (23). If pectin levels are high 
enough, as i n concentrates, these pectates may form a gel. 
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At lower levels, they s e t t l e out as a f l o e , occluding cloud 
particulates and removing them from suspension (28). Estimates 
of the D.E. necessary for such precipitation have been made, 
ranging from 38% for a 25% cloud loss (23) to 27% in juice 
which was 85% c l a r i f i e d (30). However, the c r i t i c a l ester 
l e v e l at which pectin precipitates as pectate cannot be 
established from assays on the D.E. of t o t a l juice pectin. 
Pectins exhibit a natural heterogeneity with respect to ester 
content (Figure 3a), and when this i s coupled with nonrandom 
blockwise removal of methoxyl groups by PE (10), a wide range 
of ester contents may be expected (Figure 3b). A closer 
approximation of the c r i t i c a l D.E. associated with c l a r i f i c a t i o n 
can be made by examining pectins fractionated according to ester 
content. In such a study, Baker (31) found that pectin 
fractions with D.E. of 14% or less were able to c l a r i f y j u i c e , 
whereas those with D.E. of 21% or more were not. This indicates 
that the c r i t i c a l D.E. fo
l i e s between 14 and 21%

Many early researchers of citrus juice cloud presumed that 
a soluble pectin matrix supported and s t a b i l i z e d cloud; 
destruction of this matrix was therefore seen as a contributing 
cause of c l a r i f i c a t i o n (32). More recent work involving aqueous 
suspensions of cloud showed pectin i s not necessary for cloud 
s t a b i l i t y (33, 34). Orange juice cloud i s quite stable 
suspended in water, and can only be made to c l a r i f y i f pectin, 
calcium, and s u f f i c i e n t KC1 to s o l u b i l i z e particulate-bound PE 
are added (33). Even though pectin i s not necessary for cloud 
support, soluble high ester pectin may delay c l a r i f i c a t i o n by 
"substrate flooding", that i s , by d i l u t i n g PE a c t i v i t y . Rouse 
et a l . (35), studying frozen orange juice concentrate, found 
that packs with high pectin l e v e l were more cloud stable than 
packs with low pectin l e v e l at corresponding PE l e v e l s . Pectin 
may also retard c l a r i f i c a t i o n by i n h i b i t i n g coacervation of 
cloud particulates and p r e c i p i t a t i n g pectates (36). 

Although the addition of pectin may retard c l a r i f i c a t i o n , 
t h i s action does not represent a p r a c t i c a l approach to 
s t a b i l i z i n g cloud. To achieve cloud s t a b i l i t y , d e e s t e r i f i c a t i o n 
of soluble pectin to low ester pectin and precipitation of the 
l a t t e r as pectates must be prevented (Figure 4). This sequence 
may be disrupted by enzymic destruction of either pectin or 
low ester pectin, by blocking the precipitation of pectates, or 
by inactivation of PE. Commercially, inactivation of PE by 
heat i s the cloud s t a b i l i z a t i o n procedure of choice, since 
heat i s also needed for pasteurization. In acid juices, 
spoilage organisms are more easily inactivated than i s PE, so 
cloud s t a b i l i z a t i o n requires higher temperatures than 
pasteurization (37). Thermal inactivation of PE i s not 
l i n e a r l y related to s t a b i l i t y . Guyer et a l . (38) found most 
PE i n orange juice could be destroyed without an appreciable 
eff e c t on cloud s t a b i l i t y ; a further small decrease i n PE 
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a c t i v i t y resulted i n substantial cloud s t a b i l i t y . This nonlinear 
response was explained when Versteeg (39) found that orange juice 
contains multiple forms of PE. One of these, a heat stable high-
molecular-weight isozyme, accounted for about 10% of t o t a l PE 
a c t i v i t y . Presumably i t i s this form which contributes to cloud 
loss i n incompletely s t a b i l i z e d j u i c e . 

Enzymic depolymerization of juice soluble pectin before i t 
can be deesterified by PE also s t a b i l i z e s cloud (30). This has 
been accomplished with pectin lyase (PL), an enzyme which 
degrades e s t e r i f i e d pectin to oligogalacturonic acid esters. 
Since PL cannot attack deesterified pectin, cloud s t a b i l i z a t i o n 
of PE active juice requires r e l a t i v e l y large quantities of PL 
to compete with PE for e s t e r i f i e d pectin. 

Cloud loss may also be prevented by enzymic destruction of 
low ester pectins prior to their precipitation as pectates. 
Commercial fungal PG preparations (40, 41) or PG derived from 
yeast (42) have been use
unpasteurized PE activ
need be destroyed to prevent cloud loss, considerably less PG 
i s required than PL (30). Cloud s t a b i l i z a t i o n with pectinases 
permits production of cloud stable juices with lower 
pasteurization temperatures (40). 

For low ester pectin to precipitate as pectate and c l a r i f y 
j u i c e , divalent cations such as Ca must be available to 
participate i n the coacervaj^ion (36). The use of hexameta-
phosphates to sequester Ca ions has been suggested as a 
means to block pectate precipitation and s t a b i l i z e cloud (43). 

C l a r i f i e d Juice. Some citrus juices, notably lime and 
lemon, are i n demand as c l a r i f i e d products. Natural c l a r i f i ­
cation, i n combination with f i l t r a t i o n , i s often used to 
achieve a sparkling clear serum. However, native PE action 
i s slowed by the high a c i d i t y of these juices, and may not 
give satisfactory cloud removal. In this instance, modified 
pectins can serve to enhance juice quality by removing cloud. 
Low ester pectins obtained by treatment of citrus pectin with 
either PE or NaOH c l a r i f y citrus juices over a wide pH range 
(44). Ester content for optimum c l a r i f i c a t i o n depends both 
upon juice pH and method of deesterification. Conversion of 
a l l e s t e r i f i e d carboxyl groups in the pectin chain to free 
acids yields polygalacturonic acid, which i s largely water 
insoluble. If this acidic polymer i s brought into solution 
by p a r t i a l neutralization with base, i t can also function as 
a c l a r i f y i n g agent for ci t r u s juices (45). Cloud reduction 
with polygalacturonic acid preparations i s also influenced by 
juice pH, but i n this instance polymer molecular weight 
determines pH optimum. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



118 C I T R U S N U T R I T I O N A N D Q U A L I T Y 

I n t a c t F r u i t and S e c t i o n s . A number of s t u d i e s have been 
made o f p e c t i c s u b s t a n c e s i n c i t r u s f r u i t d u r i n g growth and 
m a t u r a t i o n . These have been r e v i e w e d by K e f f o r d and C h a n d l e r 
(46) and by Rouse (15 ) . In g e n e r a l , once f r u i t has r e a c h e d 
f u l l s i z e , few n o t a b l e changes a r e seen d u r i n g m a t u r a t i o n i n 
t h e b a l a n c e o f w a t e r - , o x a l a t e - , o r NaOH- s o l u b l e f r a c t i o n s o f 
p e c t i n , o r i n i t s e s t e r c o n t e n t . T h i s may i n p a r t be due to 
t h e f a c t t h a t c i t r u s f r u i t l a c k s a t r u e c l i m a c t e r i c r i p e n i n g 
w i t h i t s a t t e n d a n t p h y s i o l o g i c a l c h a n g e s . F r e e z e damage to 
f r u i t a f f e c t s i t s p e c t i n c o n t e n t and d i s t r i b u t i o n among w a t e r - , 
o x a l a t e - , and N a O H - s o l u b l e f r a c t i o n s , but the e x t e n t o f the 
changes depends l a r g e l y on f r u i t v a r i e t y (15 ) . V a l e n c i a 
o r a n g e s , f o r example , a p p a r e n t l y a r e a b l e to p a r t i a l l y r e c o v e r 
i n the i n t e r i m between w i n t e r f r e e z e and l a t e S p r i n g h a r v e s t . 

Canned c i t r u s s e c t i o n s c o n s i s t o f e x c i s e d f r u i t segments , 
n o r m a l l y w i t h segment membrane removed  packed i n water o r 
s y r u p . F i r m n e s s and freedo
d e t e r m i n a n t s o f q u a l i t
dependent upon t h e i r c o n t e n t o f o x a l a t e - and N a O H - s o l u b l e 
p e c t i n (15 ) . Low e s t e r p e c t i n added to g r a p e f r u i t s e c t i o n s i n 
water d i d n o t improve f i r m n e s s o r reduce s e c t i o n b r e a k a g e , but 
d i d improve d r a i n e d weight (47 ) . However, c a l c i u m s a l t s (as 
c a l c i u m l a c t a t e ) added to s y r u p c o v e r i n g g r a p e f r u i t s e c t i o n s 
s i g n i f i c a n t l y i n c r e a s e d the p e r c e n t a g e o f f i r m s e c t i o n s (48 ) . 
T h i s would be a n a l a g o u s to the w e l l known c a l c i u m f i r m i n g o f 
canned t o m a t o e s . 

N u t r i t i o n 

I n t e r e s t i n p e c t i n from a n u t r i t i o n a l s t a n d p o i n t has 
i n c r e a s e d w i t h new e v i d e n c e o f i t s i n f l u e n c e on s e v e r a l 
p h y s i o l o g i c a l p r o c e s s e s . Long acknowledged as an e f f e c t i v e 
a n t i d o t e to d i a r r h e a , p e c t i n has now been found to be o f 
p o s s i b l e b e n e f i t i n c o n t r o l of c h o l e s t e r o l l e v e l s and i n 
management o f d i a b e t e s . As one o f the r i c h e s t p o t e n t i a l 
s o u r c e s o f p e c t i n , c i t r u s f r u i t s c o u l d e n j o y enhanced 
n u t r i t i o n a l s t a t u s f r o m t h e s e f i n d i n g s . 

M e t a b o l i s m o f p e c t i n . P e c t i n has o n l y r e c e n t l y come, to 
be c o n s i d e r e d a p a r t o f the d i e t a r y f i b e r complex . P r e v i o u s l y 
i t was e x c l u d e d because 1) i t i s n o t f i b r o u s (except a t t h e 
m o l e c u l a r l e v e l ) , 2) i t escapes d e t e c t i o n i n s t a n d a r d f i b e r 
t e s t s owing to i t s s o l u b i l i t y , and 3) i t u s u a l l y does n o t 
s u r v i v e i n t e s t i n a l p a s s a g e . In a reassessment o f w h i c h 
d i e t a r y components s h o u l d be c o n s i d e r e d f i b e r , T r o w e l l (49) 
p r o p o s e d t h a t d i e t a r y f i b e r i n c l u d e t h o s e c o n s t i t u e n t s o f f o o d 
r e s i s t a n t to h y d r o l y s i s by man's a l i m e n t a r y enzymes. S p i l l e r 
(50, 51) s u g g e s t e d t h a t c o n f u s i o n s u r r o u n d i n g the term " f i b e r " 
be a v o i d e d by u s i n g the term " p l a n t i x " t o denote t h o s e p l a n t 
m a t e r i a l s o f p o l y m e r i c n a t u r e not a t t a c k e d by human d i g e s t i v e 
enzymes . 
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Regardless o f terminology, p e c t i n q u a l i f i e s as f i b e r under 
these d e f i n i t i o n s . K e r t e s z (52) showed t h a t human s a l i v a , 
g a s t r i c j u i c e s , t r y p s i n , and p e p s i n were i n e f f e c t i v e i n 
h y d r o l y z i n g p e c t i n . Werch and Ivy (53) demonstrated t h a t p e c t i n 
passes r e l a t i v e l y unchanged through the stomach and ileum. 
Yet l i t t l e i f any p e c t i n can be rec o v e r e d i n the s t o o l , due to 
r a p i d d i g e s t i o n by b a c t e r i a l enzymes p r e s e n t i n the c o l o n . 
Breakdown products i n c l u d e g a l a c t u r o n i c a c i d , v o l a t i l e a c i d s 
such as fo r m i c and a c e t i c , and f i n a l l y , carbon d i o x i d e and water. 
Although g a l a c t u r o n i c a c i d i s not absorbed by the human i l e u m 
or c o l o n , i t does not appear i n the f e c e s (54). A p p a r e n t l y t h i s 
a c i d i s f u r t h e r degraded to a c e t i c and for m i c a c i d s , which have 
been seen to i n c r e a s e i n f e c a l e x c r e t i o n o f s u b j e c t s f e d 30 g o f 
p e c t i n d a i l y . 

D e s p i t e the r a t h e r complete d i g e s t i o n of p e c t i n i n the 
c o l o n , t h e r e i s some q u e s t i o n as to the energy d e r i v e d therefrom
V i o l a e t a l . (55) , s t u d y i n
c o n t r i b u t i o n to d i g e s t i b l
supported by Hove and King (56) who used a r a t growth b i o a s s a y 
t o demonstrate p e c t i n p r o v i d e d no measurable energy to young 
r a t s . In c o n t r a s t , Campbell and Palmer (57) c i t e two s t u d i e s 
(one on r a t s , the other on humans) which showed a net d i g e s t i b l e 
energy f o r p e c t i n . To the extent t h a t v o l a t i l e a c i d s r e s u l t i n g 
from c o l o n i c p e c t i n d e g r a d a t i o n are absorbed, p e c t i n would 
c o n t r i b u t e to c a l o r i c i n t a k e . Whether t h i s r e s u l t s i n a net 
energy g a i n depends on other p e c t i n - i n d u c e d e f f e c t s . In r a t s , 
i n c r e a s i n g d i e t a r y p e c t i n l e v e l s decrease d i g e s t i v e e f f i c i e n c y , 
p r o t e i n a b s o r p t i o n (56), and l i p i d a b s o r p t i o n (55). P o s i t i v e 
or n e g a t i v e d i g e s t i b l e energy v a l u e s p r o b a b l y depend on the 
degree to which p e c t i n i n t e r f e r e s w i t h a b s o r p t i o n o f other 
d i e t a r y components. 

A n t i d i a r r h e a l E f f e c t . Use of p e c t i n ( i n the form of 
scraped apples) has been acknowledged as a remedy f o r d i a r r h e a 
f o r over 200 y e a r s . I t s e f f i c a c y i s a t t e s t e d to by 
commercial a n t i d i a r r h e a l p r e p a r a t i o n s based on p e c t i n . D e s p i t e 
t h i s l o n g h i s t o r y of use, v e r y l i t t l e i s known of the mechanism 
by which p e c t i n promotes a r e t u r n to normal bowel f u n c t i o n . I t 
has been suggested t h a t p e c t i n c o u n t e r a c t s d i a r r h e a by a b s o r p t i o n 
and removal o f t o x i n s , or by enlargement o f s t o o l volume and 
sweeping of the c o l o n w i t h a formed s t o o l (9). In a s t a b l e 
d i g e s t i v e system p e c t i n c o u l d not absorb and remove t o x i n s , as 
i t i s l a r g e l y degraded i n t r a n s i t . P e c t i n i s a l s o much l e s s 
e f f e c t i v e than o t h e r f i b e r s i n i n c r e a s i n g s t o o l b u l k : even at 
36 g/day i n t a k e , Cummings et a l . (58) found s t o o l weight 
i n c r e a s e d o n l y 33%. However, d u r i n g i n t e s t i n a l upset, normal 
c o l o n i c r e t e n t i o n times are g r e a t l y reduced. As a r e s u l t , p e c t i n 
i s not d i g e s t e d and can be rec o v e r e d i n the s t o o l (9). T h e r e f o r e 
i t c o u l d c o n c e i v a b l y f u n c t i o n to some extent i n the manner 
d e s c r i b e d above. 
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A l t e r n a t i v e l y , Werch and Ivy (54) suggest the f a v o r a b l e 
e f f e c t o f p e c t i n may be due to i n h i b i t i o n of u n d e s i r a b l e 
organisms by v o l a t i l e a c i d s ( f o r m i c and a c e t i c ) d e r i v e d from 
p e c t i n breakdown. Such a c i d s promote a r e t u r n to normal bowel 
pH, and are b a c t e r i o s t a t i c a g a i n s t many organisms (57). Werch 
and Ivy a l s o h y p o t h e s i z e d t h a t o f f e n d i n g organisms may be 
s t a r v e d out or overgrown by d e s i r a b l e organisms which use p e c t i n 
as a source of food. Much more work i s needed to e s t a b l i s h 
the mechanism governing the a n t i d i a r r h e a l e f f e c t o f p e c t i n . 

H y p o c h o l e s t e r o l e m i c E f f e c t . No e f f e c t of p e c t i n has r e c e i v e d 
more a t t e n t i o n i n r e c e n t years than i t s a b i l i t y to reduce serum 
c h o l e s t e r o l l e v e l s . A l t o g e t h e r t h e r e have been a dozen r e p o r t s 
r e l a t i n g d i e t a r y supplementation w i t h p e c t i n to serum c h o l e s t e r o l 
l e v e l s i n human s u b j e c t s (see 59). The f i r s t o f these r e p o r t e d 
a study of middle-aged men whose normal d i e t s were augmented 
w i t h a d a i l y r a t i o n of b i s c u i t
c e l l u l o s e or p e c t i n (60)
c h o l e s t e r o l ; c i t r u s p e c t i n d i d , to a l e v e l about 5% below c o n t r o l 
l e v e l s . P e c t i n has a l s o been a d m i n i s t e r e d as p i l l s (61), i n 
water (62), or as a g e l w i t h added f r u i t (63). The 
c h o l e s t e r o l - l o w e r i n g e f f e c t o f p e c t i n was g r e a t e s t when 
ad m i n i s t e r e d as a g e l (59). L e v e l s have v a r i e d from 2 g/day 
(61) t o 40-50 g/day (64). Palmer and Dixon (61) r e p o r t e d 
serum c h o l e s t e r o l l e v e l s of human s u b j e c t s w i t h normal 
c h o l e s t e r o l l e v e l s were s i g n i f i c a n t l y lowered by p e c t i n i n t a k e 
o f 6-10 g/day, but not 2-4 g/day. P e c t i n i s p a r t i c u l a r l y 
e f f i c a c i o u s i n l o w e r i n g serum c h o l e s t e r o l l e v e l s o f hyper-
c h o l e s t e r o l e m i c p a t i e n t s (64). D e l b a r r e et a l . (65) were unable 
t o reduce serum c h o l e s t e r o l l e v e l s s i g n i f i c a n t l y w i t h 6 g/day, 
and concluded p e c t i n d i d not lower serum c h o l e s t e r o l . However, 
some r e d u c t i o n was observed. The 6 g/day l e v e l used by these 
a u t h o r s was the lowest l e v e l p r o v i d i n g s i g n i f i c a n t c h o l e s t e r o l 
r e d u c t i o n observed by Palmer and Dixon. The c o n c l u s i o n s o f 
D e l b a r r e et a l . (65) have been r e f u t e d by Kay et a l . (66). 

In s t u d y i n g r e s u l t s from both chickens and man, F i s h e r e t 
a l . (67) concluded t h a t p e c t i n has a h y p o c h o l e s t e r o l e m i c e f f e c t 
o n l y when fed w i t h d i e t a r y c h o l e s t e r o l . On c h o l e s t e r o l - f r e e 
d i e t s , plasma c h o l e s t e r o l i s not a f f e c t e d by d i e t a r y p e c t i n . 
S u b j e c t s fed p e c t i n w i t h a c h o l e s t e r o l - c o n t a i n i n g d i e t had plasma 
c h o l e s t e r o l l e v e l s t h a t were lower r e l a t i v e to those o f s u b j e c t s 
on the c h o l e s t e r o l c o n t r o l d i e t , but not r e l a t i v e to those of 
s u b j e c t s on a c h o l e s t e r o l - f r e e c o n t r o l d i e t . 

There are s e v e r a l ways p e c t i n c o u l d reduce serum c h o l e s t e r o l . 
In s t u d i e s w i t h human s u b j e c t s , f e c a l e x c r e t i o n o f b i l e a c i d s , 
f a t t y a c i d s , and t o t a l s t e r o i d s i n c r e a s e d when s u b j e c t s were fe d 
15-40 g/day of p e c t i n (58, 63, 64). Since p e c t i n u s u a l l y lowers 
serum c h o l e s t e r o l o n l y when c h o l e s t e r o l i s p r e s e n t i n the d i e t , 
i t seems th a t p e c t i n might a c t by r e d u c i n g c h o l e s t e r o l 
a b s o r p t i o n . S e v e r a l groups have found that i n r a t s d i e t a r y 
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pectin does i n ^ e d reduce cholesterol absorption. Using 
cholesterol-4- C, L e v e i l l e and Sauberlich (68) and Kodama et 
a l . (69) showed cholesterol absorption was impaired by dietary 
pectin. Kelley and Tsai (70), who also reported a decreased 
cholesterol absorption i n pectin fed rats, concluded that 
pectin acted by i n t e r f e r i n g with cholesterol absorption and by 
increasing cholesterol turnover. However, L e v e i l l e and 
Sauberlich found rat l i v e r and serum cholesterol levels were 
lowered even when pectin and cholesterol were fed on alternate 
days. From th i s the authors concluded that although pectin 
did impair cholesterol absorption, i t primarily affected 
cholesterol levels by i n h i b i t i n g b i l e acid absorption. This 
hypothesis appears to be favored (71, 72). 

B i l e acid reabsorption may be impaired by binding with 
pectin during t r a n s i t of the ileum. Selvendran (73) observed 
a greater adsorption of sodium cholate by vegetable fibers 
containing pectin than b
and Bradbury (74) have propose
by pectins or alginates complexed with A1-H-+ ions. In support 
of their hypothesis, the authors demonstrated strong 
hypocholesterolemic a c t i v i t y for a pectin-aluminum complex. 
Fuyc^a (75) has tested and extended this hypothesis, showing that 
Fe complexes of natural insoluble pectinaceouj^fiber 
(citrus albedo) are even more effective than Al complexes 
i n binding fatty acids. Using an equilibrium d i a l y s i s 
technique, Baig and Cerda (76) were unable to demonstrate 
binding of b i l e s a lts to soluble citrus pectin. This agrees 
with the findings of Furda (75), who also found no lj>indiny 
of fatj^y acids to insoluble pectin complexed with Η , Ca , 
or Mg . The effectiveness of pectin i n binding b i l e salts 
may well depend on the extent of i t s complexing with t r i v a l e n t 
cations. 

Impairment of b i l e acid absorption and consequent loss of 
these acids v i a excretion presumably causes an increase i n 
hepatic conversion of cholesterol to b i l e acids. This 
conversion lowers serum cholesterol, p a r t i c u l a r l y when serum 
contains high levels of cholesterol derived from dietary intake. 
However, when fed with a cholesterol-free diet, 10% pectin 
supplementation stimulated a 3-fold increase i n cholesterol 
biosynthesis (77). Biosynthesis of phospholipids and t r i g l y ­
cerides also increased s i g n i f i c a n t l y ; hence, i t was suggested 
that these increases occurred in response to diminished fat 
absorption occasioned by pectin intake. This compensatory 
biosynthesis of cholesterol and l i p i d s may account for pectin's 
i n a b i l i t y (in most cases) to lower serum cholesterol levels i n 
animals fed cholesterol-free diets. 

Regrettably, most studies r e l a t i n g dietary pectin to 
hypocholesterolemia include no data on molecular weight or D.E. 
of the pectin consumed. These omissions occur despite a report 
as early as 1962 that high-molecular-weight, high D.E. pectins 
were more effec t i v e i n reducing rat l i v e r cholesterol levels 
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(78). Pectin with 62% D.E. largely counteracted the increase i n 
l i v e r cholesterol levels brought about by dietary cholesterol. 
Low ester pectin (30% D.E.), polygalacturonic acid (PGA), and 
50% e s t e r i f i e d PGA were a l l without ef f e c t . Conflicting reports 
on the e f f i c a c y of pectin as a hypocholesterolemic agent may be 
due to variations i n these parameters. For example, citrus 
pectin was found to be more effective than tomato pectin i n 
lowering serum and hepatic cholesterol levels of rats (79). 
D.E. values for the citrus and tomato pectins were 56 and 40%, 
respectively. Thus, differences i n D.E. levels rather than 
pectin source could have accounted for the superior e f f e c t i v e ­
ness of c i t r u s pectin. Mokady (80) and Judd et a l . (81) 
confirmed that serum cholesterol reduction i s most pronounced 
with high D.E., high-molecular-weight pectin (Table I ) . 

Table I. Effect of Pectin on Rats Fed a Cholesterol-
Free Diet (54)

Relative values 
(% of control) 

Blood Fecal Fecal 
cholesterol l i p i d s sterols 

Control (no pectin) 100 100 100 
Low MW pectin 91 458 278 
Low ester pectin 86 390 222 
High MW pectin 76 735 372 

Recently the means by which pectin lowers cholesterol 
lev e l s and even the v a l i d i t y of this effect have been questioned. 
Upon finding no b i l e s a l t binding capacity for soluble pectin, 
Baig and Cerda (76) proposed that pectin lowered serum 
cholesterol levels by forming insoluble complexes with the 
serum low density lipoproteins (LDL) which transport c i r c u l a t i n g 
cholesterol. Complexing of LDL by citrus pectin was observed 
i n v i t r o , but the way i n which pectin or some component thereof 
enters the blood stream to effect such binding i n vivo has not 
been determined. 

Pfeffer et a l . (82) have found that b i l e s a l t binding 
a c t i v i t y of commercial ci t r u s pectins was lost i f these 
products were dissolved, f i l t e r e d , centrifuged, and 
reprecipitated before testing. Binding a c t i v i t y was concen­
trated i n the residue p e l l e t from centrifugation, which was 
found to be fine diatomaceous earth. This contaminant was 
probably introduced during f i l t r a t i o n steps i n processing 
and p u r i f i c a t i o n of pectin. The authors concluded that any 
hypocholesterolemic effect of commercial pectin was due solely 
to i t s diatomaceous earth contamination. 
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Glucose T o l e r a n c e . I n g e s t i o n of carbohydrates t e m p o r a r i l y 
i n c r e a s e s serum glucose l e v e l s and, i n response, serum i n s u l i n 
l e v e l s . Diminished i n s u l i n l e v e l s o f d i a b e t i c s permit an 
e x c e s s i v e b l o o d glucose r i s e , w i t h u r i n a r y e x c r e t i o n of gl u c o s e . 
In 1977 Je n k i n s e t a l . (83) r e p o r t e d t h a t both hyperglycemia 
and i n s u l i n peaking a f t e r consumption o f carbohydrates were 
reduced by d i e t a r y p e c t i n . A d d i t i o n of 10 g of p e c t i n to 
food reduced b l o o d glucose measured 15 min a f t e r e a t i n g , and 
decreased the i n s u l i n peak f o r 30 min. Iwasaki et a l . (84) 
a l s o r e p o r t e d on the p o s s i b l e use of p e c t i n i n treatment of 
d i a b e t e s . These authors observed a s i g n i f i c a n t r e d u c t i o n o f 
u r i n a r y glucose e x c r e t i o n when 15 g/day of p e c t i n was i n c o r p o r a t e d 
i n the d i e t . Consumption of 8 g o f p e c t i n w i t h 30 g of glucose 
i n p e e l e d oranges lowered the bl o o d glucose response when 
compared to consumption o f an e n e r g e t i c a l l y e q u i v a l e n t q u a n t i t y 
o f orange j u i c e c o n t a i n i n g o n l y 0.2 g of p e c t i n (85). S i m i l a r 
r e s u l t s w i t h a p p l e s , appl
by Heaton (86). R e c e n t l
s u b j e c t s f e d 50 g of glucose w i t h 14.5 g o f p e c t i n had lower 
b l o o d glucose l e v e l s than c o n t r o l s . The authors hypothesized 
t h a t the d e p r e s s i o n of glucose response was an i n d i c a t i o n of 
dela y e d a b s o r p t i o n . To t e s t t h i s h y p o t h e s i s , they f e d s u b j e c t s 
p e c t i n w i t h acetaminophen. A b s o r p t i o n o f acetaminophen was 
a l s o slowed by p e c t i n , but t o t a l a b s o r p t i o n was u n a f f e c t e d . 
F u r t h e r , d e p r e s s i o n of the blood glucose response by p e c t i n 
d i d not occur i n a p a t i e n t whose stomach had been removed. 
Thus, i t was suggested t h a t p e c t i n may moderate the glucose 
(and hence the i n s u l i n ) response by d e l a y i n g the r a t e a t which 
stomach emptying o c c u r s . 

D e t o x i c a t i o n of M e t a l s . P e c t i n s or p e c t i n d e r i v a t i v e s 
have been proposed as a n t i d o t e s f o r heavy metal p o i s o n i n g f o r 
n e a r l y 200 y e a r s . K e r t e s z (9) has reviewed the e a r l y work 
i n t h i s a r e a . P e c t i n complexes l e a d so s t r o n g l y as to q u a n t i t a ­
t i v e l y remove i t from s o l u t i o n . A b s o r p t i o n ôf l e a d , a r s e n i c , 
and selenium by s e v e r a l animal s p e c i e s has been reduced by 
p e c t i n - or a p p l e - c o n t a i n i n g d i e t s . Use of p e c t i n as a prophy­
l a c t i c agent i n l e a d p o i s o n i n g c o n t i n u e s to be of i n t e r e s t . 
Bondarev (88) r e c e n t l y r e p o r t e d an i n c r e a s e i n e x c r e t i o n and a 
decrease i n bone accumulation of l e a d when r a t s f ed 6 mg/day of 
l e a d a l s o r e c e i v e d 72-432 mg/day o f low e s t e r p e c t i n . P a s k i n s -
H u r l b u r t e t a l . (89) achieved an 87% decrease i n l e a d a b s o r p t i o n 
by p e c t a t e f ed r a t s . These s t u d i e s bear out the e a r l y 
o b s e r v a t i o n s of F e l l e n b u r g (see 9_, p. 572), who concluded t h a t 
p e c t i n o f decreased e s t e r content would have an enhanced 
a b i l i t y t o complex metals. 

In c o n c l u d i n g t h i s review of p o t e n t i a l n u t r i t i o n a l 
a p p l i c a t i o n s o f p e c t i n , one might ask: Can l e v e l s o f p e c t i n 
comparable to those used i n these s t u d i e s be obtained by a 
reas o n a b l e consumption of f r u i t or f r u i t products? The answer 
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would appear to be a qualified yes. Truswell, for example, 
ci t e s two studies attributing a hypocholesterolemic effect to 
the da i l y consumption of several apples (59). Kay and S t i t t 
(85) s l i g h t l y reduced the hyperglycemic response to glucose with 
whole oranges. However, subjects consumed 624 g of f r u i t , and 
f r u i t was "thinly peeled", presumably leaving much of the albedo 
for consumption. 

In most cit r u s f r u i t products as currently consumed, pectin 
content would not meet even the minimum levels found effective 
in n u t r i t i o n a l investigations. Those portions of cit r u s richest 
in p e c t i n — t h e peel, core and segment membranes—are usually 
discarded as inedible. Juice pectin levels are far too low to 
allow for the necessary intake. Juice sacs or pulp of grapefruit 
as normally eaten contain only 0.3% pectin on a fresh weight 
basis (90). An intake of 6 g of pectin [the minimal dose giving 
a s i g n i f i c a n t hypocholesterolemic effect (61)] would require 
consumption of 2 kg/day
peel i s approximately 3.5
Since 40% of a grapefruit may be peel, a 500 g f r u i t would 
contain 7 g of pectin in the peel alone. E d i b i l i t y of this 
peel i s diminished in part by presence of the b i t t e r compound 
naringin in the albedo, and in part by o i l from glands in the 
flavedo. These obstacles to consumption of peel have been 
p a r t i a l l y overcome with a procedure described by Roe and 
Bruemmer (92, 93). Flavedo of f r u i t i s removed with a 
mechanical peeler, and albedo i s vacuum infused with a solution 
containing naringinase, sugar, flavor, color and gelatin. 
Naringinase reduces bitterness; sugar, flavor, and color 
enhance p a l a t a b i l i t y and acceptability; and gelatin reduces 
leakage of the infused solution. This treatment improves the 
hedonic rating of grapefruit peel from inedible to marginally 
acceptable (93). With further refinement, this technique 
could perhaps make available a new dietary source of pectin. 
Nut r i t i o n a l benefit could thus be obtained from a source now 
considered as waste. 
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Peel color is probabl
determining whether consumer
Normally, the purchaser does not taste the fruit before buying, 
and has come to associate a bright peel color with a highly 
palatable interior. Although this conclusion may not always 
hold, everyone from the producer to the retailer tries to 
uphold this belief. The color of citrus processed products is 
also important. Advertisers have been very successful in 
relating sunshine and bright orange color of orange juice with 
good health. Hence, highly colored juice brings a premium 
price. With the importance of color in citrus established, 
it is the purpose of this review to describe some of the 
factors that contribute to color, how color can be controlled, 
relationship between color and vitamin A and grading for color. 

Chlorophyll in Peel 

The color of citrus peel is due mainly to chlorophyll and 
carotenoids. Chlorophyll is responsible for the deep green 
color considered typical of premium quality limes (1). For a l l 
other types of c i t r u s , ch lorophyl l i s considered an unsightly 
and unwanted contaminant. For many years, an e f fort has been 
made to r i d r ipe f r u i t of ch lorophyl l . From the time f r u i t 
sets on the trees at blossoming u n t i l i t commences to mature, 
the peel is green. Following the f i r s t cool nights i n the f a l l 
there i s a color break i n the peel of early-maturing c u l t i v a r s . 
Some factors known to be associated with delay i n f r u i t co lor ing 
at time of maturity are: use of high rates of potassium (2̂ ) or 
nitrogen (3) i n the f e r t i l i z e r , spraying with g i b b e r e l l i n (4), 
or benzyladenine (5). 

The most important factor related to ch lorophyl l breakdown 
i n c i t rus peel i s cool temperatures. According to Stearns and 
Young (6), a color break results from temperatures below 13°C 
i n F l o r i d a . In C a l i f o r n i a studies , the daytime a i r , the night­
time a i r and s o i l temperatures were a l l found to be important 
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for peel color (2). With temperatures of 20°C for daytime a i r , 
7°C for nighttime a i r and 12°C for s o i l , brightly colored f r u i t 
were produced. Higher temperatures for any one of these con­
ditions resulted i n less orange color for Valencia oranges. 
Sonnen e_t a_l. (8) observed the effect of root temperatures on 
the f r u i t color of two citrus c u l t i v a r s . When comparisons were 
made with satsumas at 14°C and 30°C and with calamondins at 
12°C and 25°C, there were higher amounts of carotenoids and 
better color i n the peel from f r u i t grown at the lower root 
temperatures. 

It i s not uncommon for f r u i t grown i n the tropics to have 
a green peel even when mature. Green or mostly green is the 
accepted color of citrus f r u i t grown at low latitudes and sold 
i n markets around the world. The reason for the green peel i n 
the tropics i s that high temperatures prevent the breakdown of 
chlorophyll. In controlled postharvest experiments  Wheaton 
and Stewart (9) found whe
was no loss of green color
20°C there was a decided color break and at 15°C most of the 
chlorophyll disappeared i n 4 weeks. These studies were performed 
with less than 0.005 ppm ethylene produced by the f r u i t . Vines 
et a l . (10) also reported only traces of ethylene were found i n 
the internal atmosphere of unstressed citrus f r u i t s . Other 
studies have indicated c i t r u s f r u i t give off 0.007 to 0.110 μΐ/ 
kg/hr of ethylene (11). The low levels of ethylene would 
suggest only threshold amounts exist i n f r u i t and the a c t i v i t y 
of these ethylene concentrations is highly temperature sensitive. 
At higher temperatures, i . e . 30°C, the endogenous concentrations 
of ethylene are not s u f f i c i e n t to bring about chlorophyll break­
down. However, when excess ethylene (10 ppm) i s supplied to 
green f r u i t , then chlorophyll breakdown takes place at a faster 
rate at 30°C than at lower temperatures. A p a r t i a l answer to 
this phenomenon may be the d i f f e r e n t i a l degradation of 
chlorophyll-a and chlorophyll-b. Shimokawa (12) discovered there 
was preferential breakdown of chlorophyll-b when satsuma manda­
rins were degreened with ethylene. Conversely, chlorophyll-a 
was more predominantly degraded than chlorophyll-b i n the non-
treated f r u i t s . Similarly, Jahn and Young (13) observed that 
ci t r u s f r u i t with a deep green color could not be s a t i s f a c t o r i l y 
degreened with ethylene. They assumed this was due to a high 
residual chlorophyll-b l e v e l . They pointed out that tangerines, 
which are e a s i l y degreened, have an a/b r a t i o near 3, whereas, 
Hamlin oranges, which are more d i f f i c u l t to degreen, have a 
r a t i o near 2. 

Degreening of peel has been related to chlorophyllase 
a c t i v i t y . Barmore (14) demonstrated that chlorophyllase a c t i v i t y 
i n peel increased following treatment of f r u i t with ethylene. 
This increase i n enzyme a c t i v i t y was associated with chlorophyll 
degradation. These observations have been confirmed by 
Japanese studies (15). 
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Shimokawa e_t a_l. (16) examined the changes i n chloroplast 
structure induced by ethylene i n satsuma mandarin. Electron 
micrographs showed peel of ethylene-treated f r u i t had fewer 
chloroplasts and of smaller size. The inner membrane system 
of the chloroplasts was found to disintegrate prior to the 
breakdown of other c e l l structures. 

Commercial Aspects of Degreening 

It has been a common practice for almost a hundred years to 
treat green splotchy f r u i t i n various ways to overcome the green 
color. At f i r s t , i t was customary to "cure" the f r u i t with 
kerosene heaters (17). However, i n 1923 Denny (18) recognized 
that ethylene was the constituent i n the burned kerosene that 
caused degreening. Degreening with ethylene i s a common practice 
i n most places where citrus is grown  It i s generally carried 
out by taking the f r u i
boxes and storing i n larg
is maintained between 29°C and 30°C and the relati v e humidity 
at 90 to 967o. Ethylene i s supplied at a rate of 1 to 5 ppm and 
a i r i s circulated throughout the rooms with at least one change 
per hour (19_, 20). Degreening i s generally carried on for 36 
hr or less. Similar conditions are used i n most places except 
the ethylene concentration and temperature may vary. 

Cohen (21) has suggested the use of an "intermittent" 
exposure to ethylene and heat for degreening. The method con­
sis t s of treating f r u i t with 10 ppm of ethylene at 25°C for 12 
hr intervals. During the 12 hr interruption, the ethylene 
dropped to 0 to 1 ppm and the temperature dropped 1 to 2°C. 
Using this procedure, there was a decrease i n respiration rate 
with less loss i n f r u i t weight. There was less decay and the 
color development was similar to f r u i t treated by continuous 
degreening. 

In Japan, degreening of satsuma mandarins is a r e l a t i v e l y 
recent practice, becoming important i n about 1970. According 
to Kitagawa e_t aJL. (22), two methods are used: (a) the common 
t r i c k l e system used i n large packinghouses where the f r u i t i s 
exposed to 5 to 10 ppm ethylene; (b) the system used by 
individual growers consists of treating f r u i t with 500 to 1000 
ppm ethylene i n a closed chamber for about 15 hr. The 
chlorophyll starts to disappear when the f r u i t i s exposed to 
fresh a i r after the treatment. 

Chlorophyll can also be a problem i n the peel of late 
maturing Valencias. In this case, the peel generally attains a 
good color in the winter but during the following spring and 
summer, regreening, starting usually at the stem end, takes place. 
This i s an especially important problem i n Ca l i f o r n i a where the 
Valencia crop i s carried over into the late summer and f a l l . 
Eaks (23) noted that ethylene accelerated the loss of chlorophyll 
of regreened Valencia but even after 8 days exposure to 10 ppm 
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considerable chlorophyll remained. This researcher questioned 
the p r a c t i c a l i t y of degreening regreened Valencia oranges. 

Degreening and Disease 

There are certain problems connected with the use of 
ethylene for degreening. Fr u i t treated with ethylene during 
postharvest has a greater amount of decay than untreated (24). 
Anthracnose i n Robinson tangerines became progressively worse 
with increasing concentrations of ethylene up to 50 ppm during 
degreening. The anthracnose fungus was shown to survive on the 
surface of tangerines i n the form of appressora which, i n most 
instances, did not produce infectious hyphae u n t i l stimulated 
with ethylene. Using the same c u l t i v a r , Barmore and Brown (25) 
found that spraying with ethephon, an ethylene-producing compound, 
5 to 7 days before harvest s i g n i f i c a n t l y reduced the incidence 
of anthracnose. Contro
ethylene in the interna
physiological changes required for development of resistance. 
Orange-colored f r u i t s are more resistant to the disease than 
pale yellow or green colored f r u i t . The spraying with ethephon 
brought about some color changes while the f r u i t was s t i l l on 
the trees. 

Carotenoids i n Peel 

The bright orange and yellow colors of c i t r u s peel are due 
to the l i p i d soluble carotenoids. The more common ones i n peel 
and juice are shown i n Figure 1. Some of the f i r s t studies on 
ci t r u s carotenoids were by the European workers, Zechmeister 
and Tuzson, i n 1931 (26, 27, 28). They isolated β-carotene, 
cryptoxanthin, lutein, zeaxanthin, β-citraurin, and probably 
violaxanthin. In 1952, Natarajan and MacKinney (29) found 
phytofluene and α, β, and zeta carotenes. These studies were 
followed by those of Curl, who between 1953 and 1967 reported 
the presence of some 74 carotenoids i n several ci t r u s c u l t i v a r s . 
A l i s t of these can be found i n a review by Stewart and Wheaton 
(30). Yokoyama and Vandercook (31) found 35 carotenoids i n 
lemons; Gross et a l . (32) isolated 57 pigments from Shamouti 
orange juice. Subbarayan and Cama (33) reported 19 i n the 
Nagpur orange. In a recent count (34), approximately 115 caro­
tenoids have been reported i n citrus or about one-third of a l l 
those known to occur i n nature (3j>). It is important to under­
stand some of the reasons why such large number of carotenoids 
have been reported i n only one genus of f r u i t . Carotenoids are 
generally unstable and have some unusual properties. Although 
they are v i s i b l e i n extremely small quantities, they are deceiv­
ingly d i f f i c u l t to separate and identify. F i n a l l y , the lack of 
sophisticated techniques by researchers has undoubtedly led to 
questionable i d e n t i f i c a t i o n of many carotenoids. The carotenoids 
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V I O L A X A N T H I N 

Figure 1. Some common C-40 carotenoids found in citrus peel and juice 
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i n c i t r u s consist of those having 30 and 40 carbon atoms. They 
are highly unsaturated compounds from which the chromophores are 
derived. The carotenes are hydrocarbons and the xanthophylls 
contain oxygen i n hydroxyl or aldo groups or epoxides. 

Isomer and A r t i f a c t Formation of Carotenoids 

Carotenoids are sensitive to heat, l i g h t , acid, oxygen and 
chemicals. They may react i n various ways during the process of 
is o l a t i o n . The most important change i s the formation of c i s -
isomers. Lycopene is said to form 1056 isomers (36), each with 
different properties. In some cases, cis-isomers separate more 
eas i l y than carotenoids that d i f f e r by rearrangement of a 
double bond, i . e . , zeaxanthin and lutein. However, a mixture 
of isomers can often be i d e n t i f i e d by their f a i l u r e to 
c r y s t a l l i z e and to give sharp separations on chromatographic 
columns. 

The most d i f f i c u l
antheraxanthin and violaxanthin. These carotenoids contain one 
and two epoxides, respectively. In the presence of a trace of 
acid, the 5,6-epoxides change to stable 5 ,8 furanoid rings. 
During i s o l a t i o n i t i s common to have many combinations, such 
as the 5,6 trans with many cis-isomers, conversion of one 
epoxide to the 5 ,8 ring with many isomers and conversion of two 
epoxides to the furanoid form with numerous isomers. In prac­
t i c e , there i s usually a mixture of a l l of these. It has not 
been possible to determine which occur i n nature and which are 
a r t i f a c t s formed during i s o l a t i o n . The isomers of these two 
carotenoids are so numerous i n processed orange juice that we 
have been unable to separate them. In our studies with fresh 
orange juice or peel, the main isomer of both violaxanthin and 
antheraxanthin has, i n each case, been a cis form. For each 
pigment, the v i s i b l e absorption spectra showed a very low c i s 
peak suggesting the bending took place near the ring. These 
cis-isomers could readily be c r y s t a l l i z e d . During c r y s t a l l i z a ­
tion, about 10% of the trans was formed. However, this i s to be 
expected since the equilibrium i s i n the direc t i o n of the trans 
isomer. Isomers were readily formed on chromatographic columns, 
and length of time on the column was important (37). Isomeriza— 
tion caused i n this manner could be partly overcome by use of 
the antioxidant BHT i n the solvent system. Chromatographic 
column packings can induce other changes. Rodriquez et a_l. (38) 
found α-carotene, β-carotene and lycopene underwent hydroxyl-
ation when passed through a column containing MicroCel C. This 
packing has been used to separate and ide n t i f y c i t r u s caro­
tenoids . 

Other problems i n i d e n t i f i c a t i o n are the formation of a r t i ­
facts during saponification. Carotenoids in ci t r u s occur mainly 
as esters. For ease of separation, they are saponified with a 
strong base to their alcohols. During this reaction, traces of 
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a c e t o n e or o t h e r k e t o n e s w i l l r e a c t w i t h the a l d o c a r o t e n o i d s 
to form a r t i f a c t s ( 3 9 ) . 

I d e n t i f i c a t i o n o f M a j o r C a r o t e n o i d s i n Orange and T a n g e r i n e P e e l 

S t u d i e s u s i n g HPLC (_37, 40 , 41) would s u g g e s t t h e r e are 
fewer c a r o t e n o i d s i n c i t r u s than have been r e p o r t e d . The s i n g l e 
most i m p o r t a n t one i n the p e e l o f oranges and t a n g e r i n e s i s 
β - c i t r a u r i n , a r e d d i s h - o r a n g e c a r o t e n o i d . O t h e r s i n c l u d e β-
c r y p t o x a n t h i n , z e a x a n t h i n , l u t e i n , a n t h e r a x a n t h i n , v i o l a x a n t h i n 
and to a l e s s e r e x t e n t β- c a r o t e n e and g - a p o - 8 1 - c a r o t e n a l . The 
c a r o t e n e s do n o t c o n t r i b u t e v e r y much to the c o l o r o f the p e e l 
per s e . 

Q u a n t i t a t i o n o f C i t r u s P e e l C a r o t e n o i d s 

There i s v e r y l i t t l
o f v a r i o u s pigments i n
on p e r c e n t a g e o f c a r o t e n o i d s based on the t o t a l c a r o t e n o i d s . 
T o t a l c a r o t e n o i d s were d e t e r m i n e d u s i n g β - c a r o t e n e as a s t a n d a r d . 
More r e c e n t l y , HPLC t e c h n i q u e s have been u s e d . These methods 
are more r e p r o d u c i b l e and i t i s p o s s i b l e to measure each c a r o ­
t e n o i d based on i t s e x t i n c t i o n c o - e f f i c i e n t . The d a t a i n T a b l e 
I was o b t a i n e d i n t h i s manner. About 12 f r u i t were sampled a t 
random from the o u t s i d e o f the t r e e s . A t o t a l o f 30 d i s c s o f 
p e e l were t a k e n f o r a sample u s i n g a No. 11 c o r k b o r e r , 16 mm 
i n d i a m e t e r . The e x t r a c t i o n p r o c e d u r e (39) and the c h r o m a t o ­
g r a p h i c method (40) have been r e p o r t e d p r e v i o u s l y . Rather than 
measure an a p p r o x i m a t i o n o f the " t o t a l c a r o t e n o i d " , i t i s b e t t e r 
to measure r e f l e c t a n c e w i t h a c o l o r i m e t e r , which i s c l o s e l y 
r e l a t e d to v i s u a l c o l o r (42 ) . C o l o r measurements made u s i n g a 
H u n t e r l a b D25 C o l o r D i f f e r e n c e M e t e r , measures r e f l e c t e d l i g h t 
u s i n g a L , a , b system t h a t g i v e s u n i t s o f a p p r o x i m a t e l y v i s u a l 
u n i f o r m i t y t h r o u g h o u t the c o l o r s o l i d . The " a " v a l u e c o r r e s ­
ponds to a r e d - g r e e n s c a l e on w h i c h r e d c o l o r s are p o s i t i v e and 
g r e e n v a l u e s n e g a t i v e . The " b " v a l u e c o r r e s p o n d s to a y e l l o w -
b l u e s c a l e on w h i c h y e l l o w v a l u e s are p o s i t i v e ( F i g u r e 2 ) . The 
a / b v a l u e s c o r r e l a t e d w e l l w i t h the USDA c o l o r s t a n d a r d s . 

C a r o t e n o i d s and P e e l C o l o r 

The v a l u e s g i v e n i n T a b l e I of the major c a r o t e n o i d s i n the 
p e e l o f seven c u l t i v a r s a re u s e f u l i n u n d e r s t a n d i n g the q u a n t i ­
t a t i v e changes t h a t take p l a c e d u r i n g the c o l o r i n g p r o c e s s . 
However, the u n d e r s t a n d i n g o f the c o n t r i b u t i o n of e a c h c a r o ­
t e n o i d toward the t o t a l c o l o r o f the p e e l remains e n t i r e l y 
q u a l i t a t i v e . For example , v i o l a x a n t h i n o c c u r s i n the l a r g e s t 
amounts o f any pigment i n the p e e l i n most c u l t i v a r s . I t i s 
y e l l o w and i s i m p o r t a n t i n the c o l o r o f lemons and g r a p e f r u i t . 
Y e t , i n c r e a s i n g the amounts i n orange or t a n g e r i n e p e e l h a r d l y 
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Figure 2. Effect of time of sampling and cultivar on the a/b color ratios of 
citrus peel. The a/b ratios are negative for green, approximate zero for yellow, 

and are positive for orange through red. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



7. S T E W A R T Color As Related to Citrus Quality 137 

helps the orange and red color of these c u l t i v a r s . On the other 
hand, g - c i t r a u r i n , a reddish-orange pigment and g-cryptoxanthin, 
an orange carotenoid, contribute greatly to the desired colors 
of these f r u i t . 

30-Carbon Carotenoids 

Undoubtedly, the most interesting group of carotenoids i n 
c i t r u s peel are those that contain 30 carbon atoms (Figure 3). 
U n t i l recently, these were considered to include g - c i t r a u r i n and 
g-apo-8'-carotenal. There has been speculation that β-citraurin 
was a breakdown product of zeaxanthin (43). However, with the 
discovery of two other related compounds, β-citraurinene (44) 
and β-citraurol (45), i t was suspected there may be a C-30 caro­
tenoid metabolic pathway. Later, some additional evidence was 
added to this b e l i e f when another C-30 compound (C-30 phytoene) 
was tentatively i d e n t i f i e
high resolution mass spectrometer
with a mass of 408.3763. Mass calculated for C-30 phytoene 
C30H48 w a s 408.3756. Taylor and Davis (46) reported a mass of 
408.375995 for C-30 phytoene i n bacteria. If subsequent studies 
demonstrate a C-30 metabolic pathway i n ci t r u s peel, this could 
open up a new approach toward improving the peel color of oranges 
and tangerines. 

Ethylene i n Carotenoid Synthesis 
Ethylene has been used for many years to reduce the 

chlorophyll content of ci t r u s peel; however, more recently i t 
was found equally important i n bringing about the accumulation 
of certain carotenoids. Stewart and Wheaton (47) found the 
major red pigment i n tangerine and orange peel, β-citraurin, 
could be greatly increased during postharvest storage by use 
of ethylene. I n i t i a l l y , i t was believed that β-cryptoxanthin 
increased from the use of ethylene (47) since this pigment was 
isolated from a chromatographic band associated with an increase 
i n color following exposure of the f r u i t to ethylene. Subse­
quently, the band was found to be a mixture of β-cryptoxanthin 
and a new C-30 carotenoid, β-citraurinene (44). The new caro­
tenoid and not β-cryptoxanthin was found to increase simul­
taneously with β-citraurinene during color formation. This 
increase of C-30 carotenoids i n the peel of c i t r u s was not only 
dependent on ethylene but also on temperature. When the f r u i t 
was stored at 30°C, v i r t u a l l y no β-citraurin was found but at 
25°C, 20°C and 15°C the red carotenoid increased progressively. 
At lower temperatures, decreasing amounts of ethylene were 
required to produce maximum color (j)). At 15°C s i g n i f i c a n t 
amounts of color developed without the addition of ethylene; 
presumably, this was caused by the endogenous ethylene i n the 
f r u i t . Optimum ethylene concentrations varied from 0.1 to 1 ppm 
at 15°C to 10 ppm at 25°C. During the postharvest coloring 
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β - C A R O T E N E 

Figure 4. Comparison of vitamin A and β-carotene. The bond between C15 and 
C15' is broken as an initial step in forming vitamin A. 
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period, the synthesis of carotenoids could be v i r t u a l l y con­
t r o l l e d by changing temperature and ethylene concentrations (9). 

Carotenoids i n Juice 

The carotenoids i n citrus juice i n comparison with those i n 
the peel d i f f e r i n two important respects. In Flor i d a , we have 
found no C-30 carotenoids i n juice. This i s based on observa­
tions made on several hundred samples, using a variety of tech­
niques. However, Gross et aJL. (32) reported finding c i t r a u r i n 
i n Shamouti orange juice and i n Valencia orange juice (48). 
Secondly, our studies (49) indicate that the main carotenoids 
in orange and tangerine juice are α-carotene, |3-carotene, zeta 
carotene, α-cryptoxanthin, {3-cryptoxanthin, lutei n zeaxanthin, 
antheraxanthin and violaxanthin (Figure 3). Although anther­
axanthin and violaxanthin occur i n the largest amounts, they are 
yellow pigments, g-cryptoxanthin
main contributor to the

In pink and red grapefruit juices the main pigment is 
lycopene. Ting and Deszyck (50) found 1.3 mg and 2.3 mg of 
lycopene i n 100 g of pink and red grapefruit, respectively. They 
also reported the f r u i t to have 0.5 mg to 1.4 mg β-carotene per 
100 g. Purcell (5_1, 52) found up to 1.8 mg lycopene and 0.49 mg 
carotene/100 g i n juice sacs i n Texas Ruby Red grapefruit. 
Maximum lycopene content was reached i n August and September and 
dropped off after that time. 

Very l i t t l e i s known regarding factors that affect the color 
of ci t r u s juice. The author has used many combinations of 
temperature and ethylene with f r u i t of several c u l t i v a r s . 
Although the peel color was affected, no changes were observed 
in the juice color. Recently, Houck et a_l. (_53) found storage 
atmospheres containing 407o and 807o O2 caused navel but not 
Valencia endocarp to turn a darker orange after 2 weeks of 
storage. This i s the only work that we are aware of i n which 
postharvest treatment influenced the juice color. 

Color and Provitamin A 

It i s well-known that plants do not synthesize vitamin A. 
Also, animals can only synthesize vitamin A from β-carotene or 
carotenoids i n which one-half of the molecule is l i k e β-carotene. 
In nature, the vitamin A precursor comes either from plants or 
microorganisms. The most common sources of vitamin A i n c i t r u s 
are a- and β-carotenes and β-cryptoxanthin. In addition to the 
above name carotenoids, β-apo-S1-carotenal i n citrus peel could 
be a source of provitamin A. However, the peel i s not usually 
consumed. Provitamin A compounds are cleaved to form vitamin A 
aldehyde i n the intestine by β-carotene 15,151-oxygenase (Figure 
4) (54). Aldehyde reductase reduces the aldehyde to the a l l 
trans-vitamin A. β-Carotene i s cleaved between the 15,15' carbon 
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T a b l e I I . P r o v i t a m i n A C o n t e n t of C i t r u s J u i c e (49) 

C u l t i v a r 

b 
V i t a m i n A 

va lue , 
D a i l y 

recommended 

H a m l i n 80 1.6 

P i n e a p p l e 133 2 .7 

V a l e n c i a 83 1.7 

R o b i n s o n 1142 23 

Dancy 965 19 

O r l a n d o 236 4 . 7 

M u r c o t t 3195 64 

C a l c u l a t i o n s based o n : β - c a r o t e n e e q u a l s 1.667 I n t e r n a t i o n a l 
u n i t s v i t a m i n A ^ g , e q u a l s 100%; α - c a r o t e n e , 52.7%; β-
c r y p t o x a n t h i n , 5770. C o n v e r s i o n f a c t o r from 100 mL o f j u i c e 
to 6 o z , 1.77 ( 7 0 ) . 

V a l u e s based on 6 oz o f j u i c e and c a l c u l a t e d on the d i e t a r y 
d a i l y a l l o w a n c e o f 5000 I U . 
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atoms giving two molecules of r e t i n a l . α-Carotene, which con­
s i s t s of a β ring and an α ring, is s p l i t but only the β ring 
portion is active. With β-cryptoxanthin, which i s the largest 
source of provitamin A i n citrus juice, the 3-OH ring half is 
not active, leaving only the β-ring side. In case of a-
cryptoxanthin, which li k e α-carotene contains an α ring inactive 
and a β ring which would be active provided the OH group was 
on the α ring. However, i n case of c i t r u s , the OH group i n 
α-cryptoxanthin i s on the 3 carbon of the β-ring (40). 
Violaxanthin, the carotenoid that occurs in the largest amounts 
in citrus juice, does not have any provitamin A a c t i v i t y because 
of substitutions on both rings. 

The vitamin A content of orange juice as given by Adams (55) 
is about 200 International units of provitamin A i n 100 g. In 
more recent studies (Table II) (49), orange juice was found to 
have the least amount of provitamin A whereas Murcott (a reputed 
tangor) had the highest
lowest found was i n the
units/6 oz of juice. The highest was Murcott with 3195 
International units/6 oz of juice. A l l samples were taken from 
mature f r u i t except Valencia. When mature, Valencia juice 
normally contains more provitamin A than Hamlin or Pineapple 
juice. 

In grapefruit juice there was a wide difference between 
provitamin A i n white and red or pink. White grapefruit juice 
contained approximately 8 International units of provitamin A 
per 100 g of juice, whereas pink and red contained 440 (55). 
This difference i n provitamin A is due to β-carotene. Ting 
and Deszyck (50) showed red and pink grapefruit juice to contain 
1.0 to 1.4 mg of β-carotene per 100 g of juice when the f r u i t 
was f u l l y mature. When calculated on the value of 1.667 
International units of vitamin A = 1 μg of β-carotene, the 
Florida juice would have contained the equivalent of 1667 to 
2334 units of vitamin A/100 g. Purcell (5_1, 52) reported 
approximately one-half this value for red grapefruit juice from 
Texas f r u i t . 

Standards for Color i n Citrus and Citrus Products 

The United States Department of Agriculture (56), the 
Florida Department of Citrus (_57), and the Califo r n i a Department 
of Food and Agriculture (58) have set standards for grades of 
fresh f r u i t , concentrated orange juice and other ci t r u s products. 
Processed products are given one of two grades by government 
inspectors: U. S. Grade A and U. S. Grade B. Any product graded 
below this is classed as substandard. In grading citrus pro­
ducts, a scoring system based on 100 points is used. In case 
of orange juice the system i s as follows: 
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Factors Points 
color 40 
defects 20 
flavor 40 

t o t a l score 100 

Orange juice with good color, having a color score of 36 to 
40 points, may be c l a s s i f i e d as Grade A. Juice with good color 
but with a color score of 32 to 35 cannot be graded above U. S. 
Grade Β regardless of other characteristics. Orange juice with 
a color score of 31 or below must be graded substandard. 

Two methods are used to measure color of orange juice. 
The oldest of these procedures i s made by comparing the color 
of reconstituted products i f i t i s concentrated with the USDA 
orange juice color standards
yellow to yellow orange
pared with the standard tubes using specified lighting conditions. 
The second method for evaluating color i s by the use of color­
imeters approved by the USDA. In Florida, the Department of 
Citrus has ruled that the Hunterlab Model D-45 Citrus Colorimeter 
s h a l l be used exclusively to determine the color scores for 
orange juice. The Hunterlab Citrus Colorimeter was developed in 
1963 for the Florida Citrus Commission. This is a reflectance 
instrument that measures citrus redness (CR) and citrus yellow­
ness (CY). By means of a formula, the color score i s calculated: 
Color score = 22.51 + (CR χ 0.165) + (CY χ 0.11). Color scores 
obtained with the citrus colorimeter have been correlated with 
those using the USDA color standards (_59, 60). 

In Florida, there are regulations on the d i l u t i o n of con­
centrated orange juice that can substantially affect the color 
score. For example, juice concentrated to 45°Brix must be 
reconstituted to 12.8°Brix before a color determination i s made. 
That concentrated to 42°Brix must be reconstituted to 11.8°Brix. 
Concentrated orange juice for manufacturing i s reconstituted to 
12.3°Brix. 

Grapefruit juice standards l i k e those for orange juice 
allocate 40 points out of 100 for color. However, the s i m i l a r i t y 
of scoring the two juices ends at that point. There are no 
instrumental methods in use for determining the color of grape­
f r u i t juice. Rather ambiguous terms are used to describe color 
of grapefruit juice such as U. S. Grade A or U. S. Fancy which 
requires that the juice have "very good color," meaning that i t 
is bright and typical of fresh extracted grapefruit juice. It 
may be pale yellow to very s l i g h t l y amber, typical of white 
grapefruit juice or s l i g h t l y red typ i c a l of red or pink grape­
f r u i t juice. Obviously, i t is d i f f i c u l t to enforce these 
regulations. Standards for color of a l l other processed ci t r u s 
products are equally as subjective. This does not infer that 
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there are not satisfactory objective techniques for determining 
the color of processed c i t r u s other than orange juice. Huggart 
and Petrus (61) and Huggart et a l . (62_) found the visu a l color 
changes i n white and pink grapefruit juice were closely 
associated with Hunterlab Citrus Colorimeter measurements. 
Previously, Ting and Deszyck (50) had shown a close correlation 
between Hunter a/b values and lycopene content i n pink and red 
grapefruit. 

Color Standards for Fresh F r u i t 

In F l o r i d a , color standards for fresh f r u i t are based 
e n t i r e l y on the color of the peel (57). Subjective means are 
used to describe the color. For example, some of the USDA 
color grade standards for Florida oranges and tangelos are: 
U. S. Fancy - Well-colored  meaning that the f r u i t i s yellow or 

orange i n color wit
U. S. No. 1 Bright - Earl

f a i r l y well-colored. This means the yellow and orange 
colors predominate over the green color. An aggregate area 
of green color may not exceed the area of a c i r c l e 1 inch 
i n diameter. For Valencias and other late varieties not 
less than 50?o by count s h a l l be f a i r l y well-colored and the 
remainder reasonably well-colored. Reasonably well-colored 
means the yellow or orange color predominates on at least 
two-thirds of the f r u i t surfaces i n the aggregate. 

There are s t i l l other grades with descriptive color requirements. 
In C a l i f o r n i a , the color requirements are much different 

(58). The color of the peel i s tied i n with the juice quality, 
namely, the r a t i o which i s the soluble solids divided by the 
acid content. F r u i t having a bright peel color can be marketed 
with poorer juice quality (lower ratio) than that with poor peel 
color. This i s a case where the best looking f r u i t may not be 
the best tasting. 

Color Enhancement i n Fresh F r u i t 

In F l o r i d a , i t i s not uncommon in the f a l l for the internal 
part of the f r u i t to be palatable at maturity but the peel to be 
mostly green with a color break. After the f r u i t has passed 
through the degreening process, i t has a yellow appearance. The 
pigments are mainly l u t e i n , violaxanthin, and neoxanthin. This 
f r u i t may then be passed through a color-add tank containing 
Citrus Red No. 2 (6_3). The f r u i t i s then thoroughly rinsed and 
a maximum of 2 ppm residue i s permitted. The operation i s time 
and temperature dependent and takes place under the supervision 
of government inspection (_57). Color-add i s permitted only on 
oranges, Temples and tangelos and the f r u i t must have higher 
internal quality than natural colored f r u i t . 
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Color Enhancement of Orange Juice 

No a r t i f i c i a l coloring material i s permitted to be added to 
orange juice. Almost one-half of the orange juice processed i n 
Florida comes from early and midseason v a r i e t i e s . In many cases 
this juice does not have a color score of 35, the minimum re­
quired for Grade A. Color standards are met by blending. This 
is done in several ways: (a) Early and midseason orange juice 
is stored and blended with f r u i t from the late-maturing Valencia 
f r u i t which has more than s u f f i c i e n t color to meet Grade A 
standards; (b) Valencia juice may be stored u n t i l the following 
season when i t is blended; (c) Tangerine and hybrid juice which 
has a bright color may be blended but only to a maximum of 10?o, 
according to FDA standards of identity for orange juice; (d) 
F i n a l l y , another source of color for orange juice i n Florida 
is the use of imported juice selected for bright color. 

In the laboratory
orange peel for the purpos
Ting and Hendrickson (64) extracted orange peel with acetone 
and hexane. The peel extract from 1226 kg of pineapple oranges 
was s u f f i c i e n t to increase the color score i n 3785 & of juice 
from 37 to 38. In other studies (65), i t was pointed out that 
1 g of color concentrate from either Pineapple or Valencia 
peel i n 2 l i t e r s of juice increased the color score from 35 to 
40. In similar studies, Berry et a_l. (66) reported on the 
extraction of carotenoids from citrus peel with hexane. 

Another approach to the same problem was to concentrate the 
chromoplasts of deeply colored tangerine juice. Barron e_t a l . 
(67) and Barron and Metcalf (68) did this by means of c e n t r i -
fuging juice and c o l l e c t i n g the colored pe l l e t s . It has been 
suggested that the regular run Valencia orange juice be s p l i t 
and half be used for color extraction. The chromoplasts would 
be used to improve the color of juice from early and midseason 
va r i e t i e s . The juice l e f t from the chromoplast extraction would 
be mixed with the remaining half of the Valencia juice, giving a 
color score s u f f i c i e n t l y high to meet Grade A standards. 
Naturally occurring coloring material obtained by this means 
could be added to orange juice without any adulteration being 
considered a color addition (69). None of the color concentrates 
are presently being used i n orange juice. 
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Relationship of Citrus Enzymes to Juice Quality 

JOSEPH H. BRUEMMER 
U.S. Citrus and Subtropical Products Laboratory, U.S. Department of Agriculture, 
Science and Education Administration, Southern Region, P.O. Box 1909, 
Winter Haven, FL 33880 

The quality of citru
development--fruit set,
ripening on the tree. During this development period compounds 
are formed that are responsible for the color and flavor of the 
ripe fruit. Many of these compounds have been identified, and 
research is now directed toward identifying the enzymic reactions 
that regulate their biosynthesis through metabolic pathways. 
Stewart (1) recently reviewed the carotenoid pigments identified 
as present in citrus and assessed their contribution to citrus 
color. Reported with that review in the same journal was the mode 
of action of bioregulators in controlling carotenoid biosynthesis 
through enzyme inhibition (2). Many terpenoids, aliphatic esters 
and aliphatic aldehydes in citrus fruit have been identified, but 
the pathways for their biosynthesis have not yet been determined 
(3). Bruemmer et al. (4) recently reviewed the working hypotheses 
on the mechanism for regulating the biosynthesis of citrus acids 
and concluded that supportive data were inadequate to identify the 
enzyme reactions that regulate acid metabolism in citrus. 

The qual i ty of extracted c i t rus juices depends on enzyme 
reactions that occur not only in the f r u i t during the development 
per iod , but also in the ju ice during processing. When ju ice i s 
extracted from c i t rus f r u i t , enzymes are released from the ir 
normal res tra in t in the c e l l . Several of these enzymes catalyze 
reactions that adversely affect taste and appearance of the j u i c e . 
Unless the reactions are contro l l ed , the ju ice products w i l l not 
meet the standards of qual i ty set up by the USDA Food Safety and 
Quality Service. The two reactions of commercial importance are 
the hydrolys is of pectin to pect ic a c i d , which c l a r i f i e s j u i c e , 
and the lactonizat ion of limonoic acid Α - r i n g lactone to the 
b i t t e r compound, l imonin. Research ef forts to ident i fy and 
characterize the react ions, to i so la te and puri fy the enzymes, and 
to develop methods to control the reactions are described in th is 
review. 

This chapter not subject to U.S. copyright. 
Published 1980 American Chemical Society 
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Pectinesterase (E.C. 3.1.1.11) 

Early i n the development of the citrus juice processing 
industry, c l a r i f i c a t i o n of bottled and canned cit r u s juices and 
c i t r u s beverages was recognized as resulting from the action of 
pectic enzyme(s) that had not been destroyed by heat 
pasteurization (5). Investigations of cause and prevention of 
c l a r i f i c a t i o n and gelation in citrus juices and their concentrates 
were stimulated by the rapid expansion of the frozen-orange con­
centrate industry in the late f o r t i e s . These investigations were 
thoroughly reviewed by Joslyn and P i l n i k (6). During the past 
twenty years some progress was made on p u r i f i c a t i o n and mode of 
action of pectic enzymes (7)· More recently, multiple forms of 
pectinesterase (PE) that d i f f e r i n kinetic properties and tempera­
ture s t a b i l i t y have been isolated (8). Some of the i r r e g u l a r i t i e s 
in heat inactivation of PE and juice cloud s t a b i l i t y can be 
attributed to the action
recent research on PE an
zation are reviewed to relate PE to the problem of juice quality. 

Juice C l a r i f y i n g Enzyme. One of the e a r l i e s t reports on a 
c l a r i f y i n g and c l o t t i n g enzyme in orange juice was by Cruess (9). 
He reported that fresh orange juice formed a j e l l y - l i k e suspension 
a few hours after expression, and that after a few days the 
suspended matter coalesced and settled, leaving a clear 
supernatant l i q u i d . He speculated that heating the juice to 85°C 
(185°F) destroyed enzyme(s) and prevented the juice from clearing. 
Joslyn and Sedky (10) showed that c l a r i f i c a t i o n of citrus juices 
was always accompanied by decomposition of pectic substances and 
used the rate of c l a r i f i c a t i o n as a measure of the a c t i v i t y of the 
pectic enzymes. They (11) found that the rate at which heat 
pasteurized c i t r u s juices cleared varied inversely with both 
temperature and duration of the heat treatment. They showed that 
heating orange juice to 80°C (176°F) at pH 4 for 1 min inactivated 
the clearing enzyme and that inactivation was more rapid at pH 2.5 
than at pH 4.0. Stevens (12) elaborated on the pH-temperature 
relationship i n his patent for s t a b i l i z i n g c i t r u s juice products 
by setting forth four s p e c i f i c ranges of minimum temperatures for 
short time (0.1 to 3 min) heating of juices at pH 2.2 to 3.79. 
Also he speculated that citrus juices contain two cloud-coagulating 
enzymes of different thermostabilities. One enzyme, most active at 
low pH and temperature, appeared to be destroyed by heating the 
j u i c e at 65 to 70°C (149 to 158°F). The second enzyme, most active 
at pH 3.0 to 3.3 and about 35°C (95°F), appeared to require 
heating to 88°C (191°F) for inactivation (12). Stevens (13) 
described a rapid test for pectic enzymes in citrus j u i c e . It 
involved adding pectin under controlled conditions of temperature 
and sample preparation, and measuring the time required for 
f l o c c u l a t i o n . Stevens, and coworkers (14) further elaborated on 
the patent work (12, 13). They produced a trend curve of the 
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minimum temperatures required to s a t i s f a c t o r i l y inactivate pectic 
enzymes in natural strength citrus juices of different pHs. Their 
data indicated that the pulp content of juice was the most 
important factor determining the rate and completeness of 
flocculation. Pulpy juice required higher temperature for cloud 
s t a b i l i z a t i o n . They also found that the pasteurization conditions 
necessary to s t a b i l i z e natural strength or 42°Brix concentrated 
orange juice for frozen storage (-23.3°C; -10°F) was about 65°C 
(149°F) for 1 min. They reported that these conditions coincided 
with the minimum conditions necessary to destroy spoilage 
organisms. 

A quantitative objective measurement of citrus juice 
t u r b i d i t y was used by Loeffler (15, 16) to show that pectic enzyme 
changes occurred so rapidly after the juice was reamed from the 
f r u i t that at least a p a r t i a l coagulation of the cloud occurred 
before the juice could be screened, deaerated and heated to a 
pasteurization temperature
increased by flash-pasteurizatio
the juice before pasteurization. Loeffler (15, 16) presented data 
on turbidity of flash-pasteurized citrus juices (heat exposure for 
16 to 18 sec) after storage at several temperatures. He found 
that "samples pasteurized at 91°C (196°F) lost their cloud when 
stored at 35°F (95°F) but others pasteurized at 93-95°C (199-203°F) 
retained their cloud almost i n d e f i n i t e l y " . 

Extraction and Identification. Identification of PE as the 
clearing enzyme in citrus juices progressed rapidly after 
MacDonnell et a l . (17) reported on cation requirement for 
extraction and s o l u b i l i z a t i o n of the enzyme from various portions 
of the f r u i t . PE was assayed by the method introduced by Kertesz 
(18) and modified by Lineweaver and Ballou (19). The method 
involved measuring the rate at which the methyl ester groups in the 
pectin molecule are hydrolyzed by t i t r a t i n g the free carboxyl 
groups with 0.1N NaOH as they are formed. One unit of PE was 
defined as the amount of enzyme which w i l l hydrolyze 1 meq carboxyl 
groups per min from a 0.5% solution of pectin in 0.15M NaCl at 
pH 7.5, 30°C (86°F). McDonnell et a l . (17) showed that the enzyme 
extracted from orange flavedo had a rather broad pH optimum at 
about 7.5 in 0.15M NaCl, but that the enzyme required high ionic 
strength solutions at lower pH to be optimally active. For 0.15M 
CaCl^ the plateau of optimum a c t i v i t y extended from pH 4.0 to 8.5 
but a c t i v i t y was only about 50% of the l e v e l of a c t i v i t y found for 
0.05M CaCl^ at pH 7.5. The increased a c t i v i t y caused by cation was 
greater at pH 5 than at pH 7.5 with 0.05M CaCl 2. 

Occurrence and Distribution. PE was found associated with 
structural elements of the orange. McDonnell et a l . (17) reported 
no a c t i v i t y i n f i l t e r e d orange juice, but found 58, 44 and 28 PE 
units per kg wet tissue in flavedo, albedo and c e l l sacs 
respectively. Working with four va r i e t i e s of Florida oranges and 
Dancy tangerine, Rouse (20) showed that juice sacs had the highest 
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a c t i v i t y and centrifuged (not c l a r i f i e d ) juice the least. The rag 
(segment wall tissue enclosing the juice sacs) had the next highest 
a c t i v i t y followed by the peel (flavedo and albedo). In grapefruit 
he found that juice sacs had the highest a c t i v i t y but that albedo 
and flavedo had more a c t i v i t y than the rag. The di s t r i b u t i o n of PE 
in lemon and lime tissues was somewhat different from that i n 
orange or grapefruit. Rouse and Atkins (21) showed that lemon and 
lime peel (flavedo plus albedo) had the highest a c t i v i t y followed 
by juice sacs and rag in that order. Previously, Rouse (22) found 
that juice samples prepared to contain increasingly higher amounts 
of pulp (juice sacs), also had correspondingly higher PE a c t i v i t i e s . 
Rouse, Atkins and Huggart (23) showed that PE a c t i v i t y i n orange 
juice was d i r e c t l y proportional to pulp content. 

Orange PE was shown to be bound to c e l l walls as an enzyme-
substrate complex with pectin (24). The s o l u b i l i z a t i o n of PE 
(pH 7.5 and 0.15N NaCl) and de-esterification of c e l l wall pectin 
were s i m i l a r l y temperatur
de-e s t e r i f i c a t i o n of th
established between bound and free PE i n the extraction medium. At 
the pH of juice (4.5 and below) the enzyme bound to c e l l walls was 
not s o l u b i l i z e d unless soluble pectin was added. The bound enzyme 
was inactive at pH 4, whereas the free soluble enzyme was about 20% 
more active at pH 4 than at the optimum pH (7.5). 

Assays for PE. Because PE hydrolyzes pectin to pectic acid 
and methanol, the enzyme concentration can be assayed by measuring 
the rate at which free carboxyl groups or methanol i s released from 
the substrate. Kertesz (18) t i t r a t e d the free carboxyl groups as 
they were formed by the action of the enzyme on pectin. He used 
methyl red to indicate the pH (6.2) and added 0.1N NaOH at frequent 
intervals to maintain the pH r e l a t i v e l y constant for 30 min. The 
pH meter replaced the use of indicators i n subsequent modifications 
(17, 19). Current procedures use automatic pH t i t r a t o r s to t i t r a t e 
a l k a l i at constant pH (25). A blank i s used to correct for the 
consumption of a l k a l i due to i t s reaction with atmospheric C0 2, or 
the reaction solution i s protected from CO- with a blanket of N^. 

The broad pH optimum for PE was used By Somogyi and Romani 
(26) to devise a rapid assay based on the rate at which the pH of 
unbuffered 1% pectin in 0.2M NaCl changed from 7.0 to 7.5 after the 
addition of the enzyme. At low enzyme concentration the reaction 
rate was f i r s t order for the_ f i r s t 1-min i n t e r v a l , and 
reproduci b i l i t y was within - 5%. 

Methanol can be determined colorimetrically but must usually 
be d i s t i l l e d from the reaction mixture before being analyzed. Wood 
and Siddiqui (27) described a simple and precise spectrophotometry 
method for measuring methanol i n an assay for PE. The method 
involved permanganate oxidation of methanol to formaldehyde and 
reaction of the formaldehyde with pentane-2,4-dione. The color 
reaction was developed d i r e c t l y i n the PE reaction mixture without 
interference from the pectin. However, Termote et a l . (28) 
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increased the s e n s i t i v i t y and reproducibility of the method by 
developing the color with methanol d i s t i l l e d from the PE reaction 
mixture. 

Gas chromatographic (GC) analyses are more sensitive and 
reproducible than colorimetric analyses. Gessner (29) developed a 
method for reacting nitrous acid with the alcohols in extracts of 
tissue homogenates and then analyzing the head space by GC. The 
derivatives formed have higher vapor pressures than the alcohols 
so that s e n s i t i v i t y of head space analyses i s increased according­
l y . Gessner claimed good reproducibility of values with concen­
trations of methanol at 1 mg/1. The derivatization method was 
used to assay PE i n plant tissue (30) . A probable error of 2% was 
claimed, and s e n s i t i v i t y was 3 mg/1. 

The most sensitive assay method for PE a c t i v i t y i s to use, as 
substrate, pectin e s t e r i f i e d b i o l o g i c a l l y (31) or chemically (32) 
with C methanol. In studies by Gessner (29) and Bartolome and 
Hoff (30) the substrate
reacj^on mixture with a c i d i f i e
the C methanol i n the supernate was determined. The radioactive 
assay method was about 100 times as sensitive as the t i t r i m e t r i c 
method for PE a c t i v i t y (32). 

The radioactive method may be used when the t i t r a t i o n method 
i s not applicable, e.g., when the pH of the reaction i s near the 
pK of pectin (about 4.0), or when the reaction rate i s low because 
of limited amount of enzyme or substrate. However, the automatic 
t i t r a t i o n method when applicable, i s advantageous because the 
reaction can be monitored continuously and any deviations from 
l i n e a r i t y readily recognized. 

P u r i f i c a t i o n . Orange PE was isolated i n i t i a l l y from Navel 
orange flavedo by extraction with a borate-acetate buffer at 
pH 8.2 and then precipitation from the extract with (NH,) 2 SO^ 
(17). Later MacDonnell et a l . (33) used (NH,)2S0^ to fractionate 
the flavedo extract (pH 7) and adsorbed the 40 to 80% saturation 
fra c t i o n on f i l t e r paper pulp (1-2 g/1). PE was extracted from 
the paper pulp with 0.1M NaCl and transferred to a Celite 505 
column (0.4U PE/g). The column was f i r s t washed with 0.025M 
Na2HP0^, and the PE was then eluted from the column with 1.0M NaCl 
containing 0.025M Na2HP0,. The enzyme was precipitated from the 
extract with (NH^SO^ (90% sat., pH 7), s o l u b i l i z e d , dialyzed and 
then transferred to a Ducil column (0.75U PE/g). The column was 
washed with 0.025M Na^HPO,, and PE was eluted from the column with 
1.0M NaCl containing 0.025M Na^PO^. The eluate was dialyzed and 
freeze-dried; and i t s powder refrigerated. This procedure 
pu r i f i e d orange PE over 100-fold on a t o t a l Ν basis. 

More recently, Manabe (34) p u r i f i e d PE from Citrus 
natsudaidai f r u i t by chromatography on a DEAE-cellulose column 
followed by Sephadex G-100 column adsorption of the active 
fracti o n . The f i n a l preparation was homogeneous as determined by 
disc electrophoresis and was 460 times as active as the o r i g i n a l 
extract on a protein basis. 
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S p e c i f i c i t y . Orange PE hydrolyzed methyl and ethyl esters of 
polygalacturonans, but at optimal pH, the rate on ethyl esters was 
about 10% faster than that on the methyl esters (33, 35). At pH 4 
the rates were about equal (35). Glycyl and glyceryl esters of 
polygalacturonans were not hydrolyzed by orange PE (35, 36). Non-
galacturonate esters (over 50 tested) were not hydrolyzed by the 
pu r i f i e d PE preparation of MacDonnell et a l . (33). Purified 
c i t r u s PE did not hydrolyze methyl esters of digalacturonic or 
trigalacturon acid but readily hydrolyzed polymeric units of 10 or 
more (37). So far, the minimum chain length of the oligo-
galacturonan methyl esters required for PE action has not been 
determined. P a r t i a l reduction of the galactopyranosiduronate 
structure by NaBH^ decreased PE action markedly, indicating 
s p e c i f i c i t y of the carboxyl group for enzyme reaction (38). 

Activation-Inhibition and Function In Vivo. When 0.15M NaCl 
was added to an orange PE-pecti
a c t i v i t y was increased 5-fold
fold (17). As explained by Lineweaver and Ballou (19), NaCl 
caused the apparent activation by freeing the enzyme from the 
inactive ionic complex (pectin-carboxyl). They showed that at 
pH 5.7 pectic acid inhibited a l f a l f a PE a c t i v i t y 55% in 0.015M 
NaCl but only 17% i n 0.2M NaCl. At pH 8.5 pectic acid inhibited 
PE a c t i v i t y only 9% in 0.015 NaCl. They concluded that the 
stimulation of a c t i v i t y by cations at low pH (17) did not show that 
cations were essential for a c t i v i t y , but, rather, that cations 
function by preventing product i n h i b i t i o n , which i s greater at low 
pH. 

Termote et a l . (28) studied product i n h i b i t i o n of orange PE 
as an approach to s t a b i l i z i n g cloud of orange j u i c e . Both 
chemically and enzymically prepared hydrolysates of pectic acid 
with an average degree of polymerization of 8 or higher inhibited 
PE a c t i v i t y at pH 5 in 0.1M NaCl. Unhydrolyzed pectic acid showed 
the greatest i n h i b i t i o n . No i n h i b i t i o n was observed when the 
ionic strength of the reaction mixture was increased to 0.5M NaCl. 
Pectic acid hydrolysates with degree of polymerization of 8 to 15 
were effec t i v e in extending the period of cloud s t a b i l i t y in PE 
active juices by a factor of 3 to 5 but did not prevent the juices 
from c l a r i f y i n g eventually. 

Versteeg (8) speculated on the function of PE in vivo. He 
noted the high a c t i v i t y of PE i n citrus f r u i t compared to the 
amount of available pectin. The f r u i t contain s u f f i c i e n t a c t i v i t y 
to deesterify the pectin to low methoxy pectin i n 10 min at 
optimum pH. He suggested that the methyl transferase found by 
Kauss and Hassid (39) to e s t e r i f y pectic acid to pectin in mung 
bean shoots and to be located i n a lipid-membrane complex (31) 
functioned as pectinesterase after the l i p i d membranes were 
destroyed and the environment changed. However, no d e f i n i t i v e 
experiments to establish the role of PE i n f r u i t s were reported. 
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Isoenzymes. Multiple forms of citrus PE were reported by 
Evans and McHale (40) and Versteeg et a l . (41). PE was p u r i f i e d 
from West Indian limes and Navel oranges by fractionation of the 
whole f r u i t extracts with (NH.^SO^ (40-65%), adsorption and 
elution from Sephadex G-75 columns (40). The PE active fractions 
were combined and concentrated before separation into two active 
PEs on the basis of their elution volume from a DEAE Sephadex A-50 
column. Orange PEI (OPEI) and lime PEI (LPEI) had the same elution 
volume; also OPEII and LPEII had the same elution volume. A higher 
concentration of NaCl was required at a l l pH values for optimum 
a c t i v i t y of OPEI and LPEI than of OPEII and LPEII. When the 
component parts of oranges were separately analyzed chromâtοgraphi­
c a l l y with DEAE-Sephadex A-50, OPEI was detected only i n the peel, 
whereas OPEII was i d e n t i f i e d in juice sacs and section walls (40). 

Versteeg et a l . (41) pu r i f i e d extracts of Navel orange pulp 
and peel by (NH^^SO^ fractionation (30 to 75% saturation) and 
chromatography on Bio-Ge
from Bio-Gel P-100 was separate
graphy on cross-linked pectate (42) . Each PE was further p u r i f i e d 
by chromatography on CM Bio-Gel. PEI did not bind as strongly as 
PEII to either the cross-linked pectate or CM Bio-Gel. The 
a c t i v i t y of the purified PEI and PEII combined was about 26% of the 
a c t i v i t y of the crude extract; and PEI had about twice the a c t i v i t y 
of PEII. Both enzymes had molecular weight of 36,200 as determined 
from their mobility based on dodecyl sulfate electrophoresis. PEI 
had optimum a c t i v i t y at pH 7.6 and PEII at pH 8.0. Also, PEI was 
r e l a t i v e l y more active at low pH values. PEI had low a f f i n i t y for 
pectin and was weakly inhibited by polygalacturonate. PEII had 
high a f f i n i t y and was strongly inhibited. Rombouts et a l . (42) 
synthesized cross-linked pectate with 0.46 degree of cross-linking 
and was able to get strong binding of both PEI and PEII to the 
pectate. Through PE a c t i v i t y measurements on methyl-esterified 
cross-linked pectate they concluded that binding of the enzymes to 
the pectate matrix involved bi o s p e c i f i c a f f i n i t y as well as ion-
exchange effects. Versteeg (8) isolated a third isoenzyme of Navel 
oranges and found that i t was more heat stable than either PEI or 
PEII and had an i s o e l e c t r i c point similar to that of PEI (pH 
10.05). The s p e c i f i c a c t i v i t y of the heat stable fraction was low 
compared to that of PEI or PEII and was not improved much by Bio-
Gel P-100 chromatography. The molecular weight of this third PE 
isoenzyme was estimated to be 54,000 and was called high molecular 
weight (HM-PE) by the author (8). Cross-linked pectate chromato­
graphy separated HM-PE into three fractions. HM-PEII contained 
about 85% of the a c t i v i t y of the o r i g i n a l HM-PE and was pu r i f i e d 
about 20-fold by cross-linked pectate chromatography (8). Thin-
layer pH gradient electrophoresis of crude PE extracts from 
different citrus f r u i t (oranges, lemon, grapefruit and tangerine) 
gave good separation of PEI, PEII and HM-PEII and revealed 
a c t i v i t y peaks corresponding to a t o t a l of 12 forms of PE. However 
PEI and PEII accounted for more than 80% of the a c t i v i t y in oranges 
(8). 
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Mode of Action of PEI and PEII. Versteeg (8) measured 
reaction rates of PEI and PEII with pectins presaponified so that 
degree of e s t e r i f i c a t i o n (DE) ranged from 95.6 to 32%. He found 
that maximum v e l o c i t i e s (Vmax) for the reactions with a l l the 
substrates were about the same. However, the a f f i n i t y of PEI and 
PEII to the substrates increased dramatically as the DE of the 
pectins decreased. A f f i n i t y of PEII for pectin was almost 150-fold 
greater for pectin with DE of 32% than of 95.6%. The log of 
a f f i n i t y correlated with the log of percentage free carboxyl groups 
i n the pectin for both PEI and PEII even though a f f i n i t y of PEII 
was much larger than that of PEI for the pectins. The slopes of 
the correlation equation were 2.08 for PEI and 2.03 for PEII, 
indicating that doubling the number of free carboxyl groups gave a 
four-fold increase i n a f f i n i t y . Versteeg (8) calculated the 
percentage of possible units that had two carboxyl groups for 
pectins with DEs of 95 to 32%. He found that log % units with two 
carboxyl groups in some
2) with the log % free carboxy
PE i s inhibited by galacturonic acid oligomers with degree of 
polymerization of 8 or more (28) he concluded that a substrate with 
two free carboxyl groups separated by six monomers was required for 
the optimal enzyme-substrate complex. 

Versteeg (8) found that PEI and PEII were similar i n the 
products they cleaved from pectin with DE of 95.6%. Separation of 
reaction products after this substrate was de-esterified to DE of 
60% showed that about 30% of the substrate was not acted on by the 
enzyme. In contrast a l l the ester bonds i n pectin with DE of 95.6% 
could be hydrolyzed by a l k a l i . 

PEI and PEII did not completely de-esterify pectins with DE 
ranging from 95.6 to 32%. The lower the i n i t i a l DE of the 
substrate, the lower was the DE of the f i n a l product of the 
reaction. However, none of the products from PEI and PEII 
reactions with pectins (DE 95.6 to 32%) had DEs of less than 11%. 
Solms and Deuel (38) e a r l i e r noted that 11% DE was the lower l i m i t 
for d e - e s t e r i f i c a t i o n of pectin by PE. 

S t a b i l i t y of PE Isozymes. The p u r i f i e d forms of PE lost only 
15% of their a c t i v i t i e s during 2 years at 4°C (40°F) with 0.1M 
NaCl i n phosphate buffer (pH 7.5) (8). At 30°C (86°F) PEI was 
stable for 24 hr at pH 4 and 7, but PEII lost a l l a c t i v i t y within 
6 hr at pH 4. Tested at 30°C (86°F) in single-strength juice 
reconstituted from concentrate, a c t i v i t y of PEI and crude orange 
PE declined but HM-PE retained i t s a c t i v i t y over the 15 days 
storage. 

Versteeg (8) tested the heat s t a b i l i t y of the p u r i f i e d PEs i n 
orange ju i c e , pH 4.0, and found that PEII was the least stable, 
being completely inactivated at 55°C (131 eF); PEI was inactivated 
at 65°C (149°F), and HM-PE at 85°C (185°F). Heat inactivation 
curves of a crude preparation of orange PE in orange juice 
indicated that about 5% of the t o t a l PE a c t i v i t y was due to HM-PE, 
60% to PEI and 30% to PEII. 
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Cloud S t a b i l i t y and PE A c t i v i t y . The three forms of PE were 
tested for destabilization of orange juice cloud (8). Only PEI and 
HM-PE were active at 5°C (41°F) and 30°C (86°F). PEI was much less 
active than HM-PE at 5°C (41°F). Versteeg (8) concluded that HM-PE 
a c t i v i t y was responsible for destabilizing orange juice during 
storage and that cloud s t a b i l i z a t i o n required heating juice to 90°C 
(194°F) because HM-PE retained a c t i v i t y i n juice heated to less 
than that temperature. The heat s t a b i l i t y of the active HM-PE also 
accounted for the observations on irregular heat inactivation and 
cloud s t a b i l i t y patterns (43, 44·, 45̂ , 46). Bissett et a l . (45) 
reported that heating orange juice to 82°C (180°F) inactivated 94 
to 95% of the PE a c t i v i t y but did not greatly improve cloud 
s t a b i l i t y of single-strength or concentrated orange ju i c e . A 
similar report by Atkins et a l . (46) showed that 90% inactivation 
of PE a c t i v i t y of grapefruit juice heated to 85°C (185°F) did not 
prevent gelation and c l a r i f i c a t i o n in the concentrate. 

Identification and
tolerant enzyme responsibl
c i t r u s juices represent a major breakthrough i n understanding the 
relationship between PE and juice quality. Progress i n 
establishing the role of HM-PE in vivo, i t s o r i g i n and relationship 
to PEI and PEII could lead to procedures to control HM-PE formation 
during f r u i t development and maturation. Knowing the dis t r i b u t i o n 
of this active form of PE i n the stru c t u r a l l y defined f r u i t parts 
could assist the f r u i t juice technologist to adopt processing 
conditions to minimize HM-PE presence i n the product. 

Limonin D-Ring Lactonase (EC 3.1.1.36) 

The need to u t i l i z e packinghouse rejects of substandard-
quality Navel oranges resulted in investigations on the cause and 
prevention of bitterness i n pasteurized Navel orange juice. Juice 
from the Navel orange was not b i t t e r when freshly expressed but 
became b i t t e r on standing (47). Higby (47) isolated several b i t t e r 
substances from Valencia and Navel orange pulps, and pur i f i e d and 
characterized one of them as limonin, a substance previously 
isolated from seeds of several v a r i e t i e s of ci t r u s (48). Higby 
suggested that the precursor of limonin i s limonoic acid and that 
i t i s stable i n the intact f r u i t but i s lactonized at the pH of 
jui c e . Emerson (49, 50) compared the rate at which bitterness 
developed i n early-season Navel oranges with the rate at which 
limonin formed from limonoic acid in Valencia orange juice and i n 
water at the pH of the juice and concluded that the precursor i n 
Navel oranges was probably one of the lactone acids rather than the 
diacid. He also suggested that i f the diacid were the precursor 
of limonin, the reaction would probably be enzyme catalyzed 
because acid catalysis of the diacid was too slow. 
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Maier and Beverly (51) used high voltage electrophoresis to 
separate limonin, limonoic acid and limonoate monolactone i n 
extracts from early-season and later-season Navel oranges and Marsh 
grapefruit. They were able to show that limonoate monolactone was 
the primary limonoid in the endocarp and albedo tissues of the 
early-season f r u i t and that free limonin and limonoic acid were not 
natural constituents of healthy intact navel oranges or grapefruit. 
They also showed that the monolactone was not present i n l a t e r -
season f r u i t . Maier and Margileth (52) i d e n t i f i e d the monolactone 
as limonoic acid Α-ring lactone after separating the A- and D-ring 
lactones by paper electrophoresis and TLC. They also obtained 
indications of an enzyme in carpellary membrane tissue that 
converted limonoic acid Α-ring lactone to limonin. The enzyme was 
isolated and pur i f i e d from peeled seeds (53) and the reaction 
shown to be sp e c i f i c for the D-ring lactone group. The enzyme 
catalyzed the lactonization reaction at pH 6 and the hydrolytic 
reaction at pH 8.0. Th
shown to be essentially
electrophoresis (53). 

Hasegawa (54) reported on properties of the lactonase. The 
enzyme pu r i f i e d from grapefruit seeds hydrolyzed limonoids that 
have the D-ring intact but d i f f e r from limonin i n the v i c i n i t y of 
the A and A f-rings, namely, obacunone, nomilin and ichangin. 
Limonin D-ring lactonase was shown to be markedly heat resistant, 
retaining about 30% of i t s a c t i v i t y after 5 min at 100°C (54). 

Citrus leaves were shown to be the s i t e of limonoic acid A-
ri n g lactone biosynthesis in citrus (55). The lactone accumulated 
to the l e v e l of 2000 ppm in very small leaves but as the leaf grew, 
the lactone content declined. The lactone content of the f r u i t 
increased as the le v e l i n the leaves declined. Hasegawa and 
Hoagland (55) also showed that limonoic acid Α-ring lactone was not 
synthesized in the f r u i t but i n the leaves. The radioactive 
labeled lactone was isolated from a f r u i t adjacent to a leaf 
a c t i v e l y synthesizing i t from labeled acetate, indicating that the 
lactone was synthesized in the leaves and transported to the 
f r u i t (55). 

Although limonoic acid Α-ring lactone has been shown to be a 
substrate of a lactonase that catalyzes the formation of limonin i n 
c i t r u s f r u i t , several other enzymes in citrus can also use the A-
ring lactone as substrate, however, the products are not b i t t e r 
products. These enzymes and their reactions are reviewed in the 
next section. 

Enzymes to Degrade Limonin Precursor 

Hasegawa et a l . (56) defected the enzymic conversion of 19-
deoxylimonoic acid 3-methyl C ester to the 17-dehydro derivative 
by albedo tissue s l i c e s of Navel oranges. They isolated the product 
and i d e n t i f i e d i t by TLC as the reaction product formed when the 
substrate was dehydrogenated by limonoate dehydrogenase (EC 1.1.1) 
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isolated from c e l l - f r e e extracts of Arthrobacter globiformis (57). 
They also showed that the 17-dehydro derivative isolated from the 
reaction mixture with the albedo tissue could £g converted back to 
the substrate, 19-deoxy-limonoic acid 3-methyl C ester by 
bac t e r i a l limonoate dehydrogenase (56). The citrus and ba c t e r i a l 
limonoate dehydrogenases both required NAD for the dehydrogenase 
reaction (56, 57). Although the citrus enzyme was not isolated, 
i d e n t i f i c a t i o n of the product of the reaction as the 17-dehydro 
derivative and i s o l a t i o n of 17-dehydrolimonoate Α-ring lactone from 
Navel orange juice and Navel orange peel (58) indicated that one of 
the limonoid metabolic pathways in citrus was the dehydrogenation 
of carbon 17 i n the lactone. 

The 17-dehydrolimonoate Α-ring lactone i s not b i t t e r , so the 
enzymic debittering of fresh Navel orange juice with limonoate 
dehydrogenase from A. globiformis was suggested (57) and then 
demonstrated (59). A patent was issued for using limonoate 
dehydrogenase to debitte
the b a c t e r i a l enzyme a c t i v i t
pH (3.5-4.5), so that the rate of debittering was very slow (59) in 
juice not adjusted to higher pH. Limonoate dehydrogenase isolated 
from a Pseudomonas sp. had a lower pH optimum (pH 8.0) and showed 
considerable a c t i v i t y even at pH 4 (61). The Pseudomonas enzyme 
used NADP twice as e f f e c t i v e l y as NAD, and i t s a c t i v i t y was 
stimulated by ZnCl^. Compared to the A. globiformis dehydrogenase, 
the Pseudomonas enzyme was much more stable at pH 3.5 (62). As 
l i t t l e as 200 units of the enzyme decreased the limonin precursor 
l e v e l i n one l i t e r of fresh orange juice to 4 ppm from 21 ppm i n 
2 hr at 24°C (75°F). Prospects look good for use of the 
Pseudomonas dehydrogenase to debitter orange juice commercially 
(62). 

Recently, a nonspecific enzyme capable of degrading the 
precursor was extracted from Navel orange albedo (63). Nicol and 
Chandler (63) used a proximate assay for the degrading enzyme; 
that i s , the substrate was not id e n t i f i e d except as a limonin 
precursor. The crude extracts from albedo contained degradation 
a c t i v i t y that was concentrated by 40 to 60% saturation with 
(NH^)^SO^. I n s t a b i l i t y of the enzyme prevented further 
p u r i f i c a t i o n . 

Other Enzymes in Citrus Juices 

Pectinesterase and limonin D-ring lactonase are the only 
enzymes known to catalyze reactions that adversely affect the 
quality of citrus juices. Bruemmer et a l . (64) l i s t e d other 
enzymes that have been detected in citrus juices and described some 
of the reactions that can occur in the juices. None of the 
reactions appear to noticeably affect the quality of commercial 
juices. Freshly extracted citrus juices contain esterase 
(EC 3.1.1.1) (65̂ , 66) and phosphatase (EC 3.1.32) (66, 67) 
a c t i v i t i e s . Native substrates in orange juice for peroxidase 
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(EC 1.11.1.7) (68) and diphenol oxidase (EC 1.10.3.1) (69) have 
been i d e n t i f i e d . The potent ia l ro le of pyruvic decarboxylase 
(EC 4.1.1.1) catalyzed reaction as a source of acetaldehyde and 
other aldehydes in ju i ce was discussed (70). Raymond et a l . (71) 
i so lated the decarboxylase from orange ju ice sections and 
demonstrated that only 10 to 15% of the enzyme was i n an act ive 
form. Since the pur i f i ed enzyme was only active with pyruvic acid 
and 2-ketobutyric acid of the series of 2-ketoacids examined, they 
(71) concluded that the d irect contribution of orange pyruvic 
decarboxylase to the orange v o l a t i l e p r o f i l e was l imited to 
acetaldehyde and possibly propionaldehyde. 
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Importance of Selected Volatile Components to 
Natural Orange, Grapefruit, Tangerine, and 
Mandarin Flavors 
PHILIP E. SHAW and CHARLES W. WILSON III 
U.S. Citrus and Subtropical Products Laboratory, U.S. Department of Agriculture, 
Sciences and Education Administration, Southern Region, P.O. Box 1909, 
Winter Haven, FL 33880 

During the past tw
information on compound
citrus cultivars, orange, grapefruit, mandarin (tangerine), lemon, 
and lime. Widespread use of gas chromatography has enabled 
researchers to identify and quantitate many of the flavor consti­
tuents in these citrus cultivars (1, 2, 3). In a limited way, we 
are able to describe the mixture of components necessary to create 
the unique flavor of each of the major citrus fruits. However, 
the contributions to citrus flavor of many of the volatile and 
nonvolatile citrus components that have been identified are 
undetermined or only partly characterized. The interrelationship 
of citrus components and their effect on citrus flavor, particu­
larly orange, is widely known, but few definitive studies have 
been carried out. Several compounds have been implicated as 
important to the flavor of certain types of citrus, especially 
mandarin, but evidence supporting these relationships is not 
definitive. 

In th i s chapter, we present some spec i f i c evidence on certa in 
components important to c i t rus f lavor . The in terre la t ionsh ip of 
cer ta in v o l a t i l e components to orange f lavor i s described and the 
f lavor of grapefruit and the importance of spec i f i c compounds to 
the f lavor of mandarin and tangerine are re lated to recent taste 
panel studies at our laboratory. 

Components Important to Natural Orange Flavor 

Orange f lavor i s one of the most popular and generally 
accepted f r u i t f lavors; i t i s widely used i n f lavor ing beverages, 
candies, and other foods in which f r u i t f lavor notes are 
des irable . Ear ly research workers f e l t that the unique f lavor of 
orange could be ascribed to one or a few components of the ju ice 
and o i l , such as spec i f i c aldehydes (4), but extensive a n a l y t i c a l 
studies during the past 20 years have led to the conclusion that a 
mixture of several compounds in the proper proportions i s 
necessary for a good orange f lavor (1_) . 

This chapter not subject to U.S. copyright. 
Published 1980 American Chemical Society 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



168 C I T R U S N U T R I T I O N A N D Q U A L I T Y 

In tests to better define this mixture of components (and 
t h e i r proper proportions) necessary for good orange flavor, 
v o l a t i l e components believed from prior a n a l y t i c a l studies to be 
important to orange flavor were examined (5_) . Individual taste 
and aroma thresholds i n water were determined on the compounds 
selected. Then, the influence of nonvolatile juice constituents 
on the taste threshold of certain of the v o l a t i l e components was 
studied. F i n a l l y , selected individual compounds and mixtures 
containing from two to six components were evaluated in a bland 
ju i c e medium for their contribution to orange flavor. 

Taste and Aroma Thresholds in Water of Individual Orange Juice 
Components 

Table I l i s t s the aroma and taste thresholds in water for 29 
orange juice components believed to contribute to orange flavor 
(6^ 7) and the estimate
of these compounds base
15). For some components, no quantitative data i s available for 
even an estimation of their concentrations in orange juice. 

Several d i f f i c u l t i e s are encountered in trying to estimate 
quantities of individual components in orange j u i c e . If d i s t i l l a ­
t i o n , extraction with an organic solvent, and derivative formation 
are used to separate individual components quantitatively, as in 
the early work of Kirchner and M i l l e r (6), quantitative values 
w i l l be low because of inevitable losses. Juice free from peel 
o i l (9) w i l l have abnormally low levels of juice components that 
are also present i n the peel o i l , because most commercial juices 
contain 0.015-0.025% o i l . Reasonably accurate estimates for most 
commercial juices prepared from frozen concentrated orange juice 
can be calculated with quantitative values in peel o i l i f the o i l 
l e v e l i s within the above range (e.g., 0.0175% o i l ) . However, 
single-strength orange juice processed d i r e c t l y from the 
extractors contains about 0.005% juice o i l (16) , and thus i t s o i l 
content would consist of about 75% peel o i l and 25% juice o i l . 
Most of the estimates i n Table I are calculated on the assumption 
that a l l o i l i n the juice i s peel o i l . Few accurate quantitative 
values exist on individual constituents of juice o i l because of 
the d i f f i c u l t y i n obtaining a sample uncontaminated with peel o i l . 
Thus, the estimates involving o i l constituents must be based on 
peel o i l values only. 

S t a t i s t i c a l analysis of the aroma and taste threshold values 
i n Table I showed that within 95% confidence l i m i t s there was no 
difference between aroma and taste threshold values for a l l 
compounds but four. Octanal and c i t r a l had aroma threshold values 
s i g n i f i c a n t l y higher than the corresponding taste threshold 
values. Nonanal and trans-2-hexenal had higher taste threshold 
than aroma threshold values. 
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Comparison of the t a s t e t h r e s h o l d w i t h es t i m a t e d 
c o n c e n t r a t i o n i n orange j u i c e (where a v a i l a b l e ) i n Table I r e v e a l s 
t h a t i n a l l cases except o c t y l a c e t a t e and α-pinene, the concen­
t r a t i o n i n orange j u i c e exceeds the t a s t e t h r e s h o l d i n water f o r 
most v a l u e s r e p o r t e d . Patton and Josephson (17) p o s t u l a t e d t h a t 
components present i n a food at above t h r e s h o l d l e v e l make a 
p o s i t i v e c o n t r i b u t i o n to the f l a v o r , w h i l e those p r e s e n t at below 
t h r e s h o l d l e v e l make l i t t l e or no c o n t r i b u t i o n to f l a v o r . T h i s 
g e n e r a l i z a t i o n i s now c o n s i d e r e d an o v e r s i m p l i f i c a t i o n , f o r 
s y n e r g i s t i c e f f e c t s among food c o n s t i t u e n t s have been shown to 
decrease the t h r e s h o l d l e v e l of some compounds, and n o n v o l a t i l e 
c o n s t i t u e n t s are known to e i t h e r i n c r e a s e or decrease the t a s t e 
t h r e s h o l d of c e r t a i n v o l a t i l e and n o n v o l a t i l e c o n s t i t u e n t s . 

In e a r l y s t u d i e s , the f l a v o r of orange was a s c r i b e d to the 
presence o f aldehydes, e s p e c i a l l y o c t a n a l and d e c a n a l (18). One 
t a s t e p a n e l judged 1 ppm aqueous s o l u t i o n s of o c t a n a l , nonanal, 
d e c a n a l , or dodecanal t
t a s t e Ç7). The aldehyde
s i g n i f i c a n t l y t o f l a v o r of orange j u i c e are those w i t h c o n c e n t r a ­
t i o n s i n j u i c e t h a t g r e a t l y exceed the i n d i v i d u a l t a s t e t h r e s h o l d 
l e v e l s . The estimated c o n c e n t r a t i o n s o f e t h a n a l ( a c e t a l d e h y d e ) , 
o c t a n a l , and dodecanal i n j u i c e are more than 100 times h i g h e r 
than t h e i r t a s t e t h r e s h o l d s . O c t a n a l and dodecanal have lower 
t a s t e t h r e s h o l d s than would be p r e d i c t e d from v a l u e s f o r other 
s t r a i g h t c h a i n aldehydes i n the homologous s e r i e s . T h i s 
phenomenon has been observed b e f o r e (19) f o r aldehydes w i t h c h a i n 
l e n g t h s i n m u l t i p l e s o f f o u r carbon atoms. 

Of the compounds l i s t e d i n Table I, e t h y l b u t y r a t e was 
p r e s e n t i n orange j u i c e at the g r e a t e s t l e v e l above i t s t a s t e 
t h r e s h o l d v a l u e (2200 times i t s t h r e s h o l d l e v e l ) . K e f f o r d (18) 
s t a t e d t h a t aldehydes and e s t e r s were important to orange f l a v o r . 
E t h y l b u t y r a t e i s one of the main e s t e r s i n aqueous orange essence 
(2̂ ). I t s low t a s t e t h r e s h o l d r e l a t i v e to i t s estimated c o n c e n t r a ­
t i o n i n j u i c e and i t s d e f i n i t e c o n t r i b u t i o n to " f r u i t y " f l a v o r 
n o t e s suggest t h a t e t h y l b u t y r a t e i s a major c o n t r i b u t o r to good 
orange f l a v o r . The t a s t e t h r e s h o l d f o r e t h y l b u t y r a t e l i s t e d i n 
T a b l e I (7_) i s s u b s t a n t i a l l y lower than two e a r l i e r r e p o r t e d 
v a l u e s f o r t h i s compound of 450 ppb (20) and 150 ppb (21). The 
e a r l i e r s t u d i e s i n v o l v e d s t a r t i n g at a h i g h c o n c e n t r a t i o n and 
d e c r e a s i n g the c o n c e n t r a t i o n u n t i l the compound c o u l d not be 
d e t e c t e d so t h a t f a t i g u e c o u l d have been a f a c t o r i n the 
r e l a t i v e l y h i g h v a l u e s o b t a i n e d . The v a l u e i n Table I was 
determined by a procedure i n which f a t i g u e was not a p o s s i b l e 
f a c t o r (7_). 

Limonene, a terpene hydrocarbon, i s the major component of 
orange o i l (3), and i t i s present i n orange j u i c e at a l e v e l 
almost 800 times i t s t a s t e t h r e s h o l d i n water. Limonene possesses 
a weak, c i t r u s - l i k e aroma but does not by i t s e l f impart an orange­
l i k e f l a v o r note to a b l a n d orange j u i c e base (5̂ , 6). Limonene 
and the other terpene hydrocarbons p r o b a b l y make a s i g n i f i c a n t 
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Table I. Aroma and taste thresholds in water of selected orange 
juice components [from Ahmed et a l . (7)]. 

Juice component 
Thresholds (ppb) 
Aroma Taste 

Concn. (ppb) 
in orange juice 

Aldehydes 
Ethanal 17.
Butanal 15.9 
Hexanal 9.18 
Octanal 1.41 
Nonanal 2.53 
Decanal 1.97 
Dodecanal 0.53 1, 
trans-2-Hexenal 24.2 49. 
C i t r a l 85.3 41. 
Geranial — 40 
C i t r o n e l l a l 66 35 
Perillaldehyde 30.1 25. 
3-Sinensal 3.8 3. 

5.26 
3.66 
0.52 
4.25 
3.02 
07 
3 
4 

4θΐ\ 260 C 

60 . 510 , 950e 

160 
14 C, 
105u 

~ " f 

735 u. 1,110e 

, 138 

14 
2 6 f i 

53 d 

45 , 280 , 385 d,e 

Hydrocarbons 
Limonene 
Myrcene 
a-Pinene 
p-Cymene 

60 210 4100°, 166,000 , 
36 42 68 e, 2200 e, 3500 
9.5 1013.8 22 e, 175 e, 875 d 

11.4 13.3 12 e 

Esters 
Ethyl butyrate 0. 
Ethyl propionate 9, 
Methyl butyrate 43 
Nonyl acetate 57 
Octyl acetate 47 

13 
9 

0.13 
4.9 

59 
270 
210 

290" 

175* 
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Alcohols 
Octanol 190 54 10 C- 210 b 

Decanol 47 23 100 
Dodecanol 73 66 — , , 
Lina l o o l 5.3 3.8 150°, 525 , 930 b 

a-Terpineol 28

Ketones 
d-Carvone 2.7 86.0 35 b, 175 h 

l-Penten-3-one 0.9 1.2 

determined with a large group of 55-73 untrained panelists. 
^Kirchner and M i l l e r (8). 
Schreier et a l . (9^, for juice with no peel o i l present. 

^Estimated from data of Shaw and Coleman (10), assuming a l e v e l of 
0.0175% peel o i l in jui c e . 
Estimated from the data of L i f s h i t z et a l . (11) , for Florida 
orange o i l , assuming a l e v e l of 0.0175% peel o i l i n jui c e . 

fNaves (12). 
^Estimated from data of Ziegler (13), assuming a l e v e l of 0.0175% 
peel o i l i n juice. 

^Stanley et a l . (14), using reported percent aldehyde value (15), 
and assuming 0.0175% peel o i l i n jui c e . 

Journal of Agricultural and Food Chemistry 
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c o n t r i b u t i o n to orange j u i c e f l a v o r , perhaps as c a r r i e r s f o r the 
oxygenated c o n s t i t u e n t s i n c o l d - p r e s s e d o i l s (22) , f o r concen­
t r a t e d ( f o l d e d ) o i l s i n which much of the terpene hydrocarbons 
have been removed by d i s t i l l a t i o n have somewhat d i f f e r e n t 
c h a r a c t e r i s t i c s from the c o r r e s p o n d i n g c o l d - p r e s s e d o i l s . 
C oncentrated o i l s a re used w i d e l y i n baked goods because they r e ­
t a i n t h e i r f l a v o r s w e l l i n the f i n i s h e d p r o d u c t s . They are a l s o 
used i n the p r e p a r a t i o n o f c e r t a i n foods because of t h e i r 
i n c r e a s e d s o l u b i l i t y due to the decreased amounts o f hydrocarbons 
p r e s e n t . 

E f f e c t o f N o n v o l a t i l e J u i c e Components on I n d i v i d u a l F l a v o r 
T h r e s h o l d s 

I n t e r a c t i o n of v o l a t i l e and n o n v o l a t i l e c o n s t i t u e n t s i n foods 
r e s u l t s i n f l a v o r m o d i f i c a t i o n s o f v a r y i n g i n t e n s i t i e s . The 
e f f e c t s o f 5 1 - n u c l e o t i d e
and the e f f e c t s of a c i d
o f limonene (24) have been s t u d i e d i n orange j u i c e . 

Some 5 ' - n u c l e o t i d e s have been i m p l i c a t e d as f l a v o r m o d i f i e r s , 
and orange j u i c e i s known to c o n t a i n r e l a t i v e l y l a r g e q u a n t i t i e s 
o f c e r t a i n 5 1 - n u c l e o t i d e s , w i t h a t o t a l l e v e l o f about 40 ppm (25, 
26). In a study o f the i n f l u e n c e o f s i x 5 T - n u c l e o t i d e s at the 10 
ppm l e v e l on the t a s t e t h r e s h o l d o f o c t a n a l i n water (Table I I ) , 
two of the 5 ? - n u c l e o t i d e s (GMP and ADP) s i g n i f i c a n t l y lowered the 
t h r e s h o l d of o c t a n a l (23). GMP i s known to enhance f l a v o r i n 
f o o d s , but ADP had been r e p o r t e d to have l i t t l e o r no m o d i f y i n g 
e f f e c t on food f l a v o r s (23). A n a l y s i s of v a r i a n c e showed t h a t 
GMP, ADP and GDP enhanced the f l a v o r o f o c t a n a l i n aqueous 

T a b l e I I . T a s t e t h r e s h o l d s of o c t a n a l determined i n aqueous 
s o l u t i o n s of s e l e c t e d 5 f - n u c l e o t i d e s a t 10 ppm (23) 

T h r e s h o l d 95% Confidence 
5'-Nucleotide concn. (ppb) l i m i t s (ppb) 

C o n t r o l (none) 1.3S 1.20 - 1.59 
ATP (adenosine 5 f - t r i p h o s p h a t e ) 1.22 0.91 - 1.65 
GTP (guanosine 5 f - t r i p h o s p h a t e ) 1.21 1.00 - 1.47 
AMP (adenosine 5 1 -monophosphate) 1.20 0.87 - 1.64 
GDP (guanosine 5 f -diphosphate) 0.99 0.51 - 1.68 
GMP (guanosine 5 1 -monophosphate) 0.86" 0.57 - 1.29 
ADP (adenosine 5 1 -diphosphate) 0.85b 0.76 - 0.95 

Twelve screened and t r a i n e d p a n e l i s t s were employed. 

S i g n i f i c a n t l y d i f f e r e n t from c o n t r o l a t 95% l e v e l as determined 
by t t e s t . Journal of Food Science 
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solution. Thus, this study seems to answer the question raised by 
Woskow (27) whether 5'-nucleotides enhance the flavor of the food 
rather than suppress undesirable o f f - f l a v o r s , for no other flavors 
were present to be suppressed i n this study. 

Effects of organic acids, sugars, and pectin at the concen­
trations normally present i n orange juice on the flavor threshold 
of d-limonene i n water were also studied by Ahmed et a l . (24). 
Included i n that study were flavor effects involving interactions 
between the nonvolatile constituents of orange juice and effects 
of the nonvolatile constituents on precision among the taste panel 
members (Table III). These data show that neither individual non­
v o l a t i l e components nor combinations of them varied s i g n i f i c a n t l y 
i n their effect on the threshold of d-limonene. Because pectin i s 
generally regarded as a thickening agent, i t s effect on the 
threshold of d-limonene may be due to textural properties (24). 

Table III. Taste threshold
containing pectin, acid

Thresholds 95% Confidence Correlation^ 
Solutions (ppm) l i m i t s (ppm) coefficient (r) 

Water only 0.21 0.05-0.79 0.82 
Acid 0.41 0.17-0.99 0.91 
Pectin 0.22 0.07-0.61 0.88 
Sugar 0.35 0.12-0.96 0.89 
Pectin and acid 0.31 0.08-1.20 0.83 
Pectin and sugar 0.23 0.08-0.64 0.89 
Acid and sugar 0.38 0.14-1.10 0.88 
Pectin, acid, and sugar 0.36 0.13-1.00 0.89 

^Twelve screened and trained panelists were employed. 
b A l l correlation coefficients were significant at the 0.01 l e v e l . 

Journal of Agricultural and Food Chemistry 

When the average effect of each component was evaluated with 
a t_ test, some differences were found (Table IV). The taste 
threshold for limonene in solutions containing acid was s i g n i f i ­
cantly higher than that in solutions not containing acid. These 
results also show a tendency for threshold values to be lower in 
solutions containing pectin and higher in solutions containing 
sugar than those without. 

Although d-limonene may not be representative of a l l v o l a t i l e 
flavor components in orange juice , these results indicate that 
acid probably plays an important role i n masking the effect of 
some v o l a t i l e flavor components. Pangborn (28) reported that i n 
f r u i t nectar, the greater the a c i d i t y , the greater the depressing 
effect on the intensity of the compound added. The observation 
that sugar tended to raise the threshold of d-limonene agrees with 
the reported observation (29) that sweetness beyond that imparted 
by 15% sugar interferes with flavor perception. 
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Certain of the nonvolatile compounds affected the a b i l i t y of 
panelists to determine the threshold of d-limonene (Table V). 
Thus, precision appeared high i n solutions of water and i n the 
aqueous solutions of sugar alone, but was less i n solutions con­
taining pectin and least in solutions containing acid. 

Table IV. Average taste threshold of 
d-limonene i n aqueous solutions with 
and without pectin, acid, and sugar.(24) 

Average 
thresholds 

Solution (ppm) 

With acid 0.36a 

Without acid 0.25a 

With suga
Without suga
With pectin 0.28 
Without pectin 0.34 

a S i g n i f i c a n t l y different at Ρ <0.05. 
Journal of Agricultural and Food Chemistry 

Table V. Percentage of correct responses 
to blanks i n different solutions . (24) 

Solution Percentages 

Water 90.0 
Pectin 72.9 
Acid 66.7 
Sugar 94.4 
Pectin + acid 68.7 
Pectin + sugar 76.7 
Acid + sugar 73.3 
Pectin + acid + sugar 80.0 

Blank = reference sample presented as 
unknown. 

Journal of Agricultural and Food Chemistry 

Influence of Selected V o l a t i l e Components on Flavor of a Bland 
Orange Juice Drink 

In the f i n a l phase of their study, Ahmed and coworkers (5^ 
30) evaluated effects on flavor of a bland orange juice drink by 
addition of two- to six-component mixtures of some of the v o l a t i l e 
flavor compounds used i n e a r l i e r parts of this project. The bland 
orange juice drink was concentrated juice from an evaporator 
(evaporator pumpout) and contained no added peel o i l , aqueous 
essence, cut-back juice , or other flavor fractions and, thus, was 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 
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d e v o i d o f orange j u i c e f l a v o r except f o r the sweet and sour n o t e s . 
T h i s b l a n d orange j u i c e d r i n k , when r e c o n s t i t u t e d to s i n g l e 
s t r e n g t h j u i c e , had the proper balance of sugars, a c i d s , p e c t i n 
and o t h e r n o n v o l a t i l e components o f orange j u i c e without the 
v o l a t i l e f l a v o r notes a s s o c i a t e d w i t h orange j u i c e f l a v o r . 
C o n c e n t r a t i o n s o f compounds added to the d r i n k were those 
r e p o r t e d l y present i n a good q u a l i t y orange j u i c e (30). 

In the f i r s t s e r i e s of e x t e n s i v e t e s t s on s i n g l e components 
and up to f i v e component m i x t u r e s , j u i c e prepared from good 
q u a l i t y commercial f r o z e n c o n c e n t r a t e d j u i c e was used as a 
r e f e r e n c e and e i t h e r the b l a n d orange j u i c e d r i n k or mixtures o f 
components i n the b l a n d orange j u i c e d r i n k were pre s e n t e d as un­
knowns to p a n e l i s t s f o r r a n k i n g on a s c a l e of 1 to 7. A l l 
components were added to the b l a n d orange j u i c e d r i n k at l e v e l s 
r e p o r t e d by Ahmed e t a l . (30). T a b l e VI l i s t s the f l a v o r s c o r e s 
f o r these samples a d j u s t e d to good q u a l i t y j u i c e r e c e i v i n g a 
r a t i n g o f 7.0. The sample
i n g f l a v o r r a t i n g s f o r eac

Having a b l e n d of compounds i s important i n c r e a t i n g an 
a c c e p t a b l e orange j u i c e f l a v o r (Table V I ) . Bland orange j u i c e 
d r i n k s c o n t a i n i n g most of the s i n g l e components and some of the 
two component mixtures r e c e i v e d f l a v o r s c o r e s lower than t h a t of 
the b l a n d orange j u i c e d r i n k base; none of the s i n g l e components 
a f f o r d e d a d r i n k w i t h a h i g h e r f l a v o r s c o r e than the b l a n d orange 
j u i c e d r i n k . trans-2-Hexenal e i t h e r s i n g l y or i n combination w i t h 
o t h e r compounds r e s u l t e d i n j u i c e s r e c e i v i n g the lowest f l a v o r 
s c o r e s , although the p r e c i s e n e g a t i v e c o n t r i b u t i o n to f l a v o r was 
not s p e c i f i e d . Three- and four-component mixtures c o n t a i n i n g 
limonene, e t h y l b u t y r a t e , c i t r a l , and acetaldehyde r e c e i v e d the 
h i g h e s t f l a v o r s c o r e s of any mixtures e v a l u a t e d . 

The b l a n d orange j u i c e d r i n k r e c e i v e d such a h i g h r a t i n g 
h e d o n i c a l l y (4.8) t h a t the procedure was m o d i f i e d f o r the f i n a l 
s e r i e s o f t e s t s i n a s u c c e s s f u l attempt to improve the p r e c i s i o n 
of the sensory d a t a . In the m o d i f i e d t e s t , two r e f e r e n c e j u i c e a 
were p r e s e n t e d to the p a n e l i s t s i n a d d i t i o n to the m o d i f i e d 
samples. One r e f e r e n c e j u i c e c o n t a i n e d no v o l a t i l e components 
(bland orange j u i c e d r i n k ) and the other was a good q u a l i t y 
commercial orange j u i c e (Table V I I ) . The sensory s c o r e range was 
expanded to 1 f o r the b l a n d j u i c e d r i n k r e f e r e n c e and 10 f o r the 
commercial orange j u i c e . The commercial orange j u i c e was p r e s e n t ­
ed p e r i o d i c a l l y as an unknown and s c o r e s were a d j u s t e d a c c o r d i n g l y 
(Table V I I ) . Commercial orange j u i c e r e f e r e n c e sample pre s e n t e d 
as an unknown r e c e i v e d the h i g h e s t a c t u a l sensory s c o r e . 

Of the mixtures w i t h from t h r e e to twelve components, s e v e r a l 
t h r e e - and four-component mixtures r e c e i v e d the h i g h e s t s c o r e s , 
i n d i c a t i n g t h a t a h i g h l y complex mixture was not n e c e s s a r i l y 
d e s i r a b l e f o r good orange f l a v o r . H ighest s c o r e s were o b t a i n e d 
f o r mixtures o f c i t r a l , e t h y l b u t y r a t e and d-limonene (79%); 
c i t r a l , e t h y l b u t y r a t e , d-limonene, and acetaldehyde (81%); c i t r a l , 
e t h y l b u t y r a t e . d-limonene. and a-pinene (82%); and e t h y l b u t y r a t e , 
dj-limonene, and iTonanal (83%). 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
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These studies suggest that mixtures of d-limonene, ethyl 
butyrate, and certain aldehydes seem to be best at providing good 
orange flavor when mixtures of only a few flavor components are 
used. Mixtures of more than four components seemed to have less 
desirable flavoring q u a l i t i e s than simpler three- and four-
component mixtures. Precise quantitative values for individual 
flavor components in citrus juices are s t i l l lacking (3). Perhaps 
in the'mixtures containing five or more flavor components, where 
interactions between components are accentuated, a blend of 
components more nearly i d e n t i c a l to that naturally occurring i n 
orange juice i s c r i t i c a l to avoid creation of undesirable flavor 
effects due to these interactions. 

Components Important to Natural Grapefruit Flavor 

Grapefruit flavor has become increasingly popular i n recent 
years, partly because fres
worldwide i n increasing
nootkatone, the primary flavor impact component of grapefruit, i s 
available for use in synthetic grapefruit-flavored beverages and 
other foods. Since the discovery and synthesis of nootkatone (31, 
32), food f l a v o r i s t s have discussed i t s r e l a t i v e importance i n 
grapefruit flavor, and whether i t i s even necessary for good 
grapefruit flavor (33). 

Nootkatone. The taste threshold of nootkatone was f i r s t 
reported to be 20-40 ppm in sucrose solution, and the odor was 
detectable at less than 10 ppm (31). MacLeod and Buigues 
estimated the l e v e l of nootkatone in juices free from peel o i l at 
about the taste threshold l e v e l found in sucrose solution (31). 
Their data of 77 mg of crude nootkatone isolated from 1 gal of 
peel- o i l - f r e e juice and rag represent a l e v e l of about 20 ppm 
nootkatone in the ju i c e . 

Taste thresholds of 1 ppm nootkatone i n water and 5-6 ppm in 
grapefruit juice were determined by Berry et a l . (34), who stated 
that grapefruit juice containing 0.005% o i l contains an average 
l e v e l of less than 0.5 ppm nootkatone, which i s considerably lower 
than the threshold l e v e l i n juice. They considered only the 
nootkatone present in the o i l , and any nootkatone present i n the 
o i l - f r e e juice would have added to this value. 

Some reported odor threshold values for nootkatone were 
considerably lower than the taste threshold values. Odor 
thresholds of 0.8 ppm in water and 30 ppm i n a i r were reported for 
(+)-nootkatone, the enantiomer of this sesquiterpene ketone 
present i n grapefruit (35) . An odor threshold of 0.15 ppm in 
water was reported for c r y s t a l l i n e nootkatone isolated from grape­
f r u i t o i l (36). In that study, mother liquor from c r y s t a l l i z a t i o n 
of nootkatone was 30 times more potent (odor threshold of mother 
liquor 5 ppb) than nootkatone alone and the panel f e l t that the 
aroma of the mother liquor more closely resembled grapefruit aroma 
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than did that of c r y s t a l l i n e nootkatone. When synthetic 
nootkatone i s used to flavor grapefruit-flavored products, the 
technical grade, which contains more impurities, i s generally 
preferred over the pure grade (37). Thus, i t i s clear that other 
grapefruit o i l components, probably similar to nootkatone i n 
chemical structure, contribute to the flavor and aroma of grape­
f r u i t o i l . 

We carried out a recent study to better define the role of 
nootkatone i n the aroma and flavor of cold-pressed grapefruit o i l 
(33). We obtained good quality commercial cold-pressed grapefruit 
o i l s with r e l a t i v e l y high and low levels of nootkatone and 
compared their aromas with those of limonene (the major component 
of grapefruit o i l ) and nootkatone i n limonene at the l e v e l 
corresponding to that i n the high-nootkatone grapefruit o i l sample. 
Then we added these o i l s to single-strength juice from commercially 
prepared frozen concentrated grapefruit juice that contained no 
added peel o i l or flavo
and compared the taste o
a l l cases an experienced 12-member panel was used. 

Table VIII. Effect of nootkatone content on aroma and taste of 
grapefruit o i l and juice. 

Confidence l i m i t (%) 
Aroma pangl Taste panel 

O i l samples compared with o i l s with juices 

Limonene vs. high-nootkatone o i l - 99.9 
Limonene vs. nootkatone i n limonene 99 N.S. 
Nootkatone i n limonene vs. high- 99 95 nootkatone o i l 99 95 
Low-nootkatone o i l vs. high-nootkatone N.S. N.S. o i l N.S. N.S. 
Nootkatone + low-nootkatone o i l vs. 95 N.S. high-nootkatone o i l 95 N.S. 

High-nootkatone o i l , nootkatone in limonene, and nootkatone + low-
nootkatone o i l a l l contain 0.83% nootkatone; low-nootkatone o i l 
contains 0.02% nootkatone. 

Paired comparison difference test. 
Triangle comparison difference test. 

The taste panel could readily distinguish a sample of juice 
containing high-nootkatone (0.83%) grapefruit o i l from a sample of 
juice containing limonene at the same effective o i l l e v e l , thus 
showing that flavor of the grapefruit juice did not mask the 
effect of added grapefruit o i l . In aroma tests with limonene 
samples, the panel distinguished 0.83% nootkatone i n limonene from 
limonene and 0.83% nootkatone i n limonene from high-nootkatone o i l 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



9. SHAW AND WILSON Volatile Components and Citrus Flavor 183 

at the 99% confidence l e v e l . However, the taste of juice 
containing these samples was less affected. The panel was unable 
to distinguish juice containing only added limonene from juice 
containing 0.83% nootkatone in limonene, but i t could distinguish 
juice containing high-nootkatone o i l from that containing 
nootkatone i n limonene at the 95% confidence l e v e l . These results 
indicate the importance of constituents other than nootkatone to 
the flavor of grapefruit juice containing added cold-pressed o i l . 

Comparison of low- and high-nootkatone o i l s generally showed 
in s i g n i f i c a n t differences i n aroma or taste. Low-nootkatone o i l 
was not s i g n i f i c a n t l y different from high-nootkatone o i l either by 
aroma of the neat o i l s or by taste imparted to single-strength 
grapefruit juice . When c r y s t a l l i n e nootkatone was added to low-
nootkatone o i l to raise the lev e l of this compound to that i n the 
high-nootkatone o i l , the aromas of the two o i l s were s i g n i f i c a n t l y 
d i f f e r e n t , but juices flavored with the two o i l s could not be 
distinguished by taste
the flavor of the low-nootkaton
effects with other o i l components. However, the nootkatone l e v e l 
i n the o i l i s i n s u f f i c i e n t to cause dramatic changes i n the taste 
of grapefruit juice flavored with these o i l s . 

One c r i t i c a l factor i n the effect of cold-pressed grapefruit 
o i l containing nootkatone on the flavor of grapefruit juice i s the 
l e v e l of nootkatone present in the juice prior to addition of the 
o i l . We estimated the lev e l of nootkatone i n our grapefruit juice 
sample to be 7 ppm by thin-layer chromatography (33, 38). This i s 
within the range of 6-7 ppm nootkatone reported (34) for optimum 
flavor. Thus, addition of even high-nootkatone o i l adds only 
about 0.8 ppm to this value, which i s already above the threshold 
l e v e l . It i s perhaps not surprising that the taste panel had 
d i f f i c u l t y distinguishing high-nootkatone o i l from low-nootkatone 
o i l i n single-strength grapefruit j u i c e . This situation i s 
comparable to that found for commercial samples of grapefruit 
juice flavored with added cold-pressed o i l , since both frozen 
concentrated grapefruit juice and single-strength juice would be 
expected to contain nootkatone prior to addition of cold-pressed 
o i l (31). Nootkatone i s one of the l e s s - v o l a t i l e o i l components 
so that frozen concentrated and deoiled single-strength juice 
might be expected to have higher nootkatone levels than the o i l 
content as determined by standard methods might indicate. 

Aldehydes and Esters. Aldehydes have long been considered 
important to the flavor of grapefruit and other cold-pressed o i l s 
from c i t r u s . The t o t a l l e v e l of aldehydes i n Florida grapefruit 
o i l reaches a maximum i n f r u i t harvested during mid-season (39). 
Kesterson et a l . (39) stated that optimum quality grapefruit o i l s 
contain the highest l e v e l of t o t a l aldehydes (about 1.8%) and a 
moderately high l e v e l of nootkatone (0.5-0.7%). Thus, the 
aldehydes are c l e a r l y important to grapefruit o i l quality. Esters 
have also been implicated as important contributors to flavor of 
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grapefruit o i l (40). Quantities of several of these esters have 
recently been determined i n grapefruit o i l (41), but their precise 
contribution to grapefruit flavor has not been determined. 

Although nootkatone i s a flavor impact compound in grape­
f r u i t , i t does not by i t s e l f provide the full-bodied flavor 
provided by good quality cold-pressed grapefruit o i l . The proper 
blend of nootkatone, aldehydes, other as yet unidentified 
components, and perhaps esters i s necessary for full-bodied grape­
f r u i t flavor. 

Components Important to Mandarin Flavor and Aroma 

The flavor of most cit r u s cultivars i s complex, and compound­
ing c i t r u s flavors requires the blending of several components in 
s p e c i f i c proportions to obtain the unique flavor of each citrus 
c u l t i v a r (3). Studies on S i c i l i a n mandarin o i l suggest the 
d i s t i n c t flavor and arom
compounds, thymol and methyl-N-methy
anthranilate) but no evidence to support this claim has been 
presented (42). Thymol has been i d e n t i f i e d i n Dancy tangerine 
peel o i l , and both thymol and dimethyl anthranilate have been 
id e n t i f i e d i n S i c i l i a n mandarin o i l (3). The reported quantities 
of thymol in mandarin o i l varied from 0.04-0.2% of the o i l , where­
as only one value (0.9%) was reported for dimethyl anthranilate. 

In a recent study (44), we determined the quantities of 
thymol and dimethyl anthranilate i n Argentine ( S i c i l i a n ) mandarin 
o i l and in cold-pressed tangerine o i l . We assessed the flavor and 
aroma effects of these two compounds on cold-pressed o i l s from 
mandarins and tangerines and determined the taste threshold of 
dimethyl anthranilate in water, and of thymol and dimethyl 
anthranilate i n single-strength tangerine j u i c e . The taste 
threshold of thymol in water was reported e a r l i e r (43). We 
prepared o i l samples for aroma and taste evaluation by adding 
mixtures of thymol and dimethyl anthranilate or thymol, dimethyl 
anthranilate, α-pinene and γ-terpinene, to either cold-pressed 
tangerine o i l or d-limonene (the major component of both tangerine 
and mandarin o i l s ) at the levels found in mandarin o i l . a-Pinene, 
γ-terpinene, thymol, and dimethyl anthranilate were quantitated in 
tangerine and mandarin o i l by gas chromatography on a methyl 
s i l i c o n e , fused s i l i c a , glass c a p i l l a r y column (Table IX) (44). 
Aroma samples were evaluated by a paired comparison difference 
test using a trained twelve-member aroma panel. Then, the o i l 
samples were added to single-strength tangerine juice and 
evaluated by a triangle difference test with the same twelve-
trained panel members (Table X). We determined taste thresholds 
in water by adding an appropriate amount of test material in 
ethanol to water, and in single-strength juice by adding dimethyl 
anthranilate or a solution of thymol i n ethanol to the concentrated 
tangerine juice and d i l u t i n g to single-strength juice with water 
(Table XI). 
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The aroma and t a s t e p a n e l r e s u l t s ( T a b l e X) p o i n t to some 
s i g n i f i c a n t c o n c l u s i o n s about the e f f e c t o f thymol and d i m e t h y l 
a n t h r a n i l a t e on the aroma and t a s t e of mandar in o i l . The aroma 
p a n e l s r e a d i l y d e t e c t e d a d i f f e r e n c e i n samples o f t a n g e r i n e o i l 
c o n t a i n i n g added thymol and d i m e t h y l a n t h r a n i l a t e t h a t were com­
p a r e d t o mandar in o i l but d i d not d e t e c t a d i f f e r e n c e as e a s i l y 
when t h y m o l and d i m e t h y l a n t h r a n i l a t e i n l imonene were compared to 
m a n d a r i n o r t a n g e r i n e o i l s , or when thymol and d i m e t h y l a n t h r a n i ­
l a t e i n t a n g e r i n e o i l were compared to t a n g e r i n e o i l . T a s t e p a n e l 
r e s u l t s show t h a t p a n e l members r e a d i l y d e t e c t e d a d i f f e r e n c e i n 
a l l samples t e s t e d . These r e s u l t s suggest t h a t a c o m b i n a t i o n o f 
t h y m o l and d i m e t h y l a n t h r a n i l a t e i s not as i m p o r t a n t to the f l a v o r 
and aroma of mandar in o i l as o r i g i n a l l y p r o p o s e d . They a l s o show 
t h a t t a n g e r i n e o i l c o n t a i n s o t h e r c o n s t i t u e n t s t h a t m o d i f y the 
f l a v o r and aroma o f the o i l even when t h y m o l and d i m e t h y l 
a n t h r a n i l a t e a re a d j u s t e d to the same l e v e l s f o u n d i n m a n d a r i n 
o i l . In one aroma t e s t
were added to t a n g e r i n e
a n t h r a n i l a t e , the p a n e l c o u l d not d i s t i n g u i s h the compounded o i l 
f rom mandar in o i l . These r e s u l t s i n d i c a t e the i m p o r t a n c e o f 
monoterpene h y d r o c a r b o n s to the aroma o f mandar in o i l . The t a s t e 
p a n e l r e a d i l y d e t e c t e d a t a s t e d i f f e r e n c e i n t h i s same sample o f 
o i l i n s i n g l e - s t r e n g t h j u i c e . T h u s , i t i s a p p a r e n t t h a t o t h e r 
c i t r u s o i l components m o d i f y the t a s t e of m a n d a r i n o i l . 

T a b l e IX . Q u a n t i t i e s o f i m p o r t a n t f l a v o r components i n 
mandar in and t a n g e r i n e o i l s . 

Component 
Weight p e r c e n t 

Component T a n g e r i n e o i l M a n d a r i n o i l 

Thymol 0.022 0.182 
D i m e t h y l a n t h r a n i l a t e 0.072 0.652 
•y^Terpinene 1.74 14.0 
α - P i n e n e 0 .17 1.8 

The t a s t e t h r e s h o l d s f o r d i m e t h y l a n t h r a n i l a t e and thymol 
( T a b l e XI) i n d i c a t e the e f f e c t o f t h e s e two components on the 
aroma o f mandar in o i l and the f l a v o r o f t a n g e r i n e j u i c e c o n t a i n i n g 
mandarin o i l . D i m e t h y l a n t h r a n i l a t e i s by f a r the more p o t e n t 
f l a v o r component, f o r i t i s d e t e c t a b l e a t a l e v e l t h a t i s o n e -
h u n d r e d t h t h a t o f thymol i n water and o n e - t h o u s a n d t h t h a t o f 
thymol i n b l a n d t a n g e r i n e j u i c e ( T a b l e X I ) . We e s t i m a t e d the 
l e v e l s o f t h y m o l and d i m e t h y l a n t h r a n i l a t e i n t a n g e r i n e j u i c e 
f l a v o r e d w i t h mandarin o i l t o be 220 ppb o f t h y m o l and 782 ppb o f 
d i m e t h y l a n t h r a n i l a t e based on a l e v e l o f 0.012% o i l i n the j u i c e . 
The l e v e l o f d i m e t h y l a n t h r a n i l a t e p r e s e n t i s about f i v e t i m e s i t s 
t a s t e t h r e s h o l d i n t a n g e r i n e j u i c e , but the l e v e l o f thymol i s 
a lmost one s e v e n - h u n d r e d t h (1/700) i t s t a s t e t h r e s h o l d i n t a n g e r i n e 
j u i c e . T h u s , d i m e t h y l a n t h r a n i l a t e i s much more l i k e l y t o 
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Table X. Contribution of thymol, dimethyl anthranilate, β-pinene 
and γ-terpinene to the aroma and taste of coldpressed tangerine 
and mandarin o i l s . 

Confidence l e v e l 

O i l samples compared 
Aroma panel 

with o i l s 
Taste panel 
with juices 

Tangerine vs mandarin 
Tangerine, DMA 

vs 
mandarin 

Tangerine, thymol, DMA 
vs 

mandarin 
Limonene, DMA 

vs 
mandarin 

Limonene, thymol, DMA 
vs 

mandarin 
Tangerine, thymol, DMA, 
γ-terpinene 

vs 
mandarin 

Tangerine, thymol, DMA, 
γ-terpinene, 3-pinene 

vs 
mandarin 

Limonene, thymol, DMA 
vs 

tangerine 
Tangerine, thymol, DMA 

vs 
tangerine 

99.9 

99.9 

99.9 

95.0 

95.0 

NS 

95.0 

95.0 

Difference between the two samples evaluated. 
^Paired comparison difference test. 
"Triangle comparison difference test. 

99.9 

99.9 

99.9 

99.9 

99.0 

99.9 

99.0 

DMA = dimethyl anthranilate. 
NS = not sig n i f i c a n t at the 95% confidence l e v e l . 
a„ 
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influence the flavor of juices containing Argentine mandarin o i l 
than i s thymol. 

Table XI. Taste threshold values for thymol and dimethyl 
anthranilate i n water and in tangerine juice. 

— 
Compound Threshold (ppb) r 

In water 
Thymol 
Dimethyl anthranilate 

In tangerine juice 
Thymol 
Dimethyl anthranilate 

1,700° 
20.3 

147,000 
157 

ND 
0.98 

0.93 
0.96 

a 2 Reported e a r l i e r by Moshonas et a l  (1972); r not 
determined (ND), 

Taste panel members f e l t that dimethyl anthranilate was 
d e f i n i t e l y a flavor impact compound i n mandarin o i l . These 
studies suggest however, that a mixture of components including 
thymol, dimethyl anthranilate, and several monoterpene hydro­
carbons i n the proper proportions i s necessary for acceptable 
flavor i n mandarins. 

Total Aldehydes As a Measure of O i l Quality 

One of the standards of purity for citrus o i l s i s the t o t a l 
aldehyde content determined by a procedure described i n the U. S. 
Pharmacopoeia (USP) (45). Some buyers or processors of ci t r u s 
essential o i l s have been unable to duplicate t o t a l aldehyde values 
on a given o i l because of sligh t variations i n carrying out the 
standard procedure. S p e c i f i c a l l y , Dennis and Hendrix (46) have 
found that i f the solution of peel o i l and hydroxylamine 
hydrochloride i s not s t i r r e d (or allowed to stand with occasional 
shaking) for a f u l l 30 min before t i t r a t i o n , a low t o t a l aldehyde 
value may result. Varying this time int e r v a l can cause variations 
of as much as 0.25% i n the aldehyde value for a given o i l . Samples 
of pure decanal, octanal, and c i t r a l diluted to about 1.5% 
solutions were quantitatively accounted for, showing that the 
major aldehydes i n citrus o i l s react completely i n the USP proce­
dure. A maximum t o t a l aldehyde value i s highly desirable when an 
o i l i s being sold on the basis of i t s aldehyde content, as i s 
often the case. 

Recent quantitative studies on individual aldehydes in citrus 
o i l s involving gas chromatography have suggested that t o t a l 
aldehydes i n some o i l s may be higher than t o t a l aldehydes obtained 
by the USP procedure (3, 41). Although the reasons for this 
difference are unclear, the calculation of t o t a l aldehydes in 
orange, grapefruit, and tangerine o i l s as decanal may cause some 
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e r r o r , p a r t i c u l a r l y since octanal i s sometimes the major aldehyde 
i n these o i l s . Another reason this difference may exist i s the 
p o s s i b i l i t y that gas chromatographic peaks assigned to some 
ind iv idua l aldehydes may contain impuri t ies , thus creating 
abnormally high t o t a l aldehyde values. This p o s s i b i l i t y i s less 
l i k e l y when analyses are being carr ied out on glass c a p i l l a r y gas 
chromatographic columns where contamination of peaks by trace 
impurit ies i s minimized. 
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10 
Fruit Handling and Decay Control Techniques 
Affecting Quality 

G. ELDON BROWN 

Florida Department of Citrus, University of Florida, Institute of Food 
and Agricultural Sciences, Agricultural Research and Education Center, 
P.O. Box 1088, Lake Alfred, FL 33850 

Information concernin
niques used in the handlin
which affect quality has been compiled and summarized within the 
scope of this chapter. Major cultural and genetic influences 
on quality are not considered. Quality is influenced by physio­
logical and pathological factors and is measured in both specific 
and general terms. Quality parameters involved with internal 
composition are usually defined, but in many instances causes 
related to off-flavors have not yet been identif ied. Factors 
which detract from the external appearance and affect the sale-
ability of citrus f ru i t definitely have to be considered when 
discussing quali ty. These factors associated with the rind in­
clude color, softness, and various forms of rind breakdown. 
Keeping quality is another important aspect, and various handling 
and decay control techniques influence the occurrence of decay 
caused by several different fungal pathogens. Quality can be 
adversely affected by many of the techniques, but several spe­
cific methods have been developed to improve quality at harvest 
and/or maintain it during storage or t ransi t . 

Preharvest techniques which inf luence q u a l i t y 

Lead arsenate sprays. Internal f r u i t q u a l i t y can be i n ­
fluenced by spraying trees with lead arsenate at post-bloom 
Oranges (Ci t rus s inens is ( L . ) Osbeck) are more affected than 
grapefru i t (Ci t rus paradis i M a c f . ) . The use of lead arsenate to 
reduce t i t r a t a b l e a c i d i t y of F l o r i d a grapefru i t has been a 
standard procedure fo r many years . Red grapef ru i t sprayed wi th 
lead arsenate contained s i g n i f i c a n t l y less ac id than d id the un-
sprayed f r u i t (2 ) . Acid i n f r u i t sprayed with the highest ra te 
(1.9 g/1) was only h a l f that wi th the lowest rate (O.5 g /1 ) . In 
add i t ion to a c i d i t y reduc t ion , arsenated grapefru i t contained 
s l i g h t l y less reducing sugar, s i g n i f i c a n t l y more non-reducing 
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sugar, and more t o t a l sugar than nonarsenated f r u i t . The b i o ­
f lavonoid content and pH were also s i g n i f i c a n t l y higher in the 
sprayed f r u i t (3J . Appl icat ions of lead arsenate to Temple 
oranges lowered the t i t r a t a b l e acid content but not the so luble 
so l id s or percentage j u i c e (4). Decay, peel i n j u r y , or creasing 
(a r i nd malformation) were not inf luenced but legal maturity 
was advanced by 15 to 20 days. F l o r i da regulat ions (5) r e s t r i c t 
the use of lead arsenate to g rape f ru i t . 

Color. Color of c i t r u s f r u i t at maturity i s a major c r i t e ­
r i on of consumer appeal. In humid, subtropica l c l imates , c i t r u s 
f r u i t s w i l l reach maturity with a considerable amount of ch lo ro ­
phyl l s t i l l remaining in the r i n d . Therefore, considerable 
i n te re s t has been shown in the area of co lo r enhancement through 
the use of mater ia ls appl ied to mature f r u i t before harvest. 
The f i n a l co lo r of most orange c u l t i v a r s i s produced by a de­
c l i n e in ch lorophy l l pigment
enoids. The f i n a l co lo
lime (C i t rus a u r a n t i f o l i a (Christm.) Swing) and g rapef ru i t c u l ­
t i v a r s i s produced by a dec l ine in ch lorophy l l pigments and 
l i t t l e or no net increase in carotenoids (6_). Removal of 
ch lorophy l l from c i t r u s f r u i t s with preharvest app l i cat ions of 
ethephon (2-chloroethylphosphonic a c i d ) , which decomposes to 
produce ethylene (7), has been success fu l l y achieved (8, 9, 10̂ , 
11_, 12). Concentrations between 50 to 200 mg/1 as a preharvest 
spray 5 to 20 days before harvest to Robinson and Lee tangerines 
(C i t rus r e t i c u l a t a Blanco) resu l ted in p a r t i a l ch lorophy l l loss 
(3egreening). Less postharvest degreening was required to 
achieve acceptable c o l o r , and keeping qua l i t y of the f r u i t 
during storage was improved (10^, 11). Concentrations of 200 to 
500 mg/1 induced varying degrees of f r u i t loosening and, o f t en , 
f r u i t drop of Robinson, Lee, Nova, and Dancy tangerines and 
Hamlin oranges (10). Leaf absc iss ion also occurred, p a r t i c u l a r ­
l y at the higher concentrat ion. Damage to f r u i t by •'plugging", 
removal of a port ion of the peel at the stem-end at harvest, 
was reduced by the ethephon sprays. Preharvest app l i cat ions of 
ethephon to Robinson tangerines s i g n i f i c a n t l y reduced the i n c i ­
dence of anthracnose caused by Col letotr ichum gloeosporioides 
(Penz.) Sacc. during storage (13JT Control was a t t r i bu ted to 
phys io log ica l changes w i th in the r i nd associated with cartenoid 
accumulation which occurred due to the presence of low leve l s of 
ethylene. A l l c u l t i v a r s of c i t r u s , however, do not respond to 
ethephon treatment. Preharvest app l i cat ions to Bearss lemons 
were r e l a t i v e l y i n e f f e c t i v e f o r inducing degreening even though 
the ethephon was absorbed and ethylene was produced (9). S im i ­
l a r rates of app l i ca t i on as a postharvest dip induced degreening, 
suggesting that a f ac to r such as auxin, g i b b e r e l l i n , or c y t o k i -
nin from the tree i nh i b i t ed the response to ethylene. E l -
Zeftawi and Garrett (8) observed that ethephon markedly reduced 
a c i d i t y of j u i c e from green-colored Valencia oranges. In f r u i t 
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excluded from l i g h t a f t e r ethephon a p p l i c a t i o n , f lavonoids and 
polyphenols were increased in j u i c e from green-colored f r u i t or 
f r u i t undergoing regreening. Carotenoids were also increased at 
the orange-colored and regreened (addit ional synthesis of ch lo ro ­
phy l l ) stages, but decreased at the green stage. Ethephon did 
not cause e a r l i e r maturation of Shamouti oranges (14). 

Growth regu lators . G i b b e r e l l i c ac id (GA), 2 ,4 -d ich loro -
phenoxyacetic ac id (2,4-D), and 2,4,5-tr ichlorophenoxyacet ic 
ac id (2,4,5-T) are growth regulators evaluated on c i t r u s f r u i t s 
to improve qua l i t y at/or a f t e r harvest. In genera l , s i g n i f i c a n t 
changes in i n te rna l qua l i t y have not been observed with these 
growth regulators {6, 15, 16, 17, 18, 19, 20), t h e i r e f f ec t s 
being r e s t r i c t e d p r imar i l y to the r i n d . The use of GA has been 
p a r t i c u l a r l y successful on Washington Navel oranges grown in 
most c i t r u s regions. App l i cat ions of GA retard senescence of 
the r i nd due to high enzymati
the season (21_, 22) whic
l a t i o n of carotenoid pigments ((5, 1!5, 16_, 17, 23, 2£, 25, 26, 27_, 
28). App l i cat ions of 2,4-D or c l o se l y re la ted compounds" have 
been success fu l l y combined with GA. The e f f e c t of 2,4-D has been 
p r i n c i p a l l y to reduce f r u i t drop or increase f r u i t s i z e due to a 
th inning e f f e c t (6_, _15, Γ7, 28, 29, 30, 31, 32). App l i cat ions 
of GA and 2,4-D have been shown to extend the harvesting season 
of g rapef ru i t (30, 31_, 33, 34), producing a f i rmer f r u i t and, in 
some instances, increas ing f r u i t s i ze (33). F r u i t treated with 
these growth regulators withstood deformity due to handling and 
packing s i g n i f i c a n t l y better than untreated f r u i t (34). Gibber­
e l l i c ac id and 2,4-D alone and in combination reducicT germination 
of seed in mature g rapef ru i t (30). Darkened blemishes, some 
d i s co l o r a t i on of the r ind and increased r i nd thickness were some 
of the undesirable e f fec t s of GA on g rapef ru i t (33). 

Regreening due to the app l i ca t i on of GA can be a problem on 
Valencia oranges and g rapef ru i t (15_, 30, 35, 36, 37), and f r u i t 
deformity has occas iona l l y been observed with Valencia oranges 
(35). Postharvest decay of f r u i t sprayed with growth regulators 
has been reported to be reduced (15, 16, Γ7, 23, 31). This has 
been a t t r i bu ted to fewer i n j u r i e s being formed in f i rm f r u i t r e ­
ce iv ing growth regulators as wel l as to growth of the decay 
organisms being decreased in less senescent peel (16). Anatomi­
cal changes associated with r i nd senescence were retarded by GA 
sprays (_6, 16). G i b b e r e l l i c ac id caused an increase i n va len -
cene, an es sent ia l o i l component (27). Valencia oranges 
sprayed with 2,4-D and GA were f i rme r , evolved less ethylene, 
and showed slower malonic ac id accumulation i n the j u i c e (20). 
G i b b e r e l l i c ac id reduced Br i x (p r imar i l y sugars) and a c i d i t y i n 
green-colored Valencia oranges (8). Chlorophenoxyacetic ac id 
(CLPA) and 2,4,5-T appl ied to mandarins increased j u i c e content 
and peel moisture. Treated f r u i t suf fered less loss of weight, 
vitamin C, and sugar during storage (38). G i b b e r e l l i c ac id 
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appl ied to lemon trees caused the f r u i t to remain greener and to 
develop the ye l low lemon co lo r less r ap id l y in storage (39). 
The benef i ts of GA app l i ca t ions to lemons are a more des i rab le 
seasonal harvest pattern in r e l a t i o n to market demands, a 
la rger percentage of f r u i t with a long storage l i f e , and a 
decrease in the number of small f r u i t (6 ) . App l i cat ions of GA 
to Clementine mandarins s i g n i f i c a n t l y delayed f r u i t c o l o r i n g , 
loss of a c i d , and an increase in so luble so l i d s (40). 

Growth regulators have been success fu l l y used to contro l 
phys io log ica l r i nd d i sorders . Rind s ta in ing of navel oranges 
was reduced with GA app l i cat ions (41, 42, 43) , as was the 
accumulation of r i nd exudate on mature f r u i t (44). Water spot 
of navel oranges, caused by surface deposits of water enter ing 
the r i n d , can be reduced by GA sprays (45, 46) . Rough and th i ck 
peel of large f r u i t s i zes of Shamouti oranges was reduced 
s i g n i f i c a n t l y by applying 2 ,2rdimethylhydrazide (SADH) and 2-
chloroethyltrimethylammoniu
duced puff ing and creasin
u l a t i on in Valencia oranges was reduced with 2,4-D sprays (29). 
Preharvest sprays of benzyl adenine, a c y t o k i n i n , and 2,4-D 
tended to decrease s u s c e p t i b i l i t y of g rapef ru i t to c h i l l i n g 
i n j u r y , a co ld storage d isorder of the r i nd (50). Add i t iona l 
information on the e f f e c t of growth regulators on c i t r u s has 
been compiled by Coggins and Hi e ld (6 ) . 

Aging, a wr ink l i ng of the peel at the sten-end of Valencia 
oranges caused from loss of moisture, was reduced by applying 
Pinolene (po ly - l -p -menthen - 8 , 9 -d iy l ) , an an t i t r an sp i r an t p l a s t i c , 
1-2 months before harvest. At both 1 and 3%, Pinolene reduced 
stem-end aging and moisture loss of Valencia oranges during 
storage (51). Soluble so l i d s and a c i d i t y were reduced, but 
i n te rna l qua l i t y was s t i l l acceptable (52). 

Handling techniques at harvest which in f luence qua l i t y 

Harvest methods. C i t ru s f r u i t s are harvested almost en­
t i r e l y by hand. I n i t i a l l y , c i t r u s f r u i t s were c l ipped when 
harvested because the stem does not separate ea s i l y from the 
f r u i t at p i ck ing . However, as t h i s procedure was slow and a 
ce r t a i n amount of c l i p p e r i n ju r y occurred, harvesting by 
pu l l i n g became the predominant method (53). P u l l i n g or snapping, 
a breaking-by-bending process, causes the stem to break c lose to 
the f r u i t . In many instances, a l l or portions of the button 
(calyx and d i sk) may be removed from the f r u i t . The button 
harbors fungi which may l a t e r cause decay during storage and 
thus reduce keeping q u a l i t y . A comparison of decay in pu l led 
versus c l ipped f r u i t showed that stem-end r o t , caused by 
D ip lod ia nata lens i s P. Evans and Phomopsis c i t r i F awc , was 
reduced by p u l l i n g (53, 54, 55). Levels of decay caused by 
A l t e r n a r i a c i t r i E l l . and P i e r ce , however, were increased (55). 
Spot p i c k i ng , p r i n c i p a l l y on the basis of c o l o r , can be used to 
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aid i n the harvest of high qua l i t y f r u i t . S i tes and Rei tz (56, 
57, 58) showed that the best colored f r u i t contained the highest 
so lub le so l i d s and vitamin C content, and usual ly had a higher 
so luble s o l i d s / t i t r a t a b l e ac id r a t i o . Spot p ick ing f o r j u i c e 
content had no p r a c t i c a l app l i ca t i on (58). 

Unnecessary rough handl ing, no matter whether f r u i t are 
harvested by c l i p p i n g or p u l l i n g , causes i n j u r i e s to the r ind 
which are read i l y in fected by decay fung i . The simple p rac t i ce 
of carefu l handling during harvesting has an indubi tab ly s i g n i f ­
i cant inf luence upon q u a l i t y . I t has been shown in numerous 
studies that rough handling s i g n i f i c a n t l y reduces keeping 
qua l i t y of c i t r u s f r u i t s (59^, 6Ό, 6^, 62) and qua l i t y decreases 
with increased sever i t y of the i n j u r i e s (61). Gently handled 
g rapef ru i t held under humid, shaded condit ions u n t i l packing 
were more r e s i s t an t to deformation than f r u i t roughly-handled 
and exposed to the sun  S u s c e p t i b i l i t y to permanent deform
at ion increased with advancin

Phys io log ica l d i sorders . Phys io log ica l disorders are also 
inf luenced by handling at harvest. Blossom-end c l ea r i ng i s a 
symptom of bru i s ing which i s common on f u l l y mature t h i n -
skinned, seedless g rape f ru i t that have been subjected to rough 
handling (63). This d isorder i s usua l ly v i s i b l e w i th in 24 
hours a f t e r bru i s ing and i s manifested by water soaking of the 
blossom-end caused by exudation of j u i c e from broken ves i c le s 
w i th in the pulp. The d isorder i s more prevalent in rough 
handled mature f r u i t (62). O leoce l l o s i s or o i l spott ing occurs 
when f r u i t are in jured during handling causing a release of o i l 
from damaged glands. The o i l i s t ox i c to surrounding healthy 
c e l l s of the r i nd causing a co l lapse and d i s co l o ra t i on of the 
area (65). Turgid f r u i t are more subject to the disorder (42, 
66, (D7, 68, 69, 70) and harvesting should preferably be delayed 
u n t i l the rate of water loss from the tree exceeds the rate of 
water uptake. F r u i t harvested whi le wet or damp from r a i n , 
overhead i r r i g a t i o n , dew or fog are very suscept ib le to 
o l e o c e l l o s i s . Damaged areas co l lapse and darken, causing the 
o i l glands to remain prominent. Such areas w i l l not degreen 
with ethylene but w i l l darken unless f r u i t are held i n very 
high (ca, 95% RH) humidity a f t e r harvest p r i o r to washing and 
waxing (68). Use of ethephon to enhance r i nd co lo r break caused 
an increase i n s u s c e p t i b i l i t y to o l e o c e l l o s i s i n Washington 
Navel oranges (71). I t was suggested that an increase in f r u i t 
r ind hydration brought about by stomatal c losure induced i n ­
creased s u s c e p t i b i l i t y to o l e o c e l l o s i s . Zebra-sk in, a physio­
l o g i c a l d i sorder of tanger ines , i s inf luenced also by water 
condit ions of the t ree . Losses can be disastrous i f f r u i t are 
harvested from trees subjected to heavy ra ins or i r r i g a t i o n 
fo l lowing a period of severe drought (72, 73). Susceptible 
f r u i t are so f r a g i l e that the normal packing processes of 
washing, d ry ing , and waxing cause the peel to darken over the 
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segments, p a r t i c u l a r l y i n f r u i t previous ly degreened with 
ethylene. 

Once f r u i t are separated from the t r ee , they are no longer 
provided with a source of moisture. Loss of water from the 
f r u i t a f t e r harvest before waxing can occur during delays in 
handling. This can often lead to a phys io log ica l de te r i o ra t i on 
of the r i nd near the stem-end c a l l e d stem-end r ind breakdown 
(68, 74, 75, 76). The d isorder i s p a r t i c u l a r l y troublesome i f 
f r u i t are helcFtwo or more days at low r e l a t i v e humidit ies and 
high rates of a i r f low between harvesting and waxing. Re lat i ve 
humidit ies less than 85% during degreening aggravate th i s d i s ­
order (74). The condi t ion i s character ized by a co l lapse of the 
r i nd t i s sue around the button which may extend several c e n t i ­
meters towards the f r u i t equator. A r i ng of t i s sue of approx­
imately 3 mm immediately surrounding the button which i s immune 
to breakdown was observed to lack stomata and to be covered with 
a heavy deposit of e p i c u t i c u l a

Sty lar-end breakdown,  phys io log ica
l ime, i s a l so enhanced by rough handling at harvest or during 
packing (78, 79, 80, 81). Rough handl ing, however, i s not the 
primary cause. Davenport and his co-workers (82, §2 * 84, 85) 
found that rupture of the ve s i c l e s i n the p u l p T i b e r a t i r l j u i c e 
which invaded the r i n d . The j u i c e passed more ea s i l y from the 
centra l ax i s to the r i nd at the s ty lar -end than at the stem-end. 
F r u i t turgor associated with thermal expansion of f l u i d w i th in 
the j u i c e ves i c le s increased in te rna l pressure to a magnitude 
s u f f i c i e n t to rupture some j u i c e v e s i c l e s , e spec i a l l y those in 
la rger s ized f r u i t . Sty lar-end breakdown in limes can be con­
t r o l l e d by maintaining a s t r i c t p ick ing schedule so that f r u i t 
i s harvested before i t becomes too l a r ge , by c o n t r o l l i n g post-
harvest f r u i t temperature by hydrocooling i n the f i e l d and/or 
assuring that harvested f r u i t i s kept shaded throughout the day, 
p ick ing f r u i t with r i nd o i l release pressure of 4*55 kg and 
greater , or reducing turgor by forced evaporation (84, 85). 

Central C a l i f o r n i a Washington Navel oranges are suscept ib le 
to a r i nd s ta in ing d i sorder which i s a lso phys io log ica l i n 
nature. The d isorder becomes apparent soon a f t e r processing 
and var ies from brownish d i s co lo ra t ions on the r i nd to severe 
cases of surface breakdown. Ear ly i n the season we l l - co lo red 
f r u i t showed more s ta in ing than f r u i t picked green and degreened 
with ethylene. F r u i t harvested l a t e in the season stained more 
than f r u i t harvested in ear ly or mid-season. Rough p ick ing 
pract ices and prolonged brushing increased r i nd s ta in ing (42, 
86). 

Mechanical harvest ing. E f f o r t s to develop systems to 
mechanically harvest c i t r u s f r u i t s , p a r t i c u l a r l y oranges, have 
been in progress f o r several years. Usua l ly , these systems have 
been developed to handle f r u i t destined f o r processed as opposed 
to f resh u t i l i z a t i o n . Some e f f o r t s , however, have been made to 
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u t i l i z e mechanically harvested f r u i t f o r fresh f r u i t marketing. 
Due to the rough handling procedures invo lved, f r u i t harvested 
mechanically are subject to more i n j u r i e s than are f r u i t har­
vested by hand. Increased i n j u r i e s lead to higher l eve l s of 
decay (87, 88, 89) and increased moisture loss (90), In add i ­
t i on to i n j u r i e s , mechanically harvested f r u i t often have ad­
hering long stems (89, 91), which require removal before fresh 
u t i l i z a t i o n . Use of e f f e c t i v e fung ic ides , appl ied before or 
immediately a f t e r harvest, suppressed decay so that l e ve l s were 
comparable to that i n hand-harvested f r u i t (91, 92). 

F r u i t harvested mechanically f o r processed purposes r e ­
quire the use of ce r ta in grading techniques at the processing 
plants (93, 94, 95) to remove c u l l s and t ra sh . Such techniques 
are general ly not needed to such an extent f o r hand-harvested 
f r u i t . Absciss ion chemicals, which reduce the attachment force 
of the f r u i t to the stem  hav  bee  studied  a id t  mechan
i c a l harvesting (96). Th
act by damaging the r i n d , g  ethylen
weakens c e l l s w i th in the absc i ss ion l a ye r , r e su l t i n g i n absc i s ­
s i on . The technique of loosening c i t r u s f r u i t s with absc iss ion 
chemicals can inf luence e s sent ia l o i l composition and degrade 
the f l a v o r of the orange j u i c e (97, 98). Quant i tat ive analys i s 
of the major v o l a t i l e compounfls of cold-pressed orange o i l 
showed that o i l s from absc i s s ion chemical t rea ted , barely mature, 
oranges contained less l i n a l o o l and more *< - s inensa l , c i t r o n e l ­
l a l , dodecanal and valencene than o i l s from the unsprayed f r u i t . 
In o i l s from mature f r u i t (99), d i f ferences could not be de­
tected and the composition was s i m i l a r to that of the barely 
mature chemical ly t reated oranges. I t was concluded that ab­
sc i s s i on chemicals which i n ju re the f r u i t accelerate maturation 
(98). 

Postharvest techniques and t h e i r inf luence upon qua l i t y 

Degreening, washing, and grading. The use of ethylene to 
remove ch lorophy l l from the r i nd of c i t r u s f r u i t s i n order to 
expose the orange, orange-red, red, or ye l low pigments i s prac­
t i c ed extens ive ly . This i s p a r t i c u l a r l y true i n subtropica l 
c i t r u s regions where f r u i t maturation usual ly precedes the low 
temperatures necessary to remove ch lorophy l l from the pee l . 
Qual i ty based on eye appeal i s enhanced extens ive ly by such a 
treatment. Understandably but i l l o g i c a l l y , green co lo r w i th in 
the r i nd represents immaturity to consumers and, therefore, they 
are re luc tant to purchase the product. I t has been reported 
that green co lo r i s the major reason f o r low pack-outs i n 
F l o r i da c i t r u s (100). The degreening treatment does not improve 
eat ing qua l i t y but, on the contrary, i t contr ibutes to physio­
l o g i c a l d i sorders , senescence, and losses from decay (101). 
However, because of the consumer's expectations that oranges 
and mandarins are orange-colored, lemons and grapef ru i t are 
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yel low and limes are green, research e f f o r t s continue in an 
e f f o r t to improve the co lo r qua l i t y c h a r a c t e r i s t i c of each c u l -
t i v a r and type. 

I f performed c o r r e c t l y , degreening does not harm the i n ­
terna l qua l i t y of c i t r u s f r u i t (98, 102). Unfortunately, c r i t ­
i c a l a t tent ion to the condit ions necessary fo r proper degreening 
i s not always given. Since degreening never improves i n te rna l 
qua l i t y but only the external appearance of the r i n d , only f r u i t 
of proper maturity and i n te rna l qua l i t y should be degreened. 
C i t rus f r u i t s as they mature on the tree do not produce natural 
co lo r uniformly, there fo re , ear ly i n the season, much v a r i a b i l ­
i t y in co lo r e x i s t s . In such instances, a l l f r u i t , regardless 
of co l o r , are held in the degreening room u n t i l f r u i t of the 
greenest co lo r has degreened. Spot p ick ing of f r u i t with the 
best co l o r break el iminates the need f o r excessive degreening 
time which occurs i f f r u i t of mixed co lo r are harvested. Losses 
during degreening of tangerine
fo r co lo r (103). Sort in
harvest i s a l so another technique ava i l ab le to reduce degreening 
time (104, 105). F r u i t which may regreen on the t r e e , such as 
Valencia oranges, are d i f f i c u l t to degreen (101). 

There are numerous reviews descr ib ing degreening (101, 106, 
107, 108, 109, 110, 111, 112, 113). The most common procedure 
involves continuous metering of ethylene in to a room exposing 
f r u i t to a concentration of 1 to 20 ul ethylene/1 of a i r f o r 1 
to as many as 3 days. Increased concentrations of ethylene w i l l 
not shorten the degreening t ime. Humidities are maintained at 
l eve l s from about 85 to 95% and temperatures range from 21.1 to 
30°C, depending upon geographical areas (114, 115, 116). One 
exception to t h i s procedure i s p ract iced i n Japan where f r u i t 
are exposed to a high i n i t i a l concentration of 1000 ul ethylene/ 
1 of a i r f o r 15 hours and then removed to ambient condit ions 
(117, 118). Degreening continues f o r the fo l lowing 2 or 3 days 
depending on c u l t i v a r . Var iat ions from these procedures during 
degreening which cause delays i n removal of ch lorophy l l or 
excessive moisture loss can reduce f r u i t q u a l i t y . The most 
rap id rate of removal of ch lorophy l l occurs at the higher temp­
eratures , but with r e l a t i v e l y l i t t l e synthesis of carotenoids. 
A d i f f e r e n t degreening procedure has been adopted recent ly i n 
I srael (106, 119). Intermittent exposure of f r u i t to ethylene 
and heat i n 12 hour cycles at low rates of v e n t i l a t i o n caused 
decreased re sp i r a t i on r a te s , less peel i n ju ry and rot and main­
ta ined the f r u i t at a higher r e l a t i v e humidity. Under these 
condit ions of low v e n t i l a t i o n , carbon dioxide concentrations 
reached leve l s of 2.5 to 5.0%, which d id not i n t e r f e r e with 
ch lorophy l l removal as long as oxygen leve l s were adequate (120). 
Oxygen concentrations below 10% caused a reduction in the de­
greening rate (121). Other workers have reported that inade­
quate v e n t i l a t i o n rates a l lowing an excess of 1% carbon dioxide 
accumulation w i l l i n t e r f e r e with the degreening process (108, 
109). 
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Qual i ty of lemons reportedly was improved by degreening 
which increased the j u i c e quant i ty (122). Ethylene degreening 
p r i o r to co ld storage reduced c h i l l i n g i n ju ry of green-colored 
g rape f ru i t . However, ethylene tended to increase c h i l l i n g i n ­
ju ry of f u l l y colored ye l low g rapef ru i t (123). 

Exposure of c i t r u s f r u i t s to ethylene has been shown to 
increase the incidence of stem-end rot caused p r imar i l y by D_. 
natalens i s (113, 124, 125, 126, 127). Higher than recommended 
ethylene concentrât!oni"T75, 106, 116, 128, 129) and temperature 
(116) and an increase in degreening duration (116, 125) caused 
s i g n i f i c a n t increases i n stem-end r o t . Anthracnose, caused by 
£. g loeospor io ides, i s a serious disease of spec i a l t y c i t r u s 
hybrids such as Robinson, Lee, Nova, and Page (130, 131), when 
f r u i t are exposed to ethylene. Incidence was re la ted d i r e c t l y 
to length of degreening (130), ethylene concentration (132, 
133), and f r u i t co l o r (133  134)  The occurrence of mold caused 
by Pénic i l l ium dig itatu
greening under F l o r i da
held at 30°C. Under these cond i t ions , growth of the organism i s 
s i g n i f i c a n t l y reduced and l i g n i f i c a t i o n of the in ju red epicarp 
at the high temperatures and r e l a t i v e humidit ies i s encouraged 
(136). Once l i g n i f i c a t i o n i s i n i t i a t e d , entry of the fungus i s 
impeded. 

Normally, f r u i t are not washed before degreening because 
washing retards the loss of ch lorophy l l (108). Jahn (137) r e ­
ported that washing had l i t t l e e f f e c t on ch lorophy l l loss during 
degreening but carotenoid synthesis was s i g n i f i c a n t l y reduced by 
washing before degreening. Carotenoid synthesis was reduced by 
less brushing than was required to clean the f r u i t , but "over 
brushing" had l i t t l e fu r ther e f f e c t . Washing before degreening 
i n t e r f e r r ed with co lo r development i n orange and g rapef ru i t 
more so than lemons and mandarins (138). 

Several benef i t s from washing before degreening would be 
gained i f i t were not f o r the degreening problem. Processes 
which fo l low washing, such as grading or co lo r s o r t i n g , would be 
more e f f e c t i v e i f done before degreening (137). Washing before 
degreening has been shown to contr ibute s ub s t an t i a l l y to decay 
control (131, 138) by removing propagules of JJ. nata lens i s and 
£. gloeosporioides from the f r u i t surfaces and, thereby, pre­
venting i n f e c t i o n during or fo l lowing degreening (131, 132). 

Damage to c i t r u s peel due to the act ion of ethylene has 
been reported, p a r t i c u l a r l y on mandarin types (109, 117), and 
ce r ta in disorders such as o l e o c e l l o s i s (106) and r i nd s ta in ing 
(42) have been increased. A burn of Temples during degreening 
(125) has been shown to be suppressed by a s u f f i c i e n t l y high 
r e l a t i v e humidity (75). Under extremely high ethylene concen­
t ra t i on s (200 ul/1) and exposure f o r long periods of time (4 
weeks), s t i c k i ne s s of the r i nd of Marsh g rapef ru i t has been r e ­
ported (139). Synthesis of natural wax a f t e r harvest i s st imu­
lated by ethylene (140). 
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Improved co lo r of degreened f r u i t was obtained when i t was 
discovered that ethylene in the form of the gas or ethephon 
st imulated carotenoid synthesis (141, 142, 143, 144) but at 
temperatures wel l below 30°C. This high temperature caused 
rap id ch lorophy l l removal but did not st imulate continued ca ro t ­
enoid synthesis and a c tua l l y i n h i b i t ed accumulation of B - c i t r a -
ur in (142, 143). Cryptoxanthin, Β -c i t raur in , and to a l e s se r 
extent, v i o l axanth in , accumulated in the epicarp at temperatures 
of 15-25°C. The yel low pigments, trans-and c i s - v i o l a xan th i n i n ­
creased less than orange or reddish-orange pigments. Levels of 
ethylene required fo r optimum carotenoid synthesis decreased be­
low 10 ul/1 of a i r as temperatures were lowered from 30°C to 
15°C at 5°C increments (143). Ethylene caused some increase in 
r e sp i r a t i on r a t e , absc i ss ion of the ca l yx , and an e f f e c t on 
aroma of the f r u i t , but no e f f e c t on percentage so luble s o l i d s , 
a c i d , or co lo r of the j u i c e (143). s t imulat ion of carotenoid 
synthesis could a lso b
ethephon (142, 144). T
s u l t i n g from carotenoid synthes i s , f r u i t had to be held longer 
than the 1 to 3 days normally needed to remove ch lorophy l l at 
higher temperatures (142, 143, 144). Unfortunately, wastage due 
to decay can be excessive during periods of 8-10 days or more 
required fo r co lor development under commercial cond i t ions . 

In an e f f o r t to reduce degreening time with ethylene or to 
replace i t s use, postharvest app l i cat ions of ethephon e i t he r 
alone or in combination with ethylene have been evaluated (14, 
145, 146, 147, 148, 149, 150). In ce r ta in instances, post-
harvest app l i cat ions of ethephon to green-colored f r u i t to 
achieve degreening during t r a n s i t would be des i rab le . Results 
with t h i s procedure may be inadequate since waxing in some 
studies and with ce r ta in c u l t i v a r s has reduced the degreening 
act ion of ethephon (146, 149, 151). Ethephon has had no appre­
c i ab le e f f e c t on changes in percentage j u i c e , c i t r i c a c i d , t o t a l 
so lub le s o l i d s , vitamin C or pH (152). A concentration of 
5000 ul ethephon/1 caused r ind i n j u r i e s to lemons and delayed 
degreening of Clementine mandarins and Shamouti oranges (145). 
In general , postharvest app l i cat ions of ethephon have not proved 
more e f f e c t i v e or p r a c t i c a l under commercial condit ions than the 
standard ethylene degreening p r ac t i ce . 

To remove the green co lo r from lemons, the standard F l o r i da 
p rac t i ce i s to hold unwashed f r u i t (washing retards co lo r de­
velopment) at 15.6°C and high r e l a t i v e humidity u n t i l the ch lo ­
rophyl l i s removed and the yel low co lo r predominates (126). 
This procedure requires 2 to 3 weeks during which time j u i c e 
y i e l d and c i t r i c ac id increase (153). In an e f f o r t to speed up 
the process, ethephon or standard degreening pract ices have been 
used but these usual ly enhance decay, p a r t i c u l a r l y stem-end rot 
(126, 148, 150, 153). Degreening was achieved with standard 
degreening pract ices i f mature f r u i t were treated with an e f f e c -
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t i v e fungic ide before exposure to ethylene to control decay 
(154, 155). 

Chemicals, p a r t i c u l a r l y 2 - (4 -ch loropheny l th io ) - t r iethy lamine 
(CPTA) and some re la ted compounds have been appl ied postharvest 
to c i t r u s f r u i t to enhance carotenoid synthesis (22, 2£, 151, 
152, 156, 157, 158, 159). The material CPTA, which has been 
evaluated most ex tens i ve l y , p r i n c i p a l l y st imulates the red l y co ­
pene carotenoid which i s not a normal pigment f o r c i t r u s . There­
fo re , i t s p r a c t i c a l use appears l im i t ed (157). The compound 
2 1 ,4 ' -d ich lo ro - l -cyanoethanesu lphonan i l ide appl ied pre- or post-
harvest st imulates rapid and uniform removal of ch lorophy l l (26, 
160) i f f r u i t are subjected to l i g h t a f t e r treatment. In dark­
ness, i t does not serve as a degreening agent, but i t does i n ­
te r fe re with ethylene degreening. Since i t s mode of a c t i v i t y 
appears somewhat d i f f e r e n t to that of ethylene, i t i s speculated 
that a degreening system might be developed without the d e t r i
mental senescence act io

One of the i n i t i a l
f r u i t on the packing l i n e i s to remove f r u i t unsuitable f o r 
fresh consumption d i ve r t i ng i t to processing. Genera l ly , those 
f r u i t removed because of s i z e , c o l o r , or blemishes have l i t t l e 
inf luence on the qua l i t y of processed products. However, i t has 
been suggested that ear ly season small s i zed f r u i t of less matu­
r i t y or l a t e season overs ized f r u i t of poor qua l i t y could a f f e c t 
the processed product (161). 

Decay control techniques. Fungicides are commonly appl ied 
to c i t r u s f r u i t s to protect them from decay caused by numerous 
fung i . Unl ike many f r u i t s , healthy port ions of decaying c i t r u s 
f r u i t s are normally not salvaged, and any decay of a f r u i t means 
that the en t i r e f r u i t i s d iscarded. Postharvest fungic ides are 
u t i l i z e d to improve keeping q u a l i t y . These chemicals appear to 
have l i t t l e inf luence on i n te rna l qua l i t y or n u t r i t i o n . At 
l eas t i f they do, the e f f e c t i s so subt le that research w i th in 
t h i s area has not been j u s t i f i e d . Several extensive reviews on 
the subject of postharvest fungic ides have been published (162, 
163, 164, 165), as have s p e c i f i c fung ic ide recommendations to 
control c i t r u s decay (166, 167, 168). 

App l i ca t ion techniques can inf luence the e f f i c a c y of post-
harvest fungicides and, thus, a l t e r the keeping q u a l i t y of 
t reated f r u i t . App l i ca t i on of sodium ortho-phenylphenate (SOPP) 
in a foam washer with an exposure time of only 15 to 20 sec i s 
not as an e f f e c t i v e method as a soak or drench treatment r e ­
qu i r ing 2-4 min (167). However, i f proper pH control i s not 
maintained, f r u i t may be burned with the soak or drench t r e a t ­
ment (169, 170, 171). Appl icat ions of SOPP in wax were less 
phytotoxic ΤΊ72). Within the l a s t 14 year s , development of the 
benzimidazoles, th i abendazo le£2 - (4 ' - t h i azo l y l ) benz imidazo le^ 
and .benomyl {methyl 1-(butyl carbamoyl)-2-benzimidazole-carba-
mate j , has led to the a v a i l a b i l i t y of fungic ides with high 
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l eve l s of a c t i v i t y against the major decay pathogens. L i t e r a ­
ture perta in ing to the app l i ca t i on of the benzimidazoles and 
techniques which a l t e r t h e i r e f f i c a c y has recentlybeen reviewed 
(173). App l i ca t ion of the benzimidazoles by suspension in water 
emulsion wax or by d i s so l v ing in a hydrocarbon-soluble (solvent) 
wax has not usua l ly provided as good decay control as when the 
mater ia ls are appl ied in water. Nonava i l ab i l i t y of the fung ic ide 
at the i n f ec t i on s i t e because of incorporat ion w i th in the wax and 
va r i ab le coverage with the wax a p p l i c a t i o n , p a r t i c u l a r l y under 
the calyx f o r stem-end rot c o n t r o l , have been suggested as 
reasons f o r reduced decay c o n t r o l . Less fung i c ida l a c t i v i t y by 
benomyl may occur in a l k a l i n e water waxes where the mater ia l de­
grades to methyl 2-benzimidazole carbamate (MBC) and 1,2,3,4-
te t rahyd ro -3 -bu ty l - 2 , 4 -d ioxo -S - t r i a z ino l a j benzimidazole (STB) 
(174, 175), which has very weak, i f any, fung i c ida l a c t i v i t y 
(164). App l i cat ions of TBZ, benomyl and MBC in wax fo r sporu­
l a t i o n control of P. d ig itatu
tamination of healthy f r u i
benomyl i s the most e f f e c t i v e of the three mater ia l s (167, 175, 
176). Benomyl penetrated the peel more e f f i c i e n t l y than MBC, 
forming a f u n g i s t a t i c ba r r i e r i n the epicarp that prevented 
eruption of the hyphae of F\ d ig itatum through the epidermis 
(175). Preharvest app l i cat ions of benomyl to Valencia oranges 
fo r the control of post-harvest decay s i g n i f i c a n t l y reduced 
aging ( s h r i ve l i ng of the r i nd at the stem-end) (52). 

Vapor-phase fumigants are used f o r c i t r u s decay c o n t r o l , 
diphenyl being the most e f f e c t i v e and commonly used ma te r i a l . 
The undesirable odor imparted to treated f r u i t d i s s ipates w i th in 
a few days a f t e r removal of the f r u i t from the diphenyl atmo­
sphere. 

Control of stem-end rots caused by A. c i t r i , D. na ta lens i s , 
and J P . c i t r i with postharvest app l i cat ions of the growth regu-
l a to r s 2, 4-D and, occa s i ona l l y , 2,4,5-T i s a t t r i bu ted to preser­
vat ion of the green button and prevention of absc i ss ion (106, 
177, 178, 179, 180, 181, 182). Freshness and retardat ion of 
co lo r changes associated with senescence are benef i ts of the 
treatment (183, 184). G i b b e r e l l i c ac id appl ied a f t e r harvest 
was a lso reported to reduce decay of lemons (183), but i t s p r i ­
mary e f f e c t i s to r e t a i n ch lorophy l l (183, 185ΤΓ Total so lub le 
s o l i d s , a c i d i t y and ascorbic ac id were not s i g n i f i c a n t l y i n ­
fluenced by 2,4-D (184) or GA (183, 184). 

Treatments of c i t r u s f r u i t s to contro l decay fungi which 
leave no chemical residues would be des i rab le . Erad icat ion of 
i n c i p i e n t i n fec t i on s of decay fungi with heat treatments and 
gamma rad i a t i on have been t r i e d . Immersion of c i t r u s f r u i t s i n 
water at 48 C f o r 2-4 min to contro l species of Phytophthora 
has been shown to phy s i o l o g i c a l l y weaken lemons, i n some i n ­
stances, and increase t h e i r s u s c e p t i b i l i t y to other patholog ica l 
diseases during storage (186). Decay caused by I P . d ig i tatum, 
P. c i t r i , and D. nata lens i s was reduced by t rea t i ng oranges at 
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53°C fo r 5 min (187, 188), but phys io log ica l breakdown of the 
r ind was increased. Cold turg id lemons required s l i g h t de­
hydration before immersion to reduce o l e o c e l l o s i s (189). Treat ­
ment at elevated temperatures to enhance decay control with SOPP 
increased the incidence of o l e o c e l l o s i s and darkened i n j u r i e s of 
the r i nd (169). Use of gamma rays to destroy pathogens in es­
tab l i shed les ions w i th in the f r u i t has general ly been unsuccess­
f u l . Dosages required to eradicate or retard ce r ta i n pathogens, 
p a r t i c u l a r l y the stem-end ro t fungi D ip lod ia and A l t e r n a r i a , 
general ly caused adverse e f fec t s to the f r u i t . These were man­
i f e s ted as damage to the r ind (190, 191, 192), o f f - f l a v o r s (191, 
193, 194) and loss i n i n te rna l qua l i t y and weight (191, 195). 
Respirat ion rates (191, 195) and ethylene evolution~TT%T"â"re 
increased by gamma rad i a t i on treatments. There i s a marked loss 
in ascorbic ac id in lemons treated with 200 Krad or above (195), 
but not i n Washington Navel oranges treated with 200 Krad or less 
(191). A thorough revie
c i t r u s f r u i t s i s a va i l ab l

Waxing. So -ca l led wax coatings are normally appl ied to 
c i t r u s f r u i t s to replace natural wax removed in washing, to 
impart gloss to increase consumer appeal, and to reduce shr ink­
age from loss of moisture. Both natural waxes and synthet ic 
res ins are used and are appl ied as aqueous emulsions or ( for the 
res ins ) as so lut ions in an organic so lvent. Some add i t iona l 
e f fec t s from wax app l i cat ions have been observed. Wax coatings 
lowered in te rna l oxygen and ra i sed carbon d iox ide l eve l s (197, 
198, 199, 200, 201) and t h i c ke r than normal app l i ca t ions may 
cause ethanol accumulation (197, 202, 203) and o f f - f l a v o r s . A 
thickness of coating which reduced the weight loss to 50% of 
that of untreated f r u i t produced in terna l anaerobic condit ions 
and o f f - f l a v o r s (197, 204). Ethanol bui ld-up in j u i c e and o f f -
f l avo r s occurred a f t e r mu l t i p l e coatings of water wax or so lvent -
type wax; less ethanol accumulation and no o f f - f l a v o r s were 
noted in polyethylene-coated f r u i t s (203). Reductions in c h i l l ­
ing i n ju ry of g rape f ru i t (205, 206), p i t t i n g of Valencia oranges 
(207), black spot (Guignardia c i t r i c a r p a K ie l y ) of Valencia 
oranges (208), decay of lemons"Tl83), and an increase in c h i l l ­
ing i n ju r y of limes (209) has been obtained with wax a p p l i c a ­
t i on s . Waxing with aqueous emulsion waxes has been shown to 
retard degreening (210). 

Fumigation. Many countr ies importing c i t r u s f r u i t s requi re 
that the f r u i t be treated to eradicate eggs, l a r vae , and pupae 
of f r u i t f l i e s so as to prevent t h e i r in t roduct ion into un in -
fested areas. Treatment f o r the e rad icat ion of at l ea s t 5 
species of 3 genera of f r u i t f l i e s has been reported. Ethylene 
dibromide (EDB) and occas iona l l y methyl bromide, general ly 
appl ied as fumigants, have been u t i l i z e d most extens ive ly f o r 
t h i s purpose. I f carefu l handling and proper treatment are not 
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fo l lowed, r i nd of c i t r u s f r u i t s can be d i sco lored or p i t t ed by 
the fumigation treatment (211, 212, 213, 214, 215, 216, 217, 
218). Fumigation damage re su l t i n g in r ind i n ju ry may be asso­
c ia ted with p r i o r precool ing before treatment (217) or with i n ­
adequate v e n t i l a t i o n a f t e r fumigation (212, 214, 217, 219). 
Re f r i ge rat ion should be delayed f o r at l ea s t 24 hours a f t e r 
treatment (217). Injury to Marsh g rapef ru i t and Shamouti and 
Valencia oranges was due to the pers istence of residues of the 
fumigant in the f r u i t peel (212). The desorption rate during 
aerat ion increased with temperature. Incidence of peel i n ju ry 
was highest i n f r u i t stored at low temperature or wrapped in 
polyethylene bags, probably due to prolonged act ion of the EDB 
residues on the pee l . Storage of fumigated f r u i t in an atmo­
sphere containing an increased concentration of carbon d iox ide 
delayed the appearance of damage. Fumigation i n ju ry was en­
hanced by the presence of diphenyl impregnated in pads (217). 
Ethylene degreened g rapef ru i
EDB fumigation than non-degreene
lemon and orange f r u i t s was st imulated by EDB exposure and was 
proport ional to the dosage leve l (221). Treated f r u i t s a l so 
evolved more ethylene, p a r t i c u l a r l y those exh ib i t i n g in ju ry 
(211). The e f f e c t of chamber load on EDB absorption and r i nd 
i n ju ry showed that reducing the loading rate from 30 to 15% i n ­
creased EDB absorption considerably and often caused development 
of severe r i nd in ju ry (215). Increasing loading rates from 45 
to 60% had l i t t l e e f f e c t on absorption of EDB by the f r u i t . 
Nu t r i t i ona l value of lemons, as determined by percentage j u i c e 
and so luble s o l i d s , c i t r i c a c i d , pH, and ascorbic a c i d , was not 
a f fected by fumigation (221). The app l i ca t i on of TBZ to c i t r u s 
f r u i t in the wax coating e i t he r before or a f t e r fumigation 
markedly reduced the incidence of EDB peel i n j u r y (222). A p p l i ­
cat ions of TBZ in a water suspension or in a water suspension 
fol lowed by the wax coating which d id not contain the fung ic ide 
did not e f f e c t i v e l y reduce the incidence of the i n ju r y . EDB 
reportedly was s table and nonreactive with the const i tuents of 
the t i s sues of Valencia and navel oranges, and lemons (219). 

Handling P rac t i ce s . Methods used in the packinghouse to 
prepare f r u i t f o r the f resh market may also inf luence the s h e l f -
l i f e and i n te rna l q u a l i t y . Processing Dancy tangerines on the 
packinghouse l i n e c u r t a i l e d the subsequent l i f e of the f r u i t , 
p a r t i c u l a r l y when degreened (103), Rind breakdown in oranges 
was shown to increase with processing (223). Washing, c o l o r -
adding, and waxing treatments had l i t t l e e f f e c t upon the t o t a l 
so luble s o l i d s , t o t a l ac id s , or v itamin C content of the j u i c e . 
Taste t e s t s , however, ind icated that f l a v o r was never improved, 
and i n some l o t s rece iv ing the f u l l packinghouse treatment, 
taste was unmistakably impaired (223). Dropping of F l o r i da 
g rapef ru i t during harvesting (64) or of Satsuma mandarins during 
the packing process (224) was shown to decrease firmness during 
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storage. The re sp i r a t i on rate of c i t r u s f r u i t i s increased by 
rough handling (81, 201, 224, 225), and handling a lso hastened 
ye l lowing of Persian~Umes~T8l7T~ In the case of dropped Satsuma 
mandarins held i n storage (224), the r a t i o of dehydroascorbic 
ac id to t o t a l ascorbic ac id i n the pulp increased i n proportion 
to the number of times the f r u i t were dropped. Most types of 
mechanical i n ju ry to mandarins were produced upon dropping impact, 
compression, and abrasion (226). Two major factors c o n t r o l l i n g 
breakdown of j u i c e sacs were dropping height and compression 
(227). 

Several postharvest treatments to c i t r u s f r u i t s have been 
tested i n an e f f o r t to improve the qua l i t y of the extracted 
j u i c e . Bruemmer and Roe subjected c i t r u s f r u i t s to anaerobic 
condit ions f o r periods of 20 to 32 hours at 32.2 to 43°C (228, 
229). This treatment reduced the t i t r a t a b l e a c i d i t y and i n ­
creased the B r i x - a c i d r a t i o by about 10%  The decrease in 
a c i d i t y was accompanied
ethanol (229). Since th
c r i t e r i o n of c i t r u s j u i c e q u a l i t y , t h i s procedure, i f per fected, 
could a l low e a r l i e r harvesting of f r u i t and a more cons i s tent 
supply of f r u i t during the processing season. B i t terness of 
products from navel oranges, lemons, and g rapef ru i t i s re la ted 
to l imonin content. A 3-hour treatment of f r u i t with 20 ul 
ethylene/1 of a i r lowered the l imonin content, reduced b i t t e r ­
ness, and the j u i c e was judged more pa latab le than j u i c e from 
untreated f r u i t (230). 

Storage and Qual i ty of C i t rus F ru i t s 

Cold Storage. C i t rus f r u i t s may be stored to provide a 
source of f r u i t at times other than during the normal harvesting 
season, to hold f r u i t u n t i l a market i s a v a i l a b l e , or whi le f r u i t 
i s i n t r a n s i t to a d i s tan t market. Unl ike deciduous f r u i t s , 
c i t r u s does not undergo rapid chemical or physical changes a f t e r 
harvest. C i t rus f r u i t s are non-c l imacter i c , hence, they do not 
r ipen or improve in qua l i t y a f t e r harvest. The only exception 
may be the lemon, which i s picked hard and green, and which i n ­
creases i n j u i c e and becomes yel low during normal storage 
periods. I f c i t r u s f r u i t s are stored under proper temperatures, 
humid i t ies , and atmospheres, and are marketed a f t e r a proper 
duration of storage, the qua l i t y of the f r u i t does not d i f f e r 
g reat ly from that which ex i s ted at harvest. Storage of f r u i t 
at lowered temperatures reduces f r u i t r e sp i r a t i on and rate of 
growth of decay pathogens with a r e su l t i n g proportionate i n ­
crease i n f r u i t storage l i f e . Since numerous reviews on the 
subject of changes i n c i t r u s f r u i t s during cold storage have been 
wr i t ten (1, 231, 232, 233, 234, 235, 236, 237), d iscuss ion of the 
top ic w i l l be l im i t ed p r imar i l y to some of the more recent 
studies. 

Some of the changes c h a r a c t e r i s t i c of maturation, notably 
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decreasing a c i d i t y , continue a f t e r storage. The f r u i t begins to 
lose weight as soon as i t leaves the tree and there i s general ly 
a loss of so lub le so l i d s and ascorbic a c i d , on the basis of the 
o r i g i n a l f resh weight of the f r u i t . I f the weight loss i s ex­
cess ive, these const i tuents may a c tua l l y increase in concentra­
t i on (233). However, some qu i te s i g n i f i c a n t losses i n ascorbic 
ac id have been reported, p a r t i c u l a r l y with lemons (238) and tan ­
gerines (239). 

Qual i ty of Valencia oranges stored f o r 12 and 18 weeks at 
15 and 5 C, r e spec t i ve l y , was compared to s i m i l a r f r u i t l e f t on 
the tree (240). Storage f r u i t was d e f i n i t e l y of better q u a l i t y . 
Color was be t te r , s ince regreening which occurred in f r u i t on the 
tree did not occur in storage. Granulation and stem-end browning 
also developed in f r u i t held on the tree but not i n storage f r u i t . 
Cool-stored f r u i t was also higher i n B r i x , B r ix/ac id r a t i o , and 
ascorbic a c i d . Loss of f l a v o r in storage a f t e r 24 weeks at 15 C 
was associated with a rapi
a c i d , polyphenols, and f lavonoid
stored at 3.3 C f o r 6 months decreased in a c i d i t y , increased in 
t o t a l so luble s o l i d s , and var ied i n ascorbic ac id content (241). 
C i t r i c ac id was the main ac id in j u i c e , malonic and malic acids 
predominated i n the r i nd of Shamouti oranges stored 3 months at 
17 C (242). With aging, malonic, succ in i c and ad ip i c acids i n ­
creased in r i nd and j u i c e , but c i t r i c and malic acids decreased 
in the j u i c e . The authors (242) suggest that malonic ac id could 
serve as an i nd i ca to r of f r u i t t i s sue senescence in storage, be­
cause accumulation of the ac id w i th in the r i nd begins at f r u i t 
matur i ty , and increased th ree - fo ld during three months of post-
harvest storage. I t has been recent ly suggested (243) that 
ethanol may also be an i nd i ca to r of f r u i t condit ions s ince i t 
showed greater changes during storage and subsequent holding than 
did acetaldehyde, t o t a l so luble s o l i d s , t i t r a t a b l e a c i d , or pH. 
Ethanol increased more i n g rape f ru i t stored f o r 3 months at 1.0 C 
than at 4.5 or 10°C. In oranges, ethanol increased more at 10°C 
than at 4.5 or 1.0 C. Ethanol content i n j u i c e of Hamlin, P ine­
apple and Valencia oranges and Marsh g rapef ru i t increased with 
decreasing oxygen (0 2 ) concentrat ion in CA storage and with wax 
app l i ca t ions (202). The ethanol content of j u i c e of Marsh grape­
f r u i t increased with increas ing carbon d iox ide (C0 2) concentra­
t ions from 10 to 30%, with length of time of exposure to C0 2 , and 
with t o t a l time of storage. The acetaldehyde content of the 
j u i c e , although much lower than the ethanol content, increased in 
a s i m i l a r manner (244). Under these various storage cond i t ions , 
the ethanol content was apparently i n s u f f i c i e n t to a f f e c t f l a v o r 
s i g n i f i c a n t l y . The condi t ion of f r u i t during cold storage (245) 
was estimated by continuously monitoring the C0 2 produced hourly/ 
kg of f r u i t and c a l cu l a t i n g the r e l a t i v e increase in the r e s p i r a ­
tory i n t en s i t y . Increases i n r e sp i r a t i on were due to in fected 
f r u i t plus the e f f e c t of ethylene emanation on metabolism of 
healthy f r u i t . 
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C h i l l i n g i n j u r y . A major problem with cold storage of 
c i t r u s f r u i t s i s that of c h i l l i n g i n ju ry or p i t t i n g , which occurs 
in c h i l l - s e n s i t i v e f r u i t s such as g r ape f ru i t , lemon, and lime at 
temperatures of 5-10 C. Eaks (42) reported that limes had to be 
stored at 5 C to r e ta i n green co l o r , but c h i l l i n g i n ju ry deve l ­
oped i n about 4-5 weeks. Storage at 10°C el iminated the c h i l l i n g 
i n ju ry problem, but f r u i t became ye l low-co lored a f t e r 2-3 weeks. 
Several techniques in handling c i t r u s f r u i t s , p r i n c i p a l l y grape­
f r u i t , have been u t i l i z e d to mit igate the incidence of c h i l l i n g 
i n ju r y . Exposure of f r u i t to high r e l a t i v e humidity (95-100%) 
f o r several days before storage (123, 246) or at lower moisture 
leve l s (curing) f o r 1 to 2 weeks T247, 248, 249) have reduced 
incidence of the d i sorder. Waxing has a lso been shown to have a 
favorable e f f e c t (250, 251). Intermittent warming during the 
storage period has"âTso~Bêen successful (252, 253). C h i l l i n g 
i n ju ry was reduced by removing f r u i t p e r i o d i c a l l y from storage at 
4.4°C to 21.1°C f o r 8 hour
Treatment with ethylen
technique f o r c o n t r o l , however, i t was more e f f e c t i v e on green-
colored f r u i t (123). C h i l l i n g i n ju ry of limes was markedly r e ­
duced by storage i n a p a r t i a l vacuum at 220 mm of Hg (123), and 
some inf luence from growth regulators (benzyladenine, GA, 2,4-D) 
appl ied pre- or postharvest has been observed (50). Treatments 
with high l eve l s of 00 2 (40%) f o r up to seven days at 21.1°C 
s i g n i f i c a n t l y reduced c h i l l i n g i n ju ry (247). Success using C0 2 

treatments in add i t iona l studies general ly at lower C0 2 l eve l s 
has been obtained (254, 255, 256, 257, 258). Fungicides appl ied 
f o r the control of decay fungi unexpectedly reduced c h i l l i n g 
i n ju ry (251, 258, 259, 260). Control with TBZ and benomyl ger-
s i s ted during 16 weeks storage of g rapef ru i t at 2, 5, and 8 C 
(251}. TBZ was more e f f e c t i v e than benomyl and treatments were 
most e f f e c t i v e when the mater ia l s were incorporated in to the wax. 
The e f f e c t of TBZ was enhanced by increas ing concentration and 
res idues, but the ef fect iveness of benomyl was not improved with 
increased concentrat ions. Reduced c h i l l i n g i n ju ry of g rapef ru i t 
with the use of benomyl was a lso observed by McCornack (261), but 
use of the fung ic ide diphenyl s i g n i f i c a n t l y increased c h i l l i n g 
i n ju r y . Fortunately, the benzimidazoles, TBZ and benomyl, are 
used extens ive ly on c i t r u s f r u i t s f o r decay control and the 
mi t i ga t i on of c h i l l i n g i n ju ry from t h e i r app l i ca t i on provides an 
add i t iona l benef i t . Unfortunately, however, the cause of c h i l l ­
ing i n ju ry has yet to be def ined, and none of these handling 
techniques provide complete control of t h i s d i sorder. 

P re-coo l ing . P re -coo l ing , a technique to remove f i e l d heat 
from c i t r u s f r u i t s , i s advised s ince r e f r i g e r a t i o n f a c i l i t i e s 
w i th in most t r a n s i t containers do not have s u f f i c i e n t capacity to 
cool f r u i t s r ap i d l y . F r u i t i s often de l ivered from the f i e l d at 
r e l a t i v e l y high temperatures. Processes w i th in the packinghouse 
such as degreening, co lor -add ing, and drying contr ibute fu r ther 
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heat to the f r u i t . Pre-cool ing can be accomplished by a i r -
cool ing or hydro-cool ing. Forced a i r at -2 C f o r 6 to 24 hours 
p r i o r to ven t i l a ted shipment of Shamouti, Valencia and navel 
oranges and Marsh g rape f ru i t (262) reduced weight loss during 
simulated shipment and storage. Pre-cool ing of f r u i t to temper­
atures below 0 C was not advised because of poss ib le e f fec t s on 
q u a l i t y . Pre-cool ing of F l o r i da oranges (263) i n i t i a l l y reduced 
decay l eve l s but then decay l eve l s increased during simulated 
s h e l f - l i f e . Water damage from hydro-cooling caused increased 
decay of tangerines and g rapef ru i t (264) and oranges (265). 
Decay a f t e r hydro-cooled f r u i t are allowed to come to ambient 
temperature, as i n markets or homes, f requent ly exceeded that of 
non-hydro-cooled f r u i t (266). Peel i n j u r y , p a r t i c u l a r l y of 
Pineapple oranges, was often increased by hydro-cool ing. 

Contro l led Atmosphere Storage  Use of con t ro l l ed atmosphere 
(CA), an atmosphere contain in
maintain the qua l i t y o
no more e f f e c t i v e than cold storage in a i r . Several reviews of 
the subject published prev ious ly cover r e su l t s of some of the 
e a r l i e r work (19 207, 236, 237, 267, 268, 269). Various re su l t s 
have been obtained and ind i ca te that factor s other than 0 2 and 
C0 2 concentrat ions, such as v a r i e t y , maturity and humidity may be 
involved. Decay i s often enhanced with ce r ta i n CA storage con­
d i t i on s (268, 270, 271, 272), d isorders of the r i nd may be i n ­
creased (209, 270, 27T, 273) and o f f - f l a v o r s may develop (271, 
274). However, some improvement in keeping qua l i t y with CA 
storage has been reported. Valencia oranges held i n 15% 0 2 -0% 
C0 2 f o r 12 weeks at 1 C plus 1 week at 21°C had higher f l a v o r 
rat ings than s i m i l a r f r u i t held i n other con t ro l l ed atmospheres 
or i n a i r (267) Add i t ion of e i t he r 2.5 or 5% C0 2 con t ro l l ed 
aging. No marked d i f ferences were found in t o t a l so luble s o l i d s , 
t o t a l a c i d , pH, ascorbic a c i d , or hesperidin between Valencia 
oranges from CA storage and those from a i r (207). Less decay 
developed fo l lowing storage of Valencia oranges at 15 or 10% 0 2 

with 0% C0 2 than when stored i n a i r (275). P i t t i n g ( c h i l l i n g 
i n ju ry ) of g rape f ru i t was el iminated by CA storage at 10 C but 
not lower temperatures (267). Contro l led atmosphere storage of 
Satsuma mandarin increased the proport ion of marketable f r u i t , 
f r u i t dens i ty , and c i t r i c ac id concentrat ion. Optimum condit ions 
were 1% C0 2 with 6-9% 0 2 (276). Storage of navel oranges at 15 C 
at high 0 2 l e ve l s (40-80%) improved the orange co lo r of the endo-
carp and of extracted j u i c e (277). 

Some of the most op t im i s t i c r e su l t s with CA storage have been 
reported from work with lemons. B i a l e (278) ind icated that lemons 
may benef i t from CA storage. Storage l i f e was prolonged markedly 
by atmosphere of 5 and 10% 0 2 . Respirat ion rates were reduced, 
co lo r changes were retarded, and decay, caused p r imar i l y by A. 
c i t r i , was reduced. An atmosphere of .6% 0 2 without C0 2 was the 
best treatment f o r lemons at 15.6°C (272, 279). Levels of 5 to 
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8% 0 2 reduced decay to less than that i n a i r storage (279). The 
importance of removing ethylene, which may accumulate i n storage 
f a c i l i t i e s , to enhance keeping qua l i t y was emphasized by some 
recent studies (280). Valencia oranges were stored at 10°C in 5% 
C0 2 and 3% 0^ without and with an ethylene absorbant P u r a f i l 
(porous alumina beads impregnated with potassium permanganate). 
By keeping ethylene concentrations to less than 0.8 ul/1 of a i r , 
stem-end decay caused by a species of Fusarium, green mold, loss 
of orange f l a v o r , and development of o f f - f l a v o r s were minimized. 
Other v o l a t i l e s present with and without the ethylene absorber 
apparently had no e f f e c t on q u a l i t y . Ethylene, produced i n 
copious quant i t ie s by r o t s , enhances r e sp i r a t i on and senescence 
of healthy f r u i t w i th in the storage f a c i l i t y (281). The impor­
tance of ethylene removal has been i l l u s t r a t e d a lso i n recent 
storage studies of lemons i n A u s t r a l i a (282, 283, 284, 285). 
Lemons remained i n good cond i t ion f o r up to 6 months under an 
atmosphere of 6-10% 0 2 an
tinuous removal of the
centrat ions s i g n i f i c a n t l y reduced the development of green mold 
(284). Oxygen concentrat ion i n the atmosphere was a lso shown to 
regulate the e f f e c t of ethylene on the rate of green co lo r loss 
from lemon r i n d . An atmosphere of 11% 0 2 and 6 ul/1 of accumu­
lated ethylene caused a more rap id loss of green co lo r than d id 
5% 0 2 and 300 ul ethylene/1 of a i r . Removal of ethylene was use­
f u l i n maintaining the green co lo r but i t was more e f f e c t i v e when 
combined with CA storage. By t rea t i ng f r u i t with 2,4-D and GA, 
both at a concentration of 500 mg/1, optimum re su l t s were ob­
tained i n an ethy lene-free CA. The 2,4-D e f f e c t i v e l y prevented 
senescence of the button whi le the GA retarded the development 
of the deep ye l low co lo r associated with over-matur i ty. 

Attempts to store limes i n CA often resu l ted i n s c a l d - l i k e 
i n ju ry to the r i nd and an increase i n the incidence of decay 
(209, 272). Limes stored i n a CA of 5% 0 2 with 7% C0 2 main­
tained acceptable green c o l o r , but had low j u i c e content, th i ck 
r i nd s , and a high incidence of decay 286). However, limes were 
success fu l l y stored when held under low pressure (hypobaric) 
cond i t ions . Berg and Berg (287) reported limes were s t i l l green 
a f t e r 8 weeks at 150 mm Hg ancT~150C, whereas, 50% of control 
f r u i t s turned ye l low in 10 days. Spalding (286, 288) observed 
that Tah i t i (Persian) limes reta ined green c o l o r , j u i c e content, 
and f l a v o r acceptable f o r marketing and had a low incidence of 
decay during storage at a low atmospheric pressure of 170 mm Hg 
fo r up to 6 weeks at 10°C or 15.6 C and a r e l a t i v e humidity of 
98-100%. Check f r u i t s turned ye l low w i th in 3 weeks at normal 
atmospheric pressure. Low pressure storage did not prevent 
c h i l l i n g i n ju ry of f r u i t stored at 2.2°C. At 21.1°C, f r u i t 
stored at 170 mm Hg remained green and su i t ab le f o r marketing 
a f t e r 3-4 weeks i f t reated with TBZ or benomyl f o r decay c on t r o l . 
Removal of ethylene at low pressure was suggested to be involved 
in retardat ion of r ipening (287), and appears to be c r i t i c a l to 
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the success of storage of both lemons and l imes. Low pressures 
less than 50 mm Hg were required to retard growth of common 
postharvest decay fungi (289). Act ion was f u n g i s t a t i c rather 
than f u n g i c i d a l . 

F r u i t Qual i ty as Influenced by Packaging and Transportat ion 

Packaging. Techniques used in packaging and transport ing 
c i t r u s f r u i t s in f luence f r u i t q u a l i t y . The package and/or con­
ta iner must protect the f r u i t from mechanical damage and provide 
a favorable microcl imate f o r the f r u i t i f qua l i t y i s to be main­
tained from harvest to consumption. Various reviews on the sub­
j e c t of packaging and transport ing c i t r u s have been published 
previous ly (250, 268, 290, 291, 292, 293, 294). Therefore, only 
the major aspects as wel l as recent developments not previous ly 
reviewed w i l l be discussed here

Re lat i ve humidity i
of q u a l i t y , both in i t s
pathogens (295). Humidity w i th in the package or container can 
vary extens ive ly . Microcl imate changes occur due to t r an sp i ­
r a t i o n , r e s p i r a t i o n , and to changes in ambient condit ions (291, 
296, 297). Interact ions between f r u i t and a i r temperatures 
when f r u i t are t ransfer red in to and out of r e f r i ge ra ted con­
d i t i on s can have d r a s t i c e f fec t s on humidity (292). High humid­
i t y and poor v e n t i l a t i o n in polyethylene bags or s h r i n k - f i l m 
wrapped paper trays have led to increased amounts of decay (290, 
291, 298, 299, 300). Therefore, perforat ions w i th in the f i l m are 
required to reduce humidity and C0 2 l eve l s (301). On the other 
hand, f r u i t packed i n mesh bags can lose moisture excess ively and 
become f l a c c i d and shr ive led (300). Decay of only one f r u i t w i t h ­
in a package makes i t unacceptable to the consumer, and v o l a t i l e s 
from decaying f r u i t w i th in a polyethylene f i l m bag may produce 
o f f - f l a v o r s in the j u i c e of sound f r u i t s w i th in the same bag 
(302). 

Films possessing d i f f e r e n t permeabi l i ty to 0 2 and C0 2 have 
been used to develop atmospheres and/or humidit ies which improve 
qua l i t y . C h i l l i n g - i n j u r y was reduced in g rapef ru i t by packaging 
f r u i t under various types of f i lms (206, 303, 304). Some recent 
success in improving keeping qua l i t y of c i t r u s f r u i t s has been 
obtained by wrapping i nd i v idua l f r u i t w i th in f i l m of high den­
s i t y polyethylene. Ben-Yehoshua and co-workers (305, 306) mark­
edly delayed de te r i o ra t i on of i n d i v i d u a l l y wrapped Shamouti and 
Valencia oranges, Marsh g r ape f ru i t , and Eureka lemons. Peel 
shrinkage, so f ten ing , deformation, and loss of f l a v o r was delayed. 
Sealed f r u i t maintained the f resh appearance more than twice as 
long as convent ional ly handled f r u i t . Weight loss was reduced 
about f i v e - f o l d . Respiratory a c t i v i t y and ethylene production 
was also reduced in wrapped and sealed f r u i t . In a separate 
study (307), g rapef ru i t wrapped in polyethylene bags l o s t less 
weight, maintained optimum co lo r and g loss , and developed less 
stem-end rot than unwrapped f r u i t . 
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Transportat ion. Deformation of c i t r u s f r u i t , due to i n ­
adequate protect ion by the conta iner, detracts g reat ly from ex­
ternal appearance. O v e r - f i l l i n g of cartons, so that weight of 
stacked cartons i s supported by the f r u i t rather than the con­
t a i ne r , contr ibutes s i g n i f i c a n t l y to deformation (294). Problems 
with malformation occur more f requent ly in s i tua t i on s where f r u i t 
are transported over long d i s tances, such as during export. Hale 
(308) reported that 33 to 60% of the F l o r i da g rapef ru i t shipped 
to Japan a r r i ved se r ious l y deformed. Deformed g rapef ru i t were 
more prevalent i n the bottom layer of the carton regardless of 
the type of carton used. Usua l ly , the la rger the f r u i t , the 
more se r ious l y the f r u i t were deformed. By packing f r u i t i n ex­
perimental (309) or i n te rnat iona l standard shipping cartons (310), 
which were somewhat deeper than the standard 4/5 bushel car ton, 
deformity was reduced s i g n i f i c a n t l y s ince more of the weight was 
supported by the carton. Condit ion and appearance of l a r ge -
s ized g rapef ru i t were improve
pack containers (311). Seriou
was reduced to an average of 2.7%, compared to 27.9% f o r f r u i t 
shipped i n the standard export box. 

During handling and shipping g rapef ru i t from South A f r i c a to 
Europe, percentage j u i c e and r i nd thickness decreased (34). The 
percentage of t o t a l so luble so l i d s increased and the ac id content 
remained undamaged. 

Conclusions 

Qual i ty of c i t r u s f r u i t s i s a l te red qu i te s i g n i f i c a n t l y by 
numerous techniques appl ied before and a f t e r harvest. Since 
appearance of the f r u i t i s so v i t a l to consumer a c c e p t a b i l i t y , 
considerable e f f o r t s towards improving and preserving the qua l i t y 
of the r i nd can be expected in future s tud ies . Damage r e su l t i n g 
from unnecessary rough handling during harvesting and processing 
predisposes f r u i t to increased decay caused by several wound 
pathogens. Even though e f f e c t i v e fungic ides such as the benzimi­
dazoles have been developed, these mater ia l s can not be expected 
to cure the damage caused by improper handling. Rather, proper 
fung ic ide app l i ca t ions combined with good handling and san i tary 
techniques w i l l insure c i t r u s f r u i t s of exce l l en t keeping qua l ­
i t i e s . Problems with fungal res i s tance and lack of control of 
minor decays are s u f f i c i e n t to warrant fu r the r inves t igat ions 
with postharvest chemicals f o r decay c o n t r o l . 

Cold storage s t i l l appears to be the most e f f e c t i v e method 
f o r preserving qua l i t y i n c i t r u s f r u i t s except f o r lemons and 
l imes. Recent studies with lemons have shown bene f i c i a l e f fec t s 
of CA storage where ethylene i s e f f e c t i v e l y removed. S im i l a r 
re su l t s have been obtained with limes stored under low pressure 
(hypobaric) storage. 

Recent re su l t s i n improving keeping qua l i t y of c i t r u s f r u i t 
by i n d i v i d u a l l y wrapping them in high density polyethylene await 
add i t iona l conf irmation and app l i ca t i on to commercial p rac t i ce s . 
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11 
Citrus Juice Processing as Related to Quality 
and Nutrition 

CHARLES VARSEL 
The Coca-Cola Company Foods Division, 7105 Katy Road, Houston, TX 77024 

There is much tha
of fresh fruits and vegetable
the world, citrus is consumed primarily as the fresh fruit, but 
in the United States processed products are consumed as the 
major source of citrus in the diet. The main staple of processed 
citrus juices in the U.S. is frozen concentrated orange juice 
(FCOJ). 

Were it not for the processing of citrus fruits, this rich 
source of nutritious food, in the forms of juices and drinks, 
would be available to us for only limited periods of time through­
out the course of any year. Processing techniques practiced 
today in the citrus industry ensure the availability of a con­
tinuous supply of citrus juices and their allied products to 
people in all regions of the United States and, indeed, in many 
parts of the world. 

Our increased knowledge of nutrients in the food supply and 
how they are affected by processing has led to an increased 
awareness on the part of processors about the n u t r i t i o n a l aspects 
and qua l i t i e s of the ir products, and for a greater desire to im­
prove processing techniques so that the consumer can derive maxi­
mum benefits from those nutr ients . There has been an increased 
recognit ion i n the food industry that we have some respons ib i l i t y 
for the n u t r i t i o n a l qual i ty of our food supply. This awareness 
of r e spons ib i l i t y has led to increased safeguards i n processing 
so that not only the n u t r i t i o n a l q u a l i t y , but also the f lavor 
acceptabi l i ty i s better retained in the processing of natural 
foods. 

The increased awareness on the part of consumers about nu­
t r i t i o n has led to an increased demand for c i trus juices and pro­
ducts, a demand that is greater today than i t has ever been. This 
has led to a tremendous growth within the c i t rus industry , and 
developing nations of the world that have climates sui table for 
the production of c i t rus f r u i t s have benefitted tremendously from 
this consumer demand. B r a z i l i s a prime example. The growth of 
the c i t rus industry in B r a z i l has been a great economic factor i n 
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the welfare of i t s people. B r a z i l today i s a major factor in 
the worldwide supply of citrus products and i s second only to 
the U.S. i n the production of ci t r u s . This i s evidenced i n Table 
I, which presents data on citrus f r u i t production by specified 
countries (j.) . The overall growth of the citrus industry i s , of 
course, fostered by improved economic conditions in many coun­
t r i e s and evolving technologies that permit the production, 
storage, and shipment of citrus products over long distances. 
Refrigeration, new di s t r i b u t i o n methods, and new packaging tech­
niques represent developments without which many people i n the 
world could not enjoy the f u l l flavor and nu t r i t i o n of citrus 
products. 

The unique and d i s t i n c t i v e flavors of the citrus f r u i t s 
and the general acceptability of these flavors by peoples 
throughout the world have also been factors contributing to the 
growth of the citrus industry. Orange flavor i s probably the 
most widely recognized an
erage industry worldwide
and aroma i t i s used to flavor many foods and beverages and to 
aromatize many household products. 

Grapefruit i s less popular than the orange but perhaps more 
popular than the lemon r e l a t i v e to consumption of the juice. 
Popularity of grapefruit juice i s increasing i n many parts of 
the world, p a r t i c u l a r l y i n the United States and i n Japan. How 
much i t s chimerical image as a d i e t e t i c food has contributed 
tc this increasing popularity i s not known, but i t undoubtedly 
has been a factor. Chil l e d and bottled grapefruit juices are 
growing i n popularity whereas the usage of frozen concentrated 
grapefruit juice continues to grow, but at a s l i g h t l y slower rate. 

Lemon juice has many uses i n the food industry that other 
juices do not have because of i t s uniquely different composition 
in r e l a t i o n to other juices, except perhaps lime. Large quanti­
ties of lemon juice are used to enhance food flavors and to de­
velop and balance the flavors of many food items, seafood being 
an outstanding example. Possibly only sugar and s a l t are used 
more extensively in the development and enhancement of food f l a ­
vors. Lemon juice has also gained i n popularity because of 
technological advances that now permit the manufacture of con­
centrated juices and the production of a frozen concentrate for 
lemonade. 

The flavor of lemon, contributed by the peel o i l , i s prob­
ably second only to orange flavor in overall popularity. The 
growth in market f c r the powdered soft drink mixes and the f r u i t 
drink mixes, p a r t i c u l a r l y for lemon-flavored products, has i n ­
creased the demand for lemon o i l . Added to this i s the increas­
ing demand for lemon o i l s for use in the carbonated and noncar-
bonated soft drinks that are increasing in popularity worldwide. 
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TABLE I 

Citrus F r u i t : Production, by Selected Countries, 
of P r i n c i p a l Types, Crop Years 1976-77 through 1918-19(1) 

Country i Crop Years Country 
1 1976-77 j 

1977-78 1978-79 2J 

1,000 Metric Tons 11 

Orange s and Tangerines 

United States 10,144 9,256 8,725 
B r a z i l 6,087 8,205 7,256 
Japan 3,575 4,119 3,663 
Spain 
Italy 
Morocco 784 1,055 992 
Israel 968 949 975 
Argentina 990 925 926 
Mexico 1,283 750 783 
Egypt 840 747 780 
Turkey 671 735 780 
Greece 533 455 629 
South A f r i c a 463 591 583 
Australia 384 393 395 
Cyprus 100 109 113 
Chile 45 47 48 

TOTAL 31,591 32,792 30,820 

Lemons 

United States 896 900 758 
Italy 792 800 600 
B r a z i l 371 363 367 
Argentina 320 280 267 
Turkey 278 280 250 
Spain 220 313 239 
Greece 190 194 175 

TOTAL 3,067 3,130 2,656 

1/ One metric ton i s equivalent to 2204.6 pounds 
2J P relimin ary. 

The Florida Crop and Livestock Reporting Service 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



228 CITRUS NUTRITION AND QUALITY 

TABLE I I 

U.S. P r o d u c t i o n of Oranges 
Years 1973-78 ÇL) 

U t i l i z a t i o
Crop Year 1000 M e t r i c Tons Processed 

F r e s h Processed T o t a l 

1973-74 1613 6900 8514 81.0 

1974-75 1951 7339 9290 79.0 

1975-76 1803 7717 9519 81.1 

1976-77 1680 7886 9567 82.4 

1977-78 1598 7059 8657 81.5 

1978-79* 1451 6854 8306 82.5 

AVERAGE 1683 7292 8976 81.2 

^Estimate 

The Florida Crop and Livestock Reporting Service 
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1 Processing 

Technological developments i n high vacuum evaporation tech­
niques have been responsible for the rapid growth of the domestic 
citrus industry. These techniques were developed and refined, 
for the most part, during World War II and they made possible the 
manufacture and production of many perishable foods and medicines. 
Most notable for the domestic citrus industry was the development 
of frozen concentrated citrus juices which was made possible by 
the development of these high vacuum evaporators 

Frozen concentrated orange juice began to capture a rea l 
segment of the citrus market in 1948, and since then, i t s pre­
sence has been a dominant contributing factor to the increasing 
per capita consumption of citrus juices worldwide. 

Processed orange products accounted for the usage of about 
81% of the domestic orange crop between the years 1973 and 1978  as 
can be seen i n Table II
period was by far the majo
which i s concentrated i n 4 states; F l o r i d a , C a l i f o r n i a , Texas, and 
Arizona, with Florida being the dominant factor i n the industry. 

About 94% of the Flo r i d a orange crop went into the produc­
tion of orange juice products during the 6-year period, 1973-1978, 
and frozen concentrated orange juice accounted for approximately 
81% of that usage. About half of the orange crcp of Texas and 
about 40% of the Arizona crop were u t i l i z e d i n processed products, 
but only about one-third of the C a l i f o r n i a crop was so u t i l i z e d . 
The major portion of the l a t t e r crop went to the fresh f r u i t mar­
ket. These data are summarized i n Table I I I . 

TABLE III 

U.S. Production of Oranges by Region 
6-Year Average 1973-1978 (1) 

1000 Metric Tons 

State Processed Total Production % Processed 

F l o r i d a 
C a l i f o r n i a 
Texas 
Arizona 

TOTAL 

6614 
500 
129 
49 

7292 

7069 
1550 
235 
122 
8976 

93.6 
32.3 
54.9 
40.2 
81.2 

The Florida Crop and Livestock Reporting Service 

Similar trends to those noted above exist i n the domestic 
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TABLE IV 

U.S. Production of Grapefruit 
Years 1973-1978 (1) 

U t i l i z a t i o n of Production % Tons 
Crop Year 100

Fresh Processed Total 

1973-74 1023 1416 2439 58.1 

1974-75 1038 1231 2270 54.2 

1975-76 1193 1390 2583 53.8 

1976-77 1034 1716 2750 62.4 

1977-78 1101 1646 2747 59.9 

1978-79* 1038 1452 2490 58.3 

AVERAGE 1071 1475 2547 57.9 

*Estimate 
The Florida Crop and Livestock Reporting Service 
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grapefruit market, but that t o t a l market i s only about 30% as 
large as that for oranges as seen in Table IV, Almost two-thirds 
of the Florida grapefruit crop goes to the production of processed 
products with frozen concentrated grapefruit juice accounting for 
about 35% of the processed j u i c e . Chilled grapefruit juice ac­
counts for about 12% of the processed j u i c e , and that market seg­
ment i s growing along with the bottled grapefruit juice market. 
Of the grapefruit produced i n the other U.S. growing regions, 
C a l i f o r n i a , Texas, and Arizona, more than half go to the fresh 
f r u i t markets. About 46% i s processed. These data are shown in 
Table V. 

TABLE V 

U.S. Production of Grapefruit by Region 
6-Year Average 1973-1978 (1) 

1000 Metric Tons 

State Processed Total % Processed 

Flo r i d a 1173 1894 61.9 
C a l i f o r n i a 93 200 46.5 
Texas 167 375 44.5 
Arizona 42 78 53.8 

TOTAL 1475 2547 57.9 

The Florida Crop and Livestock Reporting Service 

Table VI shows the average amounts of the Flo r i d a orange and 
grapefruit crops that went into processed products during the 
five-year period from 1973-1977. Frozen concentrates accounted 
for the major portion of the processed orange juice and about 
one-third of the processed grapefruit j u i c e . Chilled orange 
juice i n bottles and i n dairy cartons accounted for a si g n i f i c a n t 
portion of the processed Florida orange crop and this i s presently 
the fastest growing segment of the market. Chilled grapefruit 
juice i s a growing market, but bottled, shelf-stable grapefruit 
juice i s also experiencing major growth at the present time. 
Chilled grapefruit juice accounted for about one-eighth of the 
processed ju i c e ; but, canned and bottled grapefruit juices 
accounted for a major portion of the processed grapefruit juice 
as can be seen i n Table VI. 
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TABLE VI 

Processed Florida Citrus Products 
6-Year Average 1973-1978 (JL) 

Product Gallons Fruit % Of % Of 
Category Produced U t i l i z a t i o n Processed Processed 

(000 Ts) (1000 Oranges Grapefruit 
Metric Tons) 

Frozen Concentrated 
Juice 

(Reconst. Basis) 

Orange 684,419 5644 81.0 
Grapefruit 40,912 405 34.5 
Tangerine 4,700 
Blended 28 

Chil l e d Juice 

Orange* 125,517 978 14.0 
Grapefruit 16,244 (est.) 144 12.3 

Canned Juice 

Orange* 40,393 278 4.0 
Grapefruit 66,328 588 50.0 
Tangerine 68 
Blended 5,861 

Fr u i t Sections 

Orange 64 21 0.3 
Grapefruit 7,639 38 3.2 
Blended 465 

*Includes Temples, Tangelos, and Honey Tangerines 

The Florida Crop and Livestock Reporting Service 
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1.1 Juice Extraction 

Citrus f r u i t i s delivered to a processing plant i n truckload 
quantities of 20,410 to 21,430kg or 20.4 to 21.4 metric tons. The 
f r u i t i s unloaded, inspected for maturity and graded to remove 
unwholesome and damaged f r u i t , after which i t i s conveyed to f r u i t 
bins for storage. F r u i t from the bins i s washed with a detergent 
in a rotary brush washer, rinsed, then inspected and graded a 
second time to remove unwholesome f r u i t . 

Juice extractors d i f f e r i n design, but a l l are fast, rugged, 
easy to clean, and adjustable to accomodate f r u i t of different 
sizes. Prior to the invention of automatic extractors, the rotary 
juice press was i n common use, and i s s t i l l used commercially i n 
many parts of the world, p r i n c i p a l l y Italy, Spain, & South America. 

The FMC In-Line Extractor i s widely used i n the domestic i n ­
dustry, most p a r t i c u l a r l  i  Florida  becaus  i t  effect s i
multaneous recovery of
tor can process from 32
s i s t s of a bottom cup, into which the f r u i t i s fed, and an upper 
cup that meshes with the bottom as c i r c u l a r plugs are cut from the 
top and bottom of the f r u i t . The f r u i t i n the bottom cup i s com­
pressed as the upper cup descends and juice and other f r u i t com­
ponents are forced through the bottom plug into a strainer tube. 
The contents of the strainer tube, rag, seeds, and c e l l sacs, are 
squeezed between the top and bottom plugs resulting i n almost 
complete extraction of juice and, in essence, a f i r s t - f i n i s h i n g 
operation since the plug (seeds, pulp, and peel) i s separated 
from the juice. As the f r u i t i s squeezed i n the cup, peel o i l 
expressed from the flavedo and small pieces of peel are washed 
into a conveyer by a water spray that surrounds the extractor 
cup. The valuable o i l i s recovered from the oil/water 
slurry. 

Several types of Brown extractors are used i n the citrus i n ­
dustry throughout the world. The Model 400 produces a juice that 
i s low i n peel o i l content and high i n juice quality. The f r u i t 
i s halved and the juice removed by a rotating reamer that exerts 
pressure to effect extraction. 

The Brown Model 700 Extractor operates i n a manner similar to 
the Model 400 and produces juice of the same high quality with low 
o i l content. It expresses the juice from about 700 fruit/min. com­
pared to the 350 fruit/min. that can be processed by the Model 400. 

A more sophisticated extractor, the Brown Model 1100, accepts 
three p a r a l l e l lines of s i n g l e - f i l e f r u i t , and has a processing 
capacity of almost 11 metric tons of f r u i t per hour. It produces 
maximum juice y i e l d s . F r u i t entering the extractor i s halved by 
a st a i n l e s s - s t e e l knife and each half passes between a stainless-
s t e e l grid and a rotating disc. The jui c e i s expressed i n two 
stages equivalent to a l i g h t extraction (low pulp/low o i l ) and a 
hard extraction (higher oil/higher pulp), then flows to the bottom 
of the coll e c t o r where i t can be divided into two fractions. 
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The s t a i n l e s s - s t e e l grid provides a coarse f i r s t - s t a g e f i n i s h i n g 
operation simultaneously with the extraction. The juice flows 
through outlets at the bottom of the collectors and i s conveyed 
to f i n i s h e r s . 

1.2 Finishing Operations 

In the f i n i s h i n g operation, seeds are removed from the juice 
and the pulp content i s lowered. As with extractors, finishers 
vary i n design. The two types most commonly used are the screw-
type and the paddle-type. In both designs, separation i s accom­
plished by a c y l i n d r i c a l perforated screen. Juice and a con­
t r o l l e d amount of insoluble solids or fine pulp pass through the 
screen while the remainder of the solids i s discharged at the 
end of the f i n i s h e r . The size of the screen perforations deter­
mines the size of the s o l i d p a r t i c l e s that remain with the juice
The juice extractor and
the characteristics of th
the j u i c e y i e l d and quality. The juice characteristics controlled 
by these operations include the pulp content and size, and o i l 
content. 

The finished juice i s conveyed to blend tanks at which time 
the aci d i t y and soluble solids l e v e l may be determined. If nec­
essary, the juice can be deaerated and deoiled, dependent upon 
the product to be produced. 

1.3 Evaporation 

According to Cook (2), the f i r s t commercial orange concen­
trate was produced i n Florida in 1938 on a low-temperature (20°-
25°C) evaporator with 13 stages that operated under high vacuum. 

Most of the evaporators used i n the state of Fl o r i d a p r i o r 
to 1947 u t i l i z e d high temperatures and long residence times. 
These evaporators operated somewhere between 48.9° and 82.2°C 
(120°-180°F). F r u i t solids remained in these evaporators for 
a minimum of 30 minutes; hence, the products produced on such 
evaporators were of poor quality and exhibited a strong heat pro­
cessed flavor. 

In 1946, the f i r s t commercial frozen concentrated orange 
juice was produced i n a f a l l i n g - f i l m type evaporator operated at 
low temperature and high vacuum. This evaporator, i n s t a l l e d by 
the Minute Maid Company (now The Coca-Cola Company Foods Division) 
employed a large steam j e t pumping system to remove water vapor 
at high enough vacuum to maintain an operating temperature of 
about 18.3°C (65°F). The juice stayed i n the evaporator for a 
long period of time, but the concentrate produced was far superior 
to that produced i n high-temperature evaporators. 

Low-temperature evaporators of the f a l l i n g - f i l m type were 
heavily u t i l i z e d in the citrus industry through the 1950fs and 
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and early 60 fs. The f i r s t high-temperature short-time evaporator 
was i n s t a l l e d in Florida in 1959. This was a double-effect two-
stage unit that employed some re c i r c u l a t i o n of steam. This re­
search into evaporation principles led to the development of the 
present units that are used almost exclusively today in the do­
mestic citrus industry. These units are known as TASTE (thermally-
accelerated short-time evaporation) evaporators. Most of these 
units employ a single pass of j u i c e , and they are composed of 
four to six effects with six or seven stages. The water removal 
capacity i s normally 18,000 to 23,000 l i t e r s per hour, but some 
of the new units being constructed have water removal capacities 
of nearly 41,000 liters/hour. 

Figure 1 i l l u s t r a t e s the operating principles of a TASTE-
type evaporator (2). Juice passes through the preheaters and i s 
heated to the temperature of s t a b i l i z a t i o n , about 205°-210°F 
(96.l°-98.9°C), to destroy enzyme a c t i v i t y . After s t a b i l i z a t i o n , 
the juice passes throug
stage where i t flashes t
sponds to the pressure at that point. The resulting mixture of 
jui c e and vapor i s projected into the tube bundle i n the f i r s t 
stage where further evaporation of water occurs as the juice pass­
es down through the tubes. 

This i s not a f a l l i n g - f i l m evaporator because the l i q u i d 
(juice) i s mostly suspended i n the vapor, and heat transfer i s to 
the turbulent mixture. The exit velocity of the juice from the 
tubes i s on the order of 20 to 100 meters per second (2). 

As i t exits from the tubes, the l i q u i d and vapor mixture 
travels into a centrifugal-type vapor separator, and the l i q u i d 
then flows down the suction l i n e to a heavy-duty pump. 

On being pumped to the next stage, the l i q u i d flashes through 
the nozzle and the mixture travels down the tube bundle as i t did 
i n the f i r s t stage. Vapor from the f i r s t - e f f e c t separator pro­
vides the heat for evaporation i n the second stage. 

The juice passes through additional stages, normally about 
seven in a l l , and after the last stage, the juice enters a chamber 
where i t i s flash cooled to about 10°C (50°F). After flash cool­
ing, the concentrate, which w i l l be at 65°-68°Brix, i s pumped i n ­
to drums or to a holding tank i n one of the newly constructed 
tank farms that are becoming more prevalent i n the domestic citrus 
industry. 

In a four-effect evaporator steam i s put into the f i r s t 
e f fect, where an effect relates to vapor flow, and the heat from 
that steam i s used four times before condensation occurs i n a 
barometric condenser. In theory, a four-effect evaporator w i l l 
remove four l i t e r s of water per kilogram of steam usage, but i n 
actual practice that water removal i s about 3.4 1 per kg of steam. 
Heat losses and the change i n the heat of vaporization with temp­
erature account for the difference. 

A t y p i c a l TASTE evaporator in use in a citrus plant i s shown 
in Figure 2. The Coca-Cola Company Foods Division operates three 
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 Technologist

Figure 1. Flow diagram for TASTE evaporator (2) 

Figure 2. TASTE evaporator (courtesy of George Craddock) 
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citrus processing plants in the state of Florida, and in these 
plants are eight TASTE evaporators dedicated to the production 
of orange juice concentrate. Additional evaporators of the 
same type are also used for by-product production, e.g., citrus 
molasses and washed pulp sol i d s . The eight evaporators used for 
the production of orange juice concentrate have a t o t a l rated 
capacity for water removal of 170,000 1 per hour. The largest of 
these evaporators i s rated at 36,400 1 per hour of water removal. 

Berry and Veldhuis (3) recently presented a comprehensive 
treatment of evaporators, and the reader i s referred to that ar­
t i c l e for a more in-depth review. 

1.4 Ion-Exchange Processing-

Acid removal from citrus juices was f i r s t reported by K i l -
burn and Drager (4) i n the early 1960 Ts. They employed electro-
d i a l y s i s to remove c i t r a t
and Wagner (5) used calciu
in citrus juices. 

A more recent process, i . e . , acid reduction by anionic ion 
exchange, was developed at the Research and Development Labora­
tories of The Coca-Cola Company Foods Division in Plymouth, Flor­
ida. 

Removal of c i t r a t e ion by an anionic ion-exchange process 
can be accomplished by exchange with hydroxy1 ion and the sub­
sequent formation of water, which i s a component of juice and 
which can be removed by evaporation; hence, i t should be pre­
ferable to a method that r e l i e s on the addition of a neutralizing 
substance to a citrus j u i c e . The ion-exchange process i s i l l u s ­
trated in the following equation: 

3 R+ ' OH" + C 6 H 5 0 7 ~ 3 ^ ( R + ) 3 · C 6H 50 7- 3 + 30H", 
where R + equates to a p o s i t i v e l y charged unit of 
the resin structure. 

The ion-exchange resin employed i n the acid reduction process 
i s weakly basic and i s approved for food use as prescribed i n the 
food additive regulation 173.25(a)(14) i n T i t l e 21, Code of Fed­
e r a l Regulations (21CFR) (6). 

Because the anionic resin i s weakly basic, the retention of 
stronger acids i s favored. As a r e s u l t , when processing orange 
ju i c e , the retention of c i t r i c acid i s favored with respect to 
the weaker organic acids, ascorbic and f o l i c , which are well-
recognized nutrients i n orange j u i c e . Also, mass action favors 
the removal of c i t r i c acid. 

The process permits the treatment of either bulk concentrate 
or freshly extracted ju i c e . Freshly extracted juice i s f i r s t 
s t a b i l i z e d at 175°-180°F (79.4°-82.2°C) then centrifuged i n a 
high speed centrifuge to effect a pulp reduction to 2% to i n h i b i t 
development of excessive back pressures in the column due to plug-
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ging. This pulp can be re-added to the juice stream following 
acid reduction i n the ion-exchange column. Bulk concentrate 
must f i r s t be diluted to about 15°Brix after which pulp reduction 
i s accomplished by centrifugation. S t a b i l i z a t i o n of the dilu t e 
concentrate i s not necessary because of i t s p r i o r s t a b i l i z a t i o n 
during concentration. 

Acid reduction of orange juice is effected by downflow pas­
sage through the resin. Juice i s passed through the column u n t i l 
the eluate (reduced-acid juice) drops te a pH below 4.6 as moni­
tored by a pH meter. This method assures minimal loss of ascorbic 
acid. 

The column eluate i s discharged into an evaporator feed tank 
where i t s pH i s adjusted to a maximum of 4.6 through the addition 
of freshly extracted, but untreated, juice or concentrated orange 
juice. At this time the pulp removed i n centrifugation can also 
be re-added. This adjustment of pH ensures that no growth of 
pathogenic organisms ca
atories have confirmed

Following pH adjustment of the acid-reduced j u i c e , i t i s con­
centrated to 65°Brix in a TASTE evaporator. 

1.5 Pasteurization and Packaging 

The purpose of pasteurization, as i t i s practiced in the do­
mestic industry today, i s to destroy spoilage organisms, i n a c t i ­
vate enzymes, or both. Heating to temperatures of only 150°F 
(65.6°C) w i l l destroy most spoilage organisms but some heat re­
sistant molds may require pasteurization temperatures as high as 
210°F (98.9°C) for control. 

Citrus juices that are pasteurized at the lower temperatures, 
65-66°C, can undergo c l a r i f i c a t i o n , i . e . , a process of separation 
that results i n a lower layer of l i q u i d and sediment and an upper 
layer of clear l i q u i d . This process i s brought about by the 
natural enzyme, pectinesterase, that occurs i n citrus f r u i t s . 
Studies have shown that processing of the juice at temperatures 
of 170-210°F (76.7-99°C) for a fraction of a second to 40 seconds 
w i l l destroy the pectinesterase a c t i v i t y i n citrus juices (7-10). 
The temperature necessary to s t a b i l i z e the juice i s pH dependent. 
Juices at higher pH require higher temperatures for stabilization. 
With the new high-temperature short-time techniques and equipment, 
s t a b i l i z a t i o n can usually be effected i n a fraction of a second. 
Flash pasteurization can be accomplished i n either a plate-type 
or a tube-type heat exchanger. 

Chilled juices, both orange and grapefruit, are increasing 
i n popularity and, indeed, this market segment i s presently the 
fastest growing i n the industry. These products are pasteurized, 
cooled, and f i l l e d into paper cartons lined with a p l a s t i c or alu­
minum f o i l laminated with a p l a s t i c . 

The c h i l l e d j u i c e market experienced much of i t s i n i t i a l 
growth through dairy processing and delivery systems, but today 
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much of the product i s processed in plants owned by companies 
involved i n the citr u s industry, even though the technology em­
ployed i s based on that developed for the dairy industry. The 
products are pasteurized by the HTST (high-temperature short-
time) process in which the juice i s heated to a high temperature, 
on the order of 175°-180°F (79.4°-82.2°C) for a very short time, 
about 0.5 second. It i s then cooled and f i l l e d into cartons at 
about 32°-40°F (0°-4.4°C). Such a process i s not damaging to the 
flavor and texture of the jui c e and the resulting product has a 
very acceptable flavor and aroma. 

Chilled products, which have shelf l i v e s i n the order of 
fi v e to six weeks, are sold at refrigerated temperatures (4.4°-
7.2°C)in r e t a i l outlets. Open code dating of these products en-*-
sures a supply of fresh product for the consumer at r e t a i l . 

Some c h i l l e d products are packaged i n glass containers, 32-
f l . oz. and 64-fl. oz., but the dairy-type cartons account for 
the major segment of thi
that the quality of thes
of time i f maintained at 50°F (10°C) or lower, and products i n 
glass exhibited better ascorbic acid and flavor s t a b i l i t y than 
those i n paper or p l a s t i c cartons. Higher temperatures led to 
more,rapid deterioration of ascorbic acid and flavor. 

Canned and bottled juices are pasteurized at r e l a t i v e l y high 
temperatures (76. 7°-90.6° C) and the containers are f i l l e d hot. The 
hot f i l l serves to s t e r i l i z e the container and, i n the case of a 
can, i t i s inverted for 60-90 seconds after seaming to s t e r i l i z e 
the l i d . The cans are then cooled to about 105°F (40.6°C) i n a 
spin cooler or a spray cooler before being labeled and cased. 

Bottles are f i l l e d i n the same manner, but the caps are 
s t e r i l i z e d with steam or a chemical s t e r i l a n t before being ap­
pli e d to the bottle. The f i l l e d containers are then cooled grad­
uall y i n a spray cooler. 

When freshly extracted j u i c e i s being f i l l e d into cans or 
bottles, the temperature of pasteurization must be s u f f i c i e n t to 
inactivate the natural enzymes, p a r t i c u l a r l y pectinesterase. For 
orange j u i c e , this temperature i s somewhere between 185° and 195°F 
(85°-90.6°C) and i s , to a degree, dependent upon the pH of the 
juic e . Grapefruit j u i c e , generally, need not be subjected to 
temperatures as high as are necessary to orange juice i n order to 
achieve s t a b i l i z a t i o n . The temperatures required for grapefruit 
juice are between 170°-189°F (76.7°-87.2°C). Joslyn and Sedky 
(7) showed that the heat inactivation of enzymes responsible for 
cloud i n s t a b i l i t y i n grapefruit juice was more rapid at pH 2.5 
than at pH 4.0. Rouse and Atkins (9) and Pratt and Powers (12) 
corroborated these findings. Of course, with any juice the inac­
t i v a t i o n of enzymes i s dependent upon both time and temperature. 
As the temperature of pasteurization i s increased, the length of 
time i n the pasteurizer can be decreased. 
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1.5.1 Aseptic Packaging 

Canned and bottled citrus juices are examples of products 
that are packed aseptically, and these processes have been used 
i n the industry for many years. One of the newer processes for 
aseptic packaging employs a paperboard package that i s s t e r i l i z e d 
with hydrogen peroxide prio r to the form, f i l l , and seal opera­
tion. This process, developed by Tetra Pak Ab of Lund, Sweden, 
is in use in many parts of the world, but i t has not yet been ap­
proved by the U.S. Food and Drug Administration for domestic use. 

The new packaging system developed by Tetra Pak i s known as 
the Tetra Brik®, and i s generally available i n 1-1, 200-ml, and 
250-ml sizes. The system i s considered to be an alternative to 
metal and glass containers. The packaging material comes in r o l l 
stock form and i s a 6-or 7-layer laminate. Polyethylene and 
aluminum f o i l o f f e r the major barrier properties to the package. 

The system enable
with minimal heat input
are similar to those employed for the dairy-type paper cartons. 
The package in t e g r i t y , when properly s t e r i l i z e d and maintained, 
i s such that microbial reinfection i s inhibited. Because oxygen 
can permeate the package along the longitudinal and l a t e r a l seams, 
i t i s not truly hermetic even though i t does provide asepsis. 
One major advantage of the package i s that i t contains no head-
space because the top seal i s actually formed through a column 
of s t e r i l e product. This lack of headspace offers some protec­
tion, at least i n i t i a l l y , to oxygen-sensitive products. 

In many of the developing countries of the world, the Tetra 
B r i k ® system offers the only economical and p r a c t i c a l package 
for juices and juice products (also milk). 

The major disadvantages of the Tetra B r i k ® process are the 
slow l i n e speeds (70 units per minute) and the limited mechanical 
and physical strength of the package. The l a t t e r makes careful 
handling and adequate secondary packaging quite essential. 

2 N u t r i t i o n a l Quality of Citrus Juices 

2.1 Vitamin C 

Citrus f r u i t s have long been noted as excellent sources of 
ascorbic acid (Vitamin C), which i s the most abundant vitamin i n 
the citrus f r u i t s . Citrus f r u i t s are also quite r i c h i n the min­
er a l element, potassium, and are often recommended for patients 
who must use diuretic drugs. Healthy adults require 60mg per 
day of Vitamin C and about 2.5g per day of potassium (13) . 

Atkins et a l . (14) reported that most of the ascorbic acid 
that occurs i n the orange i s present as a constituent of the peel. 
Based on the weight of whole f r u i t , the juice contains about 25% 
of the t o t a l ascorbic acid content. The juice of the grapefruit 
contains only about 17% of the t o t a l ascorbic acid content on the 
same basis. 
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The ascorbic acid content of the juice of different citrus 
f r u i t s varies considerably, and the content w i l l vary with stage 
of f r u i t maturity, f r u i t variety, and climate. S o i l conditions 
and f e r t i l i z i n g practices have only minimal effects i f any at a l l 
(15). According to Ting and Attaway (16), oranges generally con­
tain from 40-70mg/100ml of jui c e , whereas grapefruit, tangerine, 
and lemon juice contain between 20 and 50mg/100ml of juice. 

The ascorbic acid concentration i s high in immature f r u i t , 
and i t decreases as the f r u i t ripen and increase in size, accor­
ding to Harding et a l . (17). 

As with oranges, grapefruit exhibit an inverse relationship 
between ascorbic acid content and maturity. Metcalfe et a l . (1_8) 
examined five v a r i e t i e s of grapefruit grown in six locations i n 
the Rio Grand Valley of Texas and concluded that, although there 
were only small differences among the v a r i e t i e s , there were great 
variations in ascorbic acid content of the f r u i t from any given 
tree. These workers als
corbic acid content du
tions i n ascorbic acid content of grapefruit from trees i n d i f ­
ferent areas, as well as from trees in the same grove. He 
correlated the ascorbic acid content with ac i d i t y and reported 
that i t increased with ac i d i t y . 

A number of workers examined the effect of l i g h t exposure on 
ascorbic acid content and the general conclusion i s that direct 
sunlight has a positive effect on i t s content; i . e . , exposure 
to direct sunlight tends to increase the ascorbic acid content of 
f r u i t . 

Long et a l . (20) found that the ascorbic acid content of 
grapefruit was inversely related to their size. In Valencia 
oranges, Sites and Reitz (21) found a positive correlation be­
tween ascorbic acid and the soluble solids of f r u i t from the same 
tree. 

As might well be expected, other citrus f r u i t s exhibit the 
same type of seasonal decline i n ascorbic acid content of the 
juice with maturity. Harding and Sunday (22) reported that the 
ascorbic acid content of tangerines may be 35mg/100ml of juice in 
the early season and as low as 10-15mg per 100ml i f the f r u i t i s 
allowed to overmature. 

2.2 Other Nutrients of Dietary Significance 

Other nutrients i n orange juice that are of dietary s i g n i f i ­
cance, according to standards set by the U.S. Food and Drug Ad­
ministration, i . e . , they are present at a l e v e l of 10% or more 
of the U.S. RDA (Recommended Daily Allowance) per serving, are 
f o l i c acid and thiamine (Vitamin B-^). The factor of significance 
(10% of the U.S. RDA per serving) is set forth i n 21CFR 101.9(c) 
(7)(v)(6). A serving size for orange juice i s generally regarded 
as six f l u i d ounces or 177ml. 
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Ting (23) reported values for thiamine i n orange juice be­
tween 0.75 and 0.85mcg per gram of ju i c e , and a survey of the 
l i t e r a t u r e indicates that other citrus juices contain lesser 
amounts. Analyses of orange concentrate by an i n d u s t r i a l labora­
tory for our Citrus R&D Laboratories resulted i n a value of 75mcg 
per 100g of reconstituted orange ju i c e , i n good agreement with 
the values reported by Ting (23). Adams (24) reports 91mcg/100g 
for reconstituted orange juice. 

In the compilation of Adams (24) , reconstituted grapefruit 
juice i s reported to deliver about 38mcg of thiamine per 100g 
and tangerine juice (reconstituted) about 59mcg/100g. Per ser­
ving of 177ml, these values would be 170, 70, and lOOmcg, respec­
tively, for orange, grapefruit, and tangerine. With a U.S. RDA of 
1.5mg, the percentage of the U.S. RDA of thiamine delivered by 
these juices would be 11%, 5%, and 7%, respectively. 

F o l i c acid, generically described as f o l a c i n  i s chemically 
known as pteroylmonoglutami
that exhibit f o l i c aci
ber of glutamic acid residues they contain. These polyglutamates, 
as they are known, must be acted upon by the enzyme, conjugase, 
to release the f o l i c acid for metabolic a c t i v i t y . A deficiency 
of this vitamin leads to megaloblastic anemia (25) . Most e v i ­
dence places the daily requirement for f o l i c acid at about 50mcg 
per day of c r y s t a l l i n e f o l i c acid (26,27) ; however, the U.S. RDA 
for t o t a l food folacin i s set at 400mcg for the adolescent, 
for adult males, and for non-pregnant, non-lactating females. 
The higher RDA i s specified to allow for absorption of only 25% 
of f o l i c acid a c t i v i t y i n a manner comparable to the c r y s t a l l i n e 
f o l i c acid and to allow for a wide range of a v a i l a b i l i t y of the 
polyglutamate form (13). 

Early work placed the f o l a c i n content of orange juice at be­
tween three and s i x micrograms/100ml (28). Later, Hurdle et a l . 
(29) revised this to 20-45mcg/100g for orange products, and they 
also reported that canned grapefruit products contained about 
llmcg/lOOg. More recent work by S t r e i f f (30) indicated a folacin 
value of from 50-100mcg with ingestion of 100-125ml of orange 
ju i c e . Grapefruit juice and tangerine juice were reported to have 
lower levels. Dong and Oace (31) reported a f o l a c i n value of 
50mcg/100ml for orange juice, and a somewhat lower lever for 
grapefruit juice. 

Ting et a l . (32) reported an average f o l a c i n value for recon­
s t i t u t e d Florida orange juice of about 45mcg/100ml. In our own 
studies, with analyses conducted by independent an a l y t i c a l labor­
atories, we have not seen values of that magnitude, but rather 
have observed values on the order of 26-33mcg/100ml of juice. 
These values would be on the order of 12%-15% of the U.S. RDA. 
Ting (23) has also reported that wide variation i n the f o l i c acid 
content occurs throughout the growing season and that the concen­
tratio n increases as the season progresses. 
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2.3 Other Nutrients 

A number of nutrients of lesser dietary significance are pre­
sent i n orange ju i c e and other citrus juices. Measurable levels 
of Vitamin A, r i b o f l a v i n (Vitamin I ^ ) , niacin, pyridoxine (Vita­
min B 5 ) and pantothenic acid have been reported in orange ju i c e . 
The levels of these nutrients are generally i n the range of 2-3% 
of their respective U.S. RDA's. For a more extensive review of 
these nutrients, one should consult Ting (23) and Araujo ( 3 3 ) · 

In addition to the vitamins mentioned above, citrus juices 
are a r i c h source of potassium. Even though potassium i s an 
essential mineral i n human n u t r i t i o n , the U.S. Food and Drug Ad­
ministration does not include i t i n i t s n u t r i t i o n a l labeling 
program because i t i s widely distributed i n foods. The Food and 
Nutrition Board of the National Academy of Sciences (13) has 
determined that healthy adults require about 2.5g of potassium 
per day. Based on the
(177ml) of orange juic
Values produced i n our own laboratories would approximate a potas­
sium content of about 0.4g per 177ml of orange ju i c e . Ting (23) 
reports a potassium content of 0.30-0.4g per 177ml for orange juice. 

Other mineral elements are present i n citrus juices i n 
measurable quantities. McHard et a l . (34) reported on the trace 
element contents of Flo r i d a and B r a z i l i a n orange j u i c e . They 
cited concentration ranges for 25 elements. Ting (23) reported 
that calcium, iron, phosphorus, magnesium, zinc, and copper are 
present i n reconstituted FCOJ at levels equivalent to about 1% to 
5% of their respective U.S. RDA's. 

Phosphorus reportedly occurs i n orange ju i c e at levels of 
about 10-30mg/100g of ju i c e (24,34,35), equivalent to 1.9-5.6% of 
the U.S. RDA; magnesium was reported at levels between 8-15mg/100 
ml of juice by B i r d s a l l et a l . (36), whereas Ingwalson et a l . (37) 
reported levels i n reconstituted orange juice of 12-14mg/100g. 
McHard et a l . (34) reported similar values. The maxiumum would 
be about 6.5% of the U.S. RDA per 177ml of orange ju i c e . 

Orange juice was reported tc contain from 50 to 160mcg of 
copper per 100ml by B i r d s a l l et a l . (36) , whereas others reported 
values i n the range of 30-50mcg/100g (34,37), a maximum of 1.7% 
of the U.S. RDA, but possibly as low as 0.3% of the U.S. RDA. 

Calcium has been reported at 6.5-15.4mg/100g of reconstitu­
ted orange j u i c e (34,35,37). This l e v e l , which i s 1.2% to 2.7% 
of the U.S. RDA, i s not of any great significance. Likewise, 
iron, which has been reported at levels of 0.08 to 0.7mg/100g 
of orange juice (34,37) i s not of any great n u t r i t i o n a l s i g n i f i ­
cance because the l e v e l i s only 0.8% to 7% of the U.S. RDA. 

3 Effects of Processing on Nu t r i t i o n a l Quality 

Processing as i t i s practiced i n the industry requires the 
input of heat to effect pasteurization, enzyme s t a b i l i z a t i o n , and/ 
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or concentration. Heat processing to achieve one of these three 
results would not be expected to have any detrimental effect on 
the mineral composition of citrus juices. These micronutrients 
should not be l o s t during processing; neither should they be de­
graded. The same cannot be said for the organic micronutrients, 
the vitamins, and the so-called macronutrients, carbohydrates, 
proteins, and fats, which supply energy as well as n u t r i t i o n to 
the human body. 

Citrus f r u i t s are not regarded as good n u t r i t i o n a l sources 
of fat based on 21CFR 101.9(c)(6) that the delivery of less than 
one gram of fat per serving i s not of dietary significance (6). 
According to Adams (24) , reconstituted FCOJ delivers about 0.2g 
of fat per 177ml; reconstituted frozen concentrated grapefruit 
juice about 0.2g/177ml. Tangerine juice may be s l i g h t l y higher 
in fat content. According to Nagy (38), the l i p i d s that occur in 
citrus juice contain high unsaturated/saturated fatty acid ratios 
(>4). 

The contribution o
development has been studied by many workers, and a review of 
these studies has been presented by Nagy (38). It i s generally 
agreed that the contribution of the l i p i d oxidative products to 
the flavor deterioration of processed citrus products i s r e l a t i v e ­
l y minor when compared to the contributions by the products 
formed by the acid-catalyzed hydrolysis of flavoring o i l s and 
the products of Maillard browning (39,40). 

Citrus juices and their products cannot be considered s i g ­
n i f i c a n t dietary sources of protein because the protein ef f i c i e n c y 
r a t i o (PER) of citrus protein i s less than 20% that of casein (23, 
41). 

According to the regulations set forth in 21CFR 101.9(c) 
(7)(ii)(b), protein with a PER less than 20% that of casein i s 
not of dietary significance (6). 

The protein i n citrus is"~generally associated with the s o l i d 
portions of the f r u i t , i . e . , the seeds, flavedo, albedo, chroma-
tophores, and pulp. Some of these components find their way into 
the juice along with the available free amino acids during extrac­
tion and processing and storage. Studies conducted i n our labor­
atories (42,43,44) and by others (45) have shown that reductions 
i n the pulp content of juice slow the rate of browning. 

According to Ting (23,41), a serving (177ml) of reconstituted 
FCOJ delivers about 19g of carbohydrate and 84 calories contribu­
ted primarily by the sugars, sucrose, glucose, and fructose. 
Adams (24) , indicates that a serving of reconstituted FCOJ 
delivers 92 cal o r i e s , whereas grapefruit and tangerine, juice de­
l i v e r 76 and 68 calories per 177ml, respectively. 

Citrus juices contain both nonreducing (sucrose) and redu­
cing (fructose and glucose) sugars. Mature oranges contain almost 
equal amounts of the two types and the reducing sugar content is 
composed of almost equal amounts of fructose and glucose. Grape­
f r u i t tend to have nearly equivalent amounts of reducing and non-
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reducing sugars, but at times, the reducing sugars tend to be 
s l i g h t l y more dominant (16). In tangerines, the nonreducing 
sugar dominates except i n immature f r u i t ; in juice from mature 
f r u i t , sucrose may account for 60-65% of the t o t a l sugar content. 
In lemon juice, the reducing sugars dominate (46) and may account 
for about 90% of the t o t a l sugars. 

The sugars, which contribute much to the acceptability of 
citrus juices, under adverse conditions can play a major role in 
the formation of off flavors that reduce the acceptability of 
the citrus juices and their products. The sugars, primarily the 
hexoses, can participate i n "browning" reactions that cause dark­
ening of the juice and these reactions give r i s e to components 
that are described generally as a p r i c o t - l i k e or pineapple-like i n 
flavor. In general, the more processed flavor that a citrus pro­
duct exhibits, the less acceptable i t becomes to the consumer. 

Some authors have indicated that the sugar-amino acid reac­
tions of the Maillard typ
juices because of the hig
laboratories (42-44) would tend to indicate that, to the contrary, 
the amino acids and sugars are of more than just minor importance 
in the darkening of citrus juices. Huffman (42) treated citrus 
juices with cationic ion-exchange resins to remove amino acids, 
proteins, and the mineral cations, then restored the cations. 
The juices from which the free amino acids were removed were 
less subject to darkening and o f f - f l a v o r development than were 
their respective controls after heating for long periods of time 
to temperatures near 100°C, then storing at room temperature. 
Juices were also dehydrated i n a vacuum shelf dryer and on a 
chain belt dryer with less v i s i b l e darkening than control sam­
ples. The ion-exchange treated juices were judged by sensory 
panels to be much more acceptable than untreated controls when 
presented as pasteurized juice or as dehydrated juice. Addi­
t i o n a l studies conducted i n our laboratories (43) corroborated 
the findings of Huffman. In addition, lowering the pulp content 
of j u ice prior to dehydration decreased the tendency for juice to 
darken during the drying process. Seaver and Kertesz (47) repor­
ted that D-galacturonic and D-glucuronic acids, when heated alone 
or in the presence of amino acids, formed colored compounds at a 
rate exceeding that found with common sugars. They further re­
ported that L-ascorbic acid formed colored compounds more rapidly 
than the sugars, but s t i l l at a slower rate than the uronic acids. 

Curl (48), i n a study conducted with a synthetic orange 
jui c e , reported that the loss of ascorbic acid occurred i n the 
presence of c i t r i c acid and potassium c i t r a t e buffer alone, but 
that the losses were increased by the addition of the sugars, 
lévulose, sucrose, and dextrose, in that order. He found that 
darkening of the synthetic juice occurred p r i n c i p a l l y when both 
amino acids and sugars were present; and, the effect was even 
more pronounced by the presence of ascorbic acid. 

Pruthi and Lai (49), i n a study of different methods for 
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preserving and storing citrus j uices, reported that the addition 
of 5% cane sugar to the juices accelerated the darkening and did 
not aid i n ascorbic acid retention. Kato and Sakurai (50) stud­
ied the effects of ascorbic acid, organic acids, amino acids, and 
inorganic ions on browning in a model system. They determined 
that 3-deoxyglucosone and 5-hydroxymethylfurfural were formed by 
the action of organic acid on fructose (formed by inversion of 
sucrose). Browning, they reported, was affected by organic acids, 
amino acids, oxidized ascorbic acid, and the inorganic ions, 
S n + \ Fe +3, Sn + 2, and A l + 3 . These investigators reported that 
3-deoxyglucosone and 5-hydroxymethylfurfural were intermediates 
in the browning of concentrated lemon juice that occurred when 
the concentrate was diluted to single-strength juice with a 
sucrose solution. They concluded that amino acids had a role i n 
the browning (51). 

Wolfrom et a l . (52) studied the nonenzymic browning of dehy­
drated orange juice an
of particular significanc
The i n i t i a l phase of the browning reaction led to a loss of 
D-glucose and 4-aminobutyric acid. Kampen (53) stored freeze-
dried orange ju i c e crystals and a synthetic mixture for 40 days 
at 50°C and monitored losses of t o t a l amino acids (73%), ascorbic 
acid (100%), c i t r i c acid (5.1%), and sucrose (4.4%). The orange 
juice crystals were discolored from Maillard browning, and sever­
a l carbonyl compounds and f u r f u r a l derivatives were i d e n t i f i e d 
as products of the reactions. Berry et a l . (54) studied foam-
mat dried instant orange juice stored at 70°F and at 85°F and 
reported that the s t a b i l i t y of the product was improved by the 
use of more aci d i c juices, but adding acid, or removing sugar. 

They reported an inverse relationship between s t a b i l i t y of 
the instant orange juice and the pH of the orange concentrate 
dried. 

Although the importance of the sugars i n the browning of 
citrus juices has been debated by many investigators, v i r t u a l l y 
a l l agree on the importance of ascorbic acid i n this reaction. 
Joslyn (55) reported that ascorbic acid was the most reactive of 
the system, ascorbic acid-amino acid-sugar, that occurs i n orange 
juice. Sugars, he reported, exercise a protective effect on 
the enzymic and nonenzymic oxidation of ascorbic acid; hence, 
both glucose and fructose are inhibitory to browning. The amino 
acids were reported to have an inhibitory effect i n the early 
stages of the browning reaction, but i n later stages, these com­
ponents increased the rate of browning. 

Moore et a l . (56) reported that the decomposition of ascor­
bic acid in orange juice was d i r e c t l y associated with darkening. 
According to Curl (57), the development of off flavors i n orange 
juices at 13-71% soluble solids was closely paralleled by the 
loss of ascorbic acid and by darkening. In mandarin juice, Aiba 
et a l . (58) found that the rate of browning was related to the 
decomposition of ascorbic acid. Studies with the juice of natsu-
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daidai (a Chinese citron) by Imai et a l . (59) and others also 
implicated ascorbic acid as a major reactant responsible for 
browning. Imai et a l . (59) reported that the free amino acids 
played an important role i n the browning of the juice. 

Clegg (60) studied the nonenzymic browning of lemon juice 
and reported that the phenomenon was attributable to ascorbic 
acid rather than sugar-amino acid condensations. She reported 
that f u r f u r a l was produced during the. development of browning, 
but did not consider that i t played an important role i n the 
aerobically-produced browning. In model systems that simulated 
lemon ju i c e , she reported that amino acids i n ascorbic systems 
were major contributors to browning (61). 

It has been reported and i s generally agreed that ascorbic 
acid i n citrus juices can be degraded through aerobic and anaero­
bic pathways (53,62). The acid i s quite sensitive to oxidation 
and dehydroascorbic acid i s the primary oxidation product, though 
r e l a t i v e l y unstable. I
i c acid. In addition t
hydroxyfurfural have been i d e n t i f i e d as products of the degrada­
tion of ascorbic acid (60,63,64,65). Bauernfeind and Pinkert 
(66) proposed pathways for both the aerobic and anaerobic path­
ways i n aqueous media. In these pathways, shown in Figure 3, 
fu r f u r a l can result from either mode of ascorbic acid destruction 
while hydroxyfurfural i s a product of the oxidative system. 

In processed citrus products, ascorbic acid loss can occur 
through aerobic or anaerobic mechanisms. The oxidation of ascor­
bic acid i n orange juice was studied by Evenden and Marsh (67) 
and was reported to be a f i r s t order reaction whose rate was a 
function of temperature. In a very recent review, Nagy (65) 
reported that the degradation of ascorbic acid was best explained 
by a fi r s t - o r d e r reaction and that for grapefruit j u i c e , the Arr-
henius plot showed a linear p r o f i l e for the temperature region 
10-50°C. With orange ju i c e , his data suggested that two d i f f e r ­
ent reaction mechanisms were operative with the kinetic change 
occurring at about 28°C. Between 10°and 27°C the rate of ascor­
bic acid loss doubled for each 10°C r i s e ; from 27°to 37°C the 
rate quadrupled. The data of Nagy (65) also confirmed e a r l i e r 
data by Ross (68) and Lamb (69) that indicated for similar stor­
age temperatures the loss of ascorbic acid was greater for orange 
juice than for grapefruit j u i c e . 

4 Processed Citrus Products 

Of the 1978-79 domestic citrus crop, some 6,855,000 metric 
tons of oranges from a t o t a l of 8,340,000 metric tons went to 
the production of processed products. Of the 2,490,000 metric 
tons of grapefruit that were harvested, 1,510,000 metric tons 
were u t i l i z e d in processed products. A similar picture can be 
painted for the other domestic citrus crops. It is easy to see 
that the market for processed citrus f r u i t i n the U.S. i s ex-

American Chemical 
Society Library 

1155 16th St. N. W. 
Washington, D. C. 20036 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



248 CITRUS NUTRITION AND QUALITY 

ASCORBIC ACID DEHYDROASCORBIC 
ACID 

DIKETQ6ULQNIC 
ACID 

+H2O 

>K ANAEROBIC 

C-OH 
I 
C-OH 
II 
C-OH 
I 
CHOH " 
I 
CHOH 
I 
CH20H 

-C02 

- C - O H II 
C-OH 
I 
CHOH 
I 
CHOH 

I 
CH 2 OH 

REARR. 

C - H I 
CHOH 

Ç H 0 H -3» 
CHOH * 
I 
CH2OH 

2° 

\0Λ CHO 

FURFURAL 

Figure 3. Possible ascorbic acid degradation pathways 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



11. VARSEL Citrus Juice Processing 249 

tremely important to the ci t r u s industry. Almost 95% of the 
Florida orange crop i s u t i l i z e d by processors i n the production 
of juice products. Since the diets of domestic consumers contain 
processed products as their major source of c i t r u s , i t i s rea­
sonable to look at these products and how they are affected nu­
t r i t i o n a l l y by the processing techniques i n practice in the 
industry. 

4.1 Frozen Concentrated Juices 

Frozen concentrated orange juice (FCOJ) i s by far the most 
widely distributed of the processed citrus products. F i r s t 
marketed i n the mid-1940fs, i t has grown in consumer acceptance 
u n t i l the present day, and to the point where i t s volume con­
sumption exceeds the combined t o t a l for a l l other processed 
citrus products. 

FCOJ and other froze
duced by the process outline
the process includes extraction, f i n i s h i n g , and blending. In 
the evaporator, the juice may be concentrated to 45°Brix (% 
soluble solids) or higher; and, as a matter of routine practice, 
most of the evaporator pumpout (concentrate) i s at 65-68°Brix. 
The concentrate can go to low-temperature stcrage or d i r e c t l y 
to processing for FCOJ. During the f r u i t processing season, cut­
back juice may be used to d i l u t e the concentrate to 45°Brix. At 
other times, essence and water are used to prepare FCOJ. Berry 
and Veldhuis (3) reviewed this process i n great d e t a i l . 

The loss of ascorbic acid during extraction, f i n i s h i n g , and 
blending i s minimal. Based on the data of Sale (70) and Hayes 
et a l . (71), the loss should be no greater than 2%. Hayes et 
a l . (71) prepared orange juice concentrates having 50-60% solids 
and reported a mean retention of 96.6% of ascorbic acid. 

Ting et a l . (32) collected samples of FCOJ from 23 manufac­
turing plants in Florida during 1973 and 1974 and analyzed them 
for selected nutrients, those specified by the U.S. Food and Drug 
Administration as being essential to human nu t r i t i o n . The aver­
age nutrient content of FCOJ reconstituted to 12.8°Brix expressed 
as percent of the U.S. RDA i s shown in Table VII along with the 
U.S. RDATs as specified by the Food and Drug Administration (6). 
Based on these data, i t can be seen that FCOJ i s of dietary s i g ­
nificance with respect to Vitamin C (ascorbic acid), f o l i c acid, 
and thiamine, i . e . , i t provides 10% or more of the respective 
U.S. RDA per 177ml serving. 

Much has been written about the effects of processing, temp­
erature, and storage conditions on the s t a b i l i t y of ascorbic 
acid i n citrus juices. On the other hand, l i t t l e i s known about 
the s t a b i l i t y of f o l i c acid under similar conditions. Chen and 
Cooper (72) studied the effects of temperature and oxygen and 
ascorbic acid on the thermal degradation of f o l i c acid, and they 
reported that ascorbic acid increased the s t a b i l i t y of the tetra-
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Figure 4. Flow diagram for frozen concentrated orange juice production (courtesy 
Adney Reed) 
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TABLE VII 

Average Nutrient Delivery per Serving of Reconstituted 
FCOJ (12.8°Brix) i n Relation to U.S. RDA 

77^ Average % U.S. RDA/ 
Nutrient U.S. KDkK±J

 1 7 7 m l F C O j ( 2 ) 

Vitamin A 5000 IU 1.4 

Vitamin C 60 mg 131 

Thiamine 1.5mg 9.8 

Riboflavin 1.7mg 2.4 

Niacin 

Calcium 1.0g 1.8 

Iron 18 mg 1.1 

Vitamin B 6 2 mg 4.9 

F o l i c Acid 0.4mg 20.3 

Phosphorus 1.0g 3.3 

Magnesium 400 mg 4.9 

Zinc 15 mg 0.7 

Copper 2 mg 4.4 

Pantothenic Acid 10 mg 3.3 

Vitamin D 400 IU 

Vitamin Ε 30 IU 

Vitamin B ^ 6 meg 

Iodine 150 meg 

Bi o t i n 0. 3 mg 

Source: 1) U.S. Food and Drug Administration (6). 
2) Ting et a l . (32). 
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hydro- and 5-methylfolic acid at 100°C Their data indicated 
that the degradation of these folates at high temperature was 
due to an oxidative process that required the presence of molec­
ular oxygen. 

Floyd and Rogers (73) analyzed authentic samples of Florida 
orange juices and concentrates to determine the effects of con­
centration on chemical composition. They reported no s i g n i ­
ficant effects of concentration on the chemical composition of 
orange juice concentrate as compared to single-strength j u i c e . 
Setty et a l . (74) reported that the nutrient content of mandarin 
orange juice when concentrated to 62°Brix and higher was very 
l i t t l e affected. 

Horton and Dickman (75) reported that the physiologically 
available ascorbic acid (ascorbic acid and dehydroascorbic acid) 
in reconstituted orange juice was stable over a two-week period, 
both at 4°C and at room temperature. Aeration caused by blendor-
i z i n g at high speed fo
acid s t a b i l i t y . 

Bissett and Berry (76) reported on the ascorbic acid reten­
tion i n orange juice as a function of container type. They 
stored FCOJ i n f o i l - l i n e d cardboard, rectangular cartons and i n 
polyethylene (PE)-lined fi b e r c y l i n d r i c a l cans for a year at 
-20.5°, -6.7°, and 1.1°C. At -20.5°C, the ascorbic acid reten­
tion was 93.5% in the f o i l - l i n e d cartons and 91.5% in the PE-
lined cans. Neither container proved effective above freezing 
due to microbial spoilage. The f o i l - l i n e d carton was superior 
at 1.1°C, in that 89% of the ascorbic acid was retained after 
three months. In the PE-lined can, the retention was 44% after 
three months at 1.1°C. 

Garcia (77) studied the effect of storage on 45°Brix and 
54°Brix orange juice concentrates packaged i n 6-oz. f o i l - l i n e d , 
spiral-wound cans and i n 200-mlfoil-lined, rectangular cartons 
(Tetra B r i k ® ). The l a t t e r were both cold f i l l e d and aseptical-
l y f i l l e d v i a high-temperature short-time pasteurization. These 
products were stored for one year at -17.8°, 7.2°, and 23.9°C. 
The aseptically-processed concentrates retained s t e r i l i t y through­
out the course of the study and were stored at 7.2° and 23.9°C. 
The samples in 6-oz. f o i l - l i n e d composite cans and those cold 
f i l l e d into the 200-ml rectangular packages were stored only at 
-17.8°C because they were not aseptically packed and were subject 
to microbial spoilage. 

Figures 5 and 6 show the ascorbic acid retention i n the 
200-ml packages as a function of time. The data for the 6-oz. 
composite can are not shown because the ascorbic acid retention 
i n these packages was similar to but just marginally poorer than 
was the retention i n the 200-ml packages at -17.8°C. This mar­
ginal difference was attributed to the presence of some head-
space oxygen i n the 6-oz. cans which resulted in the loss of 
s l i g h t l y more ascorbic acid. 

At -17.8°C, the retention of ascorbic acid over 12 months 
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Figure 5. Ascorbic acid retention in 54° Brix concentrated orange juice as a 
function of storage temperature ((O) -17.8°C; Ο 7.2°C; (A) 23.9°C) 
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Figure 6. Ascorbic acid retention in 45° Brix concentrated orange juice as a 
function of storage temperature ((O) -17.8°C; Ο 7.2°C; (A) 23.9°C) 
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exceeded 97% in the 200-ml packages and 94% i n the 6-oz. compo­
s i t e cans. 

The ascorbic acid retention in both the 45°Brix and 54°Brix 
concentrates stored at 7.2°C were very similar over 12 months. 
The loss of ascorbic acid amounted to about 8% to 10% over the 
storage period. 

At 23.9°C, the 45°Brix concentrate i n i t i a l l y exhibited a 
more rapid loss of ascorbic acid than did the 54°Brix concentrate, 
but at the end of eight months both had lost about 25% of their 
starting ascorbic acid. The more rapid loss of ascorbic acid 
may have been caused by the amount of dissolved oxygen i n the 
45°Brix concentrate i n i t i a l l y . It may have been the result of 
more rapid diffusion of oxygen into the lower °Brix concentrate 
once i t entered the package along the longitudinal seam and at 
the corners. Neither factor was measured. 

As might have been expected, flavor deterioration followed 
the same pattern as di
the concentrates at 23.9°
more rapidly than did those at 7.2°C; those at 7.2°C deteriorated 
at a faster rate than did those stored frozen. The products 
stored at 23.9°C remained acceptable i n flavor for about six 
months; those at 7.2°C remained acceptable for eight to ten 
months. At -17.8°C, the products were s t i l l acceptable after a 
year of storage. 

Packages of the type used in this study by Garcia are pre­
sently used in many parts of the world for the packaging of 
milk, juices, and juice products. Brik Pak, Inc., a subsidiary 
of Tetra Pak Ab has petitioned the £ood and Drug Administration 
for approval to use the Tetra B r i k © package in the U.S., but a 
f i n a l decision regarding their p e t i t i o n i s s t i l l pending. 

Frozen concentrated grapefruit juice i s produced in essen­
t i a l l y the same manner as FCOJ. Prior to evaporation, the juice 
i s s t a b i l i z e d at 66° to 88°C to prevent gelation and c l a r i f i c a ­
tion during storage. As i s done i n the manufacture of FCOJ, 
coldpressed grapefruit peel o i l i s added to the grapefruit con­
centrate to enhance i t s flavor. Essence, the v o l a t i l e water s o l ­
uble flavor from the f r u i t , may be added during the manufacture 
of a grapefruit concentrate, but this system of flavors does not 
seem essential to high flavor quality. This i s contrary to what 
i s generally found with FCOJ where essences do enhance flavor 
quality (78). 

4.2 Reduced-Acid Frozen Concentrated Orange Juice 

Interest i n reduced-acid citrus juices originated in the 
early I960's when Kilburn and Drager (4) employed electodialysis 
tc remove c i t r a t e ions from juice. The Florida Department of 
Citrus tested the reduced-acid concept with consumers at the New 
York World's Fair i n 1965, and followed this test with a national 
consumer survey in 1972. The Coca-Cola Company Foods Division 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



11. VARSEL Citrus Juice Processing 255 

conducted an independent consumer survey i n 1973, and a l l of 
the studies indicated substantial consumer interest in reduced-
acid citrus juices. After further testing with consumers i n 
which products were tested i n homes, the Foods Division was 
granted a permit from the U.S. Food and Drug Administration and 
the F l o r i d a Department of Citrus to manufacture the product and 
to distribute i t i n interstate commerce. Later the FDA was 
petitioned to establish a new standard of identity for reduced-
acid frozen concentrated orange juice. The issuance of that 
standard i s s t i l l pending. 

A reduced-acid frozen concentrated orange juice i s presently 
being test marketed by The Coca-Cola Company Foods Division. 
This product i s produced by blending regular concentrated orange 
juice with acid-reduced concentrate in proportions that w i l l re­
sult i n a f i n a l frozen concentrated orange juice with a Brix/ 
acid r a t i o between 21 and 26 to 1; the precise blend being de­
pendent on the Brix/aci
After blending, the concentrat
the addition of water and essence. Coldpressed orange o i l i s 
added for good flavor quality. The product i s then canned and 
stored at -17.8°C. 

The fates of the nutrients of orange juice were naturally of 
concern i n the process of producing an acid-reduced orange con­
centrate, so many studies were conducted to ascertain the levels 
of the major nutrients before and after processing. The major 
concerns were i n regard to ascorbic and f o l i c acids, since these 
components might well be removed during the ion-exchange process 
to remove c i t r a t e ion. 

Since the anionic resin employed i s weakly basic, the reten­
tion of stronger acids i s favored with respect to the weaker 
acids, ascorbic and f o l i c . Also, because of the law of mass 
action, the removal of c i t r a t e ion i s favored over ascorbate 
and folate. 

The change i n the ascorbic acid concentration of juice 
during acid reduction processing i s i l l u s t r a t e d in Figure 7. 
Some ascorbic acid i s i n i t i a l l y retained by the resin but i t i s 
l a t e r replaced by the stronger acid, c i t r i c , as the exchange 
capacity of the resin i s depleted. This i n i t i a l reduction i n 
ascorbic acid i s on the order of 15%, but as the column i s 
exhausted this acid i s replaced by c i t r i c and i t i s eluted i n 
the juice stream. Near the end of treatment, the ascorbic 
acid l e v e l rises tc i t s i n i t i a l l e v e l and even exceeds i t as that 
which was i n i t i a l l y held by the column i s replaced by c i t r a t e . 

It can be seen i n Figure 7 that some ascorbic acid can 
be l o s t i f the ion-exchange resin i s not completely exhausted 
during processing. When the column i s exhausted this loss of 
ascorbic acid i s minimized. 

Ascorbic acid loss in acid-reduced juices never exceeded 
10% except in cases where the ion-exchange resin was not com­
pletely exhausted and generally i t was i n the range of 3% to 
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Figure 7. Change in ascorbic acid level during acid reduction by ion exchange 
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7%. When the acid-reduced concentrates are blended with regular 
(untreated) orange concentrates to produce a r e t a i l product, 
the reduction i n ascorbic acid levels should not exceed 3%; 
hence, the reduced-acid FCOJ w i l l have an ascorbic acid l e v e l 
within the range of acceptable levels of regular FCOJ. The chang­
es i n ascorbic acid levels during acid reduction are generally 
no greater than those that might be experienced i n normal 
juice and concentrate processing. 

The analysis of f o l i c acid i s accomplished by a microbio­
l o g i c a l assay employing either one of two organisms, L. casei 
or S. fa e c a l i s . The l a t t e r organism reportedly gives more 
reproducible results but the former gives greater s e n s i t i v i t y . 
Generally, for normal levels of folate i n orange j u i c e , the L. 
casei method i s the one of choice; however, i t s reproducibility 
i s probably only on the order of + 20%. 

Our Citrus R&D Laboratories are not equipped for the routine 
analysis of f o l i c acid s
trate were submitted t
were also analyzed at the Citrus Experiment Station in Lake A l ­
fred, Florida. Typically, samples of freshly extracted orange 
juice or orange juice concentrate diluted to 12.8°Brix were 
found to contain between 21 and 30 micrograms (meg) of f o l i c 
acid per 100ml of juice. As a general rule, acid-reduced orange 
ju i c e , after pH adjustment, going to the TASTE evaporator con­
tained f o l i c acid levels equivalent to the starting juice or 
concentrate. Some typ i c a l analyses are shown i n Table VIII. 

The t o t a l nitrogen content of acid-reduced orange juice was 
not different from that of regular orange ju i c e , but the free 
amino acids, as determined by formol t i t r a t i o n s , were 3% to 4% 
higher i n the acid-reduced ju i c e . This s l i g h t increase i n 
free amino acids may have resulted from some protein hydrolysis 
during the ion-exchange process. 

Other nutrients were measured i n acid-reduced orange juice 
and, for the most part, no s i g n i f i c a n t changes were observed from 
what would be expected for freshly extracted juice or reconsti­
tuted FCOJ. Some data r e l a t i v e to the other nutrients are pre­
sented i n Tables IX and X. 

Based on a review of a l l the data gathered for reduced-acid 
FCOJ, i t i s apparent that any changes that do occur are of an i n ­
si g n i f i c a n t nature and do not alter the n u t r i t i o n a l quality of the 
processed orange ju i c e . The product of commerce i s of equivalent 
quality to the more popular product, frozen concentrated orange 
jui c e . 

4.3 Chilled Citrus Juices 

The market for c h i l l e d citrus juices i s one of the fastest 
growing segments of the domestic r e t a i l market, and now i s second 
only to FCOJ i n terms of volume consumption. Since i t s inception 
i n the m i d - f i f t i e s , this category for processed citrus juices has 
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TABLE VIII 

F o l i c Acid Content of Acid-Reduced Orange Juice 

F o l i c Acid Content 
Description (mcg/lOOml) 

Diluted Orange Juice Concentrate (12.8°Brix) 

Before Centrifuge (Pulp Removal) 26.3 
After Centrifuge 30.7 
IE Column Eluate (Juice) 21.4 
After pH Adjustment* 32.9 

Fresh Orange Juice 

Before Centrifuge (Pulp Removal) 21.6 
After Centrifuge 21.3 
IE Column Eluate (Juice) 16.5 
After pH Adjustment* 22.0 

*pH Adjusted to 4.5 by Addition of Juice and Pulp Removed by 
Centrifugation 

TABLE IX 

Nutrient Content of Acid-Reduced Orange Juice 

Nutrient Nutrient Content/lOOml of 12.8°Brix 

Before I-E Column After I-E Column 

Vitamin B-̂  (Thiamine) 0.14 mg 0.13 mg 
Vitamin B2 (Riboflavin) 0.085mg 0.072mg 
Vitamin B 6 (Pyridoxine) 0.080mg 0.086mg 
Niacin 0.68 mg 0.69 mg 
Pantothenic Acid 0.29 mg 0.44 mg 
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TABLE X 

Range of Mineral Content of Acid-Reduced Orange Juice 

Mineral Mineral Content (ppm) 

Reported i n Orange J u i c e ^ After I-E Column 

Sodium 
Potassium 
Calcium 
Magnes ium 
Iron 
Copper 

2- 24 
1500-2300 

50- 150 
90- 130 

7- 35 
1945-2346 

66- 144 
115- 138 
0.3  1,4 

(1) As compiled from the l i t e r a t u r e . 

experienced some major changes i n packaging, and i t s future prob­
ably holds much of the same. 

Chil l e d juices being marketed domestically are prepared 
either from freshly extracted juice or from concentrate that has 
been bulk shipped to a packaging s i t e then reconstituted to 
single-strength j u i c e . 

Early c h i l l e d j u ice products were packaged i n paper milk 
cartons and i n polyethylene containers. These containers have 
largely been supplanted by glass bottles and more recently by 
polyethylene-lined paper cartons. In some cases, the cartons 
also contain a layer of aluminum f o i l between the paper and 
polyethylene. These containers are not hermetic and i n many 
cases are not s t e r i l e ; thus, even though the juice i s pasteurized, 
the f i n a l product i s perishable. It may become recontaminated 
by the package, although this does not often occur. The major 
problem encountered with these cartons i s that they permit trans­
fer of oxygen into the product with the resultant flavor and 
ascorbic acid degradation; hence, they have r e l a t i v e l y short 
shelf l i v e s . Open code dating, i n common practice i n the food 
industry today for perishable products, indicates that the shelf 
l i f e of a citrus juice in a dairy-type container i s i n the order 
of 28 to 42 days depending on the juice and the construction of 
the j u i c e board i n the package. These products must be d i s t r i ­
buted through channels that allow for re f r i g e r a t i o n . Primary 
storage ( i . e . , after packaging and before being delivered to 
the r e t a i l outlet) temperatures near 0°C are often specified. 

Juices i n glass bottles are considered commercially s t e r i l e 
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because the bottles and caps are s t e r i l i z e d and the juice i s 
pasteurized then cooled before the containers are f i l l e d . Since 
there i s no oxygen transfer that can occur, more prolonged shelf 
s t a b i l i t i e s are generally realized. These products, when d i s t r i ­
buted through refrigerated channels, w i l l maintain good flavor 
acceptability for periods up to ten months. Ascorbic acid sta­
b i l i t y through this period i s also good. At times, such products 
are distributed at ambient temperature; hence, the shelf l i f e as 
measured by flavor acceptability and ascorbic acid s t a b i l i t y i s 
shortened considerably, perhaps by as much as four to five 
months. 

Berry et a l . (11) and Bissett and Berry (76) stored single-
strength orange juice (SSOJ) in glass, polyethylene, and polysty­
rene bottles and i n wax-coated cardboard cartons at several temp­
eratures for various periods of time. They concluded that 
c h i l l e d SSOJ i n glass containers retained a high l e v e l of ascor­
bic acid for 32 weeks whe
10°C, Juices stored i
cartons lost 80% of their ascorbic acid i n three to four weeks. 
They concluded that the acceptable shelf l i f e for juice in poly­
styrene bottles and i n waxed cartons was two to three weeks at 
normal re f r i g e r a t i o n temperatures. 

Squires and Hanna (79) examined 17 brands of reconstitued 
orange juice i n plastic-coated cardboard containers that were 
purchased at the r e t a i l l e v e l then stored at 4°C. Their data 
indicated that the ascorbic acid contents of these c h i l l e d 
orange juice samples decreased at a rate of about 2% per day. 
They concluded that the acceptable shelf l i f e for these products 
was 20 days, at which time the ascorbic acid retention had 
decreased by about 39% to a lev e l of 28mg/100ml of juice (49.6mg/ 
177ml serving or 82.6% of the U.S. RDA). 

Our Technical Department (80) conducted a study in which 80 
r e t a i l samples of orange juice from concentrate packaged i n 32-oz. 
and 64-oz. p l a s t i c - l i n e d cartons were picked up from 14 different 
r e t a i l outlets. The mean age of a l l samples was 20.2 days; 22.3 
days for samples i n 32-oz. containers and 18.5 days for samples 
i n 64-oz. containers. The ascorbic acid content of each sample 
was determined and the average for a l l samples was 35.2mg/100ml 
(62.5mg/177ml or 105% of the U.S. RDA per serving). The samples 
i n 32-oz. cartons averaged 33.1mg of ascorbic acid/100ml (58.7mg/ 
177ml or 98% of the U.S. RDA); the samples in 64-oz. cartons aver­
aged 37.7mg/100ml (66.8mg/177ml or 111% of the U.S. RDA). Of a l l 
samples analyzed, 53% delivered at least 100% of the U.S. RDA of 
ascorbic acid per 177ml serving, and a l l delivered at least 75% 
of the U.S. RDA of ascorbic acid per serving. 

These data would suggest that, although there i s some loss 
of ascorbic acid during the normal shelf l i f e of orange juice i n 
plastic-coated paper cartons, this processed product represents 
a s i g n i f i c a n t source of ascorbic acid i n the diet of any consumer 
at any time during i t s dated l i f e expectancy (as indicated by the 
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date code on the carton). Ninety-six percent of the samples de­
livered at least 28mg of ascorbic acid per 100ml of j u i c e , the 
c r i t e r i o n set forth by Squires and Hanna (79). 

Paper cartons with an aluminum-foil ba r r i e r between the pa­
per and p l a s t i c are used for the distribution of some c h i l l e d 
products. Because of the f o i l b a r rier, products in these car­
tons exhibit better ascorbic acid retention than do the p l a s t i c -
lined cartons. As an example, grapefruit juice stored in such 
cartons retained 74% of i t s ascorbic acid over a 40-day storage 
period at 4.4°C. The rate of ascorbic acid loss was 0.7% per 
day. Grapefruit juice i n a p l a s t i c - l i n e d container lost 1.5% 
of i t s ascorbic acid per day when stored under similar conditions. 

4.4 Canned Juices 

Canned grapefruit juice s t i l l represents the major segment of 
the market for processe
Canned orange j u i c e , on
small percentage of the orange crop that i s processed, and i t s 
share of the t o t a l market for processed oranges i s s t i l l on the 
decline. The greater acceptability of FCOJ and c h i l l e d orange 
juice and the increasing growth of the c h i l l e d orange juice 
market segment are the major reasons for the declining market 
for canned orange juice. 

In the infancy of the market for processed citrus juices, 
the canned single-strength juices were the f i r s t products to 
be widely distributed. In today's market, the main strengths of 
canned orange juice are i t s perceived convenience, economy, 
and ease of storage. Chill e d orange juice, on the other hand, i s 
generally regarded by the consumer as being more l i k e fresh or­
ange j u i c e . 

Canned orange juice i s normally prepared from freshly 
extracted juice; however, that may not be the case with grape­
f r u i t j u i c e . Since the growth in popularity of bottled grape­
f r u i t j u i c e , a sizeable portion of that market consists of 
grapefruit juice from concentrate, as i s also the case with 
c h i l l e d grapefruit juice. 

In the preparation of canned orange juice, the juice i s 
extracted from f r u i t , finished and blended to achieve the best 
possible physical characteristics of the juic e , i . e . , color, 
cloud, sweetness, and a c i d i t y . After blending the juice i s 
deaerated, deoiled, pasteurized, and canned. 

Deaeration i s u t i l i z e d to remove dissolved oxygen from the 
j u i c e , thereby retarding the oxidation of ascorbic acid and flavor 
changes that may result from a combination of oxidative browning 
and oxidative changes in the flavoring o i l s (81). Deoiling can 
be accomplished by flash evaporation under vacuum (82), after 
which the o i l content can be readjusted to achieve an acceptable 
l e v e l , which should not exceed 0.035% v/v for grade A orange 
juice and i s generally below 0.020% v/v. For grapefruit j u i c e , 
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the l e v e l i s usually lower than 0.015% v/v. 
Pasteurization and s t a b i l i z a t i o n of orange juice are gener­

a l l y accomplished by heating to 88-93°C for up to 40 seconds. 
Grapefruit juice can be pasteurized and s t a b i l i z e d at lower 
temperatures, perhaps 71-82°C, because of i t s higher a c i d i t y . 
Following pasteurization the juice i s f i l l e d into cans or bot­
t l e s . 

Flavor changes that occur in citrus juices are the result 
of heat input into the product over time; i . e . , they are a 
function of temperature and time. It i s for this reason that 
canned and bottled juices are generally less preferred by con­
sumers than other processed citrus j u i c e s , e.g., frozen concen­
trates or c h i l l e d juices. The canned juices receive more heat 
input during pasteurization and they remain at r e l a t i v e l y high 
temperatures for extended periods of time because they are dis­
charged from the water coolers at temperatures near 40°C to fa­
c i l i t a t e drying and to i n h i b i
known that the rate of flavo
perature, so canned juices are stored at a temperature as low 
as i s economically p r a c t i c a l before d i s t r i b u t i o n at the r e t a i l 
l e v e l to extend their shelf l i f e as much as possible. 

Ross (68) studied the flavor deterioration and ascorbic acid 
retention i n canned juices, and he concluded that storage temper­
ature was very important to ascorbic acid retention. Further, 
he found that flavor acceptability was dependent on both time 
and temperature of storage and that i t roughly paralleled as­
corbic acid retention. Between 10° and 27°C, the rate of as­
corbic acid degradation doubled for a 10° r i s e i n temperature; 
between 27° and 37°C the rate quadrupled. Studies by Nagy and 
Smoot (83) and Nagy (65) corroborated these results and further 
confirmed the finding that ascorbic acid loss i s greater i n 
orange juice than in grapefruit juice when stored at similar 
temperatures. 

Moore (84) reported that the ascorbic acid retention was 
89.2% for bottled orange juice and 93.2% for canned orange juice 
stored at 4.4°C for 18 months. At 24.4°C, the ascorbic acid re­
tentions after 18 months were 50.9% and 59.8% for bottled and 
canned orange j u i c e , respectively. This effect of container 
type was further demonstrated in studies by Riester et a l . (85), 
Curl (48), and by Moore et a l . (86). These studies showed great­
er losses of ascorbic acid i n enamel-lined cans than in p l a i n t i n 
cans. The difference was attributed to the protective effect 
of the tin, in that oxygen reacted with t i n in one case and with 
ascorbic acid i n the other. 

A composite, f l e x i b l e package in broad use throughout much 
of the world today i s the aseptic Tetra B r i k ^ a rectangular 
package of laminate construction containing six or seven compo­
nents with paper as the primary one. Juices are distributed and 
r e t a i l e d i n parts of Europe, Asia, South aid North America i n 200-
and 250-ml and i n 1 - l i t e r Tetra B r i k ® packages, normally at 
ambient temperature. 
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Studies were conducted i n our laboratories in which single-
strength orange juice, from concentrate was aseptically packed i n ­
to l i t e r Tetra B r i k ^ packages and also was h o t - f i l l e d into 
1.36-1 (46-oz.) enamel-lined cans with p l a i n t i n ends. After 
packing, the products were stored for 18 weeks at 23.9°F and the 
rate of ascorbic acid retention and flavor deterioration were 
measured. The results for the ascorbic acid retention are shown 
in Figure 8. In the metal can there was a rapid i n i t i a l loss of 
ascorbic acid due to the dissolved oxygen and headspace oxygen. 
After this i n i t i a l loss, the ascorbic acid l e v e l s t a b i l i z e d at 
about 82% of i t s i n i t i a l l e v e l . In the Tetra B r i k ® , a rapid 
i n i t i a l loss of ascorbic acid occurred, l i k e l y attributable to 
the dissolved oxygen since there i s no headspace i n the package. 
The product i n the Tetra B r i k ® package continued to lose 
ascorbic acid at a linear rate between 6 and 18 weeks u n t i l the 
study was terminated because the product reached a point of bor­
derline acceptability. A
tion was about 69%. Th
dicate that^the s h e l f - l i f e expectancy for a ctirus product i n the 
Tetra B r i k © package should not exceed fiv e months, and perhaps 
four months would be a more prudent figure. The attainable 
shelf l i f e w i l l , of course, be dependent upon conditions under 
which the product i s stored. At temperatures above 23.9°C a 
shorter shelf l i f e should be expected. 

4.5 Dehydrated Juices 

Attempts to prepare dehydrated citrus juices date back to 
the mid-19401s when freeze drying was investigated, followed by 
an im^estigation into puff drying in a vacuum shelf dryer (87). 
Interest in the production of dehydrated citrus juices later led 
to the development of the continuous vacuum belt dryer and the 
foam-mat process. Other attempts to dehydrate citrus juices 
employed drum drying and spray drying. More recently, a f i l t e r -
mat process (88) was described and touted as a method suitable 
for the dehydration of sensitive products such as citrus juices. 
The filtermat dryer i s described as a four-stage process that 
u t i l i z e s a combination of spray drying and belt drying with 
heated a i r ; the l a t t e r i s accomplished on a s t a i n l e s s - s t e e l 
screen mesh conveyor. Attiyate (89) recently described the pro­
cess that u t i l i z e s microwave energy for evaporation of moisture. 
The process i s said to rank between spray drying and freeze dry­
ing from an economic standpoint. A commercial operation exists 
i n France where preconcentrated orange juice with a t o t a l solids 
content of 63% i s dehydrated. The process i s said to provide a 
quality product that exhibits good retention of color, flavor, 
and aroma. 

In most processes for the production of dehydrated citrus 
j u i c e s , a concentrated juice i s blended with a drying aid which 
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Figure 8. Ascorbic acid retention in single-strength orange juice stored at 23.9°C 
((O) 1.36-1 metal can; (\J) 1.0-1 foil-lined Brik (aseptic)) 
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i s usually a carbohydrate. The drying aid i s generally added 
in order to improve the drying rate, to i n h i b i t product from 
stic k i n g to the walls and belts of dryers by raising the "sticky 
point," to reduce hygroscopicity, and to maintain flowability in 
the dry powder. The drying agents normally employed are the 
maltodextrins; however, sugar, low D.E. corn syrups, modified 
food starches, and other carbohydrates of high molecular weight 
are also used at times. For foam-mat drying, methylcellulose i s 
used to help create a stable foam and to create a porous struc­
ture to enhance the rate of drying. 

Vacuum belt drying and spray drying are the two processes 
most widely used today for the dehydration of citrus juices. 
In neither process i s i t commercially feasible to produce a de­
hydrated juice without the addition of a drying aid, although 
100% orange juice has been produced with the continuous vacuum 
belt dehydrator (42,43)  This product i s extremely hygroscopic 
and very temperature sensitive
or hardens i f exposed t
24°C. The product i s also subject to browning i f not stored 
at refrigerated temperatures. Dehydrated citrus juices are pro­
duced on a vacuum belt dryer at Crystals International, Plant 
City, Florida, and are items of commerce. 

Moy and Speilmann (90) recently reported on the economic 
f e a s i b i l i t y of vacuum puff freeze drying of t r o p i c a l f r u i t 
juices and nectars. They considered the process economically 
feasible i f production rates were 250,000 or 1,000,000kg of dried 
nectar base per year (two plant sizes) with an assumed l e v e l of 
35% sucrose (wet weight basis) blended with the juice or puree 
before dehydration. One assumption made in their study was that 
a marketing share equivalent to 0.5% of the annual orange juice 
volume in the U.S. was attainable. 

Gupta (90) developed a process for spray drying an aqueous 
orange juice slurry that contained a carbohydrate drying aid. 
With his process, he produced free-flowing orange juice powders 
that contained as much as 60% orange juice solids by weight. 
There are citrus juice powders commercially available today that 
contain as much as 50% w/w f r u i t s o l i d s , the remainder of the dry 
weight being contributed by carbohydrate drying aid. 

Because of the need tc employ drying aids, the economics 
for most dehydrated citrus juices are not favorable enough to 
warrant their large scale usage. Generally, they are employed 
in specialized areas or i n products that contain juice contents 
i n the range of 10-15% by volume of reconstituted product. The 
flavor q u a l i t i e s of the dehydrated juice products are not equiva­
lent to those of the juices prior to dehydration. Usually the 
flavor quality is degraded to some degree and this i s dependent 
upon the conditions employed i n the drying process (3). If the 
drying aids are not carefully selected, they can lead to the 
development of additional off flavors during the dehydration pro­
cess and the storage of the free-flowing powder. 
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B e r r y e t a l . (54) e v a l u a t e d foam-mat d r i e d i n s t a n t orange 
j u i c e and de termined t h a t i t s f l a v o r was a c c e p t a b l e over 26 
weeks when s t o r e d a t 2 1 . 1 ° C . A t 2 9 . 4 ° C f l a v o r changes were 
o b s e r v e d a f t e r two to f o u r weeks w i t h samples i n the pH range 
o f 4 to 6. The f l a v o r s t a b i l i t y o f the i n s t a n t orange powder 
was d i r e c t l y r e l a t e d to pH when s t o r e d a t 2 9 . 4 ° C . S t a b i l i t y 
was improved by u s i n g more a c i d i c j u i c e s , a d d i t i o n o f a c i d , o r 
removal o f s u g a r . 
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Quality of Citrus Specialty Products 
Dried Pulp, Peel Oils, Pulp-Wash Solids, Dried Juice Sacs 
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Expansion of processe
has increased productio
of the world where the climate is suitable for the growth of the 
crop. Large scale manufacturing of juices and concentrate 
creates waste and necessitates utilization of the remaining 
portions of the fruit as by-products or specialty products. 
Juice and concentrate quality is controlled by regulations, 
resulting in manufacture to uniform standards worldwide; however, 
less control is exercised over certain by-products and specialty 
products. Some of the factors important to quality of the 
specialty products, dried pulp, peel oils, pulp-wash solids, and 
dried juice sacs will be included in the following discussion. 

Dried Pulp and Pellets 

Data from a statistical report (1) indicated that over one 
million tons of dried citrus pulp and pellets were produced 
during a recent season from the Florida crop, which was about 
70% of total U. S. citrus production. This by-product is 
important to the function of the c i t rus processing industry and 
to many l ivestock producers who use i t as a ca t t l e feed supple­
ment. 

The peel , in terna l membranes, ruptured juice vesic les and 
seed residue remaining after juice extract ion represent the raw 
material for production of dried c i t rus pulp. This residue, i n 
i t s wet state, contains 75-85% water and ferments or sours 
readi ly because of the presence of soluble sugars. The d i f f i ­
cu l ty of handling this wet material necessitates dehydration to 
a moisture content i n the range of 107o water. Once dr ied , i f 
proper precautions are taken to maintain dry condit ions , the 
product may be handled, stored, and shipped i n a manner s imi lar 
to other dry feed s tuf fs . 
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Particle size. Uniform p a r t i c l e size i s important during 
dehydration. I f large pieces are present, drying conditions 
must be altered to include longer drying times; since fine 
particles and dust which dry rapidly may burn and contribute to 
product losses and a i r pollution problems. 

Figure 1 i l l u s t r a t e s a t y p i c a l p a r t i c l e size d i s t r i b u t i o n 
of some feed m i l l pulp fractions. The d i s t r i b u t i o n of wet press 
cake and dried pulp fractions were similar i n that a fraction 
of the particles were about 1 mm with another fraction d i s t r i ­
buted i n the 2 to 5 mm range (2). The major p a r t i c l e d i s t r i ­
butions of the meal and dust portions of the fines were below 
1 mm. 

Moisture content. The importance of maintaining a low 
moisture content for either dried loose pulp or pellets has been 
documented (_3). Fire or smouldering is a d i s t i n c t danger i n 
feed m i l l operations or storage f a c i l i t i e s and usually occurs 
when the moisture conten
recommended 107o moistur

Moisture equilibrium during storage of loose, dried citrus 
pulp at 607o r e l a t i v e humidity (RH) , 26°C, has been shown to 
occur at about 11 to 1270 moisture ( 4 ) . Other researchers have 
shown this equilibrium to take from 2 to 3 weeks ( 5 ) . For 
samples of loose commercial pulp, i t was shown that above 7570 

RH, at 25°C, moisture equilibrium occurred i n about 2 weeks (2^). 
However, less time was required at lower relative humidities 
(30 and 50Jo) , with equilibrium moistures near the i n i t i a l 
moisture content of the sample (8.87 0 ). 

Moisture equilibrium of dried pellets takes longer to occur 
than for loose pulp. Results shown i n Figure 2 indicate that 
above 757Q RH at 25°C, equilibrium had not occurred within 28 days. 
The samples at 31 and 527o RH reached equilibrium within one week. 
Mold growth i n the pellets at 90 and 1007o RH atmospheres com­
menced after 28 and 25 days, respectively. No mold growth 
occurred within 28 days i n the other samples. In order to main­
tain the moisture content of dried pulp or pellets i n the range 
of 10 to 127o, contact with a i r of greater than 50 to 607o RH at 
25°C should be minimized 

Other properties. Some properties of two common-sized com­
mercial pellets are included i n Table I. The bulk density of 
pellets i s approximately twice the value for loose pulp. The 
7o void space r e f l e c t s the compaction effect occurring as a re­
sult of p e l l e t i z i n g . Savings i n costs for handling and shipping 
occur as a result of manufacturing pellets because of a large 
decrease i n volume. There is also some space advantage i n 
making smaller diameter pellets with greater bulk density. 

Nutrient composition. The n u t r i t i o n a l quality of dried 
citrus pulp may be affected by processing conditions, p a r t i c u l a r l y 
dehydration temperatures. Pulp dried with dryer exit-stack gas 
temperatures greater than 143°C shows caramelization or browning. 
Ammerman et a l . (6) and Chapman et a l . (]_) have shown that a 
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lu -I Q_ 
< co 

Figure 1. Particle size distribution of citrus press cake, dried pulp, meal, and 
dust (2) 

0 2 4 6 β 10 12 14 16 18 20 22 24 26 26 30 
TIME, DAYS 

Figure 2. Moisture equilibrium of citrus pellets at 25°C and 31, 52, 75, 90, and 
100% relative humidity atmospheres 
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Table I. Some Propertie f Citru  Pellet  Relatin  Weight
Area, and Volum

Pellet diam. 
Property 0.64 cm 0.95 cm 

Pellets/kg 
2 

Area (cm /pellet) 
2 

Area (cm /kg) 
3 

Pellet vol (cm /kg) 
3 

Bulk density (kg/m ) 

Void space (7o) 

1500 

4.5 

7000 

1010 

625.8 

63.3 

1400 

4.6 

6500 

1070 

577.6 

60.4 
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dried citrus pulp, dark i n color, is less palatable and has less 
n u t r i t i o n a l value due to a reduced d i g e s t i b i l i t y of protein and 
lower energy value. For comparison, the average nutrient compo­
s i t i o n of a large number of samples of commercial citrus pulp 
i s presented i n Table II. 

When a study was made by Pulley and von Loesecke (8) of 
dried grapefruit pulp manufactured by three types of dryers, 
they found no s i g n i f i c a n t n u t r i t i o n a l differences between the 
products except where pressing was avoided. However, carotene 
was almost completely destroyed by the drying process. It has 
been demonstrated that the monohydroxy and dihydroxy-carotenoid 
fractions of orange and tangerine flavedo were ea s i l y destroyed 
during drying (9). Elevated drying temperatures increased 
pigment losses. Samples dried at exit-stack gas temperatures 
of 99 and 110°C were light i n color and showed the least loss 
of pigment during drying. Extensive destruction of pigment 
occurred i n other sample
143°C. Since 143°C i s
a réévaluation of citrus pulp drying temperatures i s suggested. 

Peel Oils 

The economic importance of the various ci t r u s o i l s has 
resulted i n intensive research directed toward processing methods, 
compositional analyses, quality, and u t i l i z a t i o n . Early work 
described recovery methods and some characteristics related to 
quality of c i t r u s peel o i l s i n the United States (10, 11). More 
recently, citrus peel o i l y i e l d and quality has been related to 
processing methods (12) and c u l t u r a l practices (13). 

Chemical composition. Detailed compositional data con­
cerning the commercially important citrus o i l s can be found i n 
several reviews. An extensive l i s t of various chemical compounds 
id e n t i f i e d as components of orange, grapefruit, tangerine, lemon, 
and lime o i l s has been compiled and described i n re l a t i o n to 
certain flavor properties (14). Ziegler (15) described some gas 
l i q u i d chromatography (GLC) techniques useful for analyses of 
essential o i l components and reviewed considerable research 
re l a t i n g s p e c i f i c compounds to important flavor characteristics 
of o i l s from sweet and b i t t e r orange, bergamot, orange juice, 
mandarin, grapefruit, and limes. In a review of many essential 
o i l s and important flavor compounds, some discussion was devoted 
to citrus o i l composition and certain a n a l y t i c a l methods useful 
i n comparing different o i l s (16). 

Use of GLC to determine qualitative and quantitative com­
position of v o l a t i l e compounds in citrus o i l s has become common. 
However, there are many discrepancies i n the l i t e r a t u r e con­
cerning the quantitative composition of citrus o i l s . Analyses 
of v o l a t i l e aldehydes are of major importance, because compo­
s i t i o n and quantity of these compounds influence the quality and 
value of citrus o i l s . Compositional differences between 
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aldehydes i n C a l i f o r n i a , F l o r i d a , and I s r a e l i o i l s have been 
shown (17). Coleman et a l . (18) quantitatively estimated orange 
essence o i l v o l a t i l e s by GLC and showed a peculiar absence of 
octanal and decanal. Another report estimated the t o t a l amount 
of octanal plus hexanal at 1.297o i n a v o l a t i l e faction of com­
mercial Valencia essence o i l , yet did not report the presence 
of decanal, a major aldehyde of commercial orange essences and 
o i l s (19). Other quantitative GLC data also shows considerable 
variation i n the amounts of s p e c i f i c aldehydes, octanal and 
decanal, i n Valencia orange o i l ( 15 , 17, 20, 21 ) . 

Certain values have been reported for the concentrations 
of oxygenated compounds i n citrus o i l s using chemical methods, 
rather than GLC. Naves (22) reported 317o octanal, 277o decanal, 
67o dodecanal, and 7.57« c i t r a l i n sweet orange o i l . More recent­
l y , the percentages of aldehydes, esters, alcohols, and acids 
present i n terpeneless ci t r u s o i l s (Table III) have been 
determined ( 23 ) . 

Processing effects
certain processing parameters. Some which have been studied 
include effects of y i e l d from the f r u i t , the amount of water used 
during recovery and extraction, storage of f r u i t prior to pro­
cessing, blending of f r u i t v a r i e t i e s , and handling the emulsion 
or finished o i l s ( 1 2 ) . 

The type or blend of f r u i t processed has a s i g n i f i c a n t 
effect on o i l quality. An important aspect of this variable 
which can be controlled would be to avoid processing mandarin 
or other varieties i n with oranges. Subtle flavor differences, 
which can be detected by the f l a v o r i s t , may be imparted to orange 
o i l adulterated with tangelos, murcotts, temples, or tangerines. 
A mixture of mandarin f r u i t s with oranges may be detected by 
u l t r a v i o l e t spectra and results i n inconsistent flavor quality 
and lower aldehyde contents. 

The quantity of water used to make the oil-water emulsion 
also affects quality. Aldehyde concentrations decrease with i n ­
creasing proportions of aqueous phase i n an emulsion. This de­
crease may be due to insoluble solids which absorb aldehydes i n 
the emulsion. However, using large quantities of water w i l l i n ­
crease o i l yields. Therefore, a balance should be sought between 
aldehyde content, water usage, and o i l y i e l d . Current industry 
water usage for o i l recovery varies widely above and below 28 
100 kg f r u i t depending on the type of recovery equipment (24, 25). 

Data by Waters et a l . (26) have demonstrated that the type 
of commercial extraction had a s i g n i f i c a n t influence on the 
tocopherol content and the evaporation residue of citrus o i l s . 
The tocopherol content of midseason orange o i l s followed the 
order: Brown peel shaver (216 ppm), FMC i n - l i n e extractor (126 
ppm) and screw press (104 ppm). The method of extraction i n f l u ­
enced both the evaporation residue and the tocopherol content 
of orange o i l , the higher the evaporation residue, the higher 
the tocopherol content. Since tocopherol i s a good antioxidant, 
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Table III. Concentrations of Classes of Oxygenated Compounds 
Present in Various Citrus Oils (23) 

% (wt/wt) of Total O i l 
Citrus o i l Aldehydes Esters Alcohols Acids 

Hamlin orange 1.48 0.35 0.55 0.13 

Pineapple orange 1.20 0.26 0.40 0.11 

Valencia orange 1.63 0.27 0.87 0.13 

Temple orange 1.87 0.42 0.63 0.30 

Dancy tangerine 1.10 0.25 0.47 0.24 

Orlando tangelo 0.57 1.22 0.59 0.45 

Duncan grapefruit 1.80 3.26 1.06 0.39 

Valencia essence o i l 1.38 0.91 0.84 0.04 
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the implication here is that processes may be important to 
production of stable o i l s . Those o i l s with more tocopherol 
would tend to be stable for longer storage periods. 

Of c u l t u r a l effects, f r u i t variety probably has the most 
influence on o i l quality, p a r t i c u l a r l y aldehyde content (12). 
The aldehyde content of coldpressed o i l of oranges i s highest 
when made from Valencia oranges. Mixtures of pineapple and 
seedling oranges y i e l d o i l s with lower aldehyde content; while 
mixtures of Hamlin and Parson Brown varieties give o i l s with 
the lowest aldehyde content. The effect of f r u i t maturity has 
a major influence on the quality of citrus o i l s . For example, 
the aldehyde content of coldpressed Valencia orange o i l de­
creases by 0.3 to 0.5% i n a normal processing season, aldehyde 
content of the o i l i s lowest for immature and over mature 
oranges. Late bloom f r u i t w i l l also give an o i l of low aldehyde 
content. It is understandable that firm, mature f r u i t of good 
quality produces the bes
r a i n f a l l , f e r t i l i z a t i o n
can affect quality and y i e l d but w i l l not be discussed here. 

D i s t i l l e d and folded o i l s . Of the d i s t i l l e d o i l s , some 
mention should be made of quality problems occurring during the 
production of d-limonene from peel press liquor or oil-water 
emulsions. These manufacturing processes are described i n d e t a i l 
elsewhere (_3). In particular, feed m i l l press liquor or 
emulsion handling can affect the quality and the y i e l d of 
d-limonene. At one time i n the industry, the press liquor was 
pasteurized during o i l stripping prior to holding for feeding 
to molasses evaporators. Since the advent of waste heat recovery 
evaporators, press liquor handling needs considerable improvement 
in sanitation. For instance, the dilute press liquor is pumped 
at ambient temperatures to large storage tanks which feed the 
evaporator. These tanks may be cleaned once per season or they 
may never be cleaned. The result is fermentation of the raw 
press liquor which uses the most fermentable sugars, producing 
alcohol which i s stripped off into the heat recovery evaporator 
condensate. Losses may be high i f limonene i s recovered from 
this condensate since i t is not uncommon for the condensate to 
contain 10 to 20?o alcohol. This alcohol may dissolve some of 
the limonene during the recovery process, resulting i n problems 
when the aqueous condensate ends up at the waste treatment plant. 
Additionally, sour smelling aromas may be produced by micro­
organisms during handling of emulsions or press liquor. These 
components then may be present i n the finished product. 

In most instances, storage and handling of folded o i l s are 
the same as for most single-strength o i l s . The major s t a b i l i t y 
difference is that the flavor of folded o i l s persists i n pro­
ducts where high temperature i s a factor, i . e . , candy or baked 
products. The quality of folded o i l s is a function of the 
folding procedure. Oils folded by washing with 607o alcohol w i l l 
d i f f e r from those folded by d i s t i l l a t i o n under vacuum. For 
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d i s t i l l a t i o n , the time, temperature, and vacuum have major ef­
fects on the quality and y i e l d , as e s t e r i f i c a t i o n and de­
e s t e r i f i c a t i o n reactions can occur. Losses also occur i n the 
aldehyde flavor fraction as the lev e l of folding increases. 
This i s i l l u s t r a t e d i n Figure 3, wherein 40% loss of aldehydes 
has occurred at threefold concentration and over 50% loss at 
tenfold (27). This loss i s quite time-dependent i n a s t i l l 
under given temperature-vacuum conditions; thus, i t i s indus­
t r i a l practice to perform the d i s t i l l a t i o n as rapidly as 
possible to minimize losses and quality changes. 

Pulp-Wash Solids 

Citrus f r u i t i s processed into several product streams at 
the time of juice extraction. The extracted juice goes 
immediately to finishers where part of the ruptured juice 
vesicles, or pulp, i s removed
and soluble solids remainin
processing allows recovery of this material (28, 29). The 
general process consists of mixing water continuously with the 
juice pulp from the f i n i s h e r , allowing juice solubles to be 
leached, or distributed into the water, and f i n i s h i n g to 
separate the pulp and recovered solubles. The wash l i q u i d so 
recovered may be centrifuged to remove particulates and then 
concentrated by evaporation. This process i s known i n the 
ci t r u s industry as "pulp-washing" and the recovered solution 
as "pulp-wash". Pulp-wash concentrate i s an integral part of 
the citrus by-products industry and i s sold world-wide for use 
as cloud, flavor, or beverage base purposes. 

Composition. S c i e n t i f i c data concerning liquids washed 
with water from orange juice finisher pulp was f i r s t published 
by Olsen et a l . (30). They studied Brix/acid r a t i o s , sucrose, 
reducing sugars, pH, pectic constituents, turbidity, pulp 
content, ascorbic acid, v i s c o s i t y , and flavonoid content of 
experimental and commercial samples. Characterization of pulp­
wash continued with publication of quality data (31), examina­
tion of pectic substances (32) , microbiology (33) , and compari­
son of pulp-wash with orange concentrate (34). 

Generally, pulp-wash concentrates are similar i n composi­
tion to orange juice concentrates. In fact, i t i s not uncommon 
for juice extraction overages to end up i n pulp-wash during 
commercial operations. True pulp-washes i n general do not have 
the good flavor or color of juice concentrates. Color scores 
are s i g n i f i c a n t l y low enough that, for the most part, pulp­
wash color is poor. Color measurements have been used experi­
mentally i n attempts to measure the amount of pulp-wash present 
in true juice concentrates (35). 

The composition of pulp-wash i s such that, i f both pulp­
wash and juice are from the same batch of f r u i t , i t may be 
included as a component of the product called concentrated orange 
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50f-

Figure 3. Loss of aldehydes during folding of cold-pressed oil (21) 
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juice for manufacturing (36). Under Federal law, the product, 
frozen concentrated orange juice, may contain water extracts 
of excess pulp (37); however, i n Florida, the addition of pulp­
wash solids to frozen concentrated orange juice i s prohibited. 

In a study of y i e l d and recovery of various citrus by­
products, i t was reported that juice finisher pulp recovery was 
about 4 .4 kg/100 kg of oranges and 2.7 kg/100 kg of grapefruit. 
Commercial recovery of soluble solids (ss) as pulp-wash should 
y i e l d approximately 0.6 kg ss (oranges) and 0.2 kg ss (grape­
f r u i t ) from 100 kg f r u i t ( 3 8 ) . 

Quality. F r u i t and pulp conditions are major factors 
affecting pulp-wash quality. Handling d i f f i c u l t i e s are often 
experienced late i n the season when very mature f r u i t are 
processed. If the pulp condition is soft or f r a g i l e , consider­
able water soluble pectin may be extracted during the counter-
current washing process  This pectin causes liquids to be 
viscous, lowering extractio
stages. Viscous pulp-was
during concentration i n the evaporators. To a l l e v i a t e handling 
problems associated with high v i s c o s i t i e s , processors now 
commonly add commercial pectolytic enzymes to pulp-wash liquids 
prior to concentration ( 3 £ , 40 , 4 1 ) . These enzymes degrade the 
pectin, lower the v i s c o s i t y of the l i q u i d s , allow concentration 
to a uniformly high ss content (50-65°B) , and have very l i t t l e 
e ffect on product quality ( 4 2 ) . 

Quality control of the process and of the f i n a l product i s 
d i f f i c u l t , and varies widely from plant to plant. Generally, 
fi n i s h e r pressures must be care f u l l y controlled to avoid 
extracting undesirable flavors and pectic materials into the 
water phase. Process evaporation temperature should be con­
sidered an important parameter when good quality products are 
required. If liquids are too viscous, high temperatures may 
occur because of l o c a l overheating and poor heat transfer, 
resulting i n a "cooked" flavor and browning caused by carameli-
zation. If heat treatments are i n s u f f i c i e n t , natural or added 
pectinases i n the liquids w i l l remain active and products with 
poor clouding properties (and/or gelation problems) may be 
produced. 

Some quality parameters, typical of commercial pulp-wash 
concentrates and dilute l i q u i d s , are included i n the following 
statements : 

For 60°B pulp-wash concentrate, a v i s c o s i t y up to 10,000 
cps (Brookfield with #4 spindle, 60 rpm, 26.7°C) and a #2 gel 
would be ty p i c a l . V i s c o s i t i e s above 15,000 cps would be con­
sidered high, but the range 2,000 to 5,000 cps would be good i f 
the liquids had been enzyme treated. 

For a 10°Brix (°B) l i q u i d reconstituted from 60°B concen­
trate, cloud measured i n i t i a l l y on d i l u t i o n should read not more 
than 207o l i g h t transmission (T) and more commonly i n the range 
of 107o T. After 24 hr at room temperature, cloud values should 
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not be greater than 35% T. Sinking pulp i n 10°B pulp-wash i s 
usually less than 107o and most often is less than 5%. C l a r i f i ­
cation (separation of serum from cloud constituents) of 10°B 
liquids i n a 100 ml graduate cylinder after standing 4 hr at 
room temperature w i l l normally result i n a separation of from 
5 to 20 ml with enzyme treated liquids. At 10°B, serum v i s ­
cosity i s about 5 cps. A concentrate made from non-enzyme 
treated l i q u i d and then diluted to 10°B might have a serum v i s ­
cosity of 10 to 12 cps. 

Recoverable o i l (%> by volume) of 10°B l i q u i d reconstituted 
from concentrate i s usually low (0.005 to 0.015%). Pulp-wash 
normally contains no floating pulp and should be reasonably 
free of hesperidin crystals and other defects. Pectinesterase 
a c t i v i t y should not exceed 5.0 P.E.U. (1 P.E.U. represents 1 
meq. ester hydrolyzed per min per ml per °B) (43). 

Pulp-wash concentrates are produced and handled i n much the 
same manner as concentrate
centrated to 50 to 65°B
are i n beverage base formulations as clouding agents and juice 
solids adjuncts. A major factor important to users of pulp-wash 
concentrates i s the ease of handling during mixing or blending 
into the f i n a l beverage. Concentrates i n the lower range of 
v i s c o s i t i e s (2000 to 5000 cps) should meet this handling 
requirement. Flavors such as astringency or bitterness associa­
ted with immature f r u i t or peel juices should be avoided. 

Dried Juice Sacs 

The juice vesicles, or "sacs," remaining after juice 
extraction and pulp-washing may be included i n the portion of 
peel residue dried as cattle feed. However, i t i s feasible to 
recover and u t i l i z e this material as either frozen (_3) or drum-
dried juice sacs (44). 

Dried citrus juice sacs have excellent water and fat 
absorption c a p a b i l i t i e s , absorbing 10 to 12 times and 4 to 5 
times their weight of water and fat, respectively. These 
absorptive properties make dried juice sacs valuable as 
emulsifiers or binders for comminuted meat products l i k e lun­
cheon meats, bologna, sausages, and frankfurters. 

It has been proposed (44) that juice sacs can be processed 
into excellent thickening or bodying agents which could be used 
by the baking or food processing industries. Potential uses for 
juice sacs exist i n the following specialty foods: canned or 
dehydrated gravies, sauces and puddings, preserves, cookie and 
pie f i l l i n g s , pet foods, breading mixes for f r i e d foods, and a 
variety of other food products. Dehydrated beverage mixes, 
synthesized juice products, and certain instant beverages also 
offer a potential use for dried juice sacs since frozen juice 
sacs are currently used i n certain citrus containing l i q u i d bev­
erages. Drug formulations which u t i l i z e binders or water 
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absorbing materials are also envisioned as a possible market 
for dried juice sacs. 

Drum dr ied- ju ice sacs prepared from either oranges or 
grapefruit have a very mi ld , bland f lavor with an aroma that 
only f a i n t l y resembles the f r u i t from which they were prepared. 
The color of dried grapefruit juice sacs is white. Those pre­
pared from oranges have a charac ter i s t i c orange color which i s 
unstable in the presence of l i g h t . Color , however, i s not an 
important factor for most proposed uses of this product. I f 
des ired, the ju ice sacs could be dyed with c e r t i f i e d food colors 
and used i n many food products (45). When stored i n opaque 
containers, the color w i l l disappear i n 3 to 4 months and become 
white making i t d i f f i c u l t to d i s t inguish between juice sacs 
from either oranges or grapefrui t . 

The chemical composition of dried orange ju ice sacs is as 
follows (44): crude f iber (18.9%)  protein (9.0%)  pectin 
(20.6%), ash (3.1%), fa
carbohydrate material (36.4%)
dried juice sac composition with whole peel and core material 
and found the three to be s imi lar i n composition. 
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13 
Methods for Determining the Quality of Citrus 
Juice 

JOSEPH W. MCALLISTER 

U.S. Department of Agriculture, P.O. Box 860, Winter Haven, F L 33880 

In the thirty year
middle of the 1960's th
processing and marketing that is hardly rivaled by any other food 
product. There was a slow steady increase in processed citrus 
from the middle 30's until shortly after World War II, when 
frozen concentrated orange juice was developed and successfully 
marketed. With the advent of frozen citrus concentrates the 
product acquired a new name--"The Cinderella Product," and it 
was. The manufacture of this product resulted in phenomenal 
growth; it did not occur easily or smoothly. Quality control 
methodology was being developed and constantly changed to keep 
up with advancing processing technology (1). 

Today quality control technology is advanced, sophisticated 
and adequate to assure high quality under most conditions for 
al l processed cultivars and their by-products (2). 

In the middle 1970's the marketing of citrus concentrates 
started to change. In earlier years the producer shipped the 
retail product from his plant directly to the market. Now more 
and more bulk citrus concentrates are being shipped to widespread 
markets for remanufacture locally. Bulk concentrates are now 
manufactured and stored at a high degree of solids in large 
capacity tank farms awaiting shipment within the United States 
in tank trucks or internationally in 55 gallon drums. With this 
change in marketing, more emphasis is being put on developing 
methods to determine the composition and quality of the end 
product. 

METHODS FOR DETERMINING QUALITY 

Brix Determination 

Introduction. Degrees Brix is a term used to designate the 
percent by weight of dissolved sugar in a solution. In citrus 
juices it is used to indicate the percent of soluble solids 
contained in the juice. This is one of the more important 

This chapter not subject to U.S. copyright. 
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determinants of quality. The Brix of a juice i s used as a factor 
i n determining maturity of f r u i t , to establish various grades of 
quality, and i s important in pricing of the commodity. Soluble 
solids may be determined either with a hydrometer or refracto-
metrically. Hydrometer readings corrected for temperature w i l l 
give a closer reading to the true soluble solids content of a 
juice than a refractometer. Because c i t r i c acid depresses 
refractometer readings, a correction for the amount of acid 
must be added. Refractometer readings must also be corrected 
for temperature (3). It has been shown (4) (5) (6) that many 
other corrections must be made to the refractometer to make the 
readings more comparable to the true soluble solids content of 
ci t r u s juices. Corrected refractometer readings on single 
strength juices w i l l usually read 0.1 to 0.3 degrees Brix higher 
than on corrected hydrometer readings. 

Brix by Refractometer
A. Equipment. 

(a) Refractometer with a Brix scale calibrated at 20°C. 
B. Procedure. 

(a) Consult instruction manual supplied with instrument 
for procedures covering methods of ca l i b r a t i o n , 
reading and care. 

(b) Clean and dry prisms using d i s t i l l e d water and soft 
tissue. 

(c) Place sample on prisms with a wood or rubber 
applicator, making sure there are no included 
particles of pulp or a i r bubbles. Allow time for 
instrument and sample temperature equalization. 

(d) Make reading, apply temperature and acid corrections 
from Table I and Table II. 

C. Example. If the refractometer reading i s 44.8° Brix, 
the acid content of the sample i s 2.5% and the r e f r a c t ­
ometer temperature i s 22°C the calculations are as 
follows : 

44.8° reading from refractometer 
.49 correction for 2.5% acid 
.16 temperature correction for 22°C 

45.45° Corrected Brix 

Brix by Hydrometer. 
A. Equipment. 

(a) Hydrometer calibrated 5 to 15° Brix at 20°C i n 
tenths of degrees. The hydrometer should contain 
an internal thermometer with a temperature scale 
i n degrees Brix. 

(b) Hydrometer cylinder ^ inch larger i n diameter than 
the body of the hydrometer. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



TA
BL

E 
I 

« 
TE
MP
ER
AT
UR
E 

CO
RR
EC
TI
ON

 T
AB

LE
 
(2

) 
ο 

Fo
r 

re
fr

ac
to

me
te

r 
re

ad
in

gs
 m
ad
e 

at
 t
em

pe
ra

tu
re

s 
ot

he
r 

th
an
 
20

°C
 

> 

% 
Su

cr
os

e 
Te
mp
. 

0 
5 

10
 

15
 

20
 

25
 

30
 

40
 

50
 

60
 

70
 

°C
 

Su
bt

ra
ct

 
fr

om
 
th

e 
% 

su
cr

os
e 

10
 

0.
50
 

0.
54
 

0.
58
 

0.
61
 

0.
64
 

0.
66
 

0.
68
 

0.
72
 

0.
74
 

0.
76
 

0.
79
 

11
 

0.
46
 

0.
49
 

0.
53
 

0.
55
 

0.
58
 

0.
60
 

0.
62
 

0.
65
 

0.
67
 

0.
69
 

0.
71
 

12
 

0.
42
 

0.
45
 

0.
48
 

0.
50
 

0.
52
 

0.
54
 

0.
56
 

0.
58
 

0.
60
 

0.
61
 

0.
63
 

13
 

0.
37
 

0.
40
 

0.
42
 

0.
44
 

0.
46
 

0.
48
 

0.
49
 

0.
51
 

0.
53
 

0.
54
 

0.
55
 

14
 

0.
33
 

0.
35
 

0.
37
 

0.
39
 

0.
40
 

0.
41
 

0.
42
 

0.
44
 

0.
45
 

0.
46
 

0.
48
 

15
 

0.
27
 

0.
29
 

0.
31
 

0.
33
 

0.
34
 

0.
34
 

0.
35
 

0.
37
 

0.
38
 

0.
39
 

0.
40
 

16
 

0.
22
 

0.
24
 

0.
25
 

0.
26
 

0.
27
 

0.
28
 

0.
28
 

0.
30
 

0.
30
 

0.
31
 

0.
32
 

17
 

0.
17
 

0.
18
 

0.
19
 

0.
20
 

0.
21
 

0.
21
 

0.
21
 

0.
22
 

0.
23
 

0.
23
 

0.
24
 

18
 

0.
12
 

0.
13
 

0.
13
 

0.
14
 

0.
14
 

0.
14
 

0.
14
 

0.
15
 

0.
15
 

0.
16
 

0.
16
 

19
 

0.
06
 

0.
06
 

0.
06
 

0.
07
 

0.
07
 

0.
07
 

0.
07
 

0.
08
 

0.
08
 

0.
08
 

0.
08
 

Ad
d 

to
 t

he
 %
 s

uc
ro

se
 

21
 

0.
06
 

0.
07
 

0.
07
 

0.
07
 

0.
07
 

0.
08
 

0.
08
 

0.
08
 

0.
08
 

0.
08
 

0.
08
 

22
 

0.
13
 

0.
13
 

0.
14
 

0.
14
 

0.
15
 

0.
15
 

0.
15
 

0.
15
 

0.
16
 

0.
16
 

0.
16
 

23
 

0.
19
 

0.
20
 

0.
21
 

0.
22
 

0.
22
 

0.
23
 

0.
23
 

0.
23
 

0.
24
 

0.
24
 

0.
24
 

24
 

0.
26
 

0.
27
 

0.
28
 

0.
29
 

0.
30
 

0.
30
 

0.
31
 

0.
31
 

0.
31
 

0.
32
 

0.
32
 

25
 

0.
33
 

0.
35
 

0.
36
 

0.
37
 

0.
38
 

0.
38
 

0.
39
 

0.
40
 

0.
40
 

0.
40
 

0.
40
 

26
 

0.
40
 

0.
42
 

0.
43
 

0.
44
 

0.
45
 

0.
46
 

0.
47
 

0.
48
 

0.
48
 

0.
48
 

0.
48
 

27
 

0.
48
 

0.
50
 

0.
52
 

0.
53
 

0.
54
 

0.
55
 

0.
55
 

0.
56
 

0.
56
 

0.
56
 

0.
56
 

28
 

0.
56
 

0.
57
 

0.
60
 

0.
61
 

0.
62
 

0.
63
 

0.
63
 

0.
64
 

0.
64
 

0.
64
 

0.
64
 

Η (Ο
 to
 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



294 CITRUS NUTRITION AND QUALITY 

TABLE II 

CORRECTION TABLE FOR TOTAL SOLUBLE SOLIDS DETERMINED 
BY MEANS OF THE REFRACTOMETER IN SUCROSE SOLUTIONS 

CONTAINING CITRIC ACID (2) 

% Anhy % Anhy % Anhy 
C i t r i c Add C i t r i c Add C i t r i c Add 
Acid (%) 

0.5 0.11 13.0 2.55 25.5 4.77 
1.0 0.21 13.5 2.65 26.0 4.86 
1.5 0.31 14.0 2.73 26.5 4.93 
2.0 0.40 14.5 2.83 27.0 5.02 
2.5 0.50 15.0 2.92 27.5 5.11 
3.0 0.60 15.5 3.01 28.0 5.19 
3.5 0.68 16.0 3.10 28.5 5.26 
4.0 0.78 16.5 3.19 29.0 5.36 
4.5 0.88 17.0 3.28 29.5 5.45 
5.0 0.98 17.5 3.37 30.0 5.52 
5.5 1.08 18.0 3.47 30.5 5.60 
6.0 1.17 18.5 3.55 31.0 5.69 
6.5 1.27 19.0 3.64 31.5 5.77 
7.0 1.37 19.5 3.73 32.0 5.85 
7.5 1.47 20.0 3.82 32.5 5.94 
8.0 1.57 20.5 3.91 33.0 6.02 
8.5 1.67 21.0 4.00 33.5 6.10 
9.0 1.77 21.5 4.08 34.0 6.19 
9.5 1.87 22.0 4.17 34.5 6.27 
10.0 1.97 22.5 4.26 35.0 6.35 
10.5 2.07 23.0 4.34 35.5 6.44 
11.0 2.17 23.5 4.43 36.0 6.52 
11.5 2.27 24.0 4.52 36.5 6.60 
12.0 2.37 24.5 4.59 
12.5 2.47 25.0 4.69 
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B. Procedure. 
(a) F i l l clean dry hydrometer cylinder to overflowing 

with deaerated juice (see text for deareation 
method). 

(b) Lower hydrometer into juice giving the stem a 
sl i g h t spin. Allow time for hydrometer to s t a b i ­
l i z e and temperature equalization. 

(c) Read hydrometer across the l i q u i d l e v e l to the 
bottom of the meniscus. 

(d) Remove hydrometer, read degrees Brix correction 
for temperature, and apply to o r i g i n a l reading to 
obtain corrected Brix. 

Deaeration 

Introduction. A i
processing or upon reconstitutio
porated a i r must be removed i f the Brix of the juice i s to be 
determined by hydrometer. It i s essential to deaerate juice 
when determining the color with a colorimeter. The color i s 
s l i g h t l y less affected by a i r when v i s u a l comparisons are made. 

Equipment. Assemble as i n Figure 1. 
A. Vacuum source, such as a small e l e c t r i c a l pump. 
B. 5000 ml wide mouth flask. 

C. Hoses, 3 hole rubber stopper, tubing, clamps. 

Procedure. 
A. A l l clamps closed, draw a vacuum on large aspirator 

flask. 
B. Place intake hose into raw juice sample, open clamp 

and draw the j u i c e up into the flask to remove a i r 
bubbles. 

C. Shut off vacuum source, break vacuum by leaving raw 
ju i c e sample clamp open. 

D. Open second clamp and allow deaerated j u i c e to flow 
into a container. 

Acid Determination 

Introduction. C i t r i c acid i n c i t r u s juices may be deter­
mined according to the Methods of Analysis as given i n the 
AOAC (7). However, analysts who run a large number of tests 
d a i l y have altered the method to speed up the t i t r a t i o n and 
make calculations easier. One of these alterations i s to use 
0.3125 Ν sodium hydroxide rather than 0.1 Ν a l k a l i . The use of 
the higher normality a l k a l i i s desirable especially when t i t r a t ­
ing samples of high density concentrates. It i s almost impera­
ti v e when t i t r a t i n g lemon concentrates. 

The acid content i n concentrated c i t r u s juices i s determin­
ed as the t o t a l t i t r a t a b l e acid calculated as anhydrous c i t r i c 
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Figure 1. Deaeration apparatus 
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acid and i s expressed as "percent by weight" (grams per 100 grams 
of concentrate). 

Reagents. 
A. Sodium hydroxide solution 0.3125 Ν (12.5 g per l i t e r 

sodium hydroxide reagent grade. Standardize against 
potassium acid phthalate). 

B. Phenolphthalein indicator solution - 1% solution i n 
neutral isopropyl alcohol. This i s prepared by dissolv­
ing 1.0 gram phenolphthalein powder in 100 ml of 50% 
isopropyl alcohol. 

Equipment. 
A. Gram scale (accuracy ί 0.05 g). 
Β. 250 ml Erlenmeyer flask 
C. 50 ml burette 
D. Magnetic s t i r r e
E. pH meter (optional

Procedure. 
A. Weigh a 10 g sample of concentrate into a 250 ml 

Erlenmeyer flask. 
B. Add approximately 25 ml of d i s t i l l e d water and 1.0 ml 

phenolphthalein solution. If a magnetic s t i r r e r i s 
used, additional d i s t i l l e d water may be needed. 

C. Ti t r a t e with 0.3125 Ν sodium hydroxide solution to a 
defini t e pink color (end point), which holds for 
approximately 25 seconds or pH 8.2. As the end point 
approacheSjthe flavonones present i n c i t r u s juices w i l l 
turn yellow. 

Calculation. 
A. Multiply the number of m i l l i l i t e r s of standard a l k a l i 

used i n the t i t r a t i o n by 0.2. The result w i l l be per­
cent by weight of anhydrous c i t r i c acid by weight of 
concentrate. Example: 18.9 ml of standard a l k a l i X 
0.2 = 3.78% anhydrous c i t r i c acid. 

The acid content i n single strength citrus juices i s 
determined the same way as i n the procedure given above for 
concentrates using a weighed sample. However, a larger sample 
should be used. Using a 20-gram sample of single strength the 
number of m i l l i l i t e r s of standard a l k a l i should be multiplied 
by 0.1 to give the percent c i t r i c acid. Example: 9.7 ml of 
standard a l k a l i X0.1 = .97%. 

Many analysts prefer to measure a given volume of single 
strength j u i c e , instead of weighing i t , then calculate the re­
sults on a weight to weight percentage. Example: Using a large 
opening 25 ml pipette, transfer a sample into a 250 ml Erlenmeyer 
flask and t i t r a t e to an end point the same as for concentrates. 
To calculate grams c i t r i c acid per 100 ml of j u i c e , multiply the 
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m i l l i l i t e r s of a l k a l i by .08 to get grams c i t r i c acid per 100 ml 
of j u i c e - weight/volume. The percent by weight can now be found 
using the following calculation: 

acid wt/vol. . p e r c e n t a c ± d ( w t . / w t < ) 

Specific gravity of juice 

Example: acid 0.98 g/100 ml 
Sp.gr. 1.050 " °-93% 

The United States Standards for ci t r u s juices, except lemon 
or lime products, specify that the c i t r i c acid determination 
(factor for c i t r i c acid equals 0.064) be calculated as grams per 
100 grams juice, e.g. 

Single-Strength Juices: 

T i t e r X 0.3125 Ν
25 ml sample X s p e c i f i c gravity 

Concentrates - except lemon: 

Tit e r X 0.3125 Ν X 0.064 X 100 
10 g sample = g P e r 1 0 0 S 

The acid i n frozen concentrate for lemonade and concentrate 
for limeade i s specified as grams per 100 ml of the prepared 
lemonade or limeade, e.g. 

T i t e r X 0.3125 Ν X 0.064 X 100 
25 ml lemonade or limeade = S per 100 ml 

The acid in concentrated lemon juice for manufacture i s 
expressed as grams per l i t e r . The easiest way to determine the 
acid i n this product i s to determine the acid i n grams per 100 
grams and convert this to grams per l i t e r , e.g. 

T i t e r X 0.3125 Ν X 0.064 X 100 i n n „ 
= g per 100 g 

5 g concentrate 
Acid g/100 g X s p e c i f i c gravity X 10 = g per l i t e r 

The Food and Drug Standards of Identity specify that c i t r i c 
acid be determined as grams per 100 ml of juice, e.g. 

T i t e r X 0.3125 Ν X 0.064 X 100 1 Λ Λ , 25 = g per 100 ml 

There are burettes on the market which are direct reading 
and are marked "percent Anhydrous C i t r i c Acid." These burettes 
are used by the Florida State Department of Agriculture i n their 
fresh f r u i t inspection work. This c a l i b r a t i o n of the burette i s 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 

http://Sp.gr


13. MCALLISTER Quality of Citrus Juice 299 

made assuming that the s p e c i f i c gravity of the juice i s always 
1.0400 or 10.0 degrees Brix. The direct reading burettes are 
calibrated using the following formula: 

Ti t e r X 0.3125 Ν X 0.064 X 100 
25 X 1.04 = P e r c e n t a c i d 

Brix-Acid Ratio 

The Brix-acid r a t i o i s a very important calculation used i n 
the ci t r u s industry. It i s used as an index of maturity of 
f r u i t , i t i s an important factor i n establishing the difference 
between grades i n United States Standards, and i t i s an indica­
tion of the r e l a t i v e tartness or sweetness of juice. A r a t i o i s 
calculated by dividing the Brix of the juice by the percent 
c i t r i c acid that i t contains. For example: A sample of single 
strength 12.5° Brix τ 0.85
44.85 Brix γ 3.05% aci
every 14.7 parts of soluble solids there i s one part acid. The 
lower the r a t i o the more tart the juice tastes, the higher the 
sweeter. The ratios of mature f r u i t vary widely among the kinds 
of f r u i t and various climates throughout the world. Grapefruit 
juice having a 9.0 or 10.0 r a t i o would be considered sweet where­
as this would be very tart i n oranges. 

Recoverable O i l (Scott O i l Method) 

Introduction. Citrus essential o i l i s one of the most 
important constituents that contribute to the flavor of j u i c e . 
Too l i t t l e o i l and the product tastes f l a t and lacks character; 
too much and the product gives the mouth a burning terpen-like 
sensation. United States Standards for Grades of ci t r u s juices 
regard too much o i l as a defect i n manufacturing. The o f f i c i a l 
method for the determination of recoverable o i l i s the Scott 
Method (8). 

Reagents. 
A. Standard bromide-bromate solution, prepared and stand­

ardized to 0.099 Ν i n accordance with Standard Solu­
tions given i n the AOAC (7). For use, add 1 volume of 
standard solution to 3 volumes of water to make 0.0247 Ν 
solution. 1 ml of 0.0247 solution supplies bromine to 
react with 0.00085 g or 0.0010 ml of d-limonene. The 
solutions are stable for six months. 

B. Isopropyl Alcohol - reagent grade. 
C. Diluted hydrochloric acid (2H20: 1HC1) or alternately 

600 ml concentrated HC1 with 1200 ml H2O adding 9 ml 
0.1% methyl orange indicator. 

D. Methyl orange indicator 0.1% i n water. 
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Equipment. (assemble as i n Figure 2) 
A. 500 ml boi l i n g flask, f l a t bottom with a 24/40 j o i n t 

connecting tube. 
B. 200 mm Graham condenser with 28/15 receiving socket and 

drip t i p . 
C. 25 ml fast delivery pipette. 
D. Connecting tube adapter 24/40 drip t i p , 28/15 b a l l , with 

inclined glass plate. 
E. 150 ml beaker G r i f f i n low form. 
F. Magnetic s t i r r e r and bar. 
G. E l e c t r i c heater with recessed refractory top, 750 watts. 
H. 25 ml burette graduated to 0.1 ml. 
I. B a l l j o i n t clamp. 

Procedure. 
A. Pipette 25 ml sample of juice or reconstituted juice 

into the d i s t i l l a t i o
B. Add 25 ml of isopropy
C. D i s t i l l into a 150 ml beaker. Continue d i s t i l l i n g 

u n t i l solvent ceases to reflux. 
D. Add 10 ml of diluted HC1 solution with indicator to the 

d i s t i l l a t e . 
E. T i t r a t e while s t i r r i n g with 0.0247 Ν bromide-bromate 

solution. Disappearance of color indicates the end 
point. 

F. Determine the reagent blank by t i t r a t i n g three separate 
mixtures of 25 ml isopropyl and 10 ml of di l u t e hydro­
chloric acid with indicator - without r e f i l l i n g the 
burette. Divide the t o t a l m i l l i l i t e r s of t i t r a n t used 
by three to obtain the average blank. Subtract the 
average blank obtained from the m i l l i l i t e r s of t i t r a n t 
used to t i t r a t e the d i s t i l l a t e . 

Calculations. One m i l l i l i t e r of t i t r a n t i s equal to 0.004% 
o i l i n the 25 ml sample. For example, i f 2.9 ml of the bromide-
bromate solution i s used and the average blank of the reagents 
i s 0.1 ml the percentage of o i l i n the sample would be 3.2 ml 
t i t r a n t - 0.1 ml blank or 3.1 ml X 0.004 = 0.0124%. The o i l 
content i s expressed as percent by volume. 

Pulp - Free and Suspended 

Introduction. This test i s commonly called centrifuge pulp 
or fine pulp. The amount of centrifuge pulp contained i n frozen 
concentrated orange juice i s regulated i n Florida. It i s a 
factor i n the U. S. Standards for Grade of grapefruit juice. 
Large amounts of centrifuge pulp i n a sample i s an indication 
of high extractor and fi n i s h e r pressures applied to the f r u i t 
during manufacture. It may also indicate the softness or freeze 
damaged f r u i t . 
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Figure 2. Oil distillation apparatus 
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Equipment. 
A. Centrifuge 
B. Accurate tachometer - a vibration type tachometer mea­

suring 1500 rpm graduated i n increments of 25 rpm or 
less i s recommended. 

C. Variable voltage transformer (optional). 
D. E l e c t r i c timer with automatic cut-off switch. 
E. 50 ml graduated centrifuge tubes with short conical 

bottoms. 
F. 20 mesh stainless screen or a nominal 20 mesh stainless 

steel tea strainer. 

Procedure. 
A. Reconstitute a l l orange juice concentrates to 11.8° 

Brix and a l l grapefruit juice concentrates to 10.0° 
Brix. Single strength juices only need to be well 
mixed. 

B. Bring the temperatur
C. Remove coarse and fl o a t i n g pulp by pouring through a 

20 mesh screen. 
D. F i l l two centrifuge tubes to the 50 ml graduation with 

juice, and place the tubes i n the centrifuge so the 
graduated scales face the direction of rotation. 

E. Adjust the speed up to the required revolutions per 
minute i n accordance with centrifuge speed chart given 
i n Table I I I , and centrifuge the juice for 10 minutes 
(9). Note: Do not put centrifuge on f u l l speed and 
adjust down to the required rpm. 

Calculations. After centrifuging the pulp surface w i l l 
probably be uneven. Average the m i l l i l i t e r reading at the top 
of the layer of pulp at i t s highest point and also at i t s lowest 
point i n each tube to obtain the amount of suspended pulp i n 
each tube. The averaged reading multiplied by 2 w i l l give the 
percentage of suspended pulp by volume. 

Pulp-Floating 

Introduction. Whole and large pieces of jui c e sacs from the 
f r u i t are termed by the trade flo a t i n g pulp. This type pulp i s 
generally removed i n the early stages of jui c e processing and 
added back at a la t e r stage. The amount of fl o a t i n g pulp can 
vary widely among manufacturers because different distributors 
have a d e f i n i t e preference for the amount in their juice (2). 
Floating pulp i s added back to juice products to promote mouth 
f e e l and eye appeal. The current regulations and U. S. Standards 
consider floating pulp only i f the pulp i s present in large 
amounts to adversely affect the drinking quality of the jui c e . 
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TABLE III 

CENTRIFUGE SPEED CHART (9) 

Approximate 
Diameter revolutions 
(inches) per minute 

10 1,609 
10*5 1,570 
11 1,534 
11*2 1,500 
12 1,468 
12*2 1,438 
13 1,410 
13*s 1,384 
14 1,359 
14*s 1,336 
15 1,313 
15*2 1,292 
16 1,271 
16*2 1,252 
17 1,234 
17*2 1,216 
18 1,199 
18*2 1,182 
19 1,167 
19*2 1,152 
20 1,137 

Diameter means the overall distance between the 
bottoms of opposing centrifuge tubes i n operating 
position. 
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Equipment. 
A. A nominal 20 mesh stainless steel tea strainer. 
B. Gram scale. 

Procedure. 
A. Concentrates, reconstitute to 24 f l u i d ounces; other 

juices, use 32 f l u i d ounces. 
B. Pour the entire volume through the strainer and shake 

by hand u n t i l the pulp retained on the screen "balls 
up" and i s free of excess juice. Dry the bottom of the 
screen to remove adhering j u i c e . 

C. Turn the b a l l of pulp onto a clean dry scale pan, d i s ­
regarding any sl i g h t amount that clings to the strainer. 

Calculations. Record the weight of the pulp i n grams. 

Naringin Analysis (Davi

Introduction. Naringin i s a b i t t e r flavanone glycoside 
found i n grapefruit. It i s not the only b i t t e r compound i n 
grapefruit, but i t i s used by the industry as an index to the 
degree of bitterness for grapefruit j u i c e . The Davis Test (10) 
i s a fast test for t o t a l flavanones i n grapefruit juice. It i s 
not s p e c i f i c for naringin; however, i t i s a valuable index of 
the amount of naringin. Kesterson (11) determined that 90 per­
cent of the naringin i s contained i n the albedo and membrane of 
grapefruit. Since this i s the case, higher naringin contents i n 
juice i s caused by increased extractor and f i n i s h e r pressures. 
Maurer (12) found that samples of juice which contained more than 
70 mg possessed an immature b i t t e r taste. Grapefruit juice 
containing less than 50 mg seemed to have a superior flavor. 
U n t i l recently i t was customary to refer to naringin content as 
milligrams percent. Now concentrations are being expressed as 
parts per m i l l i o n . 

Reagents. 
A. Diethylene glycol (2,2 Oxydiethanol) 90% reagent grade. 

Commercial grade may be used i f i t i s clear without a 
tinge of yellow. 

B. Purified naringin (Eastman) 
C. Sodium hydroxide 4N 

Equipment. 
A. Colorimeter or Spectrophotometer with 420 nm wavelength. 
Β. 1 ml serological pipettes, graduated i n tenths of a ml. 
C. Centrifuge and centrifuge tubes. 
D. Test tubes with neoprene lined screw caps 25 mm X 150 

mm. 
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Procedure for Standard Curve. 
A. Weigh 250 milligrams naringin and suspend i n 175 ml of 

d i s t i l l e d water. Warm solution on water bath u n t i l 
dissolved. Let cool and make up to 250 ml i n a volumet­
r i c flask. This i s a stock solution. 

B. From the stock solution prepare solutions containing 10, 
20, 30, 50, and 75 mg of naringin per 100 ml of 
d i s t i l l e d water. 

C. In each of f i v e test tubes, place 25 ml of 90% 
diethylene glyc o l . Take 0.5 ml of the 10 mg standard 
solution add to one of the tubes. To the second add 
0.5 ml of the 20 mg standard solution and so on u n t i l 
a series of 5 tubes containing increasing amounts of 
maringin are prepared. Add 0.5 ml of 4N sodium hy­
droxide to each tube. Mix well by t i l t i n g back and 
forth. Do not shake  Let th  tube  stand fo  10 
minutes for th

D. After 10 minute  sample
read the absorbency at 420 nm. Use diethylene glycol 
as a blank. Plot absorbency vs milligrams of naringin 
per 100 ml. This should y i e l d a straight l i n e on 
arithmetical graph paper. 

Procedure for Determination. 
A. If the sample i s a concentrate, reconstitute to 10.0 

Brix. Mix samples well and bring to room temperature. 
B. Place sample i n a centrifuge tube and centrifuge for 

10 minutes. Centrifuge speed i s determined from Table 
III. 

C. Place 25 ml of 90% diethylene glycol i n a test tube, 
add 0.5 ml of supernatant j u i c e , and 0.5 ml of 4N sodium 
hydroxide. Mix well by t i l t i n g the tube back and forth. 
Do not shake. Let stand 10 minutes for color develop­
ment. 

D. Read absorbency at 420 nm. Read naringin from curve. 

Defects 
Introduction. Defects i n citrus juices are manufacturing 

errors that affect the appearance or p a l a t a b i l i t y of the product. 
Defects usually take the form of inclusions of harmless material 
that, i n a small degree, may be unavoidable. The d e f i n i t i o n of 
a defect does not include any type of foreign material, the 
inclusion of which i s t o t a l l y unacceptable. 

Citrus juices are produced to have, as nearly as possible, 
the character and appearance of freshly extracted juice with a 
normal amount of juice c e l l s and a slight amount of pulp. 
Occasionally very small seeds, or portions thereof, are expected. 
Only very small seeds or small fragments that could pass through 
round perforations of no more than 1/8 inch i n diameter are 
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acceptable and then only i n a small degree. Seeds or seed 
p a r t i c l e s larger than this are indicative of poor manufacturing 
practices. 

The glycoside hesperidin i s a naturally occurring component 
of juice from oranges, tangerines and many of their hybrids. 
Under certain conditions of pH and f r u i t variety i t precipitates 
as a scale or coating i n the evaporators. When this scale 
becomes thick or heavy, small portions peel off and become 
noticeable as small white or yellow flakes i n the finished 
product. This compound w i l l not go back into solution and since 
these p a r t i c l e s tend to s e t t l e rapidly, their presence i n the 
reconstituted j u i c e can be quickly detected. 

Occasionally citrus juices w i l l contain a few dark specks. 
This i s generally caused by juice or juice sacs becoming scorch­
ed or burned either during pasteurization or evaporation. Dark 
specks are objectionalbe and any given sample of juice should 
contain very few. A l l
wide f i e l d microscope t
pulp and not some other kind of material. 

Excessive citrus o i l i s considered a defect. During pro­
cessing the amount of o i l i n citrus juices can be controlled; 
therefore, any excess amount i s considered a manufacturing 
error. 

Citrus juices have a very high potassium content, and i n 
recent years monopotassium c i t r a t e , on occasion, has r e c r y s t a l l -
ized i n high density concentrates. This r e c r y s t a l i z a t i o n occurs 
after production and during storage. The occurrence of the 
crystals i s sporadic and unpredictable. Concentrates contain­
ing crystals have a very grainy appearance. It i s undesirable 
to manufacture a r e t a i l concentrate product from concentrates 
containing these crystals because they w i l l not go back into 
solution. It i s f e l t that consumers would think that these 
crystals are foreign material of some kind. High density con­
centrates containing potassium c i t r a t e crystals are acceptable 
for manufacturing a reconstituted product since the crystals 
w i l l then be redissolved. 

A l l U. S. Standards for grades of citrus products take 
into account, with a score point system, the degree of freedom 
that the product has from defects. The higher grade of 
products must be " p r a c t i c a l l y free of defects," while the lower 
grades must be "reasonably free from defects" (19). 

Procedure. 
A. Reconstitute an amount of concentrate at the correct 

degrees Brix (11.8° for orange and 10.0° for grape­
f r u i t ) that w i l l result i n 24 f l u i d ounces of product, 
or the same sample size of well mixed single strength 
juice. 

B. Pour into a standard 1000 ml glass beaker (bottom 
diameter 4 inches) and l e t stand f i v e minutes. 
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C. Examine juice for defects by holding the bottom of the 
beaker above a strong l i g h t . 

Color Determination 

Introduction. A pleasing bright normal color i n food 
products i s essential to the enjoyment of eating. That color i s 
a psychological, as well as a physical, fact has been well 
established. It i s also known that normal color v i s i o n i s three-
dimensional (13). A spectrophotometric curve may be reduced to 
three numbers, which w i l l adequately and accurately describe the 
color of any substance. There are a number of systems using the 
three-dimensional concept to define colors as tristimulus values. 
The standard system, against which others can be compared, i s 
the one recommended by the International Committee on Illumina­
tion and i s based on the "standard observer." This can be 
thought of as a simulate
primary color f i l t e r s (14)
spectrophotometric curves, X, Y, and Z; with X being amber i n 
color, Y green, and Ζ blue. Hunter (15) developed a tristimulus 
colorimeter that gained wide acceptance i n the food industry. 
He also developed the Hunter L, a, b scale. This scale i s 
easier to i d e n t i f y with v i s u a l color than the Χ, Υ, Ζ scale. 
The L values are d i r e c t l y comparable to the value Y, the a 
values are measures of redness or greeness, b values are measures 
of yellowness or blueness (see Figure 3). The a values are 
functions of X and Y, and b values are functions of Ζ and Y. 

, (1.20 X - Y) 
L = 100 \l Y, a = 175 )Γ7~~ 

b = 70 (Y - 0.847 Z/Y) 

Many single number color scales have been developed for foods by 
converting Χ, Υ, Ζ or L, a, b color specifications to a number 
indicating grade or quality on the desired scale. Such a scale 
was developed by Hunter to measure the citrus redness CR, and 
the citrus yellowness CY of the juice. The formulae are derived 
as follows: 

CR = 200 (1-277 - 0.213Z - 1) 
Y 

CY = 100 (1 - 0.847 Z/Y) 

Huggart (17) using a Hunter Citrus Colorimeter developed an 
equation containing CR and CY values which established a high 
correlation between instrument color values and U. S. Department 
of Agriculture v i s u a l color scores. The State of Florida 
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IOO-WHITE 

OBLACK 

HunterLab 

Figure 3. Rectangular surface-color solid with dimensions L , a , b 
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adopted this method and promulgated regulations making the color-
metric method mandatory for grading orange juice products (18). 
The measurement of color on tristimulus colorimeters w i l l depend 
on the type of machine and i t s operating instructions. It should 
be noted that orange juice color readings are affected by i n ­
corporated a i r and by variations i n temperature. The juice 
should be deaerated and brought to 80°F ί 2° before readings 
are made. Color value readings w i l l have to be correlated with 
v i s u a l evaluations to be meaningful. 

Orange ju i c e ranges i n color from a very pale yellow to a 
very r i c h orange depending on variety. The very orange color i s 
considered the most desirable. The Federal Standard of Identity 
allows the mixing of juice from tangerines and i t s hybrids with 
the j u i c e from sweet oranges i n amounts not to exceed 10 percent 
by volume. Since tangerines and i t s hybrids are so highly color­
ed, producers mix the allowed volum  improv  th  colo f th
li g h t e r juices. 

The U. S. Grade Standards for orange juice (19) products 
describes different levels of quality depending upon the color 
c l a s s i f i c a t i o n . According to USDA standards "Very Good Color" 
means a very good yellow to yellow-orange color that i s bright 
and t y p i c a l of rich-colored fresh orange juice. "Good Color" 
means that the color i s yellow to yellow-orange, t y p i c a l of 
fresh orange juice which may be d u l l but not off color. "Reason­
ably Good Color" means the color i s yellow to yellow-orange which 
i s reasonably free from browning due to scorching, oxidation, 
carmalization or other causes. Blood orange juice should be a 
pure red without any traces of dullness or browning. 

Evaluation of Color. 
A. The color of orange ju i c e i s evaluated by comparing the 

color of the single strength or the properly reconsti­
tuted product with the USDA orange j u i c e color standards, 
so that these color standards become points of reference. 

B. The comparison i s made under an a r t i f i c a l l i g h t source 
of approximately 150 candela intensity and a color 
temperature of 7500 degrees Kelvin t 200 degrees. 

C. The USDA orange ju i c e color standard consists of six 
p l a s t i c tubes which range from a strong orange color 
to a l i g h t yellow. USDA OJ 1 tube i s the most orange 
color i n the series with OJ 6 tube being the l i g h t e s t . 

Procedure for Evaluating Color. 
A. Place the ju i c e sample into a glass test tube one inch 

i n diameter. 
B. Arrange color standards and sample i n a test tube rack 

or similar device so that l i g h t coming from above 
strikes the standards at a 45 degree angle. The 
standards are inclined against a neutral grey background. 
Observe the standards and samples at right angles to 
the tubes. 
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C. Cla s s i f y the juice by inserting the sample tube where 
i t f i t s best i n the series of color standards. See 
Table IV. 

A v a i l a b i l i t y of Color Standards. The USDA orange ju i c e 
color standards cited i n this section are o f f i c i a l color stand­
ards. Information regarding the color standards and their 
a v a i l a b i l i t y may be obtained from: 

Chief, Processed Products Branch 
Fruit and Vegetable Quality Division, FSQS 
U. S. Department of Agriculture 
Washington, D. C. 20250 

Grapefruit Juice Color. Grapefruit juice ranges i n color 
from pale yellow to a very s l i g h t amber for white-fleshed grape
f r u i t , or s l i g h t l y pin
f r u i t j u i c e . Immature
which i s oyster white with possibly a very s l i g h t greenish cast. 
As pink or red—fleshed grapefruit ripen, the color of the ju i c e 
loses the d i s t i n c t coloration and gives a juice that i s d e f i n i t e ­
l y amber with a very s l i g h t brownish cast. Mixtures of white-
fleshed and pink-'fleshed grapefruit have a d u l l appearance and 
may look grayish to d u l l amber. There are no v i s u a l color 
standards for grapefruit j u i c e products. However, color charac­
t e r i s t i c s may be measured on tristimulus colorimeters using the 
L, a, b, color notation. 

Enumerating Microorganisms 

Introduction. The importance of microorganisms i n certain 
citrus products should not be underestimated. Especially 
vulnerable are ci t r u s concentrates, pasteurized c i t r u s j u i c e s , 
citrus juice from concentrate and c h i l l e d citrus sections. 
The composition of citr u s juices presents a highly selective 
medium for growth of microorganisms. It has a low pH, a r e l a t i v e ­
l y high ascorbic acid content, and contains ci t r u s peel o i l . 
Because of the ac i d i t y and low pH values the growth of most types 
of bacteria i s prevented and pathogens (disease-producing micro­
organisms) are of no consequence (2). However, there are a 
number of kinds of microorganisms that survive processing and 
appear i n the finished product (20). Product that contains a 
high ba c t e r i o l o g i c a l count i s often thought of as being produced 
under unsanitary conditions. In spite of the usual precautions, 
such as plant sanitation and e f f i c i e n t washing and grading of 
f r u i t , the use of over-mature, low-acid f r u i t w i l l often result 
i n a high-count product (21). When concentrates are f i r s t 
produced, bacteria rather than yeasts are the predominating 
organisms present. The bacteria die f a i r l y rapidly i n storage 
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but yeast count w i l l be r e l a t i v e l y the same even after eight 
months storage at below 0°F (22). Even though there are various 
types of organisms that survive the manufacture of citrus juices, 
most of them w i l l not grow or reproduce. The microorganisms in 
the juice that are capable of growing, even at refrigerator temp­
eratures, are Leuconostoc, Lactobacillus and various genera of 
yeasts (23). These organisms, given the opportunity, w i l l 
develop off-flavors and off-odors in juice. The Leuconostoc and 
Lactobacillus produce diacetyl which gives the juice a strong 
"buttermilk" l i k e flavor and odor. Yeasts w i l l cause a sour, 
alcoholic flavor and odor with gas production. Several species 
of the L a c t o b a c i l l i w i l l grow at r e l a t i v e l y high temperatures. 
One strain has been isolated from the regenerative section of a 
heat exchanger which grew very rapidly in single strength juice 
at 49°C (24). The enumeration of bacteria before and after heat 
exchangers i s especially important when reprocessing bulk con­
centrate into citrus juic

Standard Plate Count. This i s a means of estimating the 
number of viable b a c t e r i a l c e l l s per given quantity of juice and 
i s generally reported i n terms of the number of microorganisms 
per ml of concentrated juice, single strength juice or the 
packing medium of c h i l l e d sections. 

It i s of the utmost importance to insure that aseptic 
technique i s used throughout these procedures. The work place 
must be suitable for bacteriological work. It i s very d i f f i c u l t 
to produce meaningful work where there are a i r currents and 
laboratory t r a f f i c . Normal a i r contains bacteria and mold 
spores which can easily contaminate samples and plates. 

Medium Preparation and S t e r i l i z a t i o n . Orange Serum Agar has 
been developed s p e c i f i c a l l y for the bacteriological examination 
of ci t r u s products. It gives a high t o t a l count of microorga­
nisms and i s especially recommended for the enumeration and 
cu l t i v a t i o n of organisms causing spoilage in citrus products. 
Dehydrated medium i s available commercially and should be pre­
pared according to the directions given by the manufacturer. 

The prepared medium i s dispensed into screw cap bottles 
(prescription ovals 125 ml to 250 ml capacity), which should 
never be f i l l e d more than two-thirds f u l l . Bottles of the 
freshly prepared medium are capped loosely and s t e r i l i z e d i n an 
autoclave or pressure cooker for 15 minutes at 15 pounds 
pressure (120°C). When the medium has been s t e r i l i z e d and 
cooled the caps should be tightened upon removal from the auto­
clave or pressure cooker, and stored in a cool place. 

Sampling Containers. P r e - s t e r i l i z e d disposable sampling 
containers are preferred for the c o l l e c t i o n of samples. Screw 
capped bottles may be used i f they are f i r s t s t e r i l i z e d under 
15 pounds pressure for 15 minutes. If glass bottles are 
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s t e r i l i z e d they should contain about 1 ml of water per bottle. 
Bottles which are dry inside cannot be considered s t e r i l e at 
this recommended time and pressure. Samples should be taken 
d i r e c t l y in the s t e r i l i z e d container. S t e r i l e metal sampling 
dippers may be used to remove samples from vats or tanks. 
Samples should not be stored but should be plated immediately 
after sampling, as storage might increase the counts. Samples 
which cannot be plated immediately must be c h i l l e d rapidly and 
thoroughly. 

Pipettes and P e t r i Dishes. It i s preferable to use pre-
s t e r i l i z e d disposable pipettes and p e t r i dishes. They are not 
only more economical to use, but the method of s t e r i l i z i n g and 
sealing i s generally better than that accomplished in most 
laboratories. Pipettes should be 1 ml serological type graduat­
ed i n 0.1 ml. If concentrates are to be sampled  the large bore 
pipette for viscous liq u i d
should be standard 100 χ

S t e r i l i z a t i o n of Dilution Bottles. Pyrex milk d i l u t i o n 
bottles with screw caps are preferred. The bottles are f i l l e d 
with 99 ml of water and s t e r i l i z e d under 15 pounds pressure 
(121°C) for twenty minutes. Bottles should not be opened except 
before and after delivery of the sample. 

Dilution of Samples. Samples are generally plated i n 
dilutions of 1-100 or 1-1000. The d i l u t i o n used w i l l depend 
upon the number of colonies present on the plates after a 48-hour 
incubation period, or what previous experience with the product 
has shown. Dilutions should be adjusted so that the plate 
counts f a l l between 30 and 300 colonies per plate. If the count 
f a l l s outside this range, higher or lower dilutions are necessary. 
Upon i n i t i a l plating, when the d i l u t i o n range i s unknown, samples 
should be plated in dilutions of 1-100, 1-1000, 1-10,000 and 
made in duplicate. If spoilage i s suspected the lower dilut i o n s 
are not necessary and even higher dilutions made. 

To prepare dil u t i o n s , 1 ml of concentrate, single strength 
ju i c e , or packing medium from c h i l l e d sections i s removed from 
the sample and transferred to a s t e r i l e 99 ml water blank. This 
gives a 1-100 d i l u t i o n . The 1-100 d i l u t i o n i s shaken vigorously 
at least 25 times over a 7 second period. This i s to break any 
b a c t e r i a l clumps that might be present. Using a s t e r i l e pipette 
0.1 i s transferred to a p e t r i dish for the 1-1000 plate. 1 ml i s 
transferred to another p e t r i dish for the 1-100 plate. To prepare 
a 1-10,000 d i l u t i o n , 1 ml of the 1-100 d i l u t i o n i s transferred to 
a s t e r i l e 99 ml water blank and shaken as described. 1 ml of 
this d i l u t i o n i s delivered to a p e t r i dish for the 1-10,000 
d i l u t i o n and 0.1 ml would be a 1-100,000 i f this high a d i l u t i o n 
i s needed. When plating packing media from c h i l l e d sections 
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that contain preservatives lower dilutions may be needed. 1 ml 
of the packing medium transferred to a p e t r i dish w i l l give a 
1-1 d i l u t i o n . 

Bacteriological Procedures. Microorganisms multiply 
rapidly under ideal conditions. Consequently, i t i s necessary 
that samples be plated as soon as possible after they are drawn. 
If the samples are in a frozen state, they should be thawed i n 
tepid water. If there are a large number of samples, they 
should be thawed i n workable groups. It i s not advisable to 
allow a sample to stand over an hour. If the samples are i n 
twist top s t e r i l e bags or screw cap bottles they should never 
be immersed i n water. If the sample i s i n a can i t should be 
dried thoroughly, the top swabed with 70 percent alcohol and 
opened with a beer opener that i s s t i l l warm from flaming. 

It i s essential that from the puncturing of the can or 
opening the sample throug
to be exercised i n asepti
bottle must be flamed prior to and after delivery of the sample. 
Caps on the bottles must be carefully removed and held between 
the fingers i n such a position that the bottom or inside of the 
cap does not touch the fingers. If this happens i n any way the 
bottle must not be used. This applies to pipettes as well. 
Pipettes can only be used once. 

Prior to plating a s u f f i c i e n t amount of agar must be 
melted. Place the required number of bottles i n a sauce pan 
and f i l l with water two-thirds the height of the bottles, b o i l 
the water u n t i l the agar i s completely melted. After melting 
the agar i s cooled and maintained at a temperature of 45°C u n t i l 
used. It i s very important that the agar i s not hot when 
poured since microorganisms are very susceptible to high temper­
ature. The procedure i s as follows: 

A. Using a s t e r i l e pipette asceptically transfer the 
sample to a d i l u t i o n bottle, the mouth of which has 
been flamed. Flame the mouth again and replace cap. 

B. Shae the d i l u t i o n bottle at least 25 times. 
C. Remove the d i l u t i o n bottle cap, flame and remove a 

sample with s t e r i l e pipette. Transfer this to a 
flamed d i l u t i o n bottle or a s t e r i l e p e t r i dish. The 
p e t r i dish cover should not be f u l l y removed, just 
t i l t e d up enough that the pipette can be inserted. 

D. The cap i s removed from the agar bottle, the bottle 
flamed and approximately 15 ml i s poured into the 
p e t r i dish with the sample. The sample should be 
mixed carefully with the agar by a slow rotation of 
the plate, in a figure 8 pattern. The agar should not 
be allowed to slosh up on the rim or top of the dish. 

E. The agar plates are allowed to harden prio r to incuba­
tion. 
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F. When the agar i s hardened the plates are inverted and 
placed i n an incubator for 48 hours at 30°C. 

G. A control plate should be run with each batch. This 
consists of pouring agar into a p e t r i dish containing 
1 ml of the s t e r i l e d i l u t i o n water. This gives a check 
on the s t e r i l i t y of glassware, medium, and d i l u t i o n 
water. 

Counting the Plates. After the plates are incubated for 
48 hours the counts may be made. A Qubec Colony Counter 
f a c i l i t a t e s counting the plates. It supplies the right l i g h t ­
ing and magnification to detect and count pinpoint colonies 
which otherwise might be overlooked. The t o t a l plate count i s 
arrived at by counting the number of colonies and multiplying 
that number by the d i l u t i o n factor. For example, i f there are 
30 colonies on the plate  the d i l u t i o n of which i s 1-100  the 
t o t a l count for that plat
m i l l i l i t e r . If duplicat
both are counted and the average count i s reported. 

It i s not very l i k e l y that plates made in duplicate w i l l 
show the same counts. Some plates may vary as much as 10 
colonies per d i l u t i o n . However, i f there i s a wider variation 
in the t o t a l counts on duplicate plates, i t i s more l i k e l y that 
the technique i s at fault and should be thoroughly checked from 
beginning to end. Plates containing less than 30 colonies or 
more than 300 do not give a v a l i d count. When this i s encoun­
tered other dilut i o n s should be made. 

Significance of Counts. The t o t a l plate counts w i l l vary 
throughout the season depending on the condition of f r u i t . 
Generally speaking, the higher the ra t i o of the f r u i t the more 
l i k e l y the higher the count. Normal counts on 45° Brix orange 
concentrate w i l l vary from 25,000 to 75,000 microorganisms. 
A count of 100,000 i s considered excessive. 

Chilled or pasteurized juices packed i n cartons with a 
to t a l plate count of 300 to 500 organisms per m i l l i l i t e r , i f 
handled properly, can expect a shelf l i f e to three weeks. 
Chilled juices with a count of 5,000 per m i l l i l i t e r probably 
w i l l not have a shelf l i f e of more than a week. 

Use of the permitted preservatives sorbates and benzoates 
w i l l i n h i b i t the growth of microorganisms but w i l l not appre­
ciably extend the shelf l i f e of c h i l l e d c i t r u s juices or c h i l l e d 
sections that have a heavy ba c t e r i a l load. 
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14 
Problems in Sensory Evaluation of Citrus 
Products 
P. J. F E L L E R S 

Florida Department of Citrus, University of Florida, Institute of Food 
and Agricultural Sciences, Agricultural Research and Education Center, 
P.O. Box 1088, Lake Alfred, FL 33850 

As in most food industries
is interested at all time
quality of its products. To obtain this information, use of some 
sort of sensory evaluation is often employed. This may be by an 
experienced quality control person or group, a government food 
inspector, a small experienced group of judges gleaned from the 
technical plant personnel, a larger consumer-type sensory panel 
made up of diverse plant personnel, or perhaps a combination of 
the above. Most plants are also vitally interested in flavor 
quality of product manufactured elsewhere, including states other 
than Florida and foreign countries, including B r a z i l , already a 
citrus giant. 

Of course, to control quali ty, raw product coming into the 
plant requires at least a cursory flavor evaluation by plant 
personnel in addition to objective tests which normally are run 
such as degrees Br ix , % acid, color, etc. In Flor ida, all f ru i t 
delivered to a fresh f ru i t packer or processor is inspected by 
personnel from the Florida Department of Agriculture, Division of 
F r u i t and Vegetable Inspect ion. Ju ice content and degrees B r i x 
to % ac id r a t i o are used i n determining maturi ty according to 
s p e c i f i c standards during fresh f r u i t inspect ion U). F r u i t pass­
ing maturi ty tes ts are inspected to determine grade consider ing 
in te rna l factors such as j u i c i n e s s , dryness, f i rmness, f labbiness , 
sponginess, absence or presence of decay, freeze damage, i n j u r y , 
d isease , e tc . A l l f r u i t f a i l i n g to pass e i t he r minimum j u i c e 
content requirements or B r i x to ac id r a t i o maturi ty tes ts w i l l be 
destroyed or l e g a l l y d iver ted to some other su i t ab l e use. Matu­
r i t y tes ts are a lso made on f r u i t for processing. These tes ts 
include j u i c e content, a c i d , soluble s o l i d s , and so luble s o l i d s 
to ac id r a t i o . In a d d i t i o n , wholesomeness i s determined -
wholesome f r u i t cons i s t i ng of " f r u i t free from r o t , decay, 
sponginess, soundness, leakage, s ta leness , or other condi t ions 
showing physical defects o f the f r u i t " . I f af ter any required 
regrading, f r u i t i s s t i l l found to be unwholesome or decomposed 
so as to be u n f i t fo r processing purposes, i t w i l l be destroyed 
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at the expense of the owner, under the personal supervis ion of 
the inspector. For the f resh c i t r u s f r u i t packer, no fu r ther 
qua l i t y tests are genera l ly necessary. However, f o r the c i t r u s 
processor, fu r ther f l a vo r q u a l i t y tes t s may be undertaken by 
qua l i t y contro l personnel at any of several points during pro­
duction should a poss ib le problem a r i s e wherein f l a v o r qua l i t y 
may have been adversely a f f ec ted . The main emphasis, however, i s 
made on the f i n a l product where general ly a c ross - sect ion of each 
day 's pack i s checked f o r f l a v o r q u a l i t y e i the r during the day of 
production or the next day (2). In F l o r i d a , USDA inspectors 
determine that f l a v o r q u a l i t y on a l l product meet e x p l i c i t U.S. 
Standards and State of F l o r i da Department of C i t rus Statutes f o r 
Grades of the several types of c i t r u s product packed. To main­
t a i n consistency in f l a vo r grading, weekly panels are convened at 
the USDA Processed Products Branch Area O f f i ce in Winter Haven, 
FL to cover a l l c i t r u s products (3)  The primary c i t r u s products 
evaluated are frozen concentrate
trated orange j u i c e f o
t r a t e , pasteurized orange j u i c e and g rapef ru i t j u i c e , the l a t t e r 
designation covering both " c h i l l e d " g rape f ru i t j u i c e and canned 
s ing le - s t rength g rapef ru i t j u i c e . To obtain a U.S. Grade A c l a s s ­
i f i c a t i o n fo r f l a v o r of FCOJ, f o r example, standards s t a te : 
"Frozen concentrated orange j u i c e of which the reconst i tuted 
j u i c e possesses a very good f l a v o r may be given a score of 36 to 
40 po ints . 'Very good f l a v o r ' means that the f l a vo r i s f i n e , 
d i s t i n c t , and s i m i l a r to that of f resh orange j u i c e . . . " (4). 
There are a lso ce r t a i n other factor s associated with f l a vo r grade, 
namely minimum and maximum degrees B r i x to % ac id r a t i o and o i l 
content requirements. Should there be a question as to the 
f l a vo r by e i t he r the inspector or the p lant personnel, the i n ­
spector w i l l submit a sample to the USDA Processed Products 
Branch area o f f i c e f o r another eva luat ion. 

In order to monitor the f l a v o r of t h e i r products more c l o se ­
l y , the F l o r i da C i t ru s Processors Assoc iat ion has contracted with 
the USDA Processed Products Branch to operate a tas te panel i n 
which current FCOJ production i s tested on a weekly bas i s . The 
panel cons i s t s of l o ca l consumers (general ly housewives) and per­
sonnel from each of the p a r t i c i p a t i n g plants (other types of c i t ­
rus products have been evaluated in the past ) . Pane l i s t s rate 
samples on a 9-point sca le from a low of "extremely poor" to a 
high of " e x c e l l e n t e Ju ices are ranked according to f l a vo r score 
and a copy of the rankings are sent to each processor with only 
that p a r t i c u l a r processor ' s product i d e n t i f i e d (3). 

A s i m i l a r f l a v o r survey i s ca r r i ed out at the Un iver s i t y of 
F l o r i d a , Tnst i tute of Food and Ag r i c u l t u r a l Sciences, A g r i c u l t u ­
ra l Research and Education Center, Lake A l f r e d , FL (AREC). FCOJ, 
pasteurized orange j u i c e , and orange j u i c e from concentrate are 
examined on a monthly bas i s . Canned and bott led pasteurized 
s ing le - s t rength g rapef ru i t j u i c e s are checked biweekly. Sensory 
panels comprising 10-12 experienced tas te pane l i s t s grade samples 
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on a 9-point hedonic sca le . Unusual sample re su l t s are v e r i f i e d 
during fu r ther t e s t i n g . Results of a l l samples examined each 
period are tabulated and sent to the p a r t i c i p a t i n g p lant s , with 
only the hedonic score of the plant rece iv ing the l e t t e r being 
i d e n t i f i e d , however. 

In add i t i on , a comprehensive sensory evaluat ion program i n ­
volv ing c i t r u s and c i t rus-based products i s being conducted by 
the author. Many facets of c i t r u s f l a v o r research may be ongoing 
at any p a r t i c u l a r time u t i l i z i n g an assortment of sensory e v a l ­
uation methods. 

In the United States and other count r ie s , companies ( p r i ­
mar i ly da i r i e s ) that recons t i tu te frozen concentrate f o r manu­
facture into s ing le - s t rength products or manufacture FCOJ from 
bulk concentrate are a l so in teres ted i n monitoring f l a v o r qua l i t y 
of t h e i r products. 

Minimal a t tent ion w i l l be devoted in t h i s chapter to a r e ­
view of the d i f f e r e n t type
on operating and analyzin
a number of exce l l en t pub l icat ions a va i l ab l e descr ib ing and ex­
p la in ing nearly every facet of the aforementioned factors i n 
d e t a i l (6-11). 

This paper i s an attempt to document ce r ta i n problems pecu­
l i a r to sensory evaluat ion of c i t r u s f r u i t or products p r imar i l y 
as they perta in to F l o r i da and to perhaps o f f e r some so lut ions or 
a l te rna t i ve s to these problems. 

I. Pane l i s t s 

Special C r i t e r i a f o r Se lect ing Pane l i s t s . In add i t ion to 
many of the usual c r i t e r i a used i n choosing taste pane l i s t s f o r 
sensory evaluat ion such as a b i l i t y to d i f f e r e n t i a t e b i t t e r , sour, 
sweet, s a l t y and bland basic f l a v o r f a c t o r s , determination of 
threshold values f o r these f a c t o r s , proven a b i l i t y to taste c e r ­
t a i n c i t r u s j u i c e s , w i l l i ngnes s to pa r t i c i p a t e i n taste panels on 
a regular bas i s , e t c . , there are a s i g n i f i c a n t number of potent ia l 
judges who cannot p a r t i c i p a t e because of the chemical nature of 
c i t r u s . For ce r t a i n persons, f o r example, the ac id present i n 
c i t r u s may a f f e c t them adversely, e spec i a l l y when the j u i c e i s not 
taken with a meal. Another poss ib le problem i s persons su f fe r ing 
from a l l e r g i e s to ce r t a i n foods such as c i t r u s . Fortunate ly, most 
consumers are very fond of oranges and orange products and there 
i s not much of a problem e n l i s t i n g i nd i v idua l s to pa r t i c i p a t e i n 
evaluat ion t e s t s . However, g rape f ru i t and g rape f ru i t products 
are not nearly as un i ve r sa l l y accepted f l avo rw i se , thus a spec ia l 
e f f o r t must be made to generate a g rape f ru i t tas te panel that w i l l 
give cons i s tent r e l i a b l e r e s u l t s . E n l i s t i n g an ind i v idua l who 
does not p a r t i c u l a r l y l i k e g rape f ru i t on a g rapef ru i t taste panel 
(perhaps even though the ind i v idua l doesn ' t mind serving on the 
panel) can r e s u l t i n un re l i ab le data. The ind i v idua l w i l l most 
l i k e l y expectorate the j u i c e i n to an empty cup a f t e r only a cursory 
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examination, thus not a l lowing fo r a complete sensory evaluat ion 
of the product. Furthermore, s ince the product i s d i s t a s t e f u l to 
the pane l i s t , proper motivat ion to do a good conscientious e v a l ­
uation w i l l be l a ck i ng , again r e su l t i n g in un re l i ab le data. 

I n a b i l i t y of some potent ia l pane l i s t s to tas te ce r t a i n f l a ­
vor c ha r a c t e r i s t i c s that may occur i n c i t r u s products at low or 
moderately low concentrat ion l eve l s may exempt these i nd i v idua l s 
from p a r t i c i p a t i n g in rout ine survey, qua l i t y c o n t r o l , and per­
haps ce r t a i n other f l a vo r evaluat ion work. For example, d i ace ty l 
in a c i t r u s product imparts a b u t t e r m i l k - l i k e o f f - f l a v o r . I t may 
be detected i n very small amounts by ce r ta i n i n d i v i d u a l s , whereas 
the threshold f o r others may be s i g n i f i c a n t l y higher which would 
a l low the presence of the d iacety l to go undetected. About two 
out of three otherwise q u a l i f i e d tas te pane l i s t s cannot detect 
d i ace ty l i n amounts that may be found in c i t r u s products. An­
other compound, na r ing in , contr ibutes s i g n i f i c a n t l y to the b i t t e r 
sensation r ea l i z ed i n g rape f ru i
not by a l l . B i t ternes
able spread i n the a b i l i t y of i nd i v i dua l s to detect b i t terness 
due to nar ing in . Two i nd i v idua l s were found who could not detect 
nar ing in concentrations at 2,000 ppm (or about f i v e times the 
amount normally found i n F l o r i da g rapef ru i t j u i c e ) i n e i t he r 
model g rapef ru i t j u i c e systems or as an add i t i ve to otherwise 
pure g rapef ru i t j u i c e . 

Number of Pane l i s t s . Very often p r a c t i c a l considerat ions 
overr ide the theo re t i ca l when i t comes to the se lec t i on of the 
numbers of i nd i v idua l s to con s t i tu te an e f f e c t i v e c i t r u s ta s te 
panel. For several d iverse reasons, many potent ia l tas te panel ­
i s t s e i t he r can not, w i l l not, or would rather not p a r t i c i p a t e 
in sensory evaluat ion panels. These i n d i v i d u a l s , along with 
those w i l l i n g but found to lack s u f f i c i e n t tas te a cu i t y , can 
often r e s u l t i n only a few w i l l i n g and able pane l i s t s at a par­
t i c u l a r l o c a t i o n . Should t h i s be the case, however, e spec i a l l y 
as perta ins to d i sc r iminatory t e s t i n g , numbers of i nd i v idua l 
evaluations may be increased through r e p l i c a t i o n using the same 
pane l i s t s . Larmond (6j ind icates a minimum number of pane l i s t s 
to be 4 or 5 to con s t i tu te a sensory panel, with laboratory 
panels usua l ly being composed of 10 to 20 persons with 3 or 4 
r ep l i c a t i on s per judge per treatment. 

At AREC, out of a pool of about 35 i nd i v idua l s a va i l ab le fo r 
everyday panel work, about ha l f p a r t i c i p a t e in orange product 
evaluat ion whereas s l i g h t l y less than ha l f p a r t i c i p a t e with 
g rape f ru i t . Panels cons i s t ing of about 12 semitrained and 
t ra ined i nd i v idua l s are used. A 5 to 6 member e f f i c i e n t t ra ined 
panel i s general ly a va i l ab l e f o r ce r t a i n sensory evaluat ion work. 
In add i t i on , between 30 to 70 i nd i v idua l s can be u t i l i z e d l o c a l l y 
f o r small consumer-type panels. Large consumer tes t s often i n ­
volve as many as 600 responses with data being obtained from 
several d i f f e r e n t demographic l oca t i on s . 
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14. FELLERS Sensory Evaluation of Citrus Products 

I I . Sample Preparation 

Fresh C i t rus J u i ce . Freshly extracted commercial orange 
j u i c e may contain a high peel o i l content making sensory eva lu ­
at ion of t h i s product very d i f f i c u l t because of the ove r r i d i ng , 
b i t i n g and even b i t t e r f l a v o r e f f e c t of the peel o i l . This i s 
one of the reasons why in ce r ta i n p lant s , minimal a t tent ion i s 
paid to the f l a v o r qua l i t y of the j u i c e u n t i l the product i s 
standardized e i t he r i n r e t a i l or bulk form (2). 

Excessive pressure used i n hand-reaming of c i t r u s f r u i t can 
also r e s u l t i n j u i c e containing high peel o i l content and perhaps 
s i g n i f i c a n t amounts of undesirable f l a v o r const i tuents (p r imar i l y 
of a b i t t e r nature) as w e l l . Since high peel o i l and undesirable 
f l a v o r const i tuents would se r ious l y a f f e c t sensory evaluat ion 
re su l t s i n a negative way, care should be taken i n hand-reaming 
c i t r u s f r u i t to apply only as much pressure as necessary to ex
t r a c t most but not a l
peel o i l and undesirabl
l e v e l s . 

The number of f r u i t necessary to comprise a v a l i d sample f o r 
f l a v o r evaluat ion purposes may very wel l be i n the range required 
by the F lo r i da Department of Ag r i cu l tu re i n determining c i t r u s 
f r u i t matur i ty , namely 20 oranges, tangerines, tangelos, Temples 
or Murcotts, or 10 g rapef ru i t (1). To te s t the v a l i d i t y of using 
a 10-grapefru it sample, f r u i t were u t i l i z e d from an ear ly season 
storage study invo lv ing 3 r ep l i c a te s f o r each of 3 treatments. 
Each r e p l i c a t e sample contained several boxes of f r u i t from the 
o r i g i n a l l o t of f r u i t . In a l l , 9 separate samples of 10 f r u i t 
each were taken at random from each of the r e p l i c a t e samples. 
The maturity i nd i c a t o r s , degrees B r i x , % a c i d , and the r a t i o be­
tween these two factor s were determined on the j u i c e of each 
sample. Ju ice was obtained by using a small e l e c t r i c hand-
reamer that provided about 1,500 ml of j u i c e per sample. The 
mean values f o r degrees B r i x was 9.40 ± 0.125 (as determined by 
a tab le refractometer) , 1.47 ± 0.03 percent ac id (as determined 
by t i t r a t i o n with NaOH), and 6.36 +.0.125 degrees B r i x to percent 
ac id r a t i o ( ca l cu la ted ) . Since p r i o r work by the author (13>) has 
shown that a degrees Br ix d i f f e r e n t i a l of about 1 i n s i n g l e -
strength g rapef ru i t or orange j u i c e was required before d i f f e r ­
ences could be detected by experienced judges, a d i f fe rence of 
0.25 degrees Br ix between the highest and lowest samples, as 
found i n the above study, would presumably not s i g n i f i c a n t l y 
a f f e c t f l a v o r . In l i k e manner, a r a t i o of degrees Br ix to % ac id 
of about 0.8 had been previous ly found to be d i f f e r e n t i a t e d 
in s ing le - s t rength g rapef ru i t j u i c e using experienced judges. 
Again t h i s amount was s i g n i f i c a n t l y higher than the 0.25 r a t i o 
found between the highest and lowest r a t i o samples i n the above 
study, thus having an apparent neg l i g i b l e e f f e c t on f l a v o r . 

C i t rus Sections or Segments. Sensory evaluat ion of t h i s 
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type of product presents the problem of often s i g n i f i c a n t l y d i f ­
ferent f lavored sect ions w i th in and/or between f r u i t thus making 
i t d i f f i c u l t f o r pane l i s t s to evaluate the overa l l f l a vo r qua l i t y . 
Since the pane l i s t w i l l most l i k e l y sample only 1 or 2 i nd i v idua l 
sect ions or segments before passing judgment, no easy way ex i s t s 
to reduce the odds of maverick sect ions being tested with ambig­
uous judgments. An a l t e r na t i v e method i s to homogenize the pro­
duct i n a blender fo r as b r i e f a period of time as poss ib le to 
achieve a homogeneous mixture which may then be f i l t e r e d through 
cheesecloth to produce a j u i c e . Using t h i s method, compensation 
can be made fo r any can-to-can v a r i a t i on by using several cans. 
Of course, texture cannot be taken into cons iderat ion using t h i s 
procedure and, therefore, a poss ib le s i g n i f i c a n t part of the 
ove ra l l f l a v o r may be compromised. I f sect ions or segments are 
to be evaluated, i t i s a good idea to present the en t i re contents 
of a can, i f p r a c t i c a l , f o r each judge to make an ove ra l l evalua­
t i o n . Seeds, i f present
would only serve to confus
a t t r i bu te s are being evaluated such as f i rmness, sweetness, e t c . 
Fa i l u r e to remove seeds i n t h i s case could lead to a type of 
stimulus e r r o r , the seeds being an i r r e l e van t c h a r a c t e r i s t i c . 

For c i t r u s sections or segments packed as c h i l l e d product 
e i the r a lone, as mixed types of c i t r u s , or with other f r u i t such 
as cherr ies or pineapple chunks, there may be a problem fo r ce r ­
t a i n i nd i v idua l s t a s t i ng these products due to the presence of 
small amounts of sodium benzoate (0.05-0.06% w/w) which i s added 
as a preservat ive. .Sodium benzoate can impart a sharp f l a vo r 
sensation to ce r t a i n i nd i v idua l s even at the r e l a t i v e l y low 
l eve l s found i n c h i l l e d c i t r u s products. The sharpness of the 
benzoate f l a vo r thus acts as an over r id ing f a c t o r , and the pro­
duct w i l l be graded down accord ing ly. Since i nd i v idua l s who 
have low tolerance to sodium benzoate w i l l most l i k e l y not con­
sume t h i s p a r t i c u l a r product, or grade i t down severely because 
of sodium benzoate, i nd i v idua l s chosen to evaluate c h i l l e d c i t r u s 
products should have a r e l a t i v e l y high tolerance to sodium 
benzoate. 

FCOJ. Proper r econ s t i t u t i on of FCOJ i s e s sent ia l f o r v a l i d 
taste panel r e s u l t s . Since orange j u i c e f l a vo r i s of a rather 
d e l i c a t e , m i l d , or l i g h t type, the water source used to recon­
s t i t u t e the concentrate must be r e l a t i v e l y f ree of o f f - f l a v o r s , 
such as su l furous. D i s t i l l e d water should be used whenever 
p r a c t i c a l . In add i t i on , i f the water used f o r r econ s t i t u t i on i s 
placed in a r e f r i g e r a t o r , wa lk - in coo le r , e tc . f o r c h i l l i n g , care 
must be taken to have the water container covered securely to 
e l iminate poss ib le absorption of fore ign f l a v o r s . And, of 
course, the reconst i tuted product i t s e l f , i f being c h i l l e d p r i o r 
to t a s t i n g , should be protected. 

There are several methods ava i l ab l e fo r r econs t i t u t i ng FCOJ 
so that the f i n a l desired d i l u t i o n i s co r rec t . Reconst i tut ion 
of concentrate requires use of a precise sca le or balance, sugar 
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t ab le s , and a prec ise refractometer. At times t h i s p rec i s i on may 
not be obtainable f o r sensory evaluat ion work when a good sca le 
or balance or refractometer i s unava i lab le. For r econ s t i t u t i on 
of r e t a i l products on a volume/volume bas i s , the fo l l ow ing pro­
cedures or parts thereof may be fo l lowed: thaw frozen cans in 
running tap water (about 30 min f o r 6-oz cans); open can and 
place on a l e ve l surface and with a small kn i fe or sharp i n s t r u ­
ment mark the ins ide of the can by making a short l i n e at the 
surface of the concentrate; pour the contents of the can in to a 
vessel large enough to contain a l l of the reconst i tuted j u i c e ; 
c a r e f u l l y f i l l the can to the mark with d i s t i l l e d water ( c h i l l e d 
or room temperature, whichever i s preferred) the prescr ibed num­
ber of times and add to the ve s se l ; and s t i r very wel l u n t i l the 
concentrate and water are thoroughly mixed. Another p o s s i b i l i t y 
i s to pour a ce r ta i n amount of thoroughly thawed concentrate 
in to a volumetric c y l i nde r , c a r e f u l l y add the necessary volume of 
water and mix thoroughly
of FCOJ in 3 U.S. c i t i e
Brixes of 12.8 and 11.8 degrees were required f o r about 1.5 1 of 
each j u i c e per session the fo l lowing method was devised: make up 
cans of FCOJ containing exact ly 6 f 1 . oz of product having a 
ce r ta i n degrees Br ix f o r the s p e c i f i c use in the t e s t ; at the 
point of t e s t i ng place frozen cans in running tap water f o r 30 
min; pour c h i l l e d d i s t i l l e d water i n to a 2,000 ml p l a s t i c v o l u ­
metric cy l i nde r u n t i l the water i s exact ly l eve l with the top of 
the black mark (placed there i n the laboratory prev ious ly marking 
exact ly the number of ml or f 1 . oz required f o r exact ly 12 f 1 . oz 
of FCOJ to make the desired f i n a l reconst i tuted Br i x product); 
from the graduated c y l i n d e r , pour about one-th i rd of the water 
in to a clean mixing ve s se l ; open two cans of FCOJ taking care not 
to incorporate water i n the contents and not to s p i l l the product 
add the contents of the 2 cans to the c h i l l e d water i n the mixing 
ve s se l ; from the graduated cy l i nde r pour water i n to each of the 
emptied cans to r i n se the remaining product taking care not to 
overf low; add the r ins ings c a r e f u l l y to the mixing ve s se l ; pour 
a l l the remaining water from the graduated cy l i nde r in to the 
mixing ve s se l ; and f i n a l l y , s t i r or mix the contents of the mix­
ing vessel very wel l making ce r ta i n there i s no unmixed concen­
t r a te on the bottom. This method in p rac t i ce worked extremely 
wel l using premarked volumetric c y l i nde r s , two of which were 
ava i l ab l e at each te s t i ng l oca t i on (glass cy l inders should not be 
considered i n t h i s s i t u a t i on because of the ease of breakage). 
Of course, i d e n t i c a l r econ s t i t u t i on methodology could be appl ied 
to frozen concentrated g rapef ru i t or other c i t r u s j u i ce s as wel l 
as f o r FCOJ as discussed above. 

The presence of surface or f l o a t i n g j u i c e sacs may s i g n i f i ­
cant ly a f f e c t sensory evaluat ion of c i t r u s j u i c e s , Amount of 
f l o a t i n g pulp in any p a r t i c u l a r r e t a i l product i s p r imar i l y de­
pendent on corporate s pec i f i c a t i on s as per t h e i r b e l i e f s . When 
te s t i ng frozen concentrated c i t r u s products containing s i g n i f i -
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cant amounts of f l o a t i n g pulp, care must be exercised in the r e -
con s t i t u t i on process and in dissémination of j u i ce s f o r sensory 
evaluat ion work. I f the en t i r e can contents are to be used, 
there i s no problem in r e con s t i t u t i on . However, i f a ha l f can i s 
to used f o r one treatment, f o r example, and the other ha l f f o r 
another treatment, a thorough mixing of the thawed concentrate 
j u s t p r i o r to pouring w i l l a id i n obtain ing equal d i s t r i b u t i o n of 
the surface pulp i n both samples. Again at the time of dispensing 
of j u i ce s to the i nd i v idua l cups, another thorough mixing w i l l 
insure reasonably equal d i s t r i b u t i o n of top pulp among the sever­
a l cups. Of course, mixing w i l l a l so insure good bottom pulp 
d i s t r i b u t i o n as w e l l . The above holds true f o r r e t a i l s i n g l e -
strength c i t r u s j u i ce s as w e l l . 

Holding of C i t rus Ju ices P r i o r to Sensory Eva luat ion. A l l 
types of c i t r u s j u i ce s should undergo sensory evaluat ion i n as 
short a per iod of time
because of the p o s s i b i l i t
room temperature, time between preparation and actual te s t i ng can 
be e spec i a l l y c r i t i c a l . Ce r t a i n l y , j u i c e prepared one day f o r 
next day t e s t i ng should not be considered even with overnight r e ­
f r i g e r a t i o n . Genera l ly , the most p r a c t i c a l s i t u a t i o n i s morning 
preparation of j u i ce s f o r a morning sensory evaluat ion session 
and an afternoon preparation f o r an afternoon sess ion. 

Can-to-Can V a r i a t i o n . Experience has shown the v a r i a t i on in 
commercial products with i d en t i c a l codes f o r F l o r i da product to 
be minimal. The small amount of v a r i a t i o n that does occur i s due 
to the nature of the manufacturing process which genera l ly i s not 
of the batch type. Production runs of from one to several hours 
durat ion , and inc lud ing tremendous amounts of product, carry the 
same code with a l l of the va r i a t i on s of product e x i s t i n g , w i th in 
ce r ta i n p lant s pec i f i c a t i on s of course. However, plants having 
modern concentrate bulk-tank storage capacity i n the 50,000-
150,000 gal range (tank farms) and which u t i l i z e computer systems 
to meter out product f o r r e t a i l pack are i n a pos i t i on to be able 
to produce a more uniform product, perhaps, than a plant without 
such a c a p a b i l i t y . I t has been the p rac t i ce i n r e t a i l FCOJ and 
c h i l l e d j u i c e seasonal surveys at AREC to re-evaluate samples ex­
h i b i t i n g any f l a v o r qua l i t y problems. Occas ional ly the second or 
t h i r d cans tested w i l l vary s i g n i f i c a n t l y i n f l a v o r qua l i t y from 
the o r i g i n a l i nd i c a t i n g rea l can-to-can v a r i a t i o n . For a l l prac­
t i c a l purposes, however, s i ng le cans of s i m i l a r l y coded product 
can be used i n sensory evaluat ion work with a minimum amount of 
can-to-can v a r i a t i o n to be expected. 

I I I . Conducting Sensory Tests 

Choosing a Sensory Test. The types of sensory methods a v a i l ­
able f o r c i t r u s evaluat ion are numerous. Two exce l l en t r e f e r -
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ences covering these methods in d e t a i l are the "Manual on Sensory 
Testing Methods" {5) and "Laboratory Methods f o r Sensory Evalu­
at ion of Food" (6). Se lect ing the r i g h t t e s t f o r evaluat ing a 
c i t r u s product as f o r other products depends p r imar i l y on what in ­
formation i s des i red. Often several types of t e s t may be a v a i l ­
able f o r answering the same quest ion(s ) . I t then may be a matter 
of t r i a l and e r ro r to f i n d the one te s t best su i ted f o r a p a r t i c ­
u la r s i t u a t i o n . Occas iona l ly , modi f icat ions of e x i s t i n g tes t s or 
newly designed tests are required in order to obtain ce r t a i n i n ­
formation. Whatever t e s t i s chosen, s t a t i s t i c a l evaluat ion of 
the data should be made. 

Experience has shown that d i f ferences between c i t r u s samples 
can perhaps best be detected using the t r i a n g l e t e s t f o r orange, 
Temple, tangerine and a l l i e d products and paired comparison f o r 
g rape f ru i t , K-early and s i m i l a r products. Because of the i n ­
herent b i t terness and r e l a t i v e l y high ac id i n g r ape f r u i t  the 
amount of back and f o r t
can r e s u l t in s i g n i f i c a n

U t i l i z a t i o n of a standard c i t r u s j u i c e product i n a sensory 
method i s not advisable i n ce r t a i n instances because of the t r e ­
mendous amount of v a r i a b i l i t y i n the j u i ce s due to current com­
mercial production p rac t i ce s . The primary var iab les that e x i s t 
in the processing industry inc lude: v a r i e t a l d i f f e rence s , ex­
t r a c to r and f i n i s h e r v a r i ab l e s , and va r i ab le usages of essence 
and/or essence o i l , peel o i l , and cutback j u i c e . Ce r t a i n l y , a 
seasonal survey-type f l a v o r study would be a poor place to employ 
a standard j u i c e . However, a standard j u i c e could perhaps be 
used to good advantage in a p lant by qua l i t y - con t r o l personnel 
where var iab les would conceiveably be reduced to a minimum. As 
more plants convert to tank-farm operations equipped with sophis­
t i c a ted computers, an end r e s u l t w i l l most sure ly be a more u n i ­
form or standardized product. Of course there are some basic 
problems i n making standard-f lavored c i t r u s j u i c e s . However, 
using care, volumes of j u i ce s to be used as standard j u i ce s and 
having s a t i s f a c t o r y f l a v o r a t t r i bu te s could be produced each year 
and u t i l i z e d from frozen storage as necessary i n plants producing 
r e l a t i v e l y standardized products. 

Serving Vessels . For c i t r u s j u i ce s both glass and paper 
serving containers may be succes s fu l l y used. I f g lass containers 
are used, ce r t a i n precautions should be taken to insure best 
r e s u l t s : (a) make sure that the glasses are thoroughly r insed 
fo l lowing washing to e l iminate any res idua l soap or detergent 
o f f - f l a v o r s which might enter the c i t r u s j u i c e served next i n the 
g lasses; (b) f o r obvious reasons make sure that high standards of 
hygiene are pract iced i n washing the glasses by using c l ean , hot, 
soapy water, no washing of ash trays i n the dishwater, e t c . ; (c) 
use of ruby-red glasses aids i n reducing any co lo r bias arid; (d) 
any glasses developing cracks or having chipped rims should be 
discarded immediately. 
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I f paper cups are used, only the treated type should be 
employed as ce r t a i n untreated cups can impart a "paper" or " c a rd ­
board" f l a v o r to the j u i c e . Treated cups w i l l a l so maintain 
t h e i r i n t e g r i t y longer. Use of ce r t a i n marking pens to mark the 
cups should be avoided i f i t i s noted that the ink imparts a 
l i n ge r i ng solvent aroma. 

Volume of Ju i ce to Serve. Experience has shown that about 
1 1/2 to 2 oz of c i t r u s j u i c e i s s u f f i c i e n t f o r a successful 
sensory judgment. Anything less than about 1 1/2 oz w i l l very 
l i k e l y r e s u l t i n 1 or 2 i nd i v idua l s asking f o r more j u i c e , 
e spec i a l l y i f a t e s t such as the t r i a n g l e te s t i s being used. 
However, i t i s important that however much j u i c e i s presented to 
the pane l i s t , enough empty space i s l e f t in the glass or cup to 
a l low at l ea s t a gentle sw i r l i n g of the j u i c e by the pane l i s t i n 
order f o r that i nd i v i dua l to better detect aroma cha r a c t e r i s t i c s 
of the j u i c e . Of course
1 1/2 or 2 oz of j u i c e
as f o r ce r t a i n consumer-type taste panels or when a new product 
i s being looked a t ; i t then may be des i rab le f o r consumption of 
a f u l l 4 or 6 oz serv ing, an amount such as an ordinary consumer 
might ingest at one time. Genera l ly , only a s i ng le j u i c e or 
perhaps two at the most should be considered per session with the 
la rger volume of j u i c e . 

Number of Ju ices to Serve. Subs tan t i a l l y more orange, t an -
ger ine, Temple, Murcott, e t c . j u i c e samples can e f f e c t i v e l y be 
served f o r sensory evaluat ion at one session than can g rape f ru i t 
j u i c e s . The primary reasons f o r t h i s are probably because of the 
notable amount of b i t terness found i n g rape f ru i t j u i c e and the 
r e l a t i v e l y less ac id associated with the orange and s i m i l a r j u i ce s 
than g rape f ru i t j u i c e . B i t terness does not normally occur i n 
F l o r i da orange j u i c e . However, b i t terness can e x i s t i n orange 
j u i c e under ce r t a i n circumstances as discussed i n the sect ion i n 
t h i s chapter on b i t te rne s s . 

As to actual numbers of j u i ce s that may be sampled at one 
sess ion, a maximum of about 4-6 orange ju i ce s or 3-4 g rapef ru i t 
j u i ce s are the p r a c t i c a l l i m i t f o r judges. We have found that 
anything much beyond these maximums severely tax the physical 
and mental c a p a b i l i t i e s of the average pane l i s t r e su l t i n g i n a 
de te r i o ra t i on of r e l i a b i l i t y of r e s u l t s . In a consumer-type 
panel, probably, 1 or 2 j u i ce s per session would y i e l d the best 
r e s u l t s . However, f o r a qua l i t y contro l person i n a p l an t , USDA 
inspector , or other person involved with many eva luat ions , nu­
merous orange and perhaps somewhat fewer g rapef ru i t j u i c e samples 
could be tested succes s fu l l y with short breaks i n between samples 
over several hours time. At AREC the author and two other ex­
perienced c i t r u s sensory evaluators once success fu l l y ranked by 
preference at one session as many as 16 d i f f e r e n t formulations of 
a new c i t r u s j u i c e product c a l l e d "Sunshine-?" i n which 7 types of 
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c i t r u s were blended. Taste fat igue was evident i n t h i s arduous 
session but not so much as to s i g n i f i c a n t l y compromise the over­
a l l r e s u l t s . 

Serving Temperature. For consumer or acceptance/prefer­
ence t e s t i n g , c i t r u s j u i ce s should be served at a temperature i n 
the range of 7-13°C or the approximate temperature at which 
ju i ce s are presumably consumed. However, f o r d i s c r im ina t i on and 
perhaps ce r t a i n other t e s t s , te s t i ng at warmer temperatures i n 
the approximate range 19-24°C may be superior to the lower tem­
perature range. To te s t t h i s hypothesis derived through expe r i ­
ence, the f i r s t of several tests along these l i ne s was recent ly 
completed (15). In th i s p a r t i c u l a r study, three d i f f e r e n t com­
pos i te commercial FCOJs were evaluated over a 2-month period by 
an experienced 12-member taste panel, 3 times at 10°C and 3 times 
at 24°C, without g iv ing the pane l i s t s any knowledge of the pur­
pose of the te s t i ng e i t he
the samples, mean f l a vo
higher at the 95% confidence l eve l f o r the samples served at 10°C 
than those at 24°C. No s i g n i f i c a n t d i f fe rence was found i n the 
remaining sample. Exact ly why a p a r t i c u l a r c i t r u s j u i c e may be 
preferred c h i l l e d to unch i l l ed by experienced pane l i s t s i s not 
yet known. The cooler serving temperature could be the over­
r i d i n g f a c to r . Another p o s s i b i l i t y might be in a suppression or 
masking of ce r t a i n undesirable f l a vo r notes by the c h i l l e d j u i c e . 

At whatever temperature c i t r u s products are served, care 
must be exercised to make ce r t a i n a l l samples have l i k e serving 
temperatures. The l ea s t d i f fe rence i f detected by pane l i s t s w i l l 
confuse them and r e s u l t i n questionable data. 

Number of Types of C i t ru s Products Per Session. Should ever 
the occasion a r i s e when more than one type of c i t r u s product 
requires sensory eva luat ion, i t i s best to schedule a separate 
session fo r each product or group of l i k e products. The human 
mind has a great tendency f o r automatic comparison and carryover 
of one experience to the next which i n the case of sensory e v a l ­
uation i s not good should two or more d i s s i m i l a r products be com­
pared at one sess ion. 

In laboratory tests at AREC when a few fresh orange j u i c e 
samples were included general ly one at a time several times among 
many reconst i tuted FCOJ samples i n a large survey study, the 
fresh j u i c e samples graded out lower i n f l a v o r q u a l i t y than the 
reconst i tuted FCOJ samples. However, when these same fresh j u i c e 
samples were graded together as a group the scores increased. 

What to T e l l the Pane l i s t . Pane l i s t s should be given as 
l i t t l e information as poss ib le about the te s t at hand so as not 
to inf luence r e s u l t s . Part of the same study as was described i n 
the sect ion deal ing with sensory evaluat ion of more than one type 
of c i t r u s product at one session a l so dea l t with the problem at 
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hand. Results showed the f resh j u i c e samples grading out wel l 
below the reconst i tuted FCOJ samples when no mention of the f resh 
j u i c e sample was made. When several of the f resh j u i ce s were run 
together and the pane l i s t s were s t i l l not t o l d what the product 
was, scores improved s i g n i f i c a n t l y . However, when the pane l i s t s 
were f i n a l l y t o l d that f resh orange j u i c e was to be te s ted , the 
scores again improved measurably showing existence of a precon­
ceived impression or expectation e r ro r . 

A s i t u a t i on where pane l i s t s should be informed of the pro­
duct they are evaluat ing i s poss ib le when ce r t a i n new and/or 
quite d i f f e r e n t products are being tes ted. Two prime examples of 
t h i s s i t u a t i o n occurr ing at AREC involved f l a vo r studies of an 
i so ton i c orange j u i c e t h i r s t quencher type of new product deve l ­
oped at the Lake A l f r ed Center, and b i t terness studies u t i l i z i n g 
model g rapef ru i t j u i c e formulat ions. Some pane l i s t s were qu i te 
unforg iv ing when not t o l d beforehand what i t was they were about 
to evaluate. For d i s c r im ina t i o
from product i d e n t i t y bein

Another f ac to r to consider i s whether or not to have a l i s t 
of f l a v o r a t t r i bu te s a va i l ab l e f o r the taste pane l i s t to peruse 
whi le judging the product. Perhaps i n ce r t a i n spec ia l instances, 
such as when s p e c i f i c f l a v o r a t t r i bu te s or i n t en s i t y of a t t r i bu te s 
are being considered, a l i s t i n g may be used. However, normally 
no such l i s t i n g should be given a l lowing each pane l i s t to judge 
the product "from sc ra tch " with a minimum of preconceived im­
pressions enter ing i n . Also,no matter how many items might appear 
on a l i s t i n g of f l a vo r a t t r i bu te s (and there could ea s i l y be as 
many as 20 f o r c i t r u s products) , the occasional odd f l a v o r w i l l 
appear and the pane l i s t should fee l abso lute ly f ree to descr ibe 
i t without the presence of d i s t r a c t i n g data. 

Value of S o l i c i t i n g Comments. Very often number data that 
i s c o l l e c ted through sensory eva luat ion , whether found s i g n i f i ­
cant or not, can be explained f u l l y or at l ea s t p a r t i a l l y through 
examination of p ane l i s t s ' comments which were a l so obtained at 
the time of t e s t i n g . Every sensory evaluat ion t e s t should have 
space f o r comments. This i s both f o r the psychological advantage 
i t gives the pane l i s t s to express t h e i r fee l ings on some fac to r 
that perhaps d id not or could not be included as part of the te s t 
and, a l s o , to better understand how/why the pane l i s t s answered the 
way they d i d . I t i s poss ib le at times to u t i l i z e frequency of 
i nd i v idua l comments and/or t o t a l comments f o r samples i n s t a t i s ­
t i c a l evaluat ion of data, thus poss ib ly gaining add i t iona l i n ­
formation from the t e s t . 

Value of Using a Regular,Trained or Experienced Sensory 
Panel. An advantage i n having th i s type of panel i s the f a c i l i ­
t a t i on of i n t e rp re ta t i on and understanding of each p a n e l i s t ' s 
evaluat ion i t makes f o r the supervisor. In time an a l e r t panel 
supervisor w i l l know and understand i nd i v idua l preferences, d i s -
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l i k e s , and id iosyncras ies and thus, make a better evaluat ion of 
the data gleaned from the sensory t e s t . For example, one capable 
pane l i s t at AREC possesses exce l lent aroma and taste acu i ty f o r 
the presence of d i ace ty l i n c i t r u s products; however, un l i ke the 
other pane l i s t s , does not p a r t i c u l a r l y object to the presence of 
t h i s " o f f - f l a v o r " i n c i t r u s products. A s i m i l a r s i t u a t i o n can 
ex i s t i f b i t terness i s detected in orange j u i c e by ce r t a i n capa­
ble pane l i s t s . B i t terness normally i s considered highly undesir ­
able in orange j u i c e , however, the occasional i nd i v idua l able to 
detect b i t terness does not consider i t e spec i a l l y undesirable and 
w i l l f a i l to rate the j u i c e down s i g n i f i c a n t l y . Each i nd i v idua l 
has h is or her own ranking fo r r e l a t i v e importance of f l a vo r 
a t t r i bu te s con s t i t u t i n g good j u i c e and bad j u i c e . 

The a l e r t panel supervisor w i l l a l so come to know about each 
regular p a n e l i s t ' s a b i l i t y to detect the many o f f - f l a v o r s that 
could poss ib ly occur i n c i t r u s products  Of primary concern
other than the common swee
p a n e l i s t s ' a b i l i t i e s to
(naringin and/or l imonin induced), (b) heated, processed or pump-
out o f f - f l a v o r , (c) excess peel o i l y , (d) excess and/or poor 
essency f l a v o r , and (e) the fo l lowing o f f - f l a v o r s : cardboard, 
ta l lowy, castor o i l , d i ace ty l or but termi lk , green or immature, 
overmature or s t a l e f r u i t , and spo i led f r u i t . 

IV. Va r i e ta l Considerations 

In F l o r i da the range of f l avo r s i n orange j u i c e products due 
to v a r i e t a l d i f ferences can be very wide. Each mature major 
F l o r i da va r i e t y possesses a general f l a vo r p r o f i l e as f o l l ows : 
Hamlin (ear ly season) - moderate orange f l a vo r with no top notes; 
Pineapple (midseason) - moderate to f u l l orange f l a v o r with a 
f r u i t y top note; Valencia ( l a te season) - f u l l orange f l a v o r with 
good body; C i t rus r e t i c u l a t a , (or hybrids the reo f ) , such as tan ­
ger ines, Temples and tangelos possess d i s t i n c t f l a vo r top notes 
qu i te un l i ke the 3 major orange v a r i e t i e s . For t h i s reason i n 
the manufacture of FCOJ, f o r example, only up to 10% by volume of 
the concentrated blend of j u i c e can be of the C i t ru s r e t i c u l a t a 
type (4J. The same standards l i m i t C i t ru s aurantiurn (sour orange) 
to 5% by volume. 

The major F l o r i da g rapef ru i t v a r i e t i e s are the nearly seed­
less Marsh white and a l l i e d pigmented forms, such as Marsh Pink, 
Thompson and Ruby Red, and the seedy Duncan. Differences i n 
f l a vo r between the nearly seedless and seedy v a r i e t i e s are not 
l a rge , however, the consensus of the author and others f a m i l i a r 
with both types i s that seedy f r u i t possess a somewhat f u l l e r , 
more balanced g rapef ru i t f l a v o r than seedless. 

Extreme care must be exercised when applying general f l a v o r 
terminology to orange, mandarin or g rapef ru i t types of c i t r u s 
when there are so many v a r i e t a l f l a vo r d i f ferences w i th in the 
basic types. 
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Of course there are many other factor s involved in f l a v o r 
of i nd i v idua l v a r i e t i e s of c i t r u s such as seasonal v a r i a t i o n , 
time of harvest or matur i ty , s o i l type, rootstock, geographical 
cons iderat ions, e t c . 

V. Color E f fec t 

A large consumer sensory te s t conducted at the 1965 World's 
Fa i r i n New York (16) invo lv ing several d i f f e r e n t orange ju i ce s 
of varying qua l i t y a t t r i b u t e s , inc lud ing c o l o r , showed that c o l ­
or was one of the most i n f l u e n t i a l factor s i n j u i c e preference. 
In a recent study by Huggart et^ a l . (17), g rape f ru i t j u i ce s were 
prepared having varying l e ve l s o f v i sua l co lo r from white through 
pink, with a l l other factor s being equal. A large consumer t e s t 
of the 5 products showed co lo r to have a s i g n i f i c a n t e f f e c t i n 
acceptance of paired j u i c e s  In genera l  the ye l lowish-whi te to 
brownish-yellow (chamois
or pink j u i c e s . 

With there being co lo r biases/preferences in both orange and 
g rapef ru i t j u i c e s , care must be exercised in sensory evaluat ion 
work to insure against these co lo r b iases. An e f f e c t i v e means of 
neu t r a l i z i n g any co lo r bias i n c i t r u s sensory evaluat ion work has 
been found to be the u t i l i z a t i o n of red l i g h t s i n the booths used 
in making the eva luat ion. 

A spec ia l s i t u a t i o n can e x i s t i n F l o r i da and other c i t r u s 
producing areas r e l a t i v e to co lo r bias i n orange j u i c e . I nd i ­
v iduals working with c i t r u s are f a m i l i a r with the d i f f e r e n t 
v a r i e t i e s and have developed t h e i r opinions as to r e l a t i v e qua l ­
i t y . Hamlin orange j u i c e s , f o r example, are considered by many 
to be the l ea s t preferred of the major v a r i e t i e s whereas Valencia 
general ly passes as the most prefer red. Color of Hamlin j u i c e i s 
l i g h t orange whereas Valencia j u i c e i s dark orange, thus should 
pane l i s t s who are f a m i l i a r with the f l a v o r of d i f f e r e n t orange 
v a r i e t i e s be able to see the co lo r of the orange ju i ce s being 
evaluated, a poss ib le bias due to co lo r might e x i s t . Again, the 
use of red l i g h t s i n the panel area to neu t ra l i ze product co lo r 
should be u t i l i z e d . 

VI. S pec i f i c C i t rus F lavor A t t r i bu te s 

B i t terness Considerat ions. B i t terness i s not normally 
found i n commercial F l o r i da orange j u i c e , but when i t does occur, 
the source of the b i t terness i s d i f f i c u l t to determine from a 
sensory evaluat ion standpoint. B i t t e rne s s , p r imar i l y from l i m ­
onin (18), may be due to one or more of the f o l l ow ing : too 
severe j u i c e e x t r a c t i on , use of ce r t a i n B r a z i l i a n j u i c e (19), 
use of Navel oranges, excessive peel o i l probably greater than 
0.020% by volume, and perhaps other factor s as w e l l . 

Orange pulpwash (water ex t rac t i on of so lub le f r u i t s o l i d s 
from orange pulp) can contr ibute s i g n i f i c a n t l y to the b i t terness 
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and harshness (roughness) of orange j u i c e to which i t has been 
added (20). U.S. standards f o r grades of FCOJ (4) s tate "In i t s 
preparat ion, seeds, (except f o r embryonic seeds and small f r a g ­
ments of seeds that cannot be separated by good manufacturing 
pract ice) and excess pulp are removed, and a properly prepared 
water ext ract of the excess pulp so removed may be added." 
F l o r i d a , however, does not al low pulpwash i n FCOJ (1). Orange 
pulpwash i s allowed in concentrated orange j u i c e f o r manufactur­
ing " i f product i s not to be used in the production of FCOJ i n 
r e t a i l or i n s t i t u t i o n a l s ized conta iners , i t may contain so lub le 
orange j u i c e s o l i d s recovered by aqueous ex t rac t ion or washing of 
pulp removed from the j u i c e contained i n the product, but not 
from pulp removed from other j u i c e " (21). And concentrated 
orange j u i c e f o r manufacturing can be used i n the manufacture of 
orange j u i c e from concentrate (22) and as 25% of the t o t a l o r ­
ange j u i c e so l i d s in f i n i shed pasteurized orange j u i c e (23)  A 
study i s cu r rent l y underwa
use of orange pulpwash outsid
from concentrate and how much pulpwash has been used in each of 
the products (20). Sensory evaluat ion of each product i s a l so 
being ca r r i ed out along with the other analyses. 

Grapef ru i t contain the b i t t e r p r i n c i p l e s l imonin and na r i n ­
gin and these give g rapef ru i t products the c h a r a c t e r i s t i c " b i t e " 
f o r which the f r u i t i s noted. In an e f f o r t to understand more 
about consumer l i k e s and d i s l i k e s of g rape f ru i t and g rapef ru i t 
products, a part of the f l a v o r research at AREC has focused on 
the b i t terness a t t r i b u t e . In conducting t h i s research, and some 
other, a few rather unique problems arose that w i l l be considered 
here. From a techn ica l point of view, there are extreme d i f f i ­
c u l t i e s in gett ing water - inso lub le l imonin in to aqueous mixtures, 
such as c i t r u s j u i ce s or model c i t r u s j u i c e s , without add i t ion of 
an unwanted solvent such as a l coho l . Naringin may be added to 
c i t r u s j u i c e or model c i t r u s j u i ce s without heating the products 
using the fo l lowing method: s t a r t i n g with high Br ix c i t r u s con­
cent rate , ca l cu l a te the amount of water necessary to achieve the 
desired f i n a l lower degrees Br ix concentrate or reconst i tuted 
j u i c e . Determine the amount of nar ing in to add to achieve de­
s i red ppm in the f i n a l product. Heat a port ion of the water to 
about 65 C and add the nar ing in whi le s t i r r i n g . Bring the water/ 
nar ingin so lu t ion to room temperature and add to the concentrate 
or reconst i tuted j u i c e . Add any remaining required water. This 
method w i l l work up to at l ea s t 2,000 ppm nar ing in in the f i n a l 
reconst i tuted j u i c e . Concentrate treated thusly may be frozen 
f o r l a t e r use. Care must be taken, however, not to c h i l l any 
s ing le - s t rength j u i c e having added nar ing in as p r e c i p i t a t i o n w i l l 
occur. One method used by Fe l l e r s and Carter (24) to incorporate 
natural b i t terness into g rapef ru i t j u i c e was to add ce r ta i n per­
centages of a frozen concentrated g rapef ru i t j u i c e pulpwash ob­
tained from use of "hard-squeeze" f r u i t . 

Reference has already been made in the sect ion deal ing with 
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" Spec ia l C r i t e r i a f o r Se lect ing Pane l i s t s " on the i n a b i l i t y of 
c e r t a i n i nd i v idua l s to detect nar ing in at concentrations as high 
as 2,000 ppm in aqueous model g rape f ru i t j u i c e systems or grape­
f r u i t j u i c e . Obviously those pane l i s t s would be of no value in 
d i sc r iminatory sensory work invo lv ing nar ing in . 

In a recent large consumer te s t (25) i n which nar ing in was 
added to f i v e l i k e port ions of a good frozen concentrated grape­
f r u i t j u i c e i n increas ing quant i t i e s up to about 2,000 ppm in the 
reconst i tuted j u i c e , a key f i nd ing was that genera l l y , as the 
l eve l of nar ing in increased, perceived b i t terness and tartness or 
sourness increased and perceived sweetness decreased. The primary 
r am i f i c a t i on of t h i s f i nd ing i s that extreme care must be used 
when i n te rp re t i ng sensory evaluat ion data on f resh and processed 
g rapef ru i t j u i c e products as regards b i t t e rne s s , sweetness and 
sourness. 

Occas ional ly g rape f ru i t j u i c e samples can be excess ive ly 
b i t t e r , and can cause problem
uating j u i ce s having thes
lem i s that the intense b i t terness can render one 1s sensory acu­
i t y nearly useless f o r a s i g n i f i c a n t period of time r e su l t i n g i n 
poss ib le erroneous data f o r succeeding samples, even with inges­
t i on of a cracker and/or water. According to Dougherty and Barros 
(26) i t i s poss ib le to have greater than 1,000 ppm nar ing in and/ 
or more than 10 ppm l imonin i n ce r t a i n commercial g rape f ru i t sam­
ples . However, to have both maxima occur together would be indeed 
ra re . Of course,randomization of samples should work to equal ize 
any contrast e f f e c t caused by the b i t t e r sample. 

Heated, Processed or Pumpout F lavor. P r i o r to the advent of 
the temperature-accelerated, short-t ime evaporator (TASTE), com­
mercial FCOJ and frozen concentrated g rape f ru i t j u i c e samples 
often possessed an undesirable heated, processed or pumpout f l a v o r 
that was not masked e n t i r e l y by o i l , cutback, or essence add i t i on . 
Current manufacturing p ract i ces have e f f e c t i v e l y e l iminated t h i s 
problem in the products. However, pasteurized orange j u i c e , 
orange j u i c e from concentrate, canned orange j u i c e and a l l t h e i r 
g rape f ru i t j u i c e counterparts possess a wide range of heated or 
processed f l a v o r , from a neg l i g i b l e amount to extreme. As to how 
th i s heated f l a v o r i s evaluated apparently d i f f e r s from person to 
person and from group to group. According to U. S. standards f o r 
grades of orange j u i c e from concentrate (21), f o r example, f o r 
t h i s product to make U.S. Grade A i t "possesses a very good f l a ­
vor" when "very good f l a v o r means that the f l a v o r i s f i n e , d i s ­
t i n c t , and s ub s t an t i a l l y t y p i c a l of orange j u i c e extracted from 
f r e sh , mature sweet oranges; i s f ree from o f f - f l a v o r s of any k ind; 

e t c " . Since a heated or processed f l a v o r i s considered to be 
an o f f - f l a v o r and ex i s t s i n most commercial orange j u i c e from con­
cent rate , apparently the U.S. Standards do not take t h i s f l a v o r 
in to account. I t i s i n t e re s t i n g to note that f o r proposed U.S. 
standards f o r grades of g rape f ru i t j u i c e (27), that i n the pro-
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posed f l a vo r d e f i n i t i o n s f o r both g rapef ru i t j u i c e and grape­
f r u i t j u i c e from concentrate, that "The g rapef ru i t j u i c e may be 
s l i g h t l y a f fected by process ing, packaging or storage cond i t i ons . " 

Apparently l i k e so many other f l a vo r a t t r i bu te s of c i t r u s 
products, heated, processed or pumpout type of o f f - f l a v o r s vary 
considerably i n i nd i v idua l threshold and tolerance l e v e l s . The 
author, f o r example, possesses both a low threshold and tolerance 
fo r t h i s p a r t i c u l a r o f f - f l a v o r i n any type of c i t r u s product. 

Cardboard, C i t rus Ox id ized, Castor O i l , Tallowy and CQF 
Of f -F lavor . For t h i s group of o f f - f l a v o r s there ex i s t s much con­
fus ion . Olsen et al_. (28) bel ieved these o f f - f l a v o r s were the 
r e su l t of ox idat ion of substances i n orange concentrate s ince 
they were able to produce these o f f - f l a v o r s i n concentrate by 
whipping a i r into the product. B l a i r et al_. (29) i n t h e i r studies 
refer red to these o f f - f l a v o r s as the "COF e f f e c t "  COF being an 
abbreviat ion f o r e i t he
or castor o i l f l a v o r . Ac tua l l
deed be a l l i e d as being products of ox ida t i on , however, i n most 
instances j u i ce s so af fected may be character ized by the expe r i ­
enced i nd i v idua l as possessing e i t he r cardboard, castor o i l , or 
ta l lowy o f f - f l a v o r qu i te d i s t i n c t l y . Should none of the above 
apply then usage of the more general term c i t r u s ox id ized f l a v o r 
could be used. Vague terminology such as COF should not be used 
and can only serve to confuse t h i s p a r t i c u l a r f l a v o r s i t u a t i o n . 

Essence Considerat ions. P a r t i c i p a t i o n i n survey-type sen­
sory evaluat ion panels of F l o r i da FCOJ, orange j u i c e from con­
cent rate , pasteurized orange j u i c e , and g rapef ru i t from concen­
t r a te at AREC f o r the past 15 years has resu l ted i n many obser­
vations by the author as to the dynamic f l a vo r p i c tu re presented 
to the consumer by the c i t r u s industry. Perhaps one of the major 
changes noted has been the marked increase i n the use of essence 
and essence o i l i n recent years , notably i n the orange j u i c e 
products. No f igures are ava i l ab le on amount of FCOJ packed in 
F l o r i da contain ing essence/essence o i l but a f i gu re between 50 
and 75% may not be u n r e a l i s t i c . P r i o r to essence usage as a 
f lavor-enhancing m a t e r i a l , cutback ( f re sh ly extracted orange 
j u i c e ) , cold-pressed orange o i l , folded o i l s or combinations of 
the above were the prime f l a vo r enhancement mater i a l s . The ad­
d i t i o n of cutback j u i c e to the concentrated j u i c e from the 
evaporator was the key to the invention of FCOJ (30) i n 1948 
and i s s t i l l being used today by a s i g n i f i c a n t number of F l o r i da 
processors. 

The major problem in sensory evaluat ion of c i t r u s products 
containing essence appears to l i e mainly i n i nd i v idua l p re fe r ­
ences as regards essence-add products and ind i v idua l thresholds 
fo r the essence f r a c t i o n i n these products. A s i g n i f i c a n t number 
of regu lar , t ra ined pane l i s t s at AREC, f o r example, upon detec­
t i on of ce r t a i n essences i n c i t r u s products might grade the pro-
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duct down and comment that the product i s "perfumey", " a r t i f i c i a l " 
or " s yn the t i c " f l avo red . Others, a lso detect ing the presence of 
essence, might grade the product up and comment " ta s tes l i k e 
f resh j u i c e " or something s i m i l a r . And then there are those i n ­
d i v idua l s who apparently are not a f fected one way or the other by 
essence add i t i on . 

Dougherty et afL (31) found that orange essences produced by 
d i f f e r e n t recovery systems were d i s t i n c t and d i f f e r e d cons ider­
ably i n t h e i r chemical composition and strength; i n some cases 
there was an optimum leve l of essence that could be added to 
FCOJ that would produce a better f lavored j u i c e ; that higher 
l eve l s of essence could r e s u l t i n a lowering of f l a v o r q u a l i t y ; 
and that essence-enhanced FCOJs did not lose s i g n i f i c a n t amounts 
of essence f l a v o r over a 30-month frozen storage per iod. Results 
of t h i s study showed some of the reasons why there were often 
such a d i s p a r i t y of grades and comments when essence-bearing 
FCOJs were being evaluate
s tud ie s ) . Not only wer
due to numerous factors (many of which have been discussed e l s e ­
where i n t h i s chapter) , but the essences used i n these products 
a lso proved to be anything but standardized r e s u l t i n g in a mixed 
bag of f l a v o r sensations. 

Serving temperature has not been shown to a f f e c t f l a v o r i n 
essence-bearing c i t r u s products. However, i f temperature was 
found to be or suspected of being a s i g n i f i c a n t f a c t o r , serving 
temperature of samples destined f o r preference-type sensory e v a l ­
uation should be made at temperatures at which the product would 
normally be consumed (presumably about 7-13 C). 

A f i n a l cons iderat ion concerning essence i n c i t r u s products 
i s that depending on the type and/or quant i ty of essence used, 
detect ion may be by aroma, tas te or by both. Proper sensory 
evaluat ion of a l l c i t r u s products should incorporate both aroma 
and tas te judgments - a tas te judgment alone j u s t not being 
enough i n many instances. Should, f o r example, a sample conta in ­
ing poor essence, "wet dog" essence, "but te rmi l k " essence, e t c . 
occur p r imar i l y i n the aroma f r a c t i o n , a judgment based on taste 
alone might miss the off-aroma. 

VII. Problems in C i t rus Sensory Evaluation Research 

Avoiding Flavor Highl ights in Control Samples. Every e f f o r t 
should be made i n u t i l i z i n g a c h a r a c t e r i s t i c type of c i t r u s pro­
duct when conducting ce r ta i n sensory evaluat ion s tud ie s , espe­
c i a l l y i f studying one or more s p e c i f i c qua l i t y a t t r i b u t e s . The 
fo l l owing are the major f l a v o r h igh l i ght s that should be avoided: 
excessive cold-pressed o i l (greater than about 0.017% (v/v) i n 
orange; 0.010% (v/v) i n g r a p e f r u i t ) , moderate or high essence 
product, orange product having any detectable b i t terness or grape­
f r u i t having excessive b i t terness (greater than about 4 ppm 
l imonin or 500 ppm na r ing in ) , degrees B r i x to % ac id r a t i o s n e i -
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ther too low nor too high thus keeping product ne i ther too ac id 
nor too sweet, too th in or watery,excessive top pulp, and no h in t 
of any of the fo l lowing o f f - f l a v o r s : cardboard, castor o i l , t a l ­
lowy, d iacety l (bu t te rmi l k ) , green or immature, overmature or 
s t a l e , or spo i led or rotten f r u i t ; i n short nothing unusual about 
the aroma or taste that might confuse or d i s t r a c t the pane l i s t . 

Use of Model Systems. From time to time i t may be des i rab le 
to u t i l i z e a model or a r t i f i c i a l c i t r u s j u i c e system as an a id in 
studying ce r ta i n f l a vo r a t t r i b u t e s . A big advantage, of course, 
i s the resu l tant standard " j u i c e " being completely reproducible 
at any time. However, the big disadvantage i s that no matter how 
well a c i t r u s product i s simulated i n a model j u i c e system, many 
taste pane l i s t s apparently cannot fee l r e a l l y comfortable when 
evaluat ing a purely a r t i f i c i a l product. 

A basic formulat ion f o r making a model or a r t i f i c i a l grape­
f r u i t j u i c e , f o r example
r i c ac id (sourness), potassiu
nate (body), nar ing in ( b i t t e rne s s ) , and cold-pressed g rapef ru i t 
o i l emulsion (g rapef ru i t f l a v o r ) . Of course, use of add i t iona l 
ingredients to fu r ther r e f i n e the product could be added. To 
achieve an o i l emulsion su i t ab le to add to a product such as de­
scr ibed above, the fo l lowing formulat ion may be used ( for an ap­
proximate 10% emulsion, f o r example, to produce about 200 ml) : 
mash5ggum acacia and 50 g cerelose to a f i ne powder and mix; add 
20 ml of good cold-pressed g rapef ru i t o i l to the mix and s t i r 
w e l l ; measure out 125 ml water and add j u s t enough to the mix to 
form a s l u r r y ; pour into a blender using some more of the mea­
sured water to r in se the conta iner; mix the s l u r r y using the 
blender f o r a short period of time; pour the s l u r r y i n to a con­
ta ine r using the remainder of the water to r in se the blender; 
c lose the container t i g h t l y and keep re f r i ge ra ted u n t i l ready to 
use. Approximate usage l eve l s f o r such a f l a v o r emulsion might 
be 4 drops/100 ml of model or a r t i f i c i a l j u i c e . 

Isotonic or High Energy Thirst-Quencher Type C i t rus Pro­
ducts" Several years ago many formulations of t h i s type orange 
j u i c e product were success fu l l y made at AREC (32). Flavor s tud­
ies associated with t h i s work by the author were complicated by 
the f a c t that the energy dr ink product was designed f o r ac t i ve 
people to quench t h i r s t and restore energy. So that even though 
basic sensory evaluat ion work could be accomplished by pane l i s t s 
in a booth, the products had to be thoroughly f i e l d te s ted , which 
they were, using l o ca l high school and co l lege f oo tba l l teams 
p r ima r i l y . The ac t i ve f i e l d t r i a l s , f o r example, showed conc lu­
s i v e l y that pulp leve l s had to be lowered s i g n i f i c a n t l y - a f a c ­
to r not considered important during the s t a t i c evaluat ions. 

The importance of te s t i ng new or improved c i t r u s products 
and where and how they w i l l u l t imate l y be consumed cannot be 
over ly stressed. The success rate f o r new products i s poor 
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enough without a product being introduced without having had a 
thorough research and development program ca r r i ed out on i t , i n ­
c luding t r i a l consumer t e s t s . 

During the te s t i ng of the many formulations of the t h i r s t 
quencher product, another problem arose - that of excessive time 
being required f o r storage tes t s of the products packed as s ing le -
strength j u i ce s i n glass and cans. The answer here was a cce l e r ­
ated storage tes t s u t i l i z i n g a large 43 C insu lated box. Using 
t h i s system months of storage at room temperature (20-22 C) were 
condensed todays or at most weeks with sampling periods running 
every 2-3 days f o r sensory eva luat ion. 

Geographic Considerat ions. Occas ional ly r e su l t s of decis ions 
made at AREC r e l a t i v e to new products or ce r ta i n f l a v o r a t t r i ­
butes are found to d i f f e r when checked elsewhere, exh ib i t i n g ce r ­
t a i n geographic d i f ferences in tastes or preferences. For ex­
ample, i n two d i f f e r e n
(33)), minimum b i t ternes
both small t ra ined panel tes t s and l a rger consumer tests to def­
i n i t e l y include l eve l s found to r e s u l t i n unacceptable ove ra l l 
f l a v o r i n g rape f ru i t j u i c e products. The same samples, however, 
were rated s i g n i f i c a n t l y higher outs ide F l o r i d a . Perhaps Cen­
t r a l F l o r i d i an s are more aware of the tremendous range i n f l a v o r 
of g rapef ru i t harvested over the season and na tu ra l l y tend to 
rate down a product exh ib i t i n g what they f ee l and know to be an 
i n f e r i o r f lavored j u i c e . 

A point to consider with f resh f r u i t f l a v o r i s that a l o t of 
f resh f r u i t , e spec i a l l y oranges, found to possess f r e s h , clean 
f l a v o r i n a c i t r u s producing area may be anything but that f o l ­
lowing long periods of t r a n s i t and storage outside of that area. 
Unl ike many other f r u i t s and vegetables, c i t r u s f r u i t never i n ­
crease i n f l a v o r qua l i t y fo l l owing harvest - only decrease, the 
rate depending on many va r i ab le s . Any sensory evaluat ion work 
ca r r i ed on with o ld f r u i t , whether i n or out of the c i t r u s pro­
ducing area most l i k e l y would possess a s i g n i f i c a n t amount of 
s t a l e f l a v o r r e su l t i n g in poss ib le erroneous or va r i ab le data, 
e spec i a l l y i f the supposed " f r e s h " j u i c e i s being used in r e ­
search work. 

Testing of P o t e n t i a l l y Hazardous Compounds. A poss ib le 
danger ex i s t s i n te s t i ng the e f f e c t on f l a v o r of f e d e r a l l y non-
cleared substances that may enter i n to c i t r u s products. A sen­
sory evaluat ion supervisor has a c l ea r ob l i ga t i on to r e f r a i n from 
al lowing unknown p o t e n t i a l l y hazardous substances in his or her 
research. 
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Quality of food product
values, such as color,
physiological thresholds and sensitivities to taste, flavor and 
aroma. Ultimately the acceptance of foods and their products is 
dependent upon the physiological or biochemical state of the 
product, however, the subjective evaluations cannot be ignored 
except in times of hunger and famine. 

Each food and food product is, then, a veritable collection 
of chemical constituents which is neither static nor stable. It 
might be best to describe the endogenous chemistry as dynamic 
and, as such, the quality characteristics must be a function of 
the composition of the chemical constituents at any given time. 
Since the basis of chemical composition is, in fact, controlled 
by the inherent genetics of any given organism, we can at least 
focus in on the fundamental site responsible for each chemical 
compound. In addition, however, we must also be aware that the 
interactions of these same genes with a multitude of complex 
regulatory mechanisms also plays a major role in determining the 
ultimate chemical composition at any given period of development. 

Investigation into the chemical composition of c i t rus has 
led to the i s o l a t i o n and i d e n t i f i c a t i o n of hundreds of ind iv idua l 
compounds. As work has continued, biochemical, n u t r i t i o n a l and 
organoleptic studies have made great s tr ides in determining which 
compounds are paramount i n the f i n a l determination of f r u i t and 
f r u i t product qua l i ty . For the purpose of this discuss ion, we 
w i l l concern ourselves with only those qual i ty aspects affected 
by endogenous chemical composition and consideration of physical 
or descr ipt ive parameters w i l l be omitted. 

Food Quality 

Quality i s defined as "the nature, excellence or i n t r i n s i c 
l e v e l of a thing" and thus evaluation i s a complicated and 
d i f f i c u l t task. The major problem related to qual i ty evaluation 
i s inherent i n the methodology used to make the determination. 
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The most obvious method i s subjective and here the evaluation i s 
based on the opinion of the tester and the response of the 
sensory organs. Obviously this technique presents many problems 
and there i s wide variation i n the range of results obtained. 
Objective methods are based on sp e c i f i c analyses and, thereby, 
exclude tester opinion. Thus, the i n t r i n s i c aspects of quality 
are reduced to chemical, physical, or b i o l o g i c a l measurements 
and only the interpretation of the resulting data i s related back 
to the subjective opinion. 

Reduction of the subjective values or c r i t e r i a to a speci­
f i e d compound, group of compounds or physical factor i s often a 
very d i f f i c u l t endeavor, but one by one each of the so-called 
"qualitative c r i t e r i a " i s being linked to the presence or absence 
of s p e c i f i c constituents. Sometimes only a single compound i s 
involved, however, often the qualitative character i s the result 
of additive or even synergistic interactions of two or more 
constituents. Thus, sinc
t e r i s t i c s that can contribut
food product, i t i s paramount that precise objective methodology 
be developed for each parameter. 

In c i t r u s f r u i t s and products, most flavors and aromas are 
produced by polyphenolic compounds or essential o i l s plus a 
variety of non-volatile organic compounds. For detailed discus­
sions of c i t r u s flavors and chemical composition, the reader i s 
referred to the excellent and comprehensive reviews which have 
been published (j.,.2,_3,4) . 

During the past half-century, the citr u s industry has grown 
world-wide and quality standards, both l o c a l and international, 
have continually become more comprehensive and rigorous. 
Numerous definitions and c r i t e r i a of quality have been published 
(_5,6̂ _7) and i n some areas, e.g. Florida, wide ranging guidelines 
have been adopted and laws* enacted for the sole purpose of 
maintaining quality levels. Extensive advances have been made i n 
quality control or quality assurance programs (8) yet many 
d i f f i c u l t and complex problems remain as i n t r i n s i c components of 
the industry. Thus as the impetus for quality improvement has 
evolved, i t has become a widely recognized fact that certain 
technological advances were required before qualitative progress 
could be realized. 

The purpose of quality control or quality assurance i n the 
cit r u s industry i s to help provide for the production of a 
uniform, high quality and commercially acceptable product. For 
most of the major qualitative characteristics, standardized, 
accurate and simple methods have been developed, and high and low 
li m i t s have been carefully been established. Some of these 
include: Brix, acid, color, recoverable o i l , and free and 
suspended pulp. For each of these c r i t e r i a , a simple and rapid 
assay has been developed and good correlation exists between the 
objective assay results and the subjective quality evaluations. 
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Problem Areas i n Citrus Quality 

In spite of the progress which has already been made, there 
s t i l l exist, i n citrus f r u i t and products, numerous qualitative 
aspects which are either very d i f f i c u l t to measure or whose 
contribution to quality i s a function of the organoleptic 
s e n s i t i v i t i e s of the consumer. For the purpose of this paper we 
would l i k e to concentrate on two groups of naturally occurring 
compounds which have a major impact on the taste of citrus f r u i t 
and their products. 

As previously discussed by Maier and co-workers (Chapter 4), 
in Navel, Shamouti and certain other orange c u l t i v a r s , the 
presence of limonin, a b i t t e r triterpenoid, causes many economic 
and organoleptic problems and greatly affects the taste quality 
of processed f r u i t . Limonin i s also prevalent i n the grapefruit 
but the i n t r i n s i c quality of this f r u i t i s further complicated by 
the presence of naringin
(Chapter 5). 

Numerous organoleptic studies have been done on bitterness 
as a function of limonin and/or naringin, and a myriad of 
additive and perhaps synergistic results have been obtained (9). 
Table I presents a generalized response as measured i n a variety 
of taste studies. 

Table I 

Organoleptic Responses to Limonin and Naringin 

Limonin 
ppm 

Naringin 
ppm 

Non-bitter 
S l i g h t l y b i t t e r 
B i t t e r 
Very b i t t e r 

6 
7-9 

10-16 
18 

20 
20-300 

500-1300 
1500 

Threshold ave.=1 ave.=20 

However: a solution or juice with 0.75 ppm 
limonin and 5 ppm naringin i s b i t t e r 
(99% confidence level) (9) 

During the past two decades interest and concern about the 
b i t t e r principles of citr u s products have increased greatly and 
although some excellent chemical studies have been done, there 
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has been l i t t l e information generated which has had an effect on 
f r u i t quality. The major problem which has proved most d i f f i c u l t 
to overcome i n these studies i s that unlike other quality 
factors, e.g. sugar, acid, etc., the b i t t e r principles cannot be 
rapidly assayed and quantified. 

Current Analytical Methods 

When one examines the a n a l y t i c a l methods which are presently 
available for these b i t t e r compounds, i t i s clear why the study 
and control of bitterness i n citrus has been so hampered and 
quality control v i r t u a l l y lacking. For the flavanone, naringin, 
only an approximate test i s available (Davis Test) (see Chapter 5 
for a discussion of this method) and for limonin there i s no 
method available for monitoring i n processing plants. 

In the past ten years thinlayer chromatograph  (TLC) has 
proven useful for semi-quantitativ
juice samples, however thi
rather insensitive (yg range); 2) slow (1 hour or more for sample 
application and solvent development); 3) requires pre-purification 
steps ( l i q u i d - l i q u i d extraction or precipitation); 4) detection 
i s d i f f i c u l t (especially true for limonoids) and 5) sample 
throughput i s normally less than 50 per person per day. 

Within the past several years good separation and q u a n t i f i ­
cation have been achieved with high-performance l i q u i d chromato­
graphy (HPLC) and this procedure has proven very useful. 
However, HPLC i s not without i t s drawbacks: 1) equipment cost i s 
very high (thus small processing operations would probably be 
unable to purchase and maintain such an instrument); 2) only one 
compound can be measured at a time since different columns and 
solvents are used for each class of compounds (this also means 
that time must be spent i n changing the system from one analysis 
to the next); 3) pre-purification i s required and for good 
resolution repeated l i q u i d - l i q u i d and evaporation steps are 
involved; 4) the procedure i s slow (only 10-15 samples can be 
processed per person per day); 5) i t i s sensitive only to the 
parts per m i l l i o n (ppm) range (ug/gm). Thus, i n summing the 
current status of limonin and naringin quantification, a quota­
tion i s most appropriate. 

"None of the methods developed thus far can be 
considered i d e a l , especially for routine quality 
control purposes. Among their disadvantages are 
subjective readout methods, time-consuming separa­
tions, questionable s p e c i f i c i t y , and limited 
a p p l i c a b i l i t y . Recent work showing that taste 
thresholds for limonin are lower than had previously 
been assumed for si g n i f i c a n t proportions of the 
population emphasizes the need for a better assay 
method. The use of a protein s p e c i f i c for limonin, 
such as an enzyme or antibody, could provide the 
basis for an improved assay." (9) 
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Development of the Immunoassay i n Plant Science 

As we began to develop interest i n the bitterness problem i n 
citrus f r u i t , a major advance or breakthrough i n plant science 
was achieved when i t was shown that an immunological assay method 
could be developed for the measurement of naturally occurring 
plant products (10). In this study i t was demonstrated that i t 
was possible to develop antibodies which were s p e c i f i c for the 
compound under investigation, and the authors furthermore 
suggested that this immunological method should render i t s e l f 
exceedingly useful i n plant screening and breeding programs; i n 
c e l l culture screening; and for studies of biosynthesis, transport 
and metabolism. Extension of such v e r s a t i l i t y would l o g i c a l l y 
include quality control studies and monitoring. 

The role of the immunoassay, especially the radioimmunoassay 
(RIA), i n c l i n i c a l biochemistry has been the major factor i n the 
tremendous advances mad
1959 (11). At present th
tool available for quantitative detection of molecules of diverse 
structure and function i n b i o l o g i c a l f l u i d s of human, animal and 
now plant or i g i n . The immunoassay comprises a unique combination 
of s e n s i t i v i t y and s p e c i f i c i t y as well as precision and applica­
b i l i t y . With this assay technique, i t i s now possible to detect 
and very accurately measure compounds at endogenous physiological 
concentrations which frequently are in the range of 10 M or 
lower. In Table II the major characteristics of the immunoassay 
are l i s t e d . This method i s v e r s a t i l e , s p e c i f i c , can be u t i l i z e d 
for almost an unlimited number of compounds and has a high 
throughput potential. 

Table II 

Characteristics of the Immunoassay System 

1) Most sensitive a n a l y t i c a l technique for both 
routine and sophisticated analyses. 

picogram (femtomole) range = parts 
per b i l l i o n range = c e l l u l a r l e v e l 

2) S p e c i f i c i t y - nearly absolute for each compound 
permitting direct measurement in crude extracts, 
nutrient solutions or processed samples 

3) Suitable for automation or semi-automation. Rapid 
analysis possible, 20-30 minutes. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



346 C I T R U S N U T R I T I O N A N D Q U A L I T Y 

4) Can be used for single sample analysis or for mass 
screening. Screening potential i s as high as 3000 
samples per day per person. 

5) Useful as a quantitative or semi-quantitative assay 

The role of the immunoassay i n food science has developed 
more slowly and, o v e r a l l , rather few immunological tests are 
currently being performed on a routine basis. Table III provides 
a l i s t of some of the major analyses which are available (12). 

Table III 

Immunoassay i n Food Science 

A. Food Proteins 
1) meat 
2) soybean

B. Toxic Plant & Animal Constituents 
1) agglutinins 
2) proteinase inhibitors 

C. Bacterial and V i r a l Toxins 
1) enterotoxins from Staphylococcus, IS. c o l i , 

Clostridium 
2) f i s h and s h e l l f i s h poisons 
3) foodborne viruses 

D. Food Allergy 
1) allergens 

E. Citrus (discussed below) 
1) Estimation of orange juice content i n soft drinks 
2) B i t t e r p r i n c i p l e analysis (limonin and naringin) 

Within the l a s t several years there has been a very rapid 
expansion of the RIA into plant science, and assays are presently 
i n use with such diverse compounds as nicotine (13), indolacetic 
acid (14), abscissic acid (15), serpentine (16), digoxin (10,17) 
and many others. The unique features of the RIA have shown that 
i t i s an excellent and very necessary technique for mass 
screening programs involving genetic breeding of plant characters 
(18,19) screening of c e l l cultures for primary or secondary 
metabolites (20), for investigations of bio-synthesis (21) and 
i n p r a c t i c a l situations such as quality control monitoring of 
plant extracts (20). 

The immunoassay i t s e l f can be performed i n a wide array of 
procedural variations, but the RIA i s presently the most widely 
used. In p r i n c i p l e , the immunoassay i s based on the highly 
s p e c i f i c reaction of antibodies with antigens against which the 
antibodies have been directed. The majority of antigens known to 
biology are proteins or other molecules of high molecular weight. 
Compounds with a molecular weight below 1000 are usually not 
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immunogenic when introduced into the bloodstream of an animal. 
However, i f these low molecular weight compounds are bound 
covalently to protein carriers (such as human serum albumin or 
poly-lysine) as haptens they become immunogenic and sp e c i f i c 
antibodies against these haptens are produced. 

The production of antibodies i s normally done i n rabbits and 
i t t y p i c a l l y takes a minimum of three months, with booster i n j e c ­
tions, to produce a f i n a l antiserum with a high t i t r e . Character­
izatio n of the antiserum i s done by the following: a) determina­
tion of the t i t r e , (this i s defined as that d i l u t i o n of the a n t i ­
serum which binds 50% of a known amount of radioactive or labelled 
hapje^i undejj constant assay conditions). In most cases the label 
i s I or H but non-radioactive immunoassays are also available 
i n which an enzyme or fluorescent compound functions as lab e l , b) 
determination of the effects of pH, solvents and chemicals, e.g. 
ethanol, azide, etc.; c) correlation of the immunoassay with 
standard methods; d) determinatio
characterization factor
other than the hapten might bind with the antibody. This pheno­
menon i s known as cross r e a c t i v i t y and a wide variety of known 
related compounds must be tested. After production of the a n t i ­
serum and i t s characterization, a single animal should produce 
enough material to be used i n tens of thousands of single assays. 
The pri n c i p l e of the RIA i s diagrammed below and the assay i s 
done as follows: 

Ag + Ag* + Ab p=f AgAb + Ag*Ab + Ag + Ag* 

where: Ab = antibody 
Ag = antigen 1 2 5 3 

Ag*= antigen labelled with I, H, enzyme, etc. 

To a solution of known t i t r e antiserum i s added a known 
concentration of radioactive or tracer hapten (antigen) 
and an aliquot of the plant extract. There w i l l be a 
competition of the labelled hapten (added) and unlabelled 
(plant extract) hapten for the fixed number of antibody 
sites (antiserum of known t i t r e ) and this results i n some 
of the labelled hapten being bound while the remainder 
remains free. The d i s t r i b u t i o n of the radioactive hapten 
between the free and bound state w i l l be a function of the 
amount of unlabelled hapten present i n the assay tube. 
After equilibrium has been reached, the bound and unbound 
hapten can be separated (Fig. 1) (several methods are 
available) and determination of the rad i o a c t i v i t y i n either 
fraction gives an exact measure of the unknown hapten 
(plant extract) as computed from a standard curve (Fig. 2). 

Since the immunoassay should prove to have great potential 
i n a l l areas of plant science, we would l i k e to describe i n some 
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Figure 1. Performance of the semiautomated RIA technique (36) 
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Figure 2. Limonin standard curve shown in two different plots (\-0—\ Mean ± 
s.d. of triplicate determinations; tracer is 3Η limonin (Sp. Act. 22 Ci/mmol)) 

(23) 
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d e t a i l results of studies which we have done using limonin as the 
antigen. During the past two years we have developed and charac­
terized two^cj^fferent RIA1 s for limonin (22,23) . One RIA was 
done using I-limonin as tracer and the antibody d e v e l o p e d i s 
characterized by having a high a f f i n i t y (k = 1.1 χ 10 1/mol) 
for limonin. The detection l i m i t of the assay i s 0.07 ng per 0.1 
ml or 0.7 parts per b i l l i o n (ppb) and the standard curves are 
linear over a range of 0.5-100 ng limonin. Assays can be 
performed i n crude extracts and 400-800 samples can be processed 
per day by one person. Coefficients of variation of t r i p l i c a t e 
B/Bo values throughout the measuring range were 2.5 + 1.8% and 
recovery values were found to be 93%. The antibody produced 
against limonin has a very high t i t r e and 30,000 samples can be 
assayed per ml of serum. The s e n s i t i v i t y of this RIA i s more 
than 10,000 times greater than that of any of the present 
analy t i c a l methods (24,25,26,27). Data calculation i s done on a 
programmable computer an
minutes. 

In the s p e c i f i c i t y tests, i t was observed that only deoxy-
limonin (27%) and deacetylnomilin (66%) cross reacted with the 
antibody. However, previous studies (28,29) on the re l a t i v e 
concentration of these two compounds i n citrus tissues showed 
that deoxylimonin i s present at only 0.47% that of limonin and, 
therefore, w i l l not be detected i n diluted samples. Deacetyl­
nomilin i s also one of the minor constituents of the to t a l 
limonoid fraction and w i l l not contribute to limonin values. 

In a study of the di s t r i b u t i o n of limonin within various 
grapefruit tissues (Fig. 3), the values obtained were in good 
agreement with values available i n the l i t e r a t u r e (27,29,30) and 
the concentration gradient from growing leaves into the f r u i t 
conductive tissue and ultimately the seed supports the recent 
results obtained by Hasegawa and Hoagland (31). Although an 
extensive quantitative analysis of both f r u i t and vegetative 
tissue and the kinetics of accumulation have not yet been done, 
with the development of an RIA for limonin these studies are now 
possible. ^ 

The second RIA system was developed using H-limonin as a 
tracer. Establishment of a second system was important since 
many laboratories possess s c i n t i l l a t i o n equipment for counting 
beta emitting isotopes, but gamma counting equipment i s less 
readily available. In addition, the stabij.j^y and h a l f - l i f e of a 
t r i t i a t e d tracer i s very long compared to I and, thus, a 
single radiosynthesis can produce enough tracer for several years 
or more. 

The characteristics of the o r i g i n a l assay are: 1) a 
detection l i m i t of 0.22 ng or 2.2 ppb, 2) the standard curve i s 
linear over a range of 0.5-100 ng (Fig. 2), 3) no p u r i f i c a t i o n of 
the extracts i s necessary, 4) coefficients of variation for 
t r i p l i c a t e determinations (B/Bo) throughout the measuring range 
are 3.0 + 1.8% and 5) recovery i s 97%. The t i t r e of the antibody 
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LIMONIN- PPM 

366 25 

Phytochemistry 

Figure 3. Distribution of limonin in leaves, stems, and fruit parts of grapefruit 
(Citrus paradisi; (22) 
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1 2 5 I : n g l imonin a s s ayed 

Journal of Agricultural and Food Chemistry 

Figure 4. Scatter diagram for various plant extracts assayed by both the 125I and 
3H RIA (n = 67; r = 0.95; y = 0.96x + 0.07 (23) 
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was 400, which means that 4000 samples could be assayed per ml of 
serum. Since the f i n a l t i t r e of the serum i s a function of the 
s p e c i f i c a c t i v i t y of the tracer used, the t i t r e value could be 
increased by using higher s p e c i f i c a c t i v i t y tracer. Thus, when a 
second H-limonin was synthesized (108 Ci/mmol vs 22 Ci/mmol for 
the f i r s t ) the t i t r e of the antj.tjç)dy was found to increase to 
1,500. In comparison with the I assay there also was a high 
degree of correlation when extracts from various tissues were 
assayed by both tracers (Fig. 4). 

HPLC/RIA Correlation. We compared the limonin content of 
180 samples of canned, single-strength grapefruit juice which had 
been^analyzed by HPLC at the Lake Alfred Experiment Station with 
our H RIA system (Fig. 5). A paired t test showed no difference 
between the two methods and a linear regression gave r = 0.794. 
We were able to analyze these samples i n duplicate i n a single 
working day, whereas th
using the HPLC. It was
were higher than the corresponding HPLC, but since the HPLC 
requires extensive extraction and prepurification prior to 
analysis whereas the RIA i s done with crude extracts, this result 
i s perhaps predictable. 

Due to the s e n s i t i v i t y of the RIA, i t i s now possible to 
measure limonin concentration i n any part of the plant from 
embryos to small leaf discs, seed coats or any other desirable 
s i t e or sample. In this type of analysis or screening study i t 
i s possible for a single person to analyze 2000 or more samples 
per week arid i t i s i r o n i c that "sample taking" i s now l i k e l y to 
become the l i m i t i n g step i n any large scale study. 

In the recent studies of Hasegawa and Hoagland (31) i t was 
found that limonoids (in the form of the Α-ring lactone) are 
synthesized i n the leaves of trees and are translocated to the 
f r u i t . This observation makes the RIA very applicable i n a 
screening program. From very recent work i n our laboratory, we 
have found that i t i s actually possible to measure both the A-
ring lactone and limonin within a single tissue sample using just 
the limonin antibody. We have found that the Α-ring lactone has 
a very low cross r e a c t i v i t y with the antibody, therefore i f we 
measure the limonin i n neutralized extracts and then a c i d i f y 
these same solutions and again measure the limonin content, the 
difference w i l l r e f l e c t the concentration of Α-ring lactone which 
was present (32). Thus the studies of both compounds can be 
expanded and the kinetics of each followed as a function of both 
leaf development and growth. In addition, the effect of environ­
mental and physiological factors can also be analyzed. 

ARIA 

To the standard RIA described above, another dimension has 
recently been added with the development of an autoradiographic 
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14 

2 4 6 8 10 12 

HPLC limonin ppm 

Figure 5. Scatter diagram for canned single-strength grapefruit juice assayed by 
3H-RIA and HPLC (n = 180; r = 0.794; y = 0.844x + 1.381) 
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immunoassay (ARIA) (33)• In this modified RIA, the purpose i s 
not to measure with extreme accuracy the content of substances, 
but rather to merely identify those plants, c e l l cultures or 
juice samples within large populations which contain high or low 
amounts of the compound under study. In this procedure the RIA 
principle i s employed but, rather than doing radioactive counting 
on each sample, the amount of radioa c t i v i t y i s determined on X-
ray film. By adjusting the d i l u t i o n of the antibody the procedure 
can be made selective for amju^its of substances below or above a 
particular l e v e l . By using I as the radioactive tracer as 
l i t t l e as 3,000 CPM can be detected after a 20 hr f i l m exposure. 
The procedure's r e a l usefulness comes from the fact that whereas 
the RIA can process 400-800 samples per day the ARIA can easily 
screen 2,000-3,000 or even more per day. Thus by s a c r i f i c i n g the 
s e n s i t i v i t y by a factor of about 10, the number of samples which 
can be measured per day can be increased by the same value. The 
s e n s i t i v i t y of this assa
sensitive enough for intac
analysis. 

Immunoassay for Naringin 

At the present time we can only include preliminary results 
on this assay as i t s characterization i s s t i l l i n progress. In 
the determination of b i t t e r flavanone glycosides the basic 
importance i s that the assay i s able to distinguish between the 
b i t t e r disaccharide, neohesperidose, linkage (glucose 1-2 
rhamnose) and the non-bitter rutinose linkage (glucose 1-6 
rhamnose). From the serum pools which are just being harvested 
we have been able to ascertain that the antibody being produced 
i s completely s p e c i f i c for the neohesperidoside and no cross 
r e a c t i v i t y has been observed for the rutinoside at concentrations 
up to >5,000 ng/0.1 ml. 

Synthesis of an immunogenic naringin molecule was also done 
using a hapten-protein conjugate and complete details of the 
antibody production procedures and characterization studies w i l l 
be published i n depth at a l a t e r date. However, i t i s both 
important and encouraging to report that through use of the 
immunoassay, major progress i n quality control improvement i n 
citrus now becomes a d i s t i n c t p o s s i b i l i t y . As a cautionary note, 
however, i t should also be realized that much work, optimization 
and testing remains to be done before the f u l l potential of these 
assays can be realized. 

Enzyme immunoassay 

In the previous pages we have described, i n p r i n c i p l e , an 
immunological assay for the quantification of limonin and naringin 
i n citrus^gamples.^ In these assays we have employed radioactive 
tracers ( I and H) and have found that both are useable i n a 
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research laboratory situation. As with any assay method, however, 
the RIA also has several major limitations especially when trying 
to employ such a technique i n commercial cit r u s processing 
operations. F i r s t , and most importantly, i t i s undesirable and 
potentially unsafe to use radioisotopes i n the v i c i n i t y of foods; 
secondly, the personnel using these compounds must be rigorously 
trained i n their use and routine health and contamination surveys 
must be done. Thirdly, the equipment needed to measure radio­
a c t i v i t y i s expensive to purchase and maintain. Thus, although 
the RIA method i s undoubtedly the preferred system i n an isolated 
research laboratory situation, an alternative method would be 
most acceptable i n p r a c t i c a l , " i n house" applications. 

As mentioned e a r l i e r , the immunoassay can be done with a 
number of procedural modifications and i n this instance one must 
substitute the isotope with another molecule (fluorescent dye, 
magnetic p a r t i c l e , enzyme) which can be measured and therefore 
serve as the source of tracer
chosen to use the enzym
present time the EIA i s s t i l l i n i t s infancy and although a 
number of successful EIA's have been developed the method cannot 
be considered a panacea (34). The future of this assay appears 
to be very bright and exciting, and there i s considerable 
interest i n the application of the EIA to problems i n both 
microbiology and c l i n i c a l medicine (34). Many of the procedures 
and protocols are derived from RIA procedures and the EIA, l i k e 
the RIA, has the potential to be performed i n a multitude of 
procedural variations; but, for the purpose of this manuscript we 
w i l l describe only the system we have chosen for our use. 

Consider, for example, a sensitive competitive assay where 
the antibody i s immobilized on the surface of a polystyrene tube 
or cuvette with labelled and unlabelled antigen competing for the 
antibody s i t e s . In this instance the labelled antigen i s limonin 
covalently bonded to an enzyme molecule and unlabelled antigen i s 
the limonin present i n juice sample. We have done a number of 
preliminary limonin-enzyme coupling analyses and of the enzymes 
we have used (3-glucosidase, alkaline phosphatase and horseradish 
peroxidase) we have chosen the peroxidase (HPR) as our test 
system. At present our data are s t i l l i n the preliminary stage 
and thus i t would be somewhat premature to attempt to present 
many findings at this time. We have, however, been able to 
demonstrate that the assay does function and moreover we envision 
being able to develop this system to a point where i t could be 
used i n both a research laboratory as well as i n quality control 
monitoring centers. 

In Figure 6 the procedures or steps involved i n an EIA are 
diagrammed. For this assay i t i s f i r s t necessary to bind the 
antibody to the walls of a polystyrene tube. (These tubes could 
be made available through several commercial laboratories or 
could be prepared by laboratory technicians.) For the assay, a 
sample of juice i s incubated together with the tracer antigen. 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



M A N S E L L A N D W E I L E R Immunological Tests for Citrus Quality 355 

ant ibody c o a t e d tube 

d e c a n t & w a s h 

Figure 6. Diagrammatic scheme for pe 
noassay ((%) juice sample (limonin); ( 
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formance of a solid-phase enzyme immu-
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The tube i s then decanted, washed twice or more with buffer and 
then an enzyme assay solution i s added and the color development 
or change i n absorbance i s measured. The amount of enzyme 
remaining bound to the antibody w i l l be a function of the amount 
of antigen present i n the juice sample and, thus, the color 
development can be used to calculate the amount of juice antigen. 
In theory this assay would be quite easy to use, i t would be 
rapid, safe and the only equipment necessary would be a s a t i s ­
factory spectrophotometer or colorimeter. Work i s currently 
progressing toward a complete characterization and optimization 
of this assay. 

Immunoassay for Orange Juice 

While our work on the RIA and EIA for limonin was i n progress, 
a research group i n Israel (35) reported on an immunoassay for 
estimating the orange juic
reconstituted j u i c e . Thi
industry since adulterated or improperly reconstituted products 
greatly affect the quality of the product and thus ultimately 
r e f l e c t upon cit r u s quality control c r e d i b i l i t y . 

A great deal of research e f f o r t has already been expended i n 
this area of product reconstitution and the problem seems to be 
never ending as new methods of adulteration always seem to be 
emerging. In this new report the authors report that they were 
able to e l i c i t antibody production by injection of pure orange 
juice. The test for determination of orange juice content was 
that of gel d i f f u s i o n (35) and the detection l i m i t s were s t a t i s t i ­
c a l l y v a l i d for concentrations as low as 2.5%. From the data 
presented i n this paper, i t i s evident that this immunological 
method i s more accurate and sensitive than any method presently 
available. More importantly the assay i s cheap, simple, rapid 
and can be performed i n any ordinarily equipped laboratory. 
Preservatives, colorants, o i l s and juices of other f r u i t s do not 
affect the assay. Interestingly, the preliminary studies of the 
antigen-antibody interaction suggest that the antigen i s not a 
protein. 

Conclusions 

It i s both encouraging and exciting to observe that the 
f i e l d of immunology has f i n a l l y been directed toward plants and 
molecules of plant o r i g i n . For a l l of plant science, the future 
developments of the RIA, EIA and other immunoassays should aid 
greatly i n solving some of our most troublesome problems. We are 
of the opinion that the immunoassay has the potential to become a 
major a n a l y t i c a l tool i n the c i t r u s industry and i n Table IV are 
l i s t e d just some of the areas where this procedure might be 
employed. 
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Table IV 

Uses of Immunoassay in Quality Related Programs 

A) Basic Research: 
1) Distribution analyses i n vegetative parts 
2) Distribution and l o c a l i z a t i o n within f r u i t parts 
3) Inter- and intra-plant and f r u i t variation 
4) Cultivar variation analyses 
5) Stock/Scion relationships 
6) Geographic & nutrient effects on quality 
7) Crop improvement studies (selection of individual 

plants possessing improved quality t r a i t (s)) 
8) Tissue cultur
9) Biochemica

metabolism 
10) Early detection of bacterial and v i r a l infections 
11) Seasonality studies 

B) Applied Research: 
1) Use i n test houses to monitor incoming f r u i t 
2) Measurement of compound levels i n the finished 

single strength and concentrate products 
3) Use i n blending (e.g. navel juice with non-bitter 

orange) 
4) Bacterial contamination-detection of organisms 

or compounds 
5) Pulp wash studies - adulterated juice 

Since an immunoassay can be developed for each compound or 
antigen, i t i s conceivable that within the not too distant future 
we w i l l have many such assays available for both basic research 
and applied uses. 
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Analysis of Trace Metals in Orange Juice 

JAMES A. McHARD, SUSAN J. FOULK, JEANETTE L. JORGENSEN, 
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Orange j u i c e has becom
acce p t e d n a t u r a l source
i n v i g o r a t i n g f l a v o r , i t s source o f q u i c k energy i n t h e form o f 
n a t u r a l s u g a r s , i t s o t h e r n u t r i e n t q u a l i t i e s , e s p e c i a l l y as a 
source f o r v i t a m i n C, and i t s h i g h potassium content r e l a t i v e t o 
oth e r i n o r g a n i c m e t a l s , p a r t i c u l a r l y sodium. T h i s l a t t e r a t t r i ­
bute ( h i g h potassium low sodium) makes orange j u i c e a h i g h l y de­
s i r e d food source f o r t h o s e who must r e s t r i c t t h e i n t a k e o f s o d i ­
um i n t h e i r d i e t . The a u t h o r s ' i n t e r e s t i n orange j u i c e i s , how­
ev e r , not i n t h e n u t r i t i v e a r e a but i n f o r m u l a t i n g a complete de­
s c r i p t i o n o f t h e e l e m e n t a l c o m p o s i t i o n , e s p e c i a l l y t h e t r a c e i n ­
o r g a n i c e l e m e n t a l c o m p o s i t i o n , and how t h i s c o m p o s i t i o n r e l a t e s t o 
g e o g r a p h i c a l o r i g i n . 

Orange j u i c e i s marketed i n t h e forms o f s i n g l e s t r e n g t h 
( u s u a l l y r e c o n s t i t u t e d from c o n c e n t r a t e ) and as f r o z e n concentrate. 
I n F l o r i d a t h e s e forms a r e d e f i n e d i n degrees B r i x ( a v a l u e which 
r e l a t e s t o t h e sugar or t o t a l s o l i d s c o n t e n t ) . I n most i n s t a n c e s , 
i n t h i s paper, c o n c e n t r a t i o n s o f c o n s t i t u e n t s w i l l be g i v e n based 
on " s i n g l e s t r e n g t h " j u i c e , a term which denotes t h e c o n c e n t r a t i o n 
at which t h e j u i c e i s u s u a l l y consumed r e g a r d l e s s o f the form i n 
which i t was purchased. 

There are v a r i o u s e x p r e s s i o n s r e l a t i n g t o e l e m e n t a l composi­
t i o n t h a t d e s c r i b e t h e magnitude o r c o n c e n t r a t i o n range o f the 
p a r t i c u l a r element under c o n s i d e r a t i o n . I n t h e l i t e r a t u r e , one 
f i n d s e x p r e s s i o n s "major", " p r i n c i p a l " , "minor", " t r a c e " , " u l t r a -
t r a c e " and o t h e r s r e l a t i n g t o c o n c e n t r a t i o n l e v e l s . I n t h i s d i s ­
c u s s i o n we w i l l adopt t e r m i n o l o g y f o r t h r e e c a t e g o r i e s ; macro 
(thos e elements above 1%)9 major t r a c e (elements from 1 0 ppm t o 1%) 
and minor t r a c e (elements l e s s t h a n 1 0 ppm). These range terms 
are p u r e l y a r b i t r a r y and a r e not meant t o be o f f e r e d f o r a d o p t i o n 
as a g e n e r a l l y accepted t e r m i n o l o g y s e t . There p o s s i b l y s h o u l d be 
one more c a t e g o r y such as u l t r a t r a c e f o r t h o s e elements which 
may be pr e s e n t but are at c o n c e n t r a t i o n s t o o low t o be d e t e c t e d by 
modern day i n s t r u m e n t a t i o n . For t h e p r e s e n t d i s c u s s i o n , however, 
t h i s range has l i t t l e v a l u e . 
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Water, s u g a r s , o r g a n i c a c i d s and amino a c i d s make up a l l but 
a few t e n t h s o f 1 ? of " s i n g l e s t r e n g t h " orange j u i c e . A break­
down o f t h e c o m p o s i t i o n o f orange j u i c e i s p r e s e n t e d i n Table I . 

Table I . Components o f S i n g l e S t r e n g t h Orange J u i c e 

P r i n c i p a l C o n s t i t u e n t s o f Major Elements 
(Column I ) and Other Elements (Column I I ) 

P r i n c i p a l C o n s t i t u e n t s 

Water 8 6 ? 

Sugars 1 1 . 5 ? 

Amino a c i d s 1 ? 

Organic a c i d s 1 ? 

I n o r g a n i c Ash 0 . 5 ? 

I 

Oxygen 8 3 . 8 5 ? 

Hydrogen 1 0 . 6 5 ? 

Potassium 0 . 2 ? 

N i t r o g e n 0 . 1 ? 

Phosophorous 0 . 0 2 ? 

Magnesium 0 . 0 1 ? 

A l l Other 
Elements 0 . 0 1 ? 

0 . 3 5 ? TOTALS 1 0 0 ? 9 9 . 6 5 ? 

The v a l u e s i n Table I are approximate and w i l l depend on geo­
g r a p h i c a l l o c a l e , s o i l c o n d i t i o n s , f r u i t v a r i e t y and f e r t i l i z a t i o n 
p r a c t i c e s . I t i s t h e group o f elements c o m p r i s i n g l e s s t h a n 0 . 0 1 ? 
o f s i n g l e s t r e n g t h orange j u i c e t h a t w i l l be t h e p r i n c i p a l s u b j e c t 
o f t h i s d i s c u s s i o n . 

H i s t o r i c a l 

The r e c o g n i t i o n i n t h e e a r l y p a r t o f the t w e n t i e t h c e n t u r y 
t h a t c e r t a i n m i n e r a l elements i n s m a l l c o n c e n t r a t i o n s had obser v ­
a b l e e f f e c t s on p l a n t , a n i m a l and human w e l l - b e i n g has l e d a ho s t 
o f i n v e s t i g a t o r s t o t r y t o measure t h e s e e f f e c t s q u a n t i t a t i v e l y . 
A remarkable and noteworthy b e g i n n i n g l e a d i n g t o t h e c o n t i n u e d 
modern day i n t e r e s t i n a p p l y i n g a n a l y t i c a l s p e c t r o s c o p i c methods 
t o t h e a n a l y s i s o f a g r i c u l t u r a l p r o d u c t s was made by H e n r i k Lunde-
gardh i n t h e l a t e 1 9 3 0 ! s and e a r l y 1 9 U 0 ! s . Lundegardh was t h e 
f i r s t t o e s t a b l i s h t h e u t i l i t y o f flame and spark s p e c t r o g r a p h i c 
methods f o r s o i l and l e a f a n a l y s i s ( l ^ f ^ ^ M - T h e r e s u l t s o f 
t h i s work i n d i c a t e d a r e l a t i o n s h i p o f t h e s o i l c o n t e n t o f major 
t r a c e n u t r i e n t s l i k e c a l c i u m , phosphorus and n i t r o g e n and minor 
t r a c e n u t r i e n t s l i k e manganese, copper and i r o n t o optimum p l a n t 
and f r u i t development. I t has now been w e l l e s t a b l i s h e d by t h e 
C i t r u s Experiment S t a t i o n , Lake A l f r e d , F l o r i d a , ( 5 . ) , t h a t t h e s e 
elements a l o n g w i t h boron, magnesium,molybdenum, potassium and 
z i n c a r e e s s e n t i a l elements i n the promotion o f s a t i s f a c t o r y g r o ­
wth o f orange t r e e s and t h e p r o d u c t i o n o f f r u i t . 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



16. M C H A R D E T A L . Trace Metals in Orange Juice 365 

Because o f the important n u t r i t i v e a t t r i b u t e s o f the e l e v e n 
elements s p e c i f i c a l l y l i s t e d above, most o f the a n a l y t i c a l e f f o r t 
i n the past few decades has been d i r e c t e d toward t h e d e t e r m i n a t i o n 
o f t h e c o n c e n t r a t i o n s o f some or a l l o f th e s e elements i n foods 
and p l a n t s o f i n t e r e s t . However, t h e r e can a l s o be j u s t i f i a b l e 
i n t e r e s t i n what o t h e r elements a r e p r e s e n t . Some elements a r e , 
of c o u r s e , t o x i c even at low c o n c e n t r a t i o n s . Some elements may 
have as y e t u n d i s c o v e r e d n u t r i t i v e v a l u e . Beyond t h e s e c o n s i d e r a ­
t i o n s i t may be important t o know i f t h e r e a r e elements whose con­
c e n t r a t i o n depends on, and thus may be i n d i c a t i v e o f , t h e geogra­
p h i c a l l o c a l e i n which the p l a n t s were grown. I f such elements 
are p r e s e n t and i f t h e i r c o n c e n t r a t i o n s can be measured, t h i s i n ­
f o r m a t i o n , perhaps, c o u l d be used f o r " f i n g e r p r i n t i n g " or chara c ­
t e r i z i n g t he j u i c e as t o i t s o r i g i n . 

The l i t e r a t u r e i s r e p l e t e w i t h s t u d i e s on the measurement o f 
a l i m i t e d number o f elements p r e s e n t i n s o i l , p l a n t , l e a v e s and 
f r u i t ; and e s t i m a t e s hav
content t o growth, m a t u r i t
1 3 y e a r s ( t a k e n from Chemical A b s t r a c t s ) , t h e authors were a b l e 
t o account f o r n e a r l y 1 0 0 r e f e r e n c e s r e l a t i n g t o t h i s s u b j e c t . 
Many o f t h e s e r e f e r e n c e s , however, were from obscure f o r e i g n pub­
l i c a t i o n s and o n l y a few p r e s e n t e d m e a n i n g f u l comparisons o f j u ­
i c e s from d i f f e r e n t s o u r c e s . I n a f a i r l y r e c e n t r e v i e w , K e f f o r d 
and Chandler {6) gave a comprehensive account o f g e o g r a p h i c a l 
comparisons which had been made t o t h a t date (See Table I I ) . 

An e x a m i n a t i o n o f the s e comparisons r e v e a l s t h a t t h e y d e a l 
m o s t l y w i t h t h e more common n u t r i e n t elements l i k e c a l c i u m , phos­
phorus, potassium and n i t r o g e n . An i n t e r e s t i n g a s p e c t o f t h i s 
c o m p i l a t i o n i s the wide range i n c o n c e n t r a t i o n v a l u e s f o r elements 
i n j u i c e s from d i f f e r e n t l o c a t i o n s throughout t h e w o r l d . Of t h e 
g e o g r a p h i c a l areas s t u d i e d by us , these wide v a r i a t i o n s have not 
been observed. A s e l e c t i o n o f r e f e r e n c e s from t h e e x t e n s i v e l i t ­
e r a t u r e i s g i v e n at the end o f t h i s c h a p t e r (j-22). 

There have been o n l y two comprehensive s t u d i e s made on the 
ele m e n t a l content o f orange j u i c e s produced i n t h e U n i t e d S t a t e s . 
The f i r s t o f t h e s e was r e p o r t e d by Roberts and Gaddum ( 2 3 ) a l i t ­
t l e over hO y e a r s ago. That study was a s p e c t r o g r a p h i c a n a l y s i s 
of t h e e l e m e n t a l c o n t e n t s o f s e v e r a l v a r i e t i e s o f F l o r i d a oranges 
and g r a p e f r u i t which were grown d u r i n g t h a t p e r i o d o f t i m e . Ex­
c e r p t s from t h e i r r e s u l t s a r e shown i n somewhat m o d i f i e d form i n 
Table I I I . 

I t i s noteworthy t h a t t h e r e s u l t s o f t h e Roberts and Gaddum 
study compare remarkably w e l l f o r most elements w i t h modern day 
r e s u l t s o b t a i n e d by us u s i n g t h e more s o p h i s t i c a t e d i n s t r u m e n t a ­
t i o n (see Table V I I ) . T h i s can be observed by comparing t h e v a l u e 
f o r V a l e n c i a oranges w i t h t h e modern v a l u e s s i n c e t h e B l o o d , Seed­
l i n g , and Lue Gim Gong v a r i e t i e s are no l o n g e r c o m m e r c i a l l y p r o ­
duced i n F l o r i d a . 

The o n l y o t h e r comprehensive study was r e p o r t e d i n t h e e a r l y 
s i x t i e s by B i r d s a l l et a l . (2k). B i r d s a l l and coworkers, l i k e 
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Roberts and Gaddum, r e p o r t e d on elements measured s p e c t r o g r a p h i -
c a l l y ; except t h e i r measurements were done on oranges and lemons 
grown i n C a l i f o r n i a . T h i r t y - o n e elements, a l l o f which were met­
a l s , except boron and phosphorus, were measured. The r e s u l t s were 
r e p o r t e d i n c a t e g o r i e s as percent o f t h e ash o f t h e j u i c e . S e l e c ­
t i n g o n l y t h e j u i c e d a t a , r e a r r a n g i n g i t s l i g h t l y , and e x p r e s s i n g 
i t i n terms o f p a r t s per m i l l i o n based on t h e o r i g i n a l j u i c e i n ­
s t e a d o f as a percentage o f t h e a s h , t h e v a l u e s appear i n Table IV. 

Table IV. E l e m e n t a l Content o f C a l i f o r n i a V a l e n c i a 
and Navel Orange J u i c e s (PPM) ( l 9 6 l ) a 

J u i c e Type/PPM G r e a t e r Concentrât i o n s Trace Less Not 
of J u i c e Sample than hO between 0 . h PPM t h a n O.h D e t e c t e d 

PPM and hO PPM PPM 

V a l e n c i a Ca, Mg
Κ 

Mo, Sn, Z r , Sb, As, 
Co, Ba, Zn, Cb, W 
Sr 

N a vel Ca, Mg, P, S i , Na, T i , Cu, N i , B i , Ba, 
Κ A l , Fe C r , V, Mn, Co, Sb, 

Zn, L i , Z r , A s , Cb, 
S r , Ag, Β W, Pb, 

Mo 

a D a t a from B i r d s a l l et a l . (2h). 

As one can r e a d i l y see, t h e q u a n t i t a t i v e s c a l e o f t h e r e s u l t s o f 
Table IV i s l e s s d e f i n i t i v e than t h e s c a l e i n Table I I I . However, 
o r d e r o f magnitude agreement i s apparent from a comparison o f t h e 
two s e t s o f d a t a showing t h a t t h e r e a r e p r o b a b l y no g r o s s d i f f e r ­
ences i n the m e t a l c o n t e n t s o f j u i c e s from t h e two sources - F l o r ­
i d a and C a l i f o r n i a . I t w i l l be noted t h a t t h e c o n c e n t r a t i o n 
range f o r phosphorus i s an o r d e r o f magnitude l e s s i n t h i s d a t a 
t h a n t h e Roberts and Gaddum d a t a and, judged by t h a t and t h e v a l ­
ues we o b t a i n , we conclude t h e range f o r phosphorus i n Table IV 
t o be i n e r r o r . I t c o u l d be s t a t e d here t h a t Lundegârdh d i d 
most o f h i s s t u d i e s on s o i l and l e a f a n a l y s i s c o n t e n d i n g t h a t t h e 
f r u i t ( i n t h i s case t h e orange i t s e l f ) v a r i e d l i t t l e i n composi­
t i o n . 

I n r e c e n t p u b l i c a t i o n s , we ( 2 5 , 2 6 , 2 7 , 2 8 ) have d i s c u s s e d 
some modern approaches t o t h e a n a l y s i s o f orange j u i c e , and t h e 
r e s u l t s o f t h e s e s t u d i e s w i l l be p r e s e n t e d i n t h e f o l l o w i n g s e c ­
t i o n s o f t h i s c h a p t e r . 
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Methodology 

I n any a n a l y t i c a l problem t h e a n a l y s t must o u t l i n e t h e g o a l s 
t o be a c h i e v e d by th e a n a l y s i s b e f o r e d e c i d i n g on methodology. 
Of t e n i t i s d e s i r e d t o measure t h e c o n c e n t r a t i o n o f perhaps, one, 
or at most, j u s t a few elements. I n the s e c i r c u m s t a n c e s , t h e i n ­
v e s t i g a t o r may, f o r example, be i n t e r e s t e d i n a p p l y i n g an element 
l i k e manganese or z i n c t o t h e s o i l o r f e r t i l i z e r and m o n i t o r i n g 
t h e r e s u l t i n g i n f l u e n c e on orange t r e e development o r f r u i t q u a l i ­
t y . A l t e r n a t i v e l y , t h e o b j e c t i v e b e h i n d a p a r t i c u l a r a n a l y s i s 
might be t o measure the c o n t a m i n a t i o n l e v e l s o f elements l i k e 
cadmium and l e a d which r e s u l t from t h e i n v a s i o n o f th e growing 
a r e a by f o r e i g n e n v i r o n m e n t a l agents. 

I n s i t u a t i o n s l i k e t h e s e t h e method o f measurement o f the 
element (or elements) o f i n t e r e s t can be t a i l o r e d s p e c i f i c a l l y t o 
s u i t t h e p a r t i c u l a r needs  A  matte f f a c t  f o  fe  metal
l i k e mercury and t i n an
mony, and t e l l u r i u m s p e c i a
u s u a l l y r e q u i r e d ( 2 9 _ , 3 0 _ , 3 1 _ , 3 2 , 3 3 _ ) . The reason s p e c i a l p r e c a u t i o n s 
and s p e c i a l methods are r e q u i r e d f o r t h e elements l i s t e d above, 
and f o r c e r t a i n o t h e r s , i s t h a t t h e y e i t h e r are r e a d i l y reduced 
t o v o l a t i l e forms, r e a c t c h e m i c a l l y t o form v o l a t i l e compounds, 
or a r e i n f l u e n c e d i n t h e i r a n a l y s i s by t h e m a t r i c e s u s u a l l y p r e ­
sent . 

Sample P r e p a r a t i o n 

Orange j u i c e i n c o n c e n t r a t e form ( t h e form u s u a l l y s e l e c t e d 
f o r a n a l y s i s ) i s g e n e r a l l y about f o u r t i m e s the c o n c e n t r a t i o n o f 
s i n g l e s t r e n g t h j u i c e and t h e r e f o r e i s p r i m a r i l y sugar and water 
( r o u g h l y 5 0 / 5 0 ; see Table I ) . U s u a l l y , f o r a n a l y t i c a l p urposes, 
the o r g a n i c m a t t e r must be d e s t r o y e d o r broken down i n such a way 
t h a t i t does not i n t e r f e r e w i t h t h e a n a l y s i s . C o n s i d e r a b l e empha­
s i s has been g i v e n t o t h i s aspect i n t h e l i t e r a t u r e on food and 
b i o l o g i c a l a n a l y s i s . No c l e a r consensus o f o p i n i o n seems t o p r e ­
v a i l on what t h e b e s t approaches a r e . P r o b a b l y t h e s i m p l e s t met­
hod i s t o dr y a s u i t a b l e sample under a lamp o r i n an open d r a f t 
oven u n t i l t h e water i s d r i v e n o f f and t h e n ash a t temperatures 
up t o 5 5 0 ° C A l t h o u g h t h e t o t a l time i n v o l v e d i n t h i s a s h i n g pro­
cedure i s u s u a l l y t h e b e t t e r p a r t o f one day, t h i s method r e q u i r e s 
l i t t l e o p e r a t o r a t t e n t i o n and a number o f samples can be c a r r i e d 
t h rough t h e p r o c e s s a t one t i m e . An a d d i t i o n a l advantage t o ash­
i n g i s t h a t r e l a t i v e l y l a r g e samples can be used (up t o 2 0 g i n 
most i n s t a n c e s ) . Disadvantages are t h a t v o l a t i l e elements ( o r 
elements forming v o l a t i l e compounds) can be l o s t through v o l a t i l ­
i z a t i o n . Depending on what o t h e r i o n s are p r e s e n t , t h e l i s t o f 
elements g e n e r a l l y l o s t by a s h i n g c e r t a i n l y w i l l i n c l u d e elements 
l i k e mercury, a r s e n i c , cadmium, s e l e n i u m , antimony and t e l l u r i u m . 
Some l o s s e s , a l s o depending on the c i r c u m s t a n c e s , may be observed 
w i t h m e tals l i k e s i l v e r , l e a d and p o s s i b l y a l s o copper and z i n c 
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a l t h o u g h t h e authors have not observed s i g n i f i c a n t problems by dry 
a s h i n g when d e a l i n g w i t h t h e s m a l l c o n c e n t r a t i o n s o f s i l v e r , 
copper and z i n c p r e s e n t i n orange j u i c e . T h i s i s p r o b a b l y due t o 
t h e r e t e n t i v e e f f e c t o f phosphate s i n c e phosphorus i s p r e s e n t i n 
orange j u i c e i n r e l a t i v e l y massive amounts compared t o t h e con­
c e n t r a t i o n s o f t h e l a t t e r t h r e e elements. A l s o , t h e h i g h a l k a l i 
m e t a l content o f orange j u i c e , e s p e c i a l l y the h i g h potassium con­
c e n t r a t i o n r e n d e r s t h e f i n a l ash a l k a l i n e , p r i n c i p a l l y as t h e c a r ­
bonate. T h i s m a t r i x i s a l s o conducive t o r e t e n t i o n o f metals w h i ­
ch might o t h e r w i s e be v o l a t i l e or be s u b s t a n t i v e on t h e a s h i n g 
c r u c i b l e . S i l i c a c r u c i b l e s a re l e s s d e s i r a b l e f o r a s h i n g t h a n 
p l a t i n u m ones. T h i s r e s u l t s from two c o n s i d e r a t i o n s : l ) t h e 
s i l i c a s u r f a c e has open r e a c t i v e s i t e s f o r i o n exchange and/or 
i o n a b s o r p t i o n and 2 ) s i l i c a tends t o p i t and erode i n t o t h e h i g ­
h l y a l k a l i n e m a t r i x o f t h e f i n a l ash. 

A low temperature a s h i n g t e c h n i q u e has r e c e n t l y begun t o r e ­
c e i v e a t t e n t i o n ( 3 ^ _ , 3 5 . , 3 6 , 3 χ , 3 8 _ )

vacuum ( a f t e r removing t h
or a m i x t u r e o f oxygen and f r e o n . The l a t t e r gas seems t o speed 
up t h e a s h i n g p r o c e s s . H e a t i n g i s p r o v i d e d by h i g h frequency 
c o i l s s u r r o u n d i n g t h e a s h i n g chamber. The chamber and a s h i n g con­
t a i n e r s must be made of q u a r t z i f f r e o n i s t o be used as a comp­
onent o f t h e gas atmosphere. The authors have v e r i f i e d t h a t up 
t o 1 0 g o f f r o z e n c o n c e n t r a t e d orange j u i c e i n m u l t i p l e u n i t s may 
be ashed i n a s u i t a b l y s i z e d chamber. The temperature o f t h e ash­
i n g p r o c e s s can be v a r i e d up t o 2 0 0 ° C depending on the frequency 
power. I t i s c l a i m e d t h a t many o f t h e metals c o n s i d e r e d t o be 
v o l a t i l e at h i g h e r temperatures are c o m p l e t e l y o r n e a r l y complete­
l y r e t a i n e d by t h i s a s h i n g method ( 3 8 ) . 

A number of d i s c u s s i o n s ( 3 2 , 3 9 7 ^ 0 ^ 1 , U 2 ) can be founo. i n t h e 
l i t e r a t u r e r e l a t i n g t o t h e m e r i t s o f dry v e r s u s wet a s h i n g . Wet 
a s h i n g e n t a i l s decomposing t h e o r g a n i c components o f the sample 
by means o f m i x t u r e s o f o x i d i z i n g a c i d s . The u s u a l m i x t u r e s are 
n i t r i c and s u l f u r i c a c i d s ; n i t r i c and p e r c h l o r i c a c i d s ; n i t r i c , 
s u l f u r i c and p e r c h l o r i c a c i d s ; and s u l f u r i c a c i d and hydrogen per­
o x i d e . There a r e two p r i n c i p a l advantages t o a c i d a s h i n g (so 
c a l l e d wet a s h i n g ) : l ) t h e r e are l i t t l e i f any l o s s e s by v o l a t i l i ­
z a t i o n ; and 2 ) t h e elements a r e kept i n an o x i d i z e d s t a t e and i n 
a s t r o n g l y a c i d medium; t h u s , d i m i n i s h i n g , i f not e l i m i n a t i n g , 
t h e chance of s u b s t a n t i v e r e a c t i o n s o r r e a c t i o n s w i t h the s u r f a c e 
of t h e c o n t a i n e r . On t h e o t h e r hand, t h e r e are some v e r y s e r i o u s 
c o n s i d e r a t i o n s which t e n d t o r u l e a g a i n s t wet a s h i n g . The volume 
o f a c i d t o weight o f sample i s h i g h , u s u a l l y on t h e order o f 1 5 -
1 0 ml ( o r more) o f a c i d per gram o f sample e s p e c i a l l y when d e a l i n g 
w i t h orange j u i c e . T h i s means t h a t i f one wishes t o decompose 
say 1 0 - 2 0 g o f sample f o r a survey o f many elements, t h e volume 
o f a c i d needed i s l a r g e , and because o f t h e hazardous n a t u r e o f 
m i x t u r e s c o n t a i n i n g p e r c h l o r i c a c i d , c o n s i d e r a b l e time and con­
s t a n t a t t e n t i o n i s demanded o f t h e o p e r a t o r . A l s o , w i t h orange 
j u i c e i n the presence o f s t r o n g a c i d s , c o n s i d e r a b l e foaming 
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o c c u r s a t the b e g i n n i n g stages o f t h e o x i d a t i o n , and i t becomes 
n e c e s s a r y t o a l l o w t h e samples t o r e a c t s l o w l y a t low temperatures 
u n t i l t h e foaming tendency i s subdued, a p e r i o d o f ti m e t h a t may 
t a k e s e v e r a l h o u r s . The copious amounts o f a c i d needed i n c r e a s e 
the l i k e l i h o o d o f me t a l c o n t a m i n a t i o n from t h e a c i d s themselves 
s i n c e i t i s n e a r l y i m p o s s i b l e t o remove a l l t r a c e s o f i m p u r i t i e s 
d u r i n g t h e i r manufacture. Furthermore, one runs the r i s k o f t h e 
a c i d a nions r e a c t i n g w i t h t h e metals t o form r e l a t i v e l y s t a b l e but 
i n s o l u b l e p r o d u c t s , e.g., barium, c a l c i u m and o t h e r a l k a l i n e e a r ­
t h s form s u l f a t e s o f v a r y i n g degrees o f i n s o l u b i l i t y . I f one or 
j u s t a few elements a r e t o be measured and i f i t i s determined 
t h a t v o l a t i l e l o s s e s occur such as w i t h mercury, a r s e n i c , antimony 
and group VI elements, t h e n a c i d a s h i n g o f f e r s an a c c e p t a b l e way 
f o r p r e p a r i n g t h e sample. I f a broad range o f elements a r e t o be 
measured, and i n t e r e s t i n t h e above l i s t o f v o l a t i l e ones i s min­
or t h e n we c o n s i d e r dry a s h i n g t o be the method o f c h o i c e , e s p e c i ­
a l l y f o r p r e p a r i n g orang
t i o n s bear out t h e though
be t a i l o r e d t o the s p e c i f i c a n a l y t i c a l problem. 

For a s e l e c t e d l i s t o f elements ( 2 6 ) t h e r e i s another a c i d 
t reatment procedure which i s r e a d i l y a p p l i c a b l e t o t h e a n a l y s i s 
of orange j u i c e ; t h i s procedure i n v o l v e s h y d r o l y s i s w i t h moderate­
l y s t r o n g n i t r i c a c i d t o breakdown most o f th e sugars and t o de­
creas e t h e s i z e o f t h e p u l p y c o n s t i t u e n t s . The s o l u t i o n i s t h e n 
f i l t e r e d , d i l u t e d , and measured by atomic a b s o r p t i o n . For e l e ­
ments t h a t can be determined w i t h an a i r - a c e t y l e n e flame u s i n g a 
h i g h s o l i d s ( t h r e e s l o t ) b u r n e r , t h i s procedure o f f e r s a u s e f u l 
a l t e r n a t i v e . F r i c k e et a l . ( 3 3 ) a l s o mentions t h e u t i l i t y o f t h i s 
method and g i v e s comparative r e s u l t s on t h e use o f t h i s method i n 
sample p r e p a r a t i o n . 

I f d ry a s h i n g has been used, o r i f the samples f o l l o w i n g a c i d 
a s h i n g have been evaporated t o d r y n e s s , t h e f i n a l s t e p s i n t h e 
p r e p a r a t i o n o f th e sample f o r a n a l y s i s w i l l depend on th e t y p e o f 
end measurement t o be used; t h e s e end measurements w i l l be d e a l t 
w i t h i n some d e t a i l i n t h e d i s c u s s i o n t o f o l l o w . 

End Measurement Techniques 

The f i n a l measurement st e p can be done i n a number o f ways. 
A few o f t h e elements i n orange j u i c e a r e p r e s e n t i n l a r g e enough 
c o n c e n t r a t i o n s and/or have c h e m i c a l c h a r a c t e r i s t i c s which p e r m i t 
the use o f c l a s s i c a l a n a l y s i s . Phosphate and some heavy m e t a l s 
l i k e z i n c and i r o n may be measured c o l o r i m e t r i c a l l y . C alcium has 
been measured as t h e o x a l a t e , but such methods are time consuming 
and may r e q u i r e p r i o r s e p a r a t i o n from t h e i n e v i t a b l e m a t r i x b e f o r e 
a n a l y s i s . 

Atomic A b s o r p t i o n Spectrometry. The most w i d e l y a c c e p t e d 
measurement t e c h n i q u e s i n modern day a n a l y s i s a re found i n t h e 
f i e l d o f s p e c t r o s c o p y . A s e a r c h o f the l i t e r a t u r e r e v e a l s t h a t 
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atomic absorption spectroscopy i s the most popular modern techni­
que for the measurement of trace metals i n foods (26,30,32,33,^1, 
k29k39kk9k59k6). Crosby (k3) i n a comprehensive review a r t i c l e 
surveyed the l i t e r a t u r e over a five-year period using two approp­
r i a t e journals (one B r i t i s h and one American) and found that there 
was a t o t a l of 8 3 a r t i c l e s dealing with atomic absorption as com­
pared to a combined number of 6 2 dealing with molecular absorption 
spectrometry, flame photometry, neutron activation, x-ray fluores­
cence, chemical t i t r a t i o n , etc. Atomic absorption certainly has 
advantages because of the extensive and authoritative studies that 
have been made to improve instrumentation and work out the details 
for the analysis of metals i n many types of chemical matrices. 
Methods have been worked out for some 6 0 to TO elements covering 
certainly the most important ones in the periodic table. Modern 
atomic absorption instrumentation has been developed which almost 
completely eliminates the p o s s i b i l i t y of operator error, and with 
multi-element lamps available
has been incorporated.
lamps and reoptimizing instrumental conditions for each new metal 
to be analyzed. Atomic absorption can also be made very sensitive 
by the use of the graphite furnace instead of a flame as a sample 
c e l l (30,^7,^8). Furnaces have been used in a number of different 
forms and configurations ranging from c e l l s with open tops to 
filaments and tube designs. Samples can be in the form of s o l i d s , 
pastes, or l i q u i d s , and by programming the heating of the furnace, 
preliminary ashing can usually be avoided. 

Atomic Emission Spectrometry. Emission spectroscopy was the 
ea r l i e s t developed multielement measurement technique (1+9,50,51, 
52). Its widest acceptance was by the metal industry where i t was 
p a r t i c u l a r l y useful in determining a few elements r e p e t i t i v e l y i n 
a metal (usually some form of steel) matrix which was well defined. 
It was also used i n the food and ag r i c u l t u r a l f i e l d and was res­
ponsible for much of the early knowledge of the concentrations of 
a number of trace elements in orange juice (23, 2k). 

Recently, a very important development has been made to en­
hance the ease of manipulation and the range of a p p l i c a b i l i t y of 
emission spectroscopy to trace metal analysis. This development 
i s the plasma source which can be employed as an. accessory source 
in most direct reading emission spectrometers i n place of the arc 
or spark or may be incorporated d i r e c t l y i n the design of the 
spectrometer by the manufacturer. This development has been d i s ­
cussed in d e t a i l in the recent l i t e r a t u r e ( U 9 ,53-58). 

There are two popular types of plasma sources: l ) the direct 
current plasma (DCP), and 2) the inductively coupled plasma (ICP). 
In the commercial version of the former plasma source (marketed 
by Spectrometries, Inc.), the sample i s aspirated with argon 
through a small o r i f i c e into a chamber where the large droplets 
settle out and the fine mist i s conveyed by the argon stream thr­
ough a chimney to the vertex of a plasma which i s i n the form of 
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an i n v e r t e d Y c o n f i g u r a t i o n . The vapors are heated and atomic 
e m i s s i o n t a k e s p l a c e i n t h i s a r e a ( v e r t e x o f t h e Y ) . T h i s emis­
s i o n f l u x i s f o c u s e d on an entrance s l i t t o t h e monochromator and 
p r o g r e s s e s t h r o u g h t h e o p t i c a l p a t h which c o n s i s t s o f a system o f 
m i r r o r s , an échelle g r a t i n g and a p r i s m t o s e p a r a t e t h e waveleng­
th s i n t o a t w o - d i m e n s i o n a l p a t t e r n c o n s i s t i n g o f s e v e r a l waveleng­
t h o r d e r s . Measurement o f i n t e n s i t i e s can be simultaneous ( i . e . , 
m u l t i e l e m e n t ) o r s e q u e n t i a l depending how t h e i n s t r u m e n t has been 
designed t o o p e r a t e . 

The o t h e r t y p e o f plasma s o u r c e , t h e i n d u c t i v e l y c o u p l e d p l a ­
sma, has been engineered i n t o s p e c i f i c a l l y d e s i g n e d i n s t r u m e n t a ­
t i o n modules by A p p l i e d Research L a b o r a t o r i e s , J a r r e l l Ash (a d i v ­
i s i o n o f F i s h e r S c i e n t i f i c C o r p . ) , P e r k i n Elmer, I n s t r u m e n t a t i o n 
L a b o r a t o r i e s , and B a i r d Atomic i n t h e U n i t e d S t a t e s ; f o r e i g n mod­
e l s are a l s o a v a i l a b l e . When th e ICP plasma i s i n o p e r a t i o n , t h e 
sample i s d i s p e r s e d as l i q u i d d r o p l e t s i n t o an argon stream and 
d i r e c t e d t o t h e c e n t e r zon
mode i s d i f f e r e n t from t h
i t means t h a t t h e e x c i t a t i o n r e g i o n i s p r o b a b l y c o n s i d e r a b l y h i g h ­
er i n temperature. There a r e some advantages and some d i s a d v a n t ­
ages t o t h e ICP system compared t o t h e DCP system. Elements, l i k e 
vanadium, molybdenum and t u n g s t e n which t e n d t o form h i g h l y r e f ­
r a c t o r y compounds a r e p r o b a b l y more c o m p l e t e l y atomized. There­
f o r e , t h e r e i s l e s s i n t e r f e r e n c e from t h e m a t r i x , a t y p e o f i n ­
t e r f e r e n c e which i s n e a r l y always a problem w i t h s p e c t r o s c o p i c 
a n a l y s i s . The p r i n c i p a l drawbacks a r e : l ) n e b u l i z e r d e s i g n i s 
c r i t i c a l i n the o p e r a t i o n o f i n d u c t i v e l y c o u p l e d plasmas; the r e ­
ason i s t h a t c l o s e c o n t r o l o f t h e r a t e o f f l o w o f sample t o t h e 
plasma must be a c h i e v e d t o a v o i d plasma i n s t a b i l i t y , 2 ) t h e view­
i n g ( o b s e r v a t i o n ) a r e a t o which t h e o p t i c s are exposed i s d i r e c t l y 
i n t h e c e n t e r o f t h e plasma and background e m i s s i o n i s h i g h com­
pared t o t h e s i t u a t i o n w i t h t h e d i r e c t c u r r e n t plasma where v e r y 
l i t t l e o f t h e plasma r e g i o n i s observed d u r i n g a n a l y s i s , 3 ) mul­
t i e l e m e n t f a c i l i t i e s , t h e t y p e o f i n s t r u m e n t a t i o n u s u a l l y accomp­
any i n g t h e i n d u c t i v e l y c o u p l e d plasmas, are expensive and may be 
out o f t h e f i n a n c i a l r e s o u r c e s o f many s m a l l l a b o r a t o r i e s , and k) 
when a m u l t i e l e m e n t f a c i l i t y i s chosen the buyer must make a de­
c i s i o n as t o which elements he i s i n t e r e s t e d i n d e t e r m i n i n g ; i n 
doing survey work t h i s d e c i s i o n i s h a r d t o make because one s e l ­
dom knows i n advance the elements t h a t may be i m p o r t a n t . 

Because o f t h e d i s a d v a n t a g e s o f t h e ICP systems l i s t e d above, 
we chose t o do our study on t h e s i m p l e r l e s s expensive s e q u e n t i a l 
d i r e c t c u r r e n t plasma system ( 2 7 , 5 9 - 6 5 ) · I t i s w e l l t o r e c o g n i z e 
t h a t i n any c h o i c e o f t h i s k i n d t r a d e - o f f s may become n e c e s s a r y . 
For example, t h e DC plasma i s s u b j e c t t o more or l e s s severe mat­
r i x e f f e c t s , and t h e s e must be accounted f o r i n s e t t i n g up t h e 
methodology ( 2 8 ) . These e f f e c t s a re i l l u s t r a t e d i n F i g u r e s 1 and 
2 which show t h e i n f l u e n c e o f t h e l a r g e potassium c o n c e n t r a t i o n s 
on b o t h t h e atom and i o n l i n e s o f barium. 
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Ba Concentration (ng/rnl) 

Analytical Chemistry 

Figure /. Effect of potassium on barium calibration curves using DC P A ES: (a) 
analytical curve for barium in matrix containing constant Κ concentration (800 
ppm) in 0.1 M HNOA; (b) analytical curve for barium in matrix containing constant 
K/Ba ratio (4000/L) in 0.1M H NO(c) analytical curve for barium in 0.1M HNOj 

(2S) 
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Analytical Chemistry 

Figure 2. Matrix effects on the calibration curve of barium using DCPAES at the 
atom line (553.55 nm) and the ion line (455.40 nm): (a) barium in 0.1M HNOs, 
atom line; (b) barium in 0.1 M HNOs containing 100 ppm K, atom line; (c) barium 
in 0.1M HN03, ion line; (d) barium in 0.1M HN03 containing 1000 ppm K, 

ion line (28j 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



376 CITRUS NUTRITION AND QUALITY 

Atomic F l u o r e s c e n c e Spectrometry. A s p e c t r o s c o p i c t e c h n i q u e 
r e l a t e d t o some of t h e t y p e s mentioned above i s atomic f l u o r e s ­
cence s p e c t r o m e t r y (AFS). L i k e atomic a b s o r p t i o n s p e c t r o m e t r y 
(AAS), AFS r e q u i r e s a l i g h t source s e p a r a t e from t h a t o f t h e h e a t ­
ed flame c e l l . T h i s can be p r o v i d e d , as i n AAS, by i n d i v i d u a l (or 
m u l t i e l e m e n t l a m p s ) , or by a continuum source such as xenon a r c 
or by s u i t a b l e l a s e r s or c o m b i n a t i o n of l a s e r s and dyes. The l a s ­
er i s s t i l l p r e t t y much i n i t s i n f a n c y but i t i s l i k e l y t h a t f u t ­
u r e development w i l l cause t h e l a s e r , and c o n s e q u e n t l y t h e many 
s p e c t r o s c o p i c i n s t r u m e n t s t o which i t can be adapted t o , t o be­
come i n c r e a s i n g l y p o p u l a r . Complete freedom o f wavelength s e l e c ­
t i o n s t i l l remains a problem. U n l i k e AAS t h e l i g h t source i n AFS 
i s not i n d i r e c t l i n e w i t h t h e o p t i c a l p a t h , and t h e r e f o r e , t h e 
r a d i a t i o n e m i t t e d i s a r e s u l t o f e x c i t a t i o n by t h e lamp or l a s e r 
s o u r c e . 

Atomic f l u o r e s c e n c e s p e c t r o m e t r y p r o v i d e s h i g h s e n s i t i v i t i e s 
f o r elements whose a n a l y t i c a l l
t h e u l t r a - v i o l e t r e g i o n
i s h e s as one approaches t h e upper end o f t h e v i s i b l e r e g i o n (i+00-
700 nm). We made a comparative study (28) d e t e r m i n i n g s e v e r a l e l ­
ements i n seven brands o f F l o r i d a orange j u i c e by i n d u c t i v e l y 
c oupled plasma atomic e m i s s i o n spectrometry (ICPAES), d i r e c t c u r ­
r e n t plasma atomic e m i s s i o n s p e c t r o m e t r y (DCPAES), flame atomic 
f l u o r e s c e n c e s p e c t r o m e t r y (FAFS), and flame atomic a b o s r p t i o n sp­
e c t r o m e t r y (FAAS). These comparisons a r e shown i n Table V. The 
samples f o r t h i s study were d r y ashed and d i s s o l v e d i n e i t h e r 
n i t r i c o r h y d r o c h l o r i c a c i d s , i . e . , t h e s e were s e p a r a t e s e t s d i s ­
s o l v e d i n each a c i d (the a c i d c o n c e n t r a t i o n d u r i n g a n a l y s i s was 
0.1 M). I t i s observed t h a t t h e n i t r i c and h y d r o c h l o r i c a c i d 
media show some d i f f e r e n c e s , but t h e d i f f e r e n c e s do not seem t o be 
p a r t i c u l a r l y c o n s i s t e n t . The p r e c i s i o n o f r e p l i c a t i o n u s i n g t h e 
i n s t r u m e n t t y p e s l i s t e d was g e n e r a l l y t h e b e s t w i t h FAAS. I n 
s p i t e of the v a r i a b i l i t y noted between some o f t h e methods, t h e 
r e s u l t s seem w e l l w i t h i n s i m i l a r ranges o f c o n c e n t r a t i o n s and t h e 
degree o f c o n f o r m i t y g i v e s c o n f i d e n c e t o t h e g e n e r a l v a l i d i t y o f 
t h e r e s u l t s . 

Neutron A c t i v a t i o n Spectrometry. Another i n s t r u m e n t a l t e c h ­
n i q u e which has a p p l i c a b i l i t y t o a wide range o f elements i s neu­
t r o n a c t i v a t i o n a n a l y s i s . I n t h i s method the sample (which c o u l d 
be orange j u i c e w i t h o u t any p r i o r sample t r e a t m e n t ) i s i r r a d i a t e d 
w i t h a s t r o n g n e u t r o n f l u x . The elements o f a n a l y t i c a l i n t e r e s t 
are thus c o n v e r t e d t o u n s t a b l e i s o t o p e s which decay w i t h c h a r a c ­
t e r i s t i c e n e r g i e s and t h u s measurement o f t h e i n t e n s i t i e s r e s u l t s 
i n a n a l y t i c a l v a l u e s f o r t h e elements o f i n t e r e s t . There are some 
s e r i o u s drawbacks t o t h i s method, however. The m a t r i x can cause 
severe background e f f e c t s e s p e c i a l l y when the sample c o n t a i n s 
l a r g e amounts o f an element, l i k e p o t a s s i u m , which i s t h e s i t u a ­
t i o n w i t h orange j u i c e . I n t h i s event t e d i o u s c h e m i c a l s e p a r a t ­
i o n s must be c a r r i e d out t o a c h i e v e adequate s e l e c t i v i t y , a c c u r a c y 
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and p r e c i s i o n . F a c i l i t i e s f o r neutron a c t i v a t i o n a r e v e r y expen­
s i v e and, t h u s , most o f t e n t h e a n a l y s t would g e n e r a l l y he o b l i g e d 
t o send samples t o a s e r v i c e l a b o r a t o r y equipped t o perform such 
a n a l y s i s . 

A sample o f F l o r i d a orange j u i c e has been a n a l y z e d by ne u t r o n 
a c t i v a t i o n ( 6 6 ) and t h e r e s u l t s are g i v e n i n Table V I . F o r some 
elements, a c t u a l c o n c e n t r a t i o n s a r e shown a l o n g w i t h t h e p r e c i ­
s i o n o f th e d a t a , but f o r most elements o n l y maximal c o n c e n t r a ­
t i o n s a re l i s t e d . T h i s means t h a t v a l u e s can not be h i g h e r t h a n 
those g i v e n but c o u l d be much low e r . A g a i n , t h e s e d a t a a r e i n ­
c l u d e d i n t h i s d i s c u s s i o n o n l y f o r comparison w i t h t h a t t o be p r e ­
sented i n subsequent paragraphs and i t should be emphasized t h a t 
the v a l u e s l i s t e d as maxima are r e l a t i v e l y m e a n i n g l e s s . 

For many o f th e elements, t h e d a t a agree w e l l w i t h i n an or d e r 
o f magnitude w i t h t h e d a t a g a t h e r e d by us and w i t h t h e d a t a o f 
Roberts and Gaddum. There a r e some obvious d i s c r e p e n c i e s  The 
upper l i m i t s g i v e n f o r s u l f u
s i l i c o n (UOOO ppm), an
A l s o , t h e r e seems t o be no r e l i a b l e e vidence t h a t y t t r i u m , t i t a n ­
ium and n i c k e l and z i r c o n i u m are above 1 ppm i n s i n g l e s t r e n g t h 
orange j u i c e . O t h e r w i s e , t h e d a t a are c r e d i b l e , and i t s h o u l d be 
noted t h a t t h e s e v a l u e s were o b t a i n e d from o n l y one sample and no 
attempt was made t o improve t h e v a l u e s by r a d i o c h e m i c a l s e p a r a t ­
i o n s . 

Spark Source Mass Spectrometry. Another method f o r t r a c e 
a n a l y s i s p r o b a b l y s h o u l d be mentioned and t h a t i s spark source 
mass sp e c t r o m e t r y . I n t h i s t e c h n i q u e , t h e sample i n t h e form o f 
a s o l i d s erves as an e l e c t r o d e and v a p o r s , formed by s p a r k i n g , a r e 
atomized and i o n i z e d t o m e t a l i o n s which a r e s e p a r a t e d by a mass 
spectrometer and measured. The equipment i s expensive and good 
r e s u l t s r e q u i r e t h e a t t e n t i o n o f a s k i l l e d o p e r a t o r . Even under 
t h e b e s t c o n d i t i o n s o r d e r o f magnitude agreement o f r e s u l t s i s 
about t h e b e s t t h a t can be a c h i e v e d . 

Comparison o f F l o r i d a Orange J u i c e w i t h J u i c e s from Other Geogra­
p h i c L o c a l e s 

I n an attempt t o update the e a r l i e r s t u d i e s on orange j u i c e 
and t o t r y t o a r r i v e a t some q u a n t i t a t i v e v a l u e s f o r a broad r a n ­
ge o f elements i n F l o r i d a and o t h e r source j u i c e samples, we un­
dertook t h e a n a l y t i c a l p r o j e c t d e s c r i b e d i n t h e f o l l o w i n g d i s c u s ­
s i o n . Orange j u i c e sources o f p r i m a r y i n t e r e s t t o us were from 
F l o r i d a and B r a z i l but some v a l u e s were o b t a i n e d on j u i c e s from 
o t h e r l o c a l e s , i . e . , Mexico and C a l i f o r n i a a r e i n c l u d e d f o r com­
p a r i s o n . 

E x p e r i m e n t a l 

Twenty-four F l o r i d a j u i c e s , s e v e n t y - f o u r B r a z i l i a n and some 
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s i x t o t e n samples each from Mexico and C a l i f o r n i a were i n c l u d e d 
i n t h e study. A l l t h e samples were p r e p a r e d f o r a n a l y s i s by dr y 
a s h i n g . Twenty gram samples o f f r o z e n orange j u i c e c o n c e n t r a t e 
were d r i e d t o c a r b o n i z a t i o n under heat lamps and ashed i n a m u f f l e 
f u r n a c e at 5 5 0 ° C u n t i l t h e ashed r e s i d u e was c o m p l e t e l y f r e e o f 
any v i s i b l e u n o x i d i z e d carbon. The a s h i n g time u s u a l l y was about 
l 6 h r . T h i s procedure was, i n many r e s p e c t s , s i m i l a r t o t h a t r e ­
commended by Ho r w i t z f o r t h e p r e p a r a t i o n o f a g r i c u l t u r a l p r o d u c t s 
f o r s p e c t r o g r a p h i c a n a l y s i s ( 6 7 ) . The f i n a l ash was d i s s o l v e d i n 
0 . 1 M H N O 3 ( 5 0 ml) and a n a l y z e d by plasma s p e c t r o s c o p y . The spec­
t r o m e t e r employed was t h e S p e c t r a m e t r i c s , I n c . S p e c t r a s p a n I I 
equipped w i t h t h e S p e c t r a j e t I I I plasma s o u r c e . G e n e r a l l y , f o r 
each i n d i v i d u a l measurement, two r e a d i n g s ( 1 5 sec i n t e g r a t i o n 
time) were averaged and compared t o a s t a n d a r d c o n t a i n i n g t h e e l e ­
ment b e i n g determined i n a s u i t a b l e s y n t h e t i c m a t r i x . T h i s m a t r i x 
was f o r m u l a t e d t o correspond as c l o s e l y as p o s s i b l e t o t h e element 
r a t i o s and c o n c e n t r a t i o n
p u b l i c a t i o n by us ( 2 8 _ ) d i s c u s s e
the a n a l y s i s . 

R e s u l t s and D i s c u s s i o n 

I n Table V I I t h e c o n c e n t r a t i o n ranges o f t h e elements i n t h e 
j u i c e s from the v a r i o u s sources are l i s t e d . I n a l l i n s t a n c e s , t h e 
c o n c e n t r a t i o n s are a d j u s t e d by a f a c t o r o f f o u r t o r e f l e c t t h e 
c o n c e n t r a t i o n s as th e y would appear i n s i n g l e s t r e n g t h orange 
j u i c e . T h i s f a c t o r , however, i s not u n i v e r s a l l y a c c u r a t e s i n c e 
many o f t h e f o r e i g n ( t o t h e U n i t e d S t a t e s ) j u i c e s c o n t a i n h i g h 
s o l i d s . I n s p i t e o f t h i s v a r i a b i l i t y i n s o l i d s c o n t e n t , f o r most 
elements t h e r e i s c o n s i d e r a b l e o v e r l a p i n t h e c o n c e n t r a t i o n r a n ­
ges. There are some elements, though, t h a t do seem t o show s i g n i ­
f i c a n t d i f f e r e n c e s i n c o n c e n t r a t i o n . F o r example, B r a z i l i a n j u i ­
ces have s u b s t a n t i a l l y h i g h e r barium and r u b i d i u m c o n t e n t s t h a n 
do F l o r i d a j u i c e s . There a r e a l s o d i f f e r e n c e s i n t h e manganese 
and g a l l i u m v a l u e s and i n many i n s t a n c e s d i f f e r e n c e s i n t h e boron 
v a l u e s . I n or d e r t o a v o i d t h e problem caused by d i f f e r e n c e s i n 
s o l i d s c o n t e n t s , when comparing t h e s e v a l u e s , we r a t i o t h e elemen­
t a l v a l u e s o f p a r t i c u l a r i n t e r e s t t o t h e v a l u e f o r z i n c i n each 
sample. I t w i l l be noted t h a t t h e v a l u e s f o r z i n c i n a l l samples 
seem t o be p a r t i c u l a r l y u n i f o r m and thus z i n c s e r v e s as a conven­
i e n t r e f e r e n c e element. T h i s method o f r a t i o i n g a l s o r e q u i r e s a 
r e f e r e n c e sample ( t h i s can be e i t h e r an a c t u a l sample, or one 
made up s y n t h e t i c a l l y w i t h known e l e m e n t a l c o n c e n t r a t i o n s ) . The 
way t h e d e r i v a t i o n o f t h e r a t i o was a r r i v e d at and t h e e l i m i n a t i o n 
o f t h e s o l i d s f a c t o r by use o f t h e r a t i o i s i l l u s t r a t e d i n t h e 
Appendix. The r a t i o used i s : 

IAY ^ ^BY 
TAR JBR 
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where A i s t h e a n a l y t e element, Β i s t h e r e f e r e n c e element ( i n 
t h i s case z i n c ) , I i s t h e i n t e n s i t y r e a d i n g f o r t h e r e s p e c t i v e 
element, Y i s t h e sample b e i n g a n a l y z e d and R i s t h e r e f e r e n c e 
sample. The r a t i o s o f some elements thought t o have s i g n i f i c a n t 
f i n g e r p r i n t c h a r a c t e r a r e shown i n Table V I I I . 

Table V I I I . R a t i o s 3 , o f S e l e c t e d Elements and D e v i a t i o n s 
Shown by B r a z i l Samples Compared t o F l o r i d a Samples as a 

Standard Reference P o p u l a t i o n 

Element Range 
F l o r i d a 

SD 

Ba 
Β 
Ga 
Mn 
Rb 

0.99 
2.07 
1.81 
2.03 
1.51 

1+.70 
U.70 
3.1+6 
3.57 
1+.05 

2.36 
3.56 
2.3k 

0.722 
0.1+99 
0.268 

Element Range 
B r a z i l 

dev(q) 

Ba 
Β 
Ga 
Mn 
Rb 

9.33 
3.01+ 
2.1+7 
3.28 

16.12 

33.78 
6.1+8 
6.19 
8.28 
33.87 

9.68 - 1+3.61+ 
< 1 - 5.69 

0.1+8 - 1U.26 
1.26 - 15.97 

29.02 - 66.79 

1.07x10 - 5.0x10 
.00 
.00 

- 2.82x10 
1+. 90x10 

-2 

-3 6 .28xl0"^-3 .90xl0_, 
1.20x10" - 2.00x10 

* I I / AY ̂  A R N 

ZnY ZnR 

^Tsche b y c h e f f T s I n e q u a l i t y : P( | x-x | ) >as< ( 3" 2 ) 

Treatment o f t h e Data 

One prime o b j e c t i v e o f t h i s study was t o be a b l e t o a n a l y z e 
a sample o f unknown s o u r c e , and by use o f t h e r a t i o s a r r i v e at a 
p r o b a b i l i t y t h a t t h e sample was o r was not from F l o r i d a . The 
F l o r i d a group o f samples was s e l e c t e d as t h e s t a n d a r d p o p u l a t i o n 
o f r e f e r e n c e . 

T s c h e b y c h e f f 1 s I n e q u a l i t y . An average χ f o r each o f t h e 
" f i n g e r p r i n t " elements was c a l c u l a t e d f o r t h e F l o r i d a group and i s 
l i s t e d i n Table V I I I a l o n g w i t h the c o r r e s p o n d i n g s t a n d a r d d e v i a ­
t i o n ( s ) . F or an unknown sample a d e v i a t i o n α i s c a l c u l a t e d from 
i t s r a t i o and, u s i n g T s c h e b y c h e f f 1 s i n e q u a l i t y (68,69) 9 a prob­
a b i l i t y Ρ can be c a l c u l a t e d where P( χ - χ )>as <±- 2 * I n t h i s 
e q u a t i o n , Ρ i s t h e p r o b a b i l i t y t h a t t h e sample α t e s t e d i s 
from F l o r i d a , χ i s t h e sample v a l u e , χ i s t he s t a n d a r d p o p u l a t i o n 
average, s i s t h e s t a n d a r d d e v i a t i o n o f t h e v a l u e s o f the r e f e r -
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16. M C H A R D E T A L . Trace Metals in Orange Juice 385 

ence p o p u l a t i o n , and α i s t h e number o f s t a n d a r d d e v i a t i o n s r e ­
pr e s e n t e d by |x - x| f o r t h e unknown sample. S i n c e i t can be a s ­
sumed t h a t t h e occu r r e n c e o f any element i s an independent event 
(not r e l a t e d t o t h e presence o f any o f the o t h e r s ) one c o u l d c a l ­
c u l a t e a combined p r o b a b i l i t y P E £ χ P E£ x Pg£ ... where Εβχ,Ε&γ, 
and E & 2 are the f i n g e r p r i n t e l e m e n t s . ^ T h i s ^ would g i v e a t o t a l 
p r o b a b i l i t y t h a t t h e sample i n q u e s t i o n i s a member o f t h e r e f e r ­
ence p o p u l a t i o n . 

To c l a r i f y t h e use o f p r o b a b i l i t i e s l e t us c o n s i d e r t h e f o l ­
l o w i n g treatment o f i l l u s t r a t i v e d a t a . A sample t h a t has low con­
c e n t r a t i o n s o f f i n g e r p r i n t elements has r a t i o s o f t h e s e elements 
t o z i n c t h a t a r e a t t h e h i g h end o f the p r o b a b i l i t y s c a l e . Anoth­
er sample t h a t has h i g h c o n c e n t r a t i o n s o f t h e same elements has 
r a t i o s t h a t are a t th e low end o f t h e p r o b a b i l i t y s c a l e as shown 
by t h e f o l l o w i n g two randomly s e l e c t e d B r a z i l samples: 

Table IX. S i n g l

Sample # Ba Β Ga Mn Rb Zn 

1 0 . 2 1 3 0 . 8 6 6 0 . 0 2 9 0 . 3 2 2 3 . 0 9 0 . 2 1 + 9 

2 0 . 6 2 2 1 . 6 7 0 . 0 5 * + 0 . 5 5 5 U . 8 7 0 . 3 6 l 

R a t i o s (Element Coneentrâtion/Zinc C o n c e n t r a t i o n ) 

1 1 5 . 6 3 3 . 9 9 3 . 9 5 5 . 9 1 2 3 . 0 7 

2 3 1 . 6 0 5 . 3 2 1 + . 6 6 7 . 0 5 3 1 . 7 9 

The χ and s from t h e s t a n d a r d F l o r i d a p o p u l a t i o n are used t o 
determine i n d i v i d u a l sample p r o b a b i l i t i e s f o r each o f the f i n g e r ­
p r i n t elements. F o r barium: 

Table X. C a l c u l a t i n g T s c h e b y c h e f f ! s P r o b a b i l i t y ( f o r Barium) 

Sample # R a t i o ( x ) χ - χ — — = α α 2 α 2 Ρ 

1 1 5 - 6 3 1 3 . 0 7 1 8 . 1 0 3 2 7 . 7 . 0 0 3 1 

2 3 1 . 6 0 2 9 . OU 1 + 0 . 2 2 1 6 1 7 . 8 . 0 0 0 6 

F i a x B a = 2 . 5 6 

F i a s^ = 0 . 7 2 2 

Sample p r o b a b i l i t i e s a r e s i m i l a r l y determined f o r each o f t h e 
o t h e r f i n g e r p r i n t elements. The t o t a l p r o b a b i l i t y t h a t any p a r t i ­
c u l a r sample i s a F l o r i d a sample i s expressed by m u l t i p l y i n g t h e 
i n d i v i d u a l p r o b a b i l i t i e s o f each f i n g e r p r i n t element: 
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Table X I . T o t a l P r o b a b i l i t i e s 

Sample # P B a ? B ? G a ?Mn PRb ( ? B a ) ( P B ) ( P G a ) ( PMn^Ift? 

1 .0031 1 . 0 2 7 7 . 0 1 2 6 . 0 0 0 5 5-Ul χ 10J. 

2 . 0 0 0 6 . 0 8 0 3 . 0 1 3 3 . 0 0 6 7 .0003 1 . 2 9 χ 1 0 

I t i s c e r t a i n l y e v i d e n t t h a t barium and r u b i d i u m are t h e most 
d i s c r i m i n a t i n g " f i n g e r p r i n t " elements but i n some i n s t a n c e s t h e 
ot h e r elements have been found t o c o n t r i b u t e i n a u s e f u l way t o 
the t o t a l p r o b a b i l i t y . T h i s t o t a l p r o b a b i l i t y r e p r e s e n t s t h e l i ­
k e l i h o o d t h a t t h e p a r t i c u l a r sample comes from F l o r i d a . N o t i c e 
t h a t i n both examples t h e p r o b a b i l i t i e s a r e extrem e l y low. 

P a t t e r n R e c o g n i t i o n . An a l t e r n a t i v e treatment o f the data i s 
p o s s i b l e and has been d i s c u s s e d by some o f us (TO)  T h i s approach 
i n v o l v e s t h e a p p l i c a t i o
has r e c e i v e d c o n s i d e r a b l
E s s e n t i a l l y , t he t e c h n i q u e i n v o l v e s t h e t r a n s f o r m a t i o n o f t h e con­
c e n t r a t i o n s o f the f i v e t a r g e t ( f i n g e r p r i n t ) elements i n t o p o i n t s 
i n 5 - d i m e n s i o n a l space which i s r e p r e s e n t e d by " p a t t e r n v e c t o r " , 
f o r example; 

X = ({Ba},{B},{Ga},{Mn},{Rb}). 

The assumption we make i s t h a t s i m i l a r samples w i l l d e f i n e p o i n t s 
i n 5 - d i m e n s i o n a l space t h a t l i e c l o s e t o each o t h e r . The problem 
i s t h e n reduced t o one o f d i s c r i m i n a t i n g between geometric r e g i o n s 
or " c a t e g o r i e s " i n t h i s m u l t i d i m e n s i o n a l c o o r d i n a t e system. T h i s 
i s a c h i e v e d by th e i n t r o d u c t i o n o f a s u i t a b l e d e c i s i o n v e c t o r : 

D = ( a , b, c, d, e ) . 

Upon o b t a i n i n g t h e dot product o f th e s e two v e c t o r s : 

D · X = ({Ba}a +{B}b + {Ba}c + {Mn}d + {Rb}e), 

we now have a means f o r d e c i d i n g w i t h i n which c a t e g o r y a sample 
be l o n g s . 

U s i n g t h e r e s u l t s i n Table X I I the proposed p a t t e r n r e c o g n i ­
t i o n method was a p p l i e d i n d i s c r i m i n a t i n g F l o r i d a from B r a z i l 
J u i G e ' Table X I T M ^ U ; 

Element F l o r i d a (ppm) B r a z i l (ppm) 
Ba 0 . 025 - 0.07 χ = 0.0U8 0.183 - 0.53 χ = 0.36 
Β 0 . 95 - 1 . 2 0 χ = 1 . 0 8 0.675 - 1 . 6 l χ = 1.11* 
Ga 0 . 03 - O.OU χ = 0.035 0.0U7 - 0 . 1 1 χ = 0.079 
Mn 0 . 2 5 - 0.315 χ = 0 . 2 8 0.30 -• ο.6ο χ = 0.1+5 
Rb 0 . 365 - 0.7U0 χ = 0.55 2.6U -. U.86 χ = 3.75 

Journal of Agricultural and Food Chemistry 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



16. MCHARD ET AL. Trace Metals in Orange Juice 387 

a A l l v a l u e s r e p o r t e d are a d j u s t e d f o r v a r i a t i o n s i n s o l i d c o n tent 
and express c o n c e n t r a t i o n s t o be found i n s i n g l e s t r e n g t h orange 
j u i c e . 

The d e c i s i o n v e c t o r chosen was e m p i r i c a l l y d e r i v e d and t h e optim­
i z e d v a l u e was found t o be t h e f o l l o w i n g : 

D = ( 1 , - 1 , - 1 , - 1 , 1 ) 

The d e c i s i o n v e c t o r was f o r m u l a t e d such t h a t when the dot product 
o f i t and t h e sample v e c t o r was t a k e n , one o f two r e s u l t s would be 
o b t a i n e d . E i t h e r , 

1 . D · X < 0 . T h e r e f o r e , X would be a F l o r i d a j u i c e , 
o r 2 . D · X > 0 . T h e r e f o r e , X would be a B r a z i l j u i c e . 

I n g e n e r a l , as noted i
t r a c e e l e m e n t a l c o n c e n t r a t i o n  j u i c e  o r i g i
found t o be lower t h a n t h o s e o f non-domestic o r i g i n . T h e r e f o r e , 
t h r e e cases were u t i l i z e d t o t e s t t h e e f f i c i e n c y o f t h e p a t t e r n 
r e c o g n i t i o n d e c i s i o n v e c t o r . 

Case I : 
Here we wish t o d i s t i n g u i s h between a F l o r i d a j u i c e w i t h t h e 

lowest p o s s i b l e v a l u e s and a B r a z i l j u i c e w i t h t h e h i g h e s t p o s s i ­
b l e v a l u e s . 

a) X 1 = ( 0 . 0 2 5 , 0 . 9 5 , 0 . 0 3 , 0 . 2 5 , 0 . 3 7 ) ( F l o r i d a ) 
D · X 1 = ( 0 . 0 2 5 - 0 . 9 5 - 0.03 - 0 . 2 5 + 0 . 3 7 ) = s 

s = - 0 . 8 U 

s < 0 T h e r e f o r e , X^ i s a F l o r i d a j u i c e 

b) X 2 = ( 0 . 5 3 , 1 . 6 l , 0 . 1 1 , 0 . 6 0 , U . 8 6 ) ( B r a z i l ) 

D X 2 = 3 . 0 7 

s > 0 T h e r e f o r e , X^ i s a B r a z i l j u i c e 

Case I I : 
Here we w i s h t o d i s t i n g u i s h between a F l o r i d a j u i c e w i t h av­

erage v a l u e s and a B r a z i l j u i c e w i t h average v a l u e s . 

a) X = ( 0 . 0 U 8 , 1 . 0 8 , 0 . 0 3 5 , 0 . 2 8 , 0 . 5 5 ) ( F l o r i d a ) 

D · X = - 0 . 8 0 

s < 0 T h e r e f o r e , X^ i s a F l o r i d a j u i c e 

b) X 2 = ( 0 . 3 6 , l . l U , 0 . 0 7 9 , 0 . U 5 , 3 . 7 5 ) ( B r a z i l ) 
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D · X 2 = 2.kk 

s > 0 T h e r e f o r e i s a B r a z i l j u i c e 

Case I I I : 
Here we wis h t o d i s t i n g u i s h between a F l o r i d a j u i c e w i t h t h e 

h i g h e s t p o s s i b l e v a l u e s and a B r a z i l j u i c e w i t h t h e low e s t v a l u e s . 

a) X = ( 0 . 0 7 , 1 . 2 0 , 0 . 0 U , 0 . 3 1 5 , O.lkO) ( F l o r i d a ) 

D · X = - 0 . 7 ^ 5 

s < 0 T h e r e f o r e , X i s a F l o r i d a j u i c e 

b) X 2 = ( 0 . 1 8 3 , 0 . 6 7 5 , 0 . 0 ^ 7 , 0 . 3 0 , 2 . 6 U ) ( B r a z i l ) 

D · X 2 = 1 . 8 0 

s > 0 T h e r e f o r e , X 2 i s a B r a z i l j u i c e 

Case I I I i s t h e most important case because i t r e p r e s e n t s t h e case 
where maximal o v e r l a p between t h e two o r i g i n s may e x i s t . 

The c o n c l u s i o n o f t h e s e c a l c u l a t i o n s i s t h a t f o r t h e worst 
p o s s i b l e case i n which a l l elements o f i n t e r e s t i n a F l o r i d a samp­
l e have t h e i r h i g h e s t p o s s i b l e v a l u e s and tho s e o f B r a z i l have 
t h e i r l o w e s t , t h e proposed t e c h n i q u e o f f e r s a c l e a r and s u b s t a n t ­
i a l s e p a r a t i o n o f the two groups. With the samples o f t h e popu­
l a t i o n t h a t has been observed t o d a t e , t h e d e c i s i o n v e c t o r i s 1 0 0 ? 
s u c c e s s f u l . These p r e l i m i n a r y s t u d i e s have shown t h i s approach 
t o be a v a l i d one and w i l l undoubtedly be o f i n c r e a s i n g i n t e r e s t 
and v a l u e i n t h e f u t u r e . 

Summary 

We have attempted t o assemble from t h e voluminous l i t e r a t u r e 
on t r a c e a n a l y s i s t h o s e approaches which appear t o have t h e most 
a p p l i c a b i l i t y t o t h e study o f t r a c e m e t a l s i n orange j u i c e . Some 
comparative d a t a has been g i v e n and i t can be observed t h a t as 
i n s t r u m e n t a t i o n becomes b e t t e r adapted t o such a p p l i c a t i o n s b e t t e r 
and more u s e f u l m e t a l c o n c e n t r a t i o n r e l a t i o n s h i p s w i l l be d i s c o v ­
e r e d . 
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(D hY 

( 2 ) TAR 
( 3 ) K A 

W wY 

( 5 ) *τ 

( 6 ) 

•h 

(Τ) ^ X •s 
wY 

( 8 ) XAR • K A 
W R •h 

( 9 ) TBR •h 
V K R 

= A n a l y t e s i g n a l f o r element A i n sample Y 

= A n a l y t e s i g n a l f o r element A i n r e f e r e n c e R 

= F a c t o r t o co n v e r t i n t e n s i t y o f s i g n a l f o r element 
A t o weight o f A 

= Weight o f sample Y 

= F a c t o r t o con v e r t weight o f sample Y t o weight o f 
s o l i d s i n sample Y 

= Weight o f element A i n sample Y s o l i d s 

Weight o f element Β i n sample Y s o l i d s 

Weight o f element A i n r e f e r e n c e s o l i d s 

Weight o f element Β i n r e f e r e n c e s o l i d s 

( 6 ) . (Τ) =
 TAY . TBY 

( 8 ) ' ( 9 ) _ I A R • hR 

Abstract 

Orange juice i s a widely accepted nutr i t ive component of the 
diet of well nourished people in many areas of the world. In 
spite of t h i s , re la t ive ly little i s known about the trace mineral 
content of orange juice and how this mineral content varies with 
geographical source. Methods for determining mineral elements are 
presented in this discussion along with some comparative data sh­
owing the s imi la r i t ies and differences which occur especially be­
tween orange juices from Florida and Brazil. Some statistical 
representations are given to show how these differences may be 
used as fingerprints of geographical or igin of the juices. 
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Methods for the Detection of Adulteration in 
Processed Citrus Products 

D. R. PETRUS 
Florida, Department of Citrus, Agricultural Research and Education Center, 
P.O. Box 1088, Lake Alfred, FL 33850 

C. E. VANDERCOOK 
U.S. Fruit and Vegetable Chemistry Laboratory, 
263 S. Chester Avenue, Pasadena

Adulteration of processed citrus products, such as juices 
and oils, continues to be a serious world-wide economic and regu­
latory problem. Adulterations of citrus juices have progressed 
from simple dilutions with water, sugar, and acids to sophist i­
cated methods utilizing adulterants designed to obscure adulter­
ation. In response, regulatory and industrial related agencies 
concerned with preserving quality have improved or developed 
methodology to detect adulteration. However, as methodology for 
detection becomes more sophisticated so does methodology for dis­
guising adulteration. 

Numerous surveys in the l i terature report extensive adulter­
ation of citrus juices in commercial channels. For example, 
Royo Iranzo and Aranda (1) and Royo Iranzo et al. (2) found from 
one half to one third of the commercial European bottled orange 
juices tested were adulterated. Mears and Shenton (3) reported 
the most common form of adulteration in the early 1970's was the 
use of f ru i t by-products such as extracts of peel and pulp (pulp-
wash). It appears that the problem has continued into the 1980's. 
Three orange juice surveys in the United States (162 samples ob­
tained from re ta i l outlets) conducted by the Florida Department 
of Citrus during 1979 and 1980 indicated gross adulteration by 
orange pulpwash (PW) and/or sugars and/or d i lu t ion (Petrus et al., 
unpublished data). 

The Florida Department of Citrus rules (4) prohibit the ad­
d i t i o n of any PW to frozen concentrated orange j u i c e (FCOJ). The 
U. S. r egu la t ions , whi le not as s t r i c t , p r o h i b i t add i t ion of PW 
beyond that obtained from the p a r t i c u l a r batch of f r u i t from 
which the j u i c e was obtained {5). Since F l o r i d a produces most of 
the FCOJ i n the United Sta tes , t h i s type of adu l te ra t ion i s a 
nat ional as wel l as a s tate problem. 

The l i t e r a t u r e contains considerable c i t r u s compositional 
data along with many proposed methods of detect ing adu l t e ra t ions . 
However, there are few general reviews on adu l t e r a t i on . Jorgensen 
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(6.) summarized the l i t e r a t u r e on orange j u i c e , and Mears and 
Shenton [3) reviewed methods of cha rac te r i za t i on of orange and 
grapef ru i t j u i c e s . This chapter reviews the phy s i c a l , chemical 
and b i o l o g i c a l methods of detect ing adul terat ions i n c i t r u s pro­
ducts and the reported s t a t i s t i c a l i n te rp re ta t ions of the data. 
Chapter 18 of t h i s book re l a te s the work of Petrus and Dougherty 
(Λ<Β) to the detect ion of pulpwash i n F l o r i da FCOJ. 

Physical Methods 

Physical methods d i r e c t l y re la ted to chemical composition 
have been used i n e f f o r t s to detect adul terat ions of c i t r u s pro­
ducts. Physical measurements include spectrophotometry (UV, 
f luorescence, co l o r imet r y ) , grav imetr ic determinations (ash, 
s p e c i f i c g r a v i t y ) , mass spectrometry ( isotope r a t i o s ) , chromato­
graphy, and op t i ca l r o t a t i o n

Chromatography. Chromatograph
been a useful too l f o r determining the composition of c i t r u s pro­
ducts and detect ing t h e i r adu l te ra t i on . Examples include the 
ear ly paper chromatographic work of Rockland et al_. (9_) and 
Rockland and Underwood (10) which led to the i d e n t i f i c a t i o n and 
est imation of the amino ac ids . Ion-exchange chromatography has 
been an invaluable tool i n the quant i ta t ion of the amino ac ids . 
Th in- layer chromatography (TLC) by Stanley and Vannier (11,12) 
helped to e s tab l i sh the i d e n t i t y of the coumarins and pso ra l i n s . 
Column chromatography was used by Horowitz (13,14) and Horowitz 
and G e n t i l i (15,16,17,18) to separate and i d e n t i f y the f lavonoids. 
Gas - l i qu id chromatography (GLC) enabled Stanley et al_. (19) and 
Ikeda et al_. (20) to determine the v o l a t i l e s i n c i t r u s o i l s . A l ­
though some of the ear l y paper and TLC methods are s t i l l used, 
the new high performance l i q u i d chromatographic and GLC techn i ­
ques have l a r ge l y replaced the c l a s s i c a l chromatographic ap­
proaches. 

Isotope Rat ios. Doner and White (21) used the i so tope - ra t i o 
technique to detect adu l te ra t ion with ce r t a i n sugars. The tech­
nique i s based on small d i f ferences i n the proportions of * 2 C and 
13c incorporated in the various b iosynthet ic pathways of d i f f e r ­
ent p lant s . Two photosynthetic pathways of the so -ca l l ed C-3 and 
C-4 p lants provide the basic d i f ferences i n the 1 2C :13c r a t i o i n 
the sugars of the two groups. Sugar cane and corn both belong to 
the C-4 group whereas c i t r u s belongs to the C-3 group. As a r e ­
s u l t , sucrose from cane or glucose or f ructose from corn can be 
read i l y d i f f e r e n t i a t e d by d i f ferences i n the 1 2 C : 1 3 C r a t i o s from 
the natural sugars of c i t r u s . However, Nissenbaum et al_. (22) 
pointed out that sucrose from sugar beets has the same r a t i o as 
c i t r u s sugars. 

Br icout and Mouaze (23J and Br icout et al_. (24) demonstrated 
that hydrogen:deuterium and 16Q:18O r a t i o s d i f f e r between j u i ce s 
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and natural waters. The j u i c e contains a higher proportion of 
1 8 0 and deuterium than does rainwater. This f a c t could be useful 
in detect ing a reconst i tuted j u i c e which was claimed to be a 
natural whole orange j u i c e . 

Opt ica l Rotat ion. Standards establ i shed by the Pharmacopeia 
of the United States {25) require the op t i c a l r o ta t i on of lemon 
o i l s to f a l l w i th in the range of 57 to 65.5°. Authentic lemon 
o i l s , however, have op t i c a l rotat ions that may vary from below 
50 to above 70°. Stanley et a K (26) demonstrated a r e l a t i on sh ip 
between the op t i c a l r o ta t i on of lemon o i l and the hydrocarbon 
composition. They found a high po s i t i v e c o r r e l a t i on of op t i ca l 
r o ta t i on with d-limonene, and a high negative c o r r e l a t i on with 
beta-pinene. 

V i s i b l e and U l t r a v i o l e t Absorption Spectrometry  Born (27) 
suggested an u l t r a v i o l e
orange drinks based on absorbanc
Hendrickson et_ a]_. (28) invest igated the determination of hespe-
r i d i n i n orange j u i c e and peel extracts by u l t r a v i o l e t absorption 
at 286 nm. They also noted a secondary peak at 330 nm. Although 
adu l terat ion was not the object of the paper, they concluded 
orange pulpwash had a much higher ove ra l l absorption and a more 
pronounced peak near 286 nm than did orange j u i c e . Therefore, 
the add i t ion of pulp washing extracts to an orange j u i c e could be 
expected to increase the ove ra l l aborbance l e v e l . 

Sale (29) invest igated the c h a r a c t e r i s t i c u l t r a v i o l e t ab­
sorpt ion of lemon o i l and concluded that adu l te rat ion of lemon 
o i l with d i s t i l l e d lemon o i l could be detected. He recommended 
other chemical and physical c r i t e r i a of pu r i t y a lso be considered. 

Vandercook and Ro l le (30) invest igated the t o t a l polypheno­
l s content of lemon j u i c e s . Absorption maxima were observed at 
326-332 nm and 273-277 nm. They reported that the r a t i o of the 
absorbance at 273 nm to that at 326 nm was e s s e n t i a l l y constant 
fo r lemon j u i c e . From analyses of the u l t r a v i o l e t absorption 
spectra of g r ape f ru i t , orange, and apple j u i c e s , add i t ion of such 
ju i ce s to lemon j u i c e could be detected by a displacement of the 
273:326 nm absorbance r a t i o . 

Petrus and Dougherty (7) invest igated the combined v i s i b l e 
and u l t r a v i o l e t absorption cha r a c t e r i s t i c s of a l coho l i c so lut ions 
of F l o r i da Hamlin, Pineapple and Valencia orange j u i c e s . 
Shoulders or peaks were observed at 465, 443 and 425 nm of the 
v i s i b l e spectrum (due mainly to the carotenoids present) and 325, 
280 and 245 nm of the u l t r a v i o l e t spectrum (due mainly to po ly ­
phenols, f lavonoids and ascorbic a c i d , r e spec t i ve l y ) . Absorbance 
of the maxima peaks obeyed Beer ' s law whi le the 443:325 nm absor­
bance r a t i o s remained e s s e n t i a l l y constant. When f r u i t ext ractor 
pressures were increased, the UV absorbance of the r e su l t i n g 
j u i c e increased and the 443:325 nm absorbance r a t i o decreased. 
Spectra of a l c oho l i c so lut ions of the rag and albedo components 
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of oranges showed l i t t l e v i s i b l e but strong UV absorbance. Petrus 
and Douqhertv (8) also invest igated the spectral c ha r a c t e r i s t i c s 
of mid- and l a t e season frozen oranqe concentrates and co r re ­
sponding frozen orange pulpwash concentrates obtained from com­
mercial processors. A l coho l i c so lut ions of orange pulpwash 
samples were character ized by weak v i s i b l e and very strong u l t r a ­
v i o l e t absorpt ion. Weak v i s i b l e absorption was due to traces of 
parent orange j u i c e . The strong u l t r a v i o l e t absorption was due 
to the presence of the parent orange j u i c e plus so luble s o l i d s 
extracted from rag and pulp during the pulp washing process. The 
parent orange j u i c e concentrat ion i n the pulpwash product was 
estimated from the absorbance r a t i o at 443 nm of pulpwash to 
orange j u i c e . 

Luminescence spectrophotometry cons i s t s of f luorescence, 
phosphorescence and low-temperature t o t a l luminescence. F luores­
cence i s general ly measured at room temperature. Phosphorescence 
i s general ly observed a
the a id of a chopper t
luminescence i s the combined f luorescence and phosphorescence ob­
tained at low temperature (77K). Luminescence spectrophotometry 
i s general ly much more sen s i t i ve and s p e c i f i c than absorption 
spectrophotometry. 

Vannier and Stanley (31) employed fluorescence spectrophoto­
metry to analyze mixtures of g rapef ru i t and lemon o i l s . D'Amore 
and Cor ig l iano (32) used f luorescence to character i ze mandarin, 
lemon and bergamot o i l s and re la ted the cha r ac te r i s t i c s to detect 
adu l te ra t ion of mandarin o i l with terpenes. 

Latz and Madsen (33) invest igated the to ta l luminescence of 
coumarin de r i va t i ve s i s o l a ted from expressed l ime o i l . They 
suggested the p o s s i b i l i t y of using e x c i t a t i o n and emission spec­
t r a to detect the presence of chalcones and methyl s a l i c y l a t e s 
added to adulterate expressed o i l s . 

Chapter 18 reports the inves t i gat ions of Petrus and re la te s 
the room temperature f luorescence, and v i s i b l e and UV spectra l 
c ha r a c t e r i s t i c s of c i t r u s j u i ce s and re la ted products to the 
detect ion of adu l te ra t i on . 

Ash and Mineral Analyses. Many c l a s s i c a l methods f o r e s t i ­
mating f r u i t content i n foods and beverages were based upon de­
termining inorganic cons t i tuent s , such as t o t a l ash and the a l k a ­
l i n i t y of the ash. The procedures were ref ined by Morgan [M) to 
cor rect f o r inorganic s u l f i t e s , benzoates and phosphates added as 
preservat ives or adul terants . The c l a s s i c a l methods in many 
cases have been replaced by spectrograph!c procedures fo r the 
determination of i nd i v idua l elements. McHard et_ al_. (35j con­
ducted a comparison study of metal const i tuents i n orange j u i c e 
by flame atomic absorption spectrometry, flame atomic emission/ 
f luorescence spectrometry, d i r e c t current plasma atomic emission 
spectrometry, and i nduc t i ve l y coupled plasma atomic emission 
spectrometry. They observed d i f ferences between methods with 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



17. P E T R U S A N D V A N D E R C O O K Adulteration in Processed Citrus 399 

regards to speed, convenience, p r ec i s i on , detect ion l i m i t s , and 
the i n te rp re ta t i on of c a l i b r a t i o n curves but found a l l spectra l 
methods i n general agreement. 

B r i x . Two methods general ly are used to measure Br ix or the 
soluble so l id s of c i t r u s products. A hydrometer i s used to de­
termine the so lu t ion s p e c i f i c g rav i ty and a refractometer to de­
termine the so lu t ion r e f r a c t i v e index (see Chapter 13). 

The system of hydrometer graduation was devised by B a l l i n g 
(36) and reca lcu la ted by Br ix (37). Antoine Baume (38), a French 
chemist, devised the Baume hydrometer i n 1768, and the readings 
are known as degrees Baume. In the United States the hydrometer 
has become known as the Br i x hydrometer, and the readings are in 
"degrees B r i x " . The degree Br ix i s the weight percent of sucrose 
in a pure s o l u t i on . The Br ix of an impure sugar so lu t ion ( c i t r u s 
j u i ce s may be considered an impure sugar so lut ion) i s higher than 
the weight of so l i d s obtaine
e r a l l y have a higher dens it

The r e f r a c t i v e index of a pure sucrose so lu t ion i s an accu­
rate measure of the concentrat ion of d i s so lved substance. S t o l l e 
(39) found l i t t l e v a r i a t i on i n the r e f r a c t i v e index of so lut ions 
of d i f f e r e n t sugars (sucrose, dextrose, lévulose and lactose) at 
the same concentrat ion. Invest igat ions by Main (40), Schonrock 
(41) and Landt (42) resu l ted i n the adoption of a standard tab le 
of r e f r a c t i v e indices of sugar so lut ions by the Internat ional 
Commission fo r Uniform Methods of Sugar Analys is i n 1936. 

The determination of degrees Br ix by f l o a t i n g hydrometer or 
refractometer i s an important measurement f o r the c i t r u s indus­
t r y . The Br ix i s used i n connection with the a c i d i t y as a mea­
sure of c i t r u s maturity and qua l i t y . The degrees B r i x i s a lso 
used i n commerce as a j u i c e concentrat ion standard as exempl i f ied 
by the F l o r i da Department of C i t rus ru le which requires frozen 
concentrated orange j u i c e to be 4 4 . 8 ° B r i x which reconst i tu tes 
to 12.80 B r ix (43J. The U. S. standards require 4 1 . 8 ° B r i x which 
reconst i tutes to 11 .8° B r i x (44). Even though degrees Br ix i s an 
important determinant i t i s of l i t t l e value fo r detect ing d i l u ­
t i on because of the ease of adding sugar products to d isguise the 
adu l te ra t i on . 

Chemical Methods 

Many chemical methods have been tested and proposed fo r de­
tec t i ng adu l te ra t i on . Some methods are non-spec i f i c and measure 
a general c lass of compounds whereas others are s p e c i f i c f o r a 
given compound. Each type has advantages and disadvantages i n 
terms of ana l y t i c a l t ime, economy, d i f f i c u l t y and ease of c i r ­
cumvention. The various c lasses of c i t r u s const i tuents w i l l be 
discussed separately. 

Amino Acids. The amino acids are an important group of com-
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pounds which have received a great deal of a t ten t i on . The f i r s t 
i n d i r e c t use of f ree amino acids to detect adu l te rat ion was by 
Ti l lmans and Kiesgen (45) through the use of the formol index 
(F . I . ) - Over the years the method has become a widely used para­
meter in est imating j u i c e content or adu l te ra t i on . Typical 
values are shown i n Table I. 

Other methods of est imating t o t a l amino acids e x i s t but have 
not been widely appl ied to c i t r u s . Various ninhydrin co lo r imet -
r i c methods are publ i shed, but d i f f e r e n t co lors produced by i n ­
d iv idua l amino acids caused quant i ta t ion problems. Ting and 
Deszyck (63) attempted to reduce t h i s problem by using two wave­
lengths, 400 and 570 nm, f o r p ro l ine and the "n inhydr in blue" 
amino ac ids . Differences in molar absorption made the re su l t s 
dependent upon the composition of the standard mixture. 

Vandercook et al_. (64) developed an automated ninhydrin pro­
cedure and measured the absorbance at 480 nm where the molar ab-
sorbances of the major
Analys i s of a ser ies o
ing the extremes i n amino ac id composition (46j resu l ted i n a 
maximum error of 5%. 

Hi Is (65J appl ied a t r i nitrobenzene su l f on i c ac id method to 
determine the amino nitrogen of orange j u i c e , and found an aver­
age of 20 and 23 mg amino N/100 ml j u i c e for laboratory-prepared 
and commercial orange j u i c e , r e spec t i ve l y . Benk and Krause (66) 
appl ied the method to both laboratory-prepared and commercial 
orange, lemon, and g rapef ru i t j u i c e s . They found higher values 
fo r f resh orange j u i c e than Hi 1 s reported and s i m i l a r values f o r 
commercial j u i c e , 3 1 + 6 and 19 + 3 mg amino N/100 ml j u i c e , r e ­
spec t i ve l y . Fresh and commercial g rapef ru i t j u i c e had values of 
1 8 + 3 and 1 7 + 3 , r e spec t i ve l y . 

Unfortunately, there are numerous ways to circumvent the 
ana lys i s of t o t a l amino ac id s , such as by the add i t ion of ammon­
ium s a l t s , inexpensive amino ac id s , peptides and prote in hydroly-
sates. Several approaches have been made to v e r i f y the au thent i ­
c i t y of the t o t a l amino ac id values. Rockland and Underwood (10) 
developed a paper chromatographic technique fo r quan t i t a t i v e l y 
est imating the ind i v idua l amino ac ids . 

Adjustment of the formol values i n commercial orange j u i c e 
with inexpensive amino acids such as g lyc ine has been detected 
by Benk and Cutka (67) by means of t h i n - l a ye r and paper chromato­
graphy. Aranda et a K (68) studied the TLC amino ac id patterns 
as a means of detect ing adu l te rat ion by amino acids and concluded 
that amino acids added in s u f f i c i e n t quant i t i e s to balance the 
formol index value could be detected. 

Royo Iranzo and Cerve l lo (69) suggested using the r a t i o of 
t o t a l Ν to amino Ν to v e r i f y the au then t i c i t y of orange j u i c e . 
For 70 Spanish orange j u i ce s they reported a r a t i o of 2.98 + 
0.22 mg t o t a l N/mg amino ac id N. Added amino acids with a s i ng le 
Ν would have a r a t i o of approximately 1.0 (depending upon formol 
response) and would lower the natural r a t i o of the j u i c e . How-
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ever, amino acids with more than one Ν such as asparagine or 
arg in ine would have r a t i o s of approximately 2.0 or 4.0, respec­
t i v e l y , and would be less l i k e l y to be detected by t h i s method. 

Wallrauch (70) suggested a d i f f e r e n t approach to detect ing 
a l te red amino ac id values. Since p ro l ine (without the primary 
amino group) does not react with formaldehyde, the r a t i o of pro­
l i n e to the formol number i s a p o t e n t i a l l y useful i nd i ca to r of 
adu l te ra t i on . The average r a t i o was found to be 19 with a s tan­
dard dev iat ion of 5. 

Several workers reported f i nd ing commercial samples of 
orange j u i c e in which the formol value had been adjusted with 
ammonium s a l t s (67,71,72). These workers suggested the deter ­
mination of ammonia as a means of detect ing t h i s type of adu l ­
t e r a t i o n . 

Gierschner and Baumann (73) suggested the p o s s i b i l i t y of de­
tec t i ng peel cons t i tuent s , added to extend orange j u i c e , by mea­
suring the formol valu
j u i c e has a higher formo
of added pee l , whereas the formol value of f i l t e r e d j u i c e remains 
constant. The problem of peel extracts being added to extend a 
j u i c e was pointed out by Green and Wells (74) when they examined 
pee l , rag and j u i c e f rac t i on s of S i c i l i a n lemons. They suggested 
the formol value was not p r a c t i c a l i n examining comminuted f r u i t 
beverages s ince the leve l of amino acids was s i g n i f i c a n t l y higher 
in the pee l . However, Wucherpfennig and Franke (75) i n a study 
of the f ree amino acids of orange j u i c e and peel f a i l e d to f i nd 
any s i g n i f i c a n t d i f ferences in formol values of the peel and 
j u i c e . 

The development of the commercial amino ac id analyzer based 
on the ion-exchange method led to the rapid accumulation of com­
pos i t i ona l data on the amino acids i n c i t r u s . Many i n v e s t i ­
gators have published amino ac id compositional data. A summary 
from a recent review (76) i s presented in Table I I. These data 
make i t r e l a t i v e l y easy to detect adul terat ions with amino ac id s , 
although the equipment and analyses are expensive f o r rout ine 
t e s t i n g . 

Various workers have sought to s imp l i f y the v e r i f i c a t i o n of 
the t o t a l amino ac id estimates by measuring some of the major 
amino acids and r e l a t i n g these values to the t o t a l . 

Arg in ine and y-aminobutyric ac id contents of orange j u i ce s 
were studied over a period of several years by Vandercook and 
P r i ce (80) and by Vandercook et a K (64). I t was suggested that 
these values, plus t h e i r r a t i o s with other cons t i tuents , such as 
amino ac id s , phenolics and sugars, would be he lpfu l i n detect ing 
adu l terat ions of orange j u i c e . Values fo r several seasons of 
F l o r i d a , C a l i f o r n i a , Arizona and Mexican orange j u i c e are pre­
sented i n Table I I I . 

Morgan (81) proposed ser ine concentration as a poss ib le i n ­
dex of orange j u i c e content. He found ser ine to be uniformly 
d i s t r i bu ted between the pee l , pulp and j u i c e . For orange ju i ce s 
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T a b l e I I . Amino A c i d Composition (mg/100ml) o f C i t r u s J u i c e s from 
V a r i o u s Sources 

Amino A c i d s Orange Lemon G r a p e f r u i t Tangerine 

A r g i n i n e 31 - 72 2 - 7 16 - 47 19 - 84 
Ammonia 0.9 - 2 3 - 5 2 1 
L y s i n e 3 
H i s t i d i n e 0.4 
γ-Amino-

b u t y r i c a c i d 14 - 50 7 - 16 8 - 19 14 - 18 
P h e n y l a l a n i n e 1 - 3 1 - 3 0.7 - 3 5 
T y r o s i n e 0.9 - 3 0.2 - 0. 8 0.3 -
Leucine 0.4 - 1 0.7 - 1 0.3 3 
I s o l e u c i n e 0.5 - 0.9 0.8 - 0. 9 0.3 -
Methionine 0.1 - 0.9 0.3 - 0. 7 0.1 -
V a l i n e 1 - 3 1 - 3 1 - 2 2 
A l a n i n e 8 - 12 10 - 23 7 - 9 7 - 11 
G l y c i n e 1 - 2 1 - 2 0.4 - 2 2 
P r o l i n e 67 239 29 - 84 41 - 59 38 - 100 
Glutamine 1 - 4 1 3 -
Glutamic a c i d 7 - 18 16 - 31 18 - 22 16 
Asparagine 16 - 50 16 - 28 15 - 42 4 - 85 
S e r i n e 9 - 22 18 - 47 10 - 15 19 - 22 
Threonine 1 2 1 1 4 
A s p a r t i c a c i d 16 - 41 34 - 65 34 - 81 14 - 36 

Data compiled from v a r i o u s s o u r c e s . References by v a r i e t y and 
o r i g i n . Orange: C a l i f o r n i a (46, 77) ; F l o r i d a (4(5, 78.) > I t a l y 
(61) ; Greece (55K Lemon: C a l i f o r n i a (46^, 77); F l o r i d a (46) ; 
I t a l y (79); I s r a e l (60). G r a p e f r u i t : C a l i f o r n i a (46); I t a l y 
(61). T a n g e r i n e : C a l i f o r n i a (77). 
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T a b l e I I I . C o n c e n t r a t i o n s o f γ-Aminobutyric A c i d and A r g i n i n e 
(mg/100 ml ± s t d . dev.) Orange J u i c e s ( R e c o n s t i t u t e d t o S i n g l e 

Strength) (80) 

No. o f γ-Aminobutyric 
Source Season samples a c i d A r g i 

C a l i f . 1969-70 7 50 ± 20 77 ± 22 

C a l i f . 1970-71 13 55 ± 6 96 ± 23 

C a l i f . V a l e n c i a 1971 8 45 ± 7 136 ± 10 

1972 17 40 ± 10 117 ± 26 

1973 2

C a l i f . Navel 1972 6 33 ± 5 52 ± 12 

1973 4 30 ± 3 71 ± 12 

F l o r i d a E a r l y 1971-72 4 26 ± 4 48 ± 7 

Mid " 12 29 ± 4 47 ± 12 

L a t e " 18 59 ± 8 90 ± 19 

E a r l y 1972-73 2 21 ± 3 52 ± 5 

Mid " 19 33 ± 8 78 ± 16 

L a t e " 6 29 ± 2 68 ± 5 

F l o r i d a (pulp- Mid 1971-72 12 57 ± 1 9 47 ± 10 
wash) 

Late " 18 59 ± 1 2 74 ± 17 

Mid 1972-73 13 34 ± 7 59 ± 14 

A r i z o n a 1972-73 12 35 ± 8 54 ± 9 

Mexico 1972 10 26 ± 6 87 ± 12 

1973 19 29 ± 5 78 ± 14 

O v e r a l l Mean 38 ± 1 2 75 ± 25 

Journal of the Association of Official Analytical Chemists 
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and comminuted products from 5 countr ies he ca lcu la ted the over­
a l l ser ine mean concentrat ion to be 19.2 mg per 100 g. The 
method i s rather complicated ( f i l t r a t i o n , e x t r a c t i on , i on -
exchange, concentrat ion, react ion with per iodate, d i s t i l l a t i o n 
and f i n a l c o l o r imet r i c react ion) and has not been widely used. 

Lewis (82) proposed the use of betaine as an i nd i ca to r of 
orange j u i c e content i n compounded orange beverages. By means of 
ion-exchange he determined the average value of betaine to be 
72.4 mg per 100 ml in orange j u i c e (11.0% s o l i d s ) . He found 
betaine rather constant with a standard dev iat ion of 4.5 and 
c o e f f i c i e n t of v a r i a t i on of 6.2%. A co l l abo ra t i ve study was 
undertaken by Rogers (83) to evaluate the procedure fo r the Asso­
c i a t i o n of O f f i c i a l Ana l y t i c a l Chemists. The method was subse­
quently adopted as o f f i c i a l by the A0AC (84). Co f f i n (85) 
appl ied the method of Lewis to orange j u i ce s obtained from 
Canadian market sources. He reported a lower mean and la rger 
standard dev iat ion (54.
concentrates were reporte
66.8 + 8.3 mg per 100 ml at 11.8% so luble s o l i d s (86). 

Various combinations of amino acids have been proposed as a 
means of determining au then t i c i t y . Zamorani et_ al_. {87) and 
Russo et al_. (88) suggested the r a t i o of (pro l ine + a rg i n i ne ) : 
(aspart ic ac id + asparagine). Due to concentrat ion changes with 
maturation and season, they claimed that the r a t i o of these four 
amino acids i s more constant and c h a r a c t e r i s t i c of the c i t r u s 
va r i e ty than i s the absolute concentrat ion. They reported that 
the r a t i o i s around 3 fo r oranges and tangerines, 1 f o r grape­
f r u i t , and 0.3 fo r lemons. Habegger and Sulser (89·) used the 
sum of a l l the f ree amino acids and the sum of se r ine , p r o l i n e , 
y -aminobutryic ac id and arg in ine along with the r a t i o s of these 
sums to character i ze the orange j u i c e . 

Other invest igators have used maximum and minimum concentra­
t i on values of s p e c i f i c amino acids as a c r i t e r i a of authent i c i t y . 
Brenoe (55) reported means and confidence i n te r va l s fo r a l l of 
the amino acids i n Greek orange j u i c e . Special emphasis was 
placed on g lyc ine s ince i t i s present in very low leve l s i n c i t ­
rus j u i ce s but i s r e l a t i v e l y abundant i n prote in hydrolysates. 

Niedmann (90) considered the amino ac id composition of 
orange ju i ce s and hydrolysates of commercial prote ins . Based on 
the s t a t i s t i c a l d i s t r i b u t i o n s he proposed the fo l lowing minimum 
values fo r the s i x major amino acids fo r normal orange j u i c e : 
p r o l i n e , 5mmol/ l ; a rg in ine , 2; asparagine, 1.75; Ύ -aminobutyric 
a c i d , 1.5; a spar t i c a c i d , 1.5; and se r ine , 0.7. Koch (91) pro­
posed a set of maximum values f o r g lyc ine and glutamine,0.5 and 
0.1 mmol/1, r e spec t i ve l y , based on l i t e r a t u r e values and his own 
analyses. In add i t ion to the minimum values suggested by Nied­
mann he proposed minimum values f o r glutamic ac id and alanine of 
0.5 mmol/1. 

I t was suggested by Gherardi et al_. (92) that adu l te ra t i on 
of orange ju i ce s with pulp and peel extracts could be detected by 
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the l eve l s of the minor amino ac ids : v a l i n e , l euc ine , i so leuc ine, 
methionine, ty ros ine and phenylalanine. These amino acids com­
pr ised a t o t a l of 1.5% in natural j u i c e and 3.7% in pulp and peel 
ex t rac t s . 

Organic Acids. Organic acids are an important part of c i t ­
rus j u i ce s from an organolept ic point of view. They have a lso 
been used both to detect adu l terat ions and as the adulterants . 
Lemon j u i c e fo r example i s sold on the basis of i t s a c i d i t y , 
which i s p r imar i l y c i t r i c a c i d . Adu l terat ion with added c i t r i c 
ac id has been a long-standing problem. Sometimes c i t r i c ac id i s 
added along with sugars to orange j u i c e to maintain the proper 
B r i x - a c i d r a t i o . 

The ac id present i n the next l a rges t amount i s l_-malic a c i d . 
Vandercook et al_. (93) used V-malic ac id as determined by op t i ca l 
r o t a t i o n , along with other const i tuents as a means of detect ing 
adu l terat ions i n lemon j u i c e
wide range of values i
f r u i t storage (94). The low cost of c[,l_-malic ac id and the high 
cost of l_-malic ac id inf luences the se l ec t i on of ana l y t i c a l 
methods when using t h i s parameter to detect adu l te ra t i on . I f 
only t o t a l malic ac id was determined, adu l te rat ion could be i n ­
expensively disguised with added cU^-malic a c i d . The enzymatic 
method which measures the levo form could also be circumvented by 
adding twice the amount of d[,l_-malic a c i d . Thus to substant iate 
the enzymatic method, a determination of t o t a l mal ic ac id would 
a lso be necessary (95^,96). The AOAC (97_) op t i ca l r o ta t i on method, 
on the other hand, would not be inf luenced by added cUl_-malic 
a c i d . 

Primo Yufera et^ al_. (98) looked at the organic acids i n 
orange j u i c e by t h i n - l a ye r chromatography as a q u a l i t a t i v e tech­
nique fo r detect ing adu l te rat ions . Primo Yufera and Royo Iranzo 
(99) studied the neu t r a l i z a t i on c ha r a c t e r i s t i c s of lemon and 
orange ju i ce s and concluded that the change i n pH with added base 
could be used to detect c i t r i c ac id added to these j u i c e s . The 
change appeared to be due to d i f ferences in the buf fer ing capa­
c i t y of the j u i c e and a c i t r i c ac id s o l u t i on . No data was pre­
sented on the e f f ec t s of adu l te ra t ion with both c i t r i c ac id and 
potassium c i t r a t e . 

The same invest igator s q u a l i t a t i v e l y examined the organic 
acids i n orange j u i c e by GLC (100). They reported the fo l lowing 
ac ids : l a c t i c , o x a l i c , malonic, phosphoric, s u c c i n i c , benzoic, 
a d i p i c , ma l i c , t a r t a r i c , i s o - c i t r i c , a con i t i c and c i t r i c . They 
(100,101) a lso examined commercial sucrose and c i t r i c ac id i n an 
attempt to detect a c i d i c impur i t ies i n these adul terants . D i f ­
ferences in the ac id patterns were observed, but they concluded 
that the l eve l s i n sugar and c i t r i c ac id were too low to be use­
f u l i n detect ing adu l te ra t ions . 

Recently, i s o c i t r i c ac id has been succes s fu l l y used to de­
tec t adu l terat ions with c i t r i c ac id and simple d i l u t i o n s (102,103 
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104,105,106,107,108,109). The ac id i s measured using the enzyme 
i s o c i t r a t e dehydrogenase. I s o c i t r a te i s present i n a small but 
f a i r l y constant amount. Table IV gives the concentrations and 
ra t i o s with c i t r i c a c i d . 

Bergner-Lang (104) reported that 74% of 80 commercial orange 
j u i c e samples tested f a i l e d to meet the c i t r a t e - t o - i s o c i t r a t e 
r a t i o of a ser ies of laboratory-prepared orange j u i c e s , and 87% 
of the same samples were below the minimum fo r f resh j u i c e . 
These conclusions were challenged by Rother (108) as inappropr i ­
ate due to the high percentage of B r a z i l i a n orange j u i c e i n the 
commercial products. He presented data where 17 of 19 samples 
f e l l w i th in the normal c i t r a t e - t o - i s o c i t r a t e r a t i o range of 50 to 
170. 

The procedure was recent ly automated by Bus l ig and Ting 
(110). Their values fo r F l o r i da orange j u i c e were c lose to the 
published values and did not show any s i g n i f i c a n t changes due to 
j u i c i n g and f i n i s h i n g methods

Since i s o c i t r i c ac i
normal range i n an adulterated j u i c e would not be economically 
p r a c t i c a l . The pr i ce s i t u a t i on could change, however, i f heavy 
emphasis i s placed on th i s ac id as a c r i t e r i o n of au then t i c i t y . 
At l ea s t two patents have been issued fo r production of the ac id 
by fermentation processes (111,112). 

Phenol ics. The phenolics of c i t r u s represent a var ied and 
widely studied c lass of compounds. They range from the l i p i d -
so luble methoxylated coumarins and psoralens to the water-soluble 
glycosides of the flavanones and f lavones. They include the i n ­
tensely b i t t e r nar ingin and the highly in so lub le hesper id in. 
D i f fe rent classes w i th in the group have c h a r a c t e r i s t i c UV spectra 
which have been used to detect adu l terat ions in ju i ce s and o i l s . 

One widely used estimate of phenolic compounds i s the Davis 
te s t (113). In the presence of base the UV spectrum undergoes a 
bathochromic s h i f t , and a yel low co lo r i s produced. The values 
are commonly expressed as hesperidin f o r orange or lemon j u i c e or 
nar ing in in the case of g rape f ru i t . Davis found higher flavanone 
values from the albedo, segment membrane, core and flavedo than 
from the j u i c e ve s i c l e s . Rouse et aJL (114) found more f l a v o -
noids i n water extracts of orange pulp than i n the orange ju i ce s 
co l l e c ted from the same processors at the same time. Horowitz 
and G e n t i l i (115) pointed out some of the l i m i t a t i o n s of the 
Davis method, but probably due to s i m p l i c i t y the method i s s t i l l 
very popular. A proposed a l t e r na t i v e to the Davis te s t was made 
by Hendrickson et_ al_. (28). Hesperidin i s estimated in the j u i c e 
by UV absorbance a f t e r a treatment with copper s u l f a te and 
aerat ion. 

Another parameter useful i n detect ing adu l terat ion i s t o t a l 
phenolics as estimated by UV absorbance at a standard d i l u t i o n 
(7^,8,30). No attempt was made to r e l a t e the absorbance to the 
concentration of any s p e c i f i c compound. The absorbance and the 
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shape of the UV spectra were proposed to character ize lemon j u i c e 
(116). Before the j u i c e shows v i s i b l e signs of browning, the UV 
spectra in the region of 310 to 332 nm changes. The peak at 332 
nm fo r fresh j u i c e s h i f t s to a shorter wavelength as the j u i c e 
deter io ra tes . L ikewise, the minimum at 310 s h i f t s to longer 
wavelengths and becomes less d i s t i n c t u n t i l i t f i n a l l y disappears 
in a j u i c e which has begun to turn brown. 

An est imation method fo r t o t a l phenolics i n orange j u i c e was 
automated by Vandercook et a K (64). In t h i s procedure a d iazo -
t i z ed s u l f a n i l i c ac id was coupled with the phenolics of the 
j u i c e . The react ion was ca l i b ra ted against phenol as the stand­
ard. 

One of the e a r l i e s t uses of phenolic compounds to detect 
adulterat ions was in lemon o i l . Vannier and Stanley (117) de­
veloped a procedure to detect g rapef ru i t o i l (which i s r e l a t i v e l y 
cheap) added to the more expensive lemon o i l by detect ing 7-gera-
noxycoumarin. By t h i n - l a ye
fluorescence in basic media
lemon o i l could be detected. Stanley (118) a lso used the cou-
marins and psoralens to detect adu l te ra t ion of cold-pressed lemon 
o i l with cheaper d i s t i l l e d lemon o i l plus chalcones. The spectra 
of the chalcones was s i m i l a r to that of the cold-pressed o i l , a l ­
though lemon o i l contained no chalcones. Presence of the adu l te ­
rant was determined by t h i n - l a y e r chromatography. 

Paper chromatography was used to estimate i nd i v idua l pheno­
l i c s i n lemon j u i c e by Vandercook and Stephenson (119). A f t e r 
enzymatic hydrolys i s of the j u i c e , they found fo r e r i o d i c t y o l , 
he spe r i t i n , quercet in , phlorog luc inol and umbell i ferone average 
values of 20, 1.4, 2.2, 2.0 and 0.2 mg aglycone/100 ml , respec­
t i v e l y . 

Gas - l i qu id chromatography was used by Co f f i n and DuPont 
(120) to separate the t r i m e t h y l s i l y l der i va t i ves of the f l a v a n -
ones. Quant itat ion and re so lu t ion of the compounds presented 
some problems, and only one or two of the major f lavonoids could 
be determined. 

Several TLC methods have been widely used to quan t i t a t i v e l y 
estimate the f lavonoids f o r qua l i t y control purposes rather than 
to detect adu l te ra t i on . The potent ia l e x i s t s , however, f o r t e s t ­
ing au then t i c i t y . Naringin i s an important compound i n grape­
f r u i t j u i c e , s ince i t i s l a r ge l y responsible fo r the b i t t e r 
character of the j u i c e . F isher et al_. (121) developed a TLC pro­
cedure fo r nar ing in est imat ion. This was l a t e r modif ied by Taturn 
and Berry (122). Swif t (123) developed a TLC-spectrophotometric 
assay f o r the neutral methoxylated flavones in orange pee l . The 
method was subsequently expanded to the determination of these 
compounds i n orange j u i c e (124). 

An ex t rac t ion procedure and UV measurement of hesper id in was 
proposed by de l a Torre Boronat et^ al_. (125). They proposed the 
method as a means of determining the amount of j u i c e in orange 
based dr inks . 
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Several invest igator s have used HPLC to analyze fo r the i n ­
d iv idua l f lavonoids in j u i c e s . F isher and Wheaton (126) used a 
reverse phase μ-Bondapak C-18 (Waters Associates) column to 
separate and quant i fy nar ing in and naringenin ru t i no s ide . 
Bennett and Schuster (127) appl ied a s im i l a r reversed phase sys­
tem to the measurement of the flavanones in lemon j u i c e . 

Chloramine-T. The chloramine-T determination (128) has been 
used as a t e s t f o r d i l u t i o n or adu l te rat ion of c i t r u s j u i c e s . 
The chloramine value i s a measure of the reducing const i tuents 
present i n c i t r u s j u i ce s other than sugars and acids (129,130). 

Maraulja and Dougherty (131) reported chloramine-T values 
fo r F l o r i da Hamlin, Pineapple and Valencia were s l i g h t l y higher 
fo r hard squeeze j u i ce s than fo r so f t squeeze j u i c e s . Chloramine 
values were considerably higher fo r the albedo and flavedo com­
ponents than f o r j u i c e and were suggested fo r detect ing adu l te r ­
a t ion with water ext ract
values are often include
c i t r u s j u i c e authent icat ion (133,134). 

Sugars. The so luble so l i d s of oranges, tangerines and 
g rapef ru i t j u i ce s cons i s t mostly of sugars, whereas so luble 
so l i d s of mature lemon and lime are mainly composed of c i t r i c 
a c i d . Floyd and Rogers (135) reported no s i g n i f i c a n t changes, 
due to j u i c e concentrat ion, i n the composition or d i s t r i b u t i o n of 
sugars in orange j u i c e . Sucrose, glucose and f ruc tose , i n a r a ­
t i o of 2:1:1, were found to be the p r i n c i pa l sugars in F l o r i da 
Valencia orange j u i ce s (136). Ting (137) developed a rap id 
co l o r imet r i c method f o r simultaneous determination of t o t a l r e ­
ducing sugars and f ructose in c i t r u s j u i c e s . Sawyer (53J i n ­
cluded t o t a l sugars, reducing sugars and sucrose in his chemical 
analyses fo r the cha rac te r i za t i on of f resh and concentrated o r ­
ange ju i ce s and "pulp e x t r a c t s " . Sawyer also included pentose 
equivalent values (expressed as equivalent xylose content per 100 
ml of j u i c e ) as an i nd i c a t i on of added peel and peel ex t r ac t i ve s . 
Benk (138) reported adu l te ra t ion of c i t r u s j u i ce s with rag and 
peel ext racts should be r e l a t i v e l y easy to detect because t h e i r 
pentose equivalent values were about three times higher than 
those obtained f o r orange j u i c e s . 

L i p i d s . Nagy (139) ind icated that a knowledge of l i p i d con­
tent and d i s t r i b u t i o n in c i t r u s products of commercial o r i g i n 
might be useful i n detect ing adu l te ra t i on . He reported that the 
concentrat ion of s p e c i f i c l i p i d components i n s ing le - s t rength 
orange and g rapef ru i t j u i ce s might poss ib ly be used to i nd ica te 
excessive d i l u t i o n of a reconst i tuted product. Vandercook et a l . 
(140) q u a l i t a t i v e l y and quan t i t a t i v e l y invest igated the major 
phospholipids of orange, lemon and g rapef ru i t j u i ce s and sug­
gested that the values may be used to d i s t i ngu i sh j u i ce s adu l te r ­
ated with commercial l i p i d s used as clouding agents or emuls i -
f i e r s . 
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Vitamins. Some carotenoid pigments in c i t r u s have p r o v i t a ­
min A a c t i v i t y . Besides the n u t r i t i o n a l aspects, the carotenoid 
co lo r of c i t r u s products has a profound e f f e c t on consumer accep­
tance. Therefore, pigments, such as β -carotene, are sometimes 
added to improve a poorly colored or d i l u t ed product. Many me­
thods have been developed or adapted for the determination of 
natural and/or added colorants of c i t r u s j u i ce s (141,142,143,144, 
145). The determination of β-carotene i s often included with 
ana l y t i c a l parameters in t e s t i ng for j u i c e pu r i t y . Higby (146) 
concluded that f i nd ing more than 10% carotenes in the t o t a l caro-
tenoids of an orange j u i c e ind icated add i t ion of /5-carotene. 
Est imation of cryptoxanthin content, which i s higher i n mandarin 
than in orange j u i c e s , was suggested by Koch and Haase-Sojak 
(147) to detect add i t ion of mandarin j u i c e . 

Sawyer (53j included the concentrations of ascorbic and n i c ­
o t i n i c acids along with other ana l y t i c a l parameters to detect 
orange j u i c e adu l te ra t io
t r a c t s . He observed tha
sugar to t o t a l so luble so l i d s r a t i o and n i c o t i n i c ac id became 
s i g n i f i c a n t l y cor re la ted by the d i l u t i o n of j u i ce s with sucrose 
or p a r t i a l l y inverted sucrose. 

L i s l e (148) invest igated the i n o s i t o l and n i c o t i n i c ac id con­
tent of orange j u i c e samples from I s r a e l , South A f r i c a , B r i t i s h 
Honduras and Southern Rhodesia. From the ana l y t i c a l r e su l t s the 
equation 

C = 2.20X + 0.0025Y 

was derived fo r the est imation of orange j u i c e content of con­
cent rate , where C i s the concentrat ion i n units of 10° B r i x , X i s 
the n i c o t i n i c ac id content (mg/100 m l ) , and Y i s the i n o s i t o l con­
tent (mg/100 ml) . 

Minerals . Determinations of inorganic const i tuents (e.g. 
t o t a l ash, a l k a l i n i t y of the ash) are c l a s s i c a l methods f o r e s t i ­
mating j u i c e content of c i t r u s j u i ce s and beverages. Refinements 
were made to cor rect fo r inorganic s u l f i t e s , benzoates and phos­
phates used as adulterants or preservat ives (34). 

Mineral p r o f i l e s of processed j u i ce s are dependent on many 
va r i ab le s : growing condit ions ( f e r t i l i z a t i o n , r a i n f a l l , s o i l , 
c l imate , root stock, geographical o r i g i n , va r i e t y and matu r i t y ) , 
processing condit ions (type of ext ractor and s e t t i n g , f i n i s h e r 
s e t t i n g , cond i t ion of f r u i t , j u i c e y i e l d ) , and contamination 
(phosphate-containing detergents, a l k a l i so lut ions f o r c leaning 
equipment, f r u i t washing s o l u t i on s ) . In add i t ion to the uncer­
t a i n t y caused by the natural and processing var iab les profess ­
ional adu l terators use " t a i l o r made" adulterants with the major 
inorganic elements i n about the cor rect proport ions. 

Hulme et al_. (149) proposed the equation 0.05(7K + 10P + 3N) 
to estimate the f r u i t content of beverages made from whole 

In Citrus Nutrition and Quality; Nagy, S., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1980. 



412 C I T R U S N U T R I T I O N A N D Q U A L I T Y 

oranges, where Κ, Ρ and Ν are the analyses values f o r potassium, 
phosphorus and n i t rogen, r e spec t i ve l y . Any or a l l of these e l e ­
ments may ea s i l y be adjusted. 

Vandercook and Guerrero (150) character ized orange j u i ce s by 
f r a c t i ona t i n g the t o t a l phosphorus content (19.3 +2.5 mg P/100 
ml) in to l i p i d ( 1 . 4 + 0 . 3 ) , inorganic ( 1 2 . 6 + 2 . 9 ) , and ethanol -
in so lub le ( 3 . 0 + 0 . 8 ) phosphorus. A l im i t ed number of g rape f ru i t 
and lemon j u i ce s were a l so character i zed. 

Royo Iranzo and Garcia (151) suggested that analyses f o r 
j u i c e cha rac te r i za t i on and detect ion of adu l te rat ion be conducted 
on the serum. They reported that sodium, calcium and phosphorus 
were a l l higher i n the pulp than in the serum. The values f o r 
magnesium were about the same fo r pulp and serum; potassium was 
s l i g h t l y higher i n the serum than in the pulp. 

McHard et a K (152) using plasma spectroscopy invest igated 
32 elements i n F l o r i da and B r a z i l i a n frozen concentrated orange 
j u i c e samples. Using p r obab i l i t
r e l a t i v e occurrence of
r a t i o s to z inc could act as " f i n g e r p r i n t " i nd icator s of the geo­
graphic source of a sample. No r e l a t i on sh i p to adu l te rat ion was 
impl ied. 

V o l a t i l e s . The v o l a t i l e components present i n c i t r u s f r u i t s 
are very important factors cont r ibut ing to the c h a r a c t e r i s t i c 
f l a vo r and aroma of the f r u i t s and j u i ce s but are of minor im­
portance to detect ing adu l te ra t ion in the j u i c e . Swift (153) de­
v ised a GLC method fo r the determination of l i n a l o o l and a lpha-
terp ineo l i n orange j u i ce s and o i l s . I t was impl ied that some 
ext rac t ion procedures might a f f e c t the l i n a l o o l value. In con­
centrated products, both compounds would be removed with the 
water vapor. V o l a t i l e s found in the f i n a l product are genera l ly 
the r e s u l t of added cutback j u i c e or added o i l . However, Murdock 
et al_. (154) reported that a lpha-terp ineo l may be increased by 
bac te r i a l act ion during processing of orange j u i c e . 

D'Amore and Cor ig l iano (155) ind icated the intense f l u o r e s ­
cence of Mediterrean mandarin o i l at 415 nm might be useful f o r 
cha rac te r i za t i on and detect ion of adu l te ra t i on . S l a te r (156) r e ­
ported the r a t i o of some in f ra red peak i n t e n s i t i e s might be use­
fu l f o r detect ion of adu l te rat ion or storage abuse in c i t r u s o i l s . 

The Pharmacopea and the Essent ia l O i l Assoc iat ion of the 
United States require the fo l lowing analyses as an index of o i l 
p u r i t y ; r e f r a c t i v e index, op t i c a l r o t a t i o n , r e f r a c t i v e index and 
op t i ca l r o ta t i on of a 10% d i s t i l l a t e , s p e c i f i c g r av i t y , aldehyde 
content, evaporation residue and u l t r a v i o l e t absorption spectrum 
(Kesterson et al_. 157 and Sale 29). 

B i o l og i ca l Assays 

B i o l og i ca l assays have a s i g n i f i c a n t potent ia l to detect 
adu l terat ions but have been general ly overlooked fo r t h i s a p p l i -
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ca t i on . Cantaga l l i et al_. (158) proposed an immune assay fo r 
orange j u i c e using rabb i t serum. They i s o l a ted prote in f r ac t i on s 
from orange j u i c e and used i t to prepare rabb i t immunosera. The 
tes t d i s t ingu i shed lemon j u i c e from orange j u i c e , was sen s i t i ve 
to commercial orange j u i c e products, and was i n sen s i t i v e to com­
mon food add i t i ve s . F i ron et al_. (159) used the immune assay f o r 
est imating j u i c e content of orange j u i c e dr inks i n the 10% j u i c e 
range. 

Another bioassay recent ly reported by Vandercook et al^. (160, 
161) involves the use of L_. plantarum, a f a s t i d i ou s organism 
which requires many nutr ients f o r growth. Growth of the organism 
in the orange j u i c e assay system i s proport ional to the amount of 
j u i c e present. Thus, i t s growth i s an i nd i ca t i on of a complex 
array of nutr ients in the j u i c e . The f i r s t g rowth- l imi t ing nu­
t r i e n t s fo r the organism in orange j u i c e are the amino acids l e u ­
c i ne , i s o l euc i ne , va l ine and methionine (162). When an amino 
ac id supplement i s adde
occurs. The second growth- l imi t in
ganese. A fu r ther growth enhancement occurs when an amino a c i d -
manganese mixture i s added to the assay system. The bac te r i a l 
growth response of orange j u i c e , orange j u i c e plus amino ac id s , 
and orange j u i c e plus amino acids and manganese (7.7, 26, and 63 
absorbance r e l a t i v e to a standard, re spect i ve l y ) provide a poten­
t i a l l y useful set of parameters fo r detect ing adu l te ra t ions . 

Automation of a modified vers ion of t h i s assay was recent l y 
reported by Vandercook et al_. (163). In the automated system, 
each sample i s inoculated with a massive number of c e l l s . The 
rate of pH change i s fol lowed automat ica l ly fo r a standard and 
the samples. The rate of pH change i s proport ional to the con­
centrat ion of orange j u i c e in each sample. Ten samples can be 
assayed in t r i p l i c a t e i n 80 min. Data from 72 r e t a i l FCOJ sam­
ples compared with a composite sample of authentic orange j u i c e 
showed an average estimated orange j u i c e content of 97% and s tan­
dard dev iat ion of 11.5%. 

Data Evaluations 

Experimental data obtained by any of the assay methods must 
be evaluated by someone. Judgements are commonly based on the 
experience of the analyst and accumulated laboratory data or pub­
l i shed r e s u l t s . The evaluations range from comparison with a 
simultaneous standard to h ighly soph i s t i cated s t a t i s t i c a l equa­
t ions requ i r ing many c a l c u l a t i on s . Evaluation of j u i c e content 
should be considered as an estimate i n the context of p lac ing the 
sample somewhere i n the natural population d i s t r i b u t i o n , and the 
p r obab i l i t y of that estimate should be reported. Unfortunately, 
many l i t e r a t u r e reports f a i l to mention or minimize the uncer­
t a i n t y of the estimate. In samples where the presence of fore ign 
substances i s proven, one can state with absolute ce r t a i n t y that 
the j u i c e has been adul terated. 
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Most researchers agree that measurements of several c o n s t i ­
tuents give better estimates of j u i c e content than a s ing le para­
meter. The question of how many and which const i tuents i s open 
to debate. Furthermore, an optimum s t a t i s t i c a l treatment of the 
data has not been agreed upon. 

Equations based on mu l t i p l e regress ion of several c o n s t i t u ­
ents have been proposed by a number of workers. Ro l le and 
Vandercook (164) suggested such an approach to estimate c i t r i c 
ac id i n lemon j u i c e from the values of t o t a l amino ac id s , l_-malic 
ac id and t o t a l phenol ics. Co f f i n (85) examined commercial orange 
j u i c e fo r t o t a l amino ac id s , betaine, polyphenol ics , ash and 
phosphorus. He found several s i g n i f i c a n t co r re l a t i on s and de­
r i ved a mu l t i p le regress ion equation r e l a t i n g t o t a l amino acids 
to the other cons t i tuent s . Vandercook et a K (165) rev ised t h e i r 
o r i g i n a l lemon j u i c e mu l t i p l e regress ion equation to e l iminate 
concentrat ion e f f ec t s and to consider the e f fec t s of mu l t i p l e 
samples on est imation accurac
equation i s CA/TP = 10.2
c i t r i c a c i d , TP = t o t a l phenol ics , AA = amino ac id s , and MA = 
malic a c i d . For example, they reported that with f i v e represen­
t a t i v e samples of j u i c e from a given processor a 14% adu l te ra t ion 
with c i t r i c ac id could be detected 90% of the time with a 95% l e ­
vel of confidence. 

L i f s h i t z et al_. (166) proposed a chi-square ( x 2 ) t e s t f o r 
detect ing adu l te ra t ion in lemon j u i c e which, f o r t h e i r data, i s 
more sen s i t i ve to d i l u t i o n than the mu l t i p l e regress ion approach. 
The same group (133) used a mu l t i v a r i a t e normal t e s t on f i v e 
parameters (B r i x , formol number, chloramine-T number, t o t a l su­
gars and ch lo r ides ) of I s r a e l i orange and g rapef ru i t j u i c e s . 
Based on t h e i r data an adu l te ra t ion of 15% or more was "very 
l i k e l y to be detected at the 1% leve l of s i g n i f i c a n c e " . 

F ischer (167) proposed groups of const i tuent r a t i o s as a 
means of evaluat ing orange j u i c e . Nine groups of 29 r a t i o s be­
tween t o t a l sugars, N-compounds, non - vo l a t i l e ac id s , ash and ash 
const i tuents were used to detect d i l u t i o n s and various adu l te r ­
ants. 

An elaborate and novel system was devised by Richard and 
Coursin (168,169,170,171) whereby 19 const i tuents (minerals, 
sugars, ac id s , amino acids) were determined and evaluated by a 
he i r a r ch i a l c l a s s i f i c a t i o n approach. By means of a ser ies of i n ­
e q u a l i t i e s , based on deviat ions from the mean, a region of auth­
ent i c j u i c e i s defined in a multidimensional space. A ser ies of 
regress ion equations between parameters (with R > 0.9) are con­
sidered next to v e r i f y that the re la t i onsh ip s between c o n s t i t u ­
ents are normal. F i n a l l y , the above information may be combined 
in a matrix approach to give an estimate of j u i c e content. 

A non-parametric c l a s s i f i c a t i o n technique was recent ly pro­
posed by Schatzki and Vandercook (172) to evaluate orange j u i c e . 
The system considers the t o t a l sugars, react i ve phenols, t o t a l 
amino ac id s , arg in ine and Ύ -aminobutyric a c i d . With the para-
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meters measured, the re su l t s showed that detect ion was poss ib le 
with a type 1 = type 2 e r ror rate of 10% f o r a 20% adu l te ra t ion 
i f at l ea s t 7 samples were analyzed. The non-parametric t echn i ­
que in general has an advantage over c l a s s i c a l s t a t i s t i c s i n that 
i t requires no assumptions regarding the normality of the data. 
The method appl ied to d i f f e r e n t parameters might give a more sen­
s i t i v e response to adu l te rat ion than the parameters they reported. 

A subgroup of the German Chemical Society (173,174) recent ly 
published a system which proposed a means of evaluat ing the j u i c e 
content of low- ju ice beverages. I t i s based on the concentra­
t ions of potassium, phosphorus, p r o l i n e , formol number, i s o c i t r i c 
ac id and malic a c i d . Equations fo r the j u i c e content of lemon­
ades and orange ju i ce s (with poss ib le mixture of tangerine or 
mandarin j u i c e ) based dr inks are: 

% lemon j u i c e = 0.0114(K) + 0.05(P) + 0.0267(Proline) + 

% orange j u i c e = 0.0114(K) + 0.05(P) + 0.0267(Proline) + 

0.8333(Formol No.) + O . l l l l ( I s o c i t r a t e ) 

+ O.Ol(Malate). 

The formol number i s checked fo r au then t i c i t y by means of i t s r a ­
t i o s with p r o l i n e , ammonia, alpha-ami no n i t rogen, and amino ac id 
analyses. The mal ic ac id i s checked by enzyme and chemical as­
says. Based on t h e i r data, the Subgroup considers the system to 
be accurate enough to detect a 10% d i f fe rence between the mea­
sured and stated j u i c e concentrat ion. Their data i nd i ca te good 
agreement between s i x cooperating l abo ra to r i e s . 

A poss ib le weakness in t h i s system l i e s i n the f ac t that a 
substant ia l f r a c t i o n of the ca lcu la ted value of percent j u i c e 
comes from potassium and phosphorus which would be easy to add. 

Conclusions 

A great deal of time and e f f o r t has gone into the develop­
ment of methods to detect adu l te rat ion in c i t r u s products. Un­
fo r tuna te l y , considerable e f f o r t s continue to be d i rected towards 
means of circumventing adu l te ra t ion detect ion techniques. The 
problem i s b a s i c a l l y one of economics and p r obab i l i t y on both 
s ides. Once a const i tuent i s defined quan t i t a t i v e l y i t can be 
added to compensate fo r d i l u t i o n . For the adu l terator the s i t u a ­
t i on i s a matter of balancing the r i s k of being caught against 
the cost of adding const i tuents to avoid detect ion of a d i l u t i o n . 
For the enforcement agencies the problem i s a question of balanc­
ing the r i s k s of accepting an adulterated product or r e j ec t i n g an 
authentic product against the costs of a greater number of analy­
ses to improve the p r obab i l i t y of a cor rect judgement. Further­
more, the problem i s a dynamic one over which the s c i e n t i s t has 
l i t t l e c o n t r o l . There are p o l i t i c a l and lega l considerat ions 
along with the economic factors of supply and demand. 
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Each s i t u a t i o n may be unique and requires a careful balanc­
ing of a l l f ac to r s . Continued research w i l l be necessary to more 
f u l l y understand the many factors a f fec t ing the composition of 
c i t r u s products. One s i n g l e , s imple , inexpensive adu l te ra t ion 
t es t may never be a v a i l a b l e . The current technology for adu l te r ­
a t ion detect ion can be app l i ed , keeping i n mind the s t a t i s t i c a l 
l i m i t a t i o n s of the selected parameters. With the current trends 
towards mul t i cons t i tuen t analyses and an increas ing awareness of 
s t a t i s t i c a l i n t e rp r e t a t i ons , detect ion of adu l te ra t ion should be­
come more s e n s i t i v e and accurate i n the future . 
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18 
Detection of Adulteration 
Visible and Ultraviolet Absorption and Fluorescence 
Excitation and Emission Characteristics of Florida 
Orange Juice and Orange Pulpwash 

DONALD R. PETRUS and NANCY A. DUNHAM 

Florida Department of Citrus, University of Florida, 
Agricultural Research and Education Center, Lake Alfred, FL 33850 

Adulterations of citru
tions with water, sugar
employing "tailor made" adulterants designed specifically to con­
ceal adulteration. Orange pulpwash (water extraction of soluble 
fruit solids from orange pulp also referred to as WESOS or WEOS) 
as a substitution for or an adulterant of frozen concentrated or­
ange juice (FCOJ) and single-strength orange juice (SSOJ) has be­
come of great concern to the citrus industry and regulatory agen­
cies, and an economic fraud on the consumer. Department of Citrus 
Rule 20-64.07 (3) states FCOJ packed in Florida and sold, shipped, 
or offered for sale or shipment in retail or institutional size 
containers shall not contain soluble solids recovered by aqueous 
extraction or washing of fruit pulp; in addition Rule 20-69.02 
(1)(d) states that an imported product to be used in the produc­
tion of FCOJ in Florida cannot contain soluble solids recovered 
by aqueous extraction or washing of fruit pulp (1). However, 
Federal Standard of Identity 146.146, for FCOJ, states "In its 
preparation, seeds (except embryonic seeds and small fragments of 
seeds that cannot be separated by good manufacturing practice) and 
excess pulp are removed, and a properly prepared water extract of 
the excess pulp so removed may be added" (2). The statement does 
not imply that a producer or packer may separately purchase or­
ange pulpwash and add i t to FCOJ or orange juice from concentrate. 
In fact an official opinion (Feb. 4, 1980) from Joseph P. Hile, 
Associate Commissioner for Regulatory Affairs for the Food and 
Drug Administration, to the State of Florida Department of Citrus 
states "It is clear, both from the plain words of the standard and 
the background, that only the "pulpwash solids" (a properly pre­
pared water extract) of the excess pulp removed from the particu­
lar batch of oranges used in preparing the frozen concentrated 
orange juice may be added back to that juice and that pulp from 
other sources cannot be used. The actual amount of added pulp­
wash solids would, of course, vary somewhat with the particular 
batch of orange juice being processed." The consensus of indus­
try and professional personnel involved is that the product de-
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scr ibed by Federal regu lat ion 146.146 would contain an average of 
6% and at most 10% pulpwash. Therefore, anything greater than 
that amount should be considered an adulterated product. 

To reveal the extent of the adu l te rat ion problem, three na­
t i ona l surveys were conducted by the F lo r ida Department of C i t rus 
from June 1979 through February 1980. The samples (FCOJ and SSOJ 
packed outside of F lo r ida ) were obtained from the r e t a i l market 
by Department of C i t rus f i e l d personnel and shipped to our labora­
tory fo r analyses. In the second survey, 26 of 55 FCOJ samples 
tested were i d e n t i f i e d a f t e r analys i s from container codes as 
packed in F lor ida—none had revealed any type of adu l te ra t i on . 
Of the remaining 29 FCOJ samples, 86 percent ind icated pulpwash 
adu l te rat ion i n amounts up to 60 percent. Twenty-five percent (6 
of 25) of the SSOJ samples ind icated pulpwash adu l te rat ion in 
amounts to 40 percent. State of F l o r i da C i t rus F r u i t Laws (3j 
govern the in spect ion , grading, c e r t i f i c a t i o n , sa le and shipment 
w i th in or without the Stat
thereof whether canned
l i cen s i n g or c e r t i f i c a t i o n of c i t r u s f r u i t inspectors by the 
United States Department of Ag r i cu l tu re . There are no required 
inspect ions , grading or c e r t i f i c a t i o n of a product repacked by 
other d i s t r i b u t o r s out of the state of F l o r i d a . 

S c i en t i s t s (4,j5,i6,7_) at the Un iver s i t y of F l o r i da A g r i c u l ­
tu ra l Research and Education Center, Lake A l f r e d , F l a . conducted 
a comparison of equeous ext racts of orange pulp and reconst i tuted 
orange j u i c e concentrates. Results showed that the chemical and 
physical c ha r a c t e r i s t i c s of water extracts of orange pulp var ied 
with pulp washing procedures and va r i e t y of f r u i t used. A l so , 
f lavonoids and water-soluble pect in were found in greater quant i ­
t i e s i n pulpwash than in t h e i r corresponding orange j u i c e s . 
Sawyer (8) conducted an i nve s t i ga t i on of the chemical composition 
of pulp ex t r ac t s , and f resh and concentrated orange j u i c e s . He 
concluded from re su l t s of chemical analyses that a general com­
pos i t i on of a j u i c e may be determined, inc lud ing type of adu l te r ­
a t i on . 

L i f s h i t z et al_. (9) invest igated the pu r i t y of I s r a e l i c i t r u s 
j u i c e by a mu l t i v a r i a te method. They selected 5 ana l y t i c a l para­
meters and concluded that adu l te ra t ion or d i l u t i o n of 15% or more 
was very l i k e l y to be detected at a 1% leve l of s i gn i f i c ance . 
However, adu l te rat ion with orange pulpwash was not included i n 
t h e i r study. 

Schatzki and Vandercook (10) measured the chemical composi­
t i on ( to ta l sugars, react i ve phenols, t o t a l amino ac id s , arg in ine 
and y-aminobutyric ac id) of concentrated orange j u i c e fo r manu­
facture from Ar izona, C a l i f o r n i a , F l o r i da and Mexico and orange 
pulpwash samples from F l o r i d a . They invest igated the use of non-
parametric nearest neighbor c l a s s i f i c a t i o n techniques fo r the de­
tec t i on of adu l te rat ion with sugar, reducing sugars and c i t r i c 
a c i d . I t was concluded that "sugared" pulpwash was often c l a s s i ­
f i e d as pure concentrated orange j u i c e for manufacture. 
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Vandercook and Ro l le (11) invest igated the u l t r a v i o l e t ab­
sorpt ion cha r a c t e r i s t i c s of a l coho l i c so lut ions of C a l i f o r n i a -
Arizona lemon j u i c e . They reported that the r a t i o of the absorb­
ance of 273-277 nm to the absorbance of 326-332 nm was e s s e n t i a l l y 
constant. From analyses of the spectra obtained of other f r u i t 
j u i c e s , they ind icated i f one were added to lemon j u i c e i t s pre­
sence could be detected by a displacement of t h i s r a t i o . Vander­
cook et al_. (12) observed a s i g n i f i c a n t increase i n t o t a l po ly -
phenolic absorbance at 330 nm, of lemon j u i c e , with ex t rac t ion 
pressure. However, there was no s i g n i f i c a n t change i n the A/B 
absorbance r a t i o (273/326). 

Petrus and Dougherty (13) invest igated the combined v i s i b l e 
and u l t r a v i o l e t absorption c ha r a c t e r i s t i c s of a l c oho l i c so lut ions 
of F l o r i da Hamlin, Pineapple and Valencia orange j u i c e s . Shoul­
ders or peaks were observed at 465, 443 and 425 nm of the v i s i b l e 
spectrum (due mainly to the carotenoids present) and 325  280 and 
245 nm of the u l t r a v i o l e
f lavonoids and ascorbi
luted samples obeyed Beer ' s law over the wavelength range of i n ­
te re s t . However, the 443/325 nm and 280/325 nm absorbance r a t i o s 
remained e s s e n t i a l l y the same as before d i l u t i o n . U l t r a v i o l e t ab­
sorpt ion increased and 443/325 nm absorbance r a t i o decreased with 
increas ing f r u i t ex t ractor pressure whi le only s l i g h t changes 
were observed i n the v i s i b l e absorpt ion. Spectra of a l c oho l i c 
so lut ions of the rag and albedo components of the orange v a r i e t i e s 
showed very l i t t l e v i s i b l e but very strong u l t r a v i o l e t absorbance. 
Whereas, spectra obtained of j u i c e from j u i c e sacs revealed i t as 
the major cont r ibutor to the v i s i b l e absorpt ion, and having a l so 
strong u l t r a v i o l e t absorpt ion. Petrus and Dougherty (14) a l so 
invest igated the spectra l c ha r a c t e r i s t i c s of mid- and l a t e season 
frozen orange concentrates and t h e i r corresponding frozen orange 
pulpwash concentrates obtained from commercial processors. They 
concluded that a l c oho l i c so lut ions of orange pulpwash samples 
were character ized by weak v i s i b l e and strong u l t r a v i o l e t absorp­
t i o n . They hypothesized weak v i s i b l e absorption was due to the 
concentrat ion of parent orange j u i c e present, whi le the strong 
u l t r a v i o l e t absorption was the r e s u l t of parent orange j u i c e pre­
sent plus incorporat ion of rag and pulp and t h e i r water-extracted 
so luble s o l i d s i n to the product during the pulp washing process. 
Parent orange j u i c e concentrat ion present i n the pulpwash product 
was estimated from the pulpwash to orange j u i c e absorbance r a t i o 
at 443 nm. 

The purpose of t h i s presentat ion i s to discuss the v i s i b l e 
and u l t r a v i o l e t absorption and room temperature f luorescence 
cha r a c t e r i s t i c s of a l c oho l i c so lut ions of F l o r i da produced orange 
j u i c e and pulpwash samples, and to r e l a t e the c h a r a c t e r i s t i c s to 
q u a l i t a t i v e detect ion and quant i t a t i ve approximation of adu l te r ­
a t ion of frozen concentrated and s ing le - s t rength orance j u i c e s . 
Experimental d e t a i l s of our procedures may be found elsewhere 
(15). 
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Typical v i s i b l e and u l t r a v i o l e t absorption spectra obtained 
fo r a l coho l i c so lut ions of F l o r i da Valencia orange ju i ce s are 
shown in F i g . 1 (please r e fe r to references (13, 14, in press 15), 
fo r d iscuss ion of absorption wavelengths). Pineapple orange 
may be d i s t ingu i shed from the Valencia orange va r i e ty by general ly 
stronger absorbance at 245 nm (ascorbic ac id being the main con­
t r i b u t o r at t h i s wavelength) and s l i g h t l y lower overa l l v i s i b l e 
absorbance. V i s i b l e absorbance spectra obtained from the Hamlin 
va r i e ty were s l i g h t l y less than Pineapple, however, u l t r a v i o l e t 
absorbance spectra were s i m i l a r . To s imp l i f y the presentation 
only the above three v a r i e t i e s w i l l be discussed (the e f f e c t of 
v a r i e t y , matur i ty , ext ractor type and se t t ing were invest igated 
during the 1971-72 (13J, 1972-73, and 1973-74 seasons, unpubl ish­
ed data) . 

F i g . 2 shows t yp i ca l f luorescence e x c i t a t i on and emission 
spectra obtained from a l coho l i c so lut ions of F l o r i da Valencia 
SSOJ's. Fluorescence spectr
orange j u i ce s were s i m i l a
c i a . Ear ly i n the Pineapple season the emission spectrum may ap­
pear as a f l a t apex (from about 310 to 333 nm). Ear ly season 
Hamlin j u i c e may produce an emission spectrum with 310 nm as the 
maximum dropping to an i n f l e c t i o n at 333 nm. As the f r u i t ma­
tured 333 nm became the emission maximum. Maximum exc i t a t i o n and 
emission ( for the three v a r i e t i e s ) were also evident at 290-93 
and 343 nm, re spec t i ve l y , producing e x c i t a t i o n spectra s i m i l a r to 
F i g . 2 (shoulder at 283 nm and s l i g h t i n f l e c t i o n changes at 270 
and 302 nm). Valencia va r i e t y exh ib i ted greater f luorescence 
than Hamlin or Pineapple v a r i e t i e s . 

A spectra l ( v i s i b l e and u l t r a v i o l e t ) absorption curve com­
parison of r econs t i tu ted , commercial F l o r i da produced, FCOJ and 
orange pulpwash i s shown i n F i g . 3. The absorption shoulders and 
maxima were as prev ious ly discussed. I t i s evident that orange 
pulpwash had a much weaker unresolved v i s i b l e absorption and very 
much stronger, resolved (at 280 nm) u l t r a v i o l e t absorption than 
orange j u i c e . I t i s a lso evident that the absorbance r a t i o at 
443/325 nm would be lower and the sum of absorbance (at 443, 325 
and 280 nm) would be greater f o r pulpwash than f o r orange j u i c e . 
Water ex t ract ion of orange pulp and rag (during the pulp washing 
and f i n i s h i n g process) would tend to incorporate more rag and 
pulp and t h e i r water-extractable so luble so l i d s i n to the product, 
thus increas ing the u l t r a v i o l e t and decreasing the v i s i b l e absorp­
t i on (13,14). F i g . 4 shows the comparison of the f luorescent ex­
c i t a t i o n and emission curves obtained from so lut ions of orange 
j u i c e and pulpwash. Maxima f o r orange j u i c e appeared at 290 nm 
exc i t a t i on and 343 nm emission with e x c i t a t i on shoulders or i n ­
f l e c t i o n s at 270, 283, and 302 nm. Pulpwash revealed maxima at 
270 and 302 nm with shoulders at 283 and 290 nm e x c i t a t i o n and 
353-55 nm emission. Pulpwash samples (not shown by F i g . 4) have 
also shown strong e x c i t a t i o n maxima at 270 and 302 nm with a m i n i ­
mum at 280-85 nm. A l coho l i c so lut ions of orange components (rag, 
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Figure 1. Visible and UV absorption spectra obtained from an alcoholic solution 
of Valencia orange juice 

Figure 2. Fluorescence excitation (283 
nm maximum) and emission (333 nm 
maximum) spectra obtained from Valen-

WAV E L Ε N GT H cia orange juice 
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Figure 4. Comparison of fluorescence 
excitation and emission spectra of orange 
juice ( ) and orange pulpwash (·—·) WAVELENGTH 
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albedo, j u i c e from j u i c e sacs) produced fluorescence spectra 
s i m i l a r to FCOJ or SSOJ by the j u i c e component, whi le the rag and 
albedo components produced spectra s i m i l a r to pulpwash. Again 
pulp washing and f i n i s h i n g would tend to incorporate more rag and 
pulp and t h e i r water-extractable so luble so l i d s into the product, 
thus an orange j u i c e sample exh ib i t i n g f luorescence e x c i t a t i o n 
peaks or pronounced shoulders at 270 and 302 nm would i nd i ca te 
the presence or use of pulpwash. Table I l i s t s the e x c i t a t i on 
and emission wavelengths u t i l i z e d f o r sample cha rac te r i z a t i on . 
I f an emission wavelength was absent fo r a sample under i n v e s t i ­
gation the procedure was to set the emission monochromator at the 
desired wavelength and scan the e x c i t a t i o n . 

Table I. Fluorescence Exc i t a t i on and Emission Character izat ion 

of Orange Ju ice and Pulpwash. 

Exc i t a t i on Emission Rang

(nm) (nm) Sett ing Orange Ju ice Pulpwash 

340 423 0.1 Strong Much stronger 

230 310 0.03 Weak Weaker 

283 333 0.1 Strong Maximum Minimum 

290 343 0.1 " " Minimum or I n f l e c t i on 

302 353 0.1 I n f l e c t i o n Strong Maximum 

270 333 0.1 I n f l e c t i on Shoulder or Maximum 

F i g . 5 and 6 show the absorbance sum and r a t i o d i s t r i b u t i o n 
(normal curve constructed) of F l o r i da commercial packed FCOJ r e ­
const i tuted to 12.80 B r i x . Sampling period was from 1972 through 
1979. Absorbance sum of 416 samples showed a minimum of 2.002, 
maximum of 2.992, mean and standard dev iat ion of 2.410 + 0.164, 
and c o e f f i c i e n t of v a r i a t i on of 6.8%. Absorbance r a t i o revealed 
a minimum of 0.092, maximum of 0.227, mean and standard dev iat ion 
of 0.144 + 0.026, and c o e f f i c i e n t of v a r i a t i on of 18%. 

F i g . 7 and 8 show the absorbance sum and r a t i o d i s t r i b u t i o n 
of F l o r i da commercial packed frozen orange pulpwash concentrate 
( reconst i tuted or ca lcu la ted to 12.8° B r i x ) . Sampling period was 
from 1971 through 1979. Absorbance sum of 206 samples showed a 
minimum of 2.617, maximum of 4.992, mean and standard dev iat ion 
of 3.781 + 0.473, and c o e f f i c i e n t of v a r i a t i on of 12.5%. Absorb­
ance r a t i o showed a minimum of 0.017, maximum of 0.112, mean and 
standard dev iat ion of 0.048 +0.020, and c o e f f i c i e n t of v a r i a t i on 
of 41.7%. 

Inspection of the d i s t r i b u t i o n p lots and data revealed more 
va r i a t i on in pulpwash than FCOJ, i nd i ca t i ng standardizat ion of 
F l o r i da FCOJ products. However, there are many processing v a r i ­
ables i n orange pulp washing, such as number o f , and mechanical 
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M "A REL FREQ 
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Figure 5. Distribution of absorbance sum (at 443, 325, and 280 nm) of Florida-
packed FCOJ (N = 416; mean = 2.410; standard deviation = 0.164) 

Ν κ REL FREQ 

2.100 1-2.300 

Figure 6. Distribution of absorbance ratio (at 443/325 nm) of Florida-packed 
FCOJ (N = 416; mean = 0.144; standard deviation = 0.026) 
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Figure 7. Distribution of absorbance sum of Florida-produced orange pulpwash 
(N = 206; mean = 3.781; standard deviation = 
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Figure 8. Distribution of absorbance ratio of Florida-produced orange pulpwash 
(N = 206; mean = 0.048; standard deviation = 0.020) 
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se t t i ng of f i n i s h e r s , and incorporat ion of f r u i t core and c e n t r i ­
fuge discharge in to the pulp washing process r e su l t i n g i n pro­
ducts of d i f f e r i n g spectra l c h a r a c t e r i s t i c s . A primary or s ing le 
stage f i n i s h e r produced pulpwash may resemble the e x c i t a t i on 
curve shown in F i g . 4, whereas pulpwash obtained from a m u l t i ­
stage f i n i s h e r may show strong e xc i t a t i on at 270 and 302 nm with 
a minimum at 280-85 nm. 

The d i s t r i b u t i o n p lot s a l so reveal a s l i g h t overlapping r e ­
gion. There were four FCOJ samples (1.0% of t o t a l ) having an 
absorbance sum greater than 2.900 and seven pulpwash samples 
(3.3%) having a sum less than 3.000. D i s t r i bu t i on of absorbance 
r a t i o revealed more overlap than absorbance sum. There were 24 
FCOJ samples (5.8%) having an absorbance r a t i o less than 0.110 
whereas pulpwash had 12 greater than 0.090 (5.8%). There appear­
ed to be good separation of the general populations. 

Model systems composed of mixtures of reconst i tuted commer­
c i a l l y produced FCOJ an
a l coho l i c so lut ions invest igate
u l t r a v i o l e t absorpt ion, and room temperature f luorescence. Four 
models using 3 d i f f e r e n t FCOJ 1s and 4 d i f f e r e n t pulpwashes were 
invest igated from 100 percent orange j u i c e through 100 percent 
pulpwash. S t a t i s t i c a l ana lys i s of the data, (with absorbance 
sums at 443, 325 and 280 nm, absorbance r a t i o s at 443/325 nm and 
f luorescence r a t i o s at 302/284 nm) in a l l cases showed each model 
system producing a c o e f f i c i e n t of determination r 2 > 0.99. Mul­
t i p l e l i n e a r regress ion ana lys i s of each system u t i l i z i n g the ab­
sorbance sum and r a t i o produced c o e f f i c i e n t s of determination 
R2 > 0.999. Mu l t i p l e regress ion ana lys i s of the combined data 
obtained from the 4 models produced the equation: 

y = 241.768 - 46.776( Σ ) + 19.043(ln nm) 

where y equals approximate percent orange j u i c e , and 100-y equals 
approximate percent pulpwash. This resu l ted i n a high c o e f f i c i ­
ent of determination R2 = 0.904, i nd i ca t i ng 90.4% of the v a r i a ­
t i on i n orange j u i c e content may be explained by the absorbance 
sum and natural log of the r a t i o . The re su l t s approximated the 
orange j u i c e content f o r systems of orange j u i c e adulterated with 
pulpwash, however, i t f a i l e d when the adu l te ra t ion was fu r ther 
complicated by d i l u t i o n with water. Since adu l te ra t ion of orange 
j u i c e with pulpwash increased the absorbance sum ( l i nea r function) 
i t was apparent that fu r ther adu l te ra t ion by d i l u t i o n with water 
would decrease the sum ( l i n ea r func t i on ) . The adulterated sample 
could then i nd i ca te an absorbance sum i n the range found f o r 
orange j u i c e leading to erroneous pred ict ions of orange j u i c e and 
pulpwash contents by mu l t i p l e regress ion equations. Since simple 
d i l u t i o n s of orange j u i c e resu l ted i n e s s e n t i a l l y no change in 
the absorbance r a t i o , and add i t i on of pulpwash to orange j u i c e 
resu l ted i n an absorbance r a t i o decrease (natural log f unc t i on ) , 
i t appeared l i k e l y a mathematical system could be establ i shed r e ­
l a t i n g the sum and r a t i o to orange j u i c e and/or pulpwash contents 
and/or d i l u t i o n . 
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The fo l lowing equations were derived using the fo l lowing 
constants: 

1 = A v Σ _ - Αν Σ . = 3.484 - 2.410 = 1.074 1 pw OJ 
where Αν Σ ^ and Αν Σ Q. were average absorbance sums fo r pulp­
wash (at 11.8° Br ix ) and orange j u i c e (at 12.8° Br ix ) respec­
t i v e l y . 

y = In Av R . - In Av R = In 0.144 - In 0.048 = 1.099 2 
oj pw 

where In Av R . and In Av R were natural log of average absorb-
oj pw 

ance r a t i o s f o r orange j u i c e and pulpwash re spec t i ve l y . 
Then 

x = i n R u n k - i

where In R , was the natural log absorbance r a t i o of the unknown 
sample. u n K 

The average absorbance sum cor rec t ion f ac to r 

a = x - x 

y 1.099 

and absorbance cor rect ion value 

b = Z(a) = 1.074(a) 5 

and the corrected average absorbance sum 

c = A v £ - b = 3.484 - b 6 pw 

At t h i s point i t may be explained that i f χ = 0 (when In 
Runk = ^ n A v R

p w ) t ' i e n a = 0» therefore b = 0 and the corrected 

absorbance sum c = Αν Σ - 0 = 3.484 and the product would con-
pw 

t a i n pulpwash i n pure or d i l u t ed form. 
However, i f χ = 1.099 (when In R u n k = In R .) then a = 1, 

therefore b = 1.074 and the corrected absorbance sum c = 3.484 -
1.074 = 2.410 which i s equal to the average absorbance sum fo r 
orange j u i c e and the product would i nd i ca te orange j u i c e i n pure 
or d i l u t ed form. 

% Τ CM = £ " n k χ 100 7 
c 

where % TCM i s the approximation of t o t a l c i t r u s mater ia l present 
in the unknown sample and Σ u n k i s the unknown sample absorbance 
sum. 
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Then 

% TCM(a) = % OJ 8 

and 

% TCM - % OJ = % PW 9 

and 

100% - % TCM = % D i l u t i on 10 

The fo l lowing cases i l l u s t r a t e use of the above equations: 

Case 1. I f the re su l t s i nd i ca te a combination of orange 
j u i c e , pulpwash and d i l u t i o n , then equation 8, 9 and 10 
are reported as ca l cu la te
100 percent. 

Case 2. I f r e su l t s i nd i ca te only orange j u i c e and pulpwash, 
then re su l t s of equations 8 and 9 are set proport ional to 
100% as % 0 J : % TCM = x: 100 and % PW: % TCM = x: 100 r e ­
spec t i ve l y . Solved f o r x, product formulation equals 100 
percent. 

Case 3. I f r e su l t s i nd i ca te orange j u i c e , or orange j u i c e 
with d i l u t i o n , then equations 7 and 10 are reported as c a l ­
culated and product formulat ion equals 100 percent. 

Case 4. I f r e su l t s i nd i ca te only pulpwash or pulpwash with 
d i l u t i o n , then equations 7 and 10 are reported as ca lcu la ted 
and product formulat ion equals 100 percent. 

The equations were performed on the data obtained from the 
416 FCOJ samples prev ious ly discussed. Q u a l i t a t i v e l y the absorp­
t i on and fluorescence spectra did not ind icate the presence of 
orange pulpwash. Therefore, the j u i ce s were examples of Case 3, 
and orange j u i c e content reported as % TCM (equation 7) . S t a t i s ­
t i c a l ana lys i s of the re su l t s showed a mean of 99.6% TCM and 
standard dev iat ion of 8.5. 

To fu r ther v e r i f y the equations, 29 unknown samples (4 sets) 
composed of various combinations of orange j u i c e s , and/or pu lp-
washes and/or product d i l u t i o n s were prepared by others f o r ana l ­
y s i s . Calculated values were cor re la ted with actual values and 
gave the fo l lowing c o e f f i c i e n t s of determination: orange j u i c e 
content r2 = 0.942; pulpwash content r2 = 0.981; and d i l u t i o n 
r2 = 0.937. Even with s i g n i f i c a n t c o e f f i c i e n t s of determinat ion, 
i t must be stressed that the equations provide only approxima­
t ions of sample formulat ions. The constants used i n the equa­
t ions were based on re su l t s obtained from commercial F l o r i da 
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c i t r u s products and could vary with other c i t r u s producing r e ­
gions. 

The fo l lowing examples were selected from the aforementioned 
national surveys conducted by the F l o r i da Department of C i t r u s . 
The examples were packed outside F lo r i da and obtained from the 
r e t a i l market. They w i l l serve to i l l u s t r a t e both q u a l i t a t i v e l y 
and semi -quant i ta t i ve ly the information which may be obtained from 
the spectra and equations. 

V i s i b l e and u l t r a v i o l e t absorption and fluorescence spectra, 
obtained from a l coho l i c so lut ions of a commercially packed (out of 
the State of F lo r ida ) FCOJ, are presented i n F i g . 9, 10, 11 and 
12. Q u a l i t a t i v e l y , F i g . 9 reveals a lack of re so lu t ion in the 
v i s i b l e absorption region and a well resolved peak at 280 nm. 
Comparison with F i g . 1 and 3 shows i t s absorption cha r a c t e r i s t i c s 
to be more s im i l a r to those of orange pulpwash i n F i g . 3, i n d i c a t ­
ing adu l terat ion by pulpwash add i t i on . Fluorescence e x c i t a t i on 
spectra (F ig . 10, 11) revea
F i g . 12 a shoulder at 270-7
compared to F i g . 2 and 4 of pure orange j u i c e . However, charac­
t e r i s t i c s are s i m i l a r to those obtained from pulpwash and very 
s i m i l a r to those obtained from prepared model systems. Qua l i t a ­
t i v e l y both v i s i b l e and u l t r a v i o l e t absorpt ion, and room tempera­
ture f luorescence ind ica te the presence of pulpwash i n the FCOJ 
sample. The spectra are complementary. Absorption also d id not 
ind i ca te fur ther adu l te rat ion by d i l u t i o n which would have been 
denoted by weaker overa l l absorption and a s h i f t at 227 nm to 
shorter wavelength. The sum of absorption at 443, 325 and 280 nm 
i s 0.098 + 1.040 + 1.622 = 2.760 absorbance un i t s . F l o r i da State 
s tatute 20-64.07(1)(a) requires FCOJ to be 44.8° B r i x which r e ­
const i tuted to 12.8° Br ix (16) and Federal standards, Section 
52.2582(a), require 41.8° B r i x , reconst i tuted to not less than 
11.8° B r i x (17). Therefore, the sum of absorbance i s mu l t i p l i ed 
by the r a t i o of 12.8 to 11.8° B r i x , with a corrected sum of 2.995. 
The sample absorbance r a t i o at 443/325 nm i s 0.098/1.040 which i s 
equal to 0.094. I f the sum and natural log r a t i o values are sub­
s t i t u t e d into the regression equation: 

y = 241.768 - 46.776( Σ ) + 19.043(ln ^ | nm) 

the sample was found to contain approximately 57% orange j u i c e and 
43% pulpwash (100-57 = 43). I f the sum and natural log r a t i o are 
used with equations 1 through 10, the sample was found to contain 
approximately 65% orange j u i c e and 41% pulpwash (106% TCM) and 
there was no i nd i ca t i on of fu r ther d i l u t i o n . The sample consisted 
of only orange j u i c e and pulpwash, and i s a Case 2 example. 
Therefore, so lv ing the proportions (65:106 = x:100 and 41:106 = 
x:100) resu l ted i n a product formulation of approximately 61% 
orange j u i c e and 39% pulpwash. The values are comparable to those 
obtained using the regress ion equation. 

V i s i b l e and u l t r a v i o l e t absorption and room temperature f l u ­
orescence e x c i t a t i on and emission spectra obtained from a l coho l i c 
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Figure 9. Visible and UV absorption spectra obtained from a commercially 
packed (outside Florida) FCOJ 
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Figure 11. Fluorescence excitation (293 
nm) and emission (340 nm) spectra ob­
tained from a commercially packed (out­

side Florida) FCOJ 

Figure 12. Fluorescence excitation (302 
nm) and emission (353 nm) spectra ob­
tained from a commercially packed (out-

WAVELENGTH, nm side Florida) FCOJ 
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so lut ions of a s ing le - s t rength orange j u i c e are presented i n F i g . 
13, 14, 15 and 16. The sample was of commercial o r i g i n packed 
out of the State of F l o r i da and labeled 100% orange j u i c e from 
concentrate, unsweetened, and no sugar added. F i g . 13 reveals a 
lack of re so lu t i on in the v i s i b l e absorption region and w e l l - r e ­
solved peak at 280 nm which i s t yp i ca l of pulpwash add i t i on . 
Weak overa l l absorption and the peak s h i f t to shorter wavelength 
at 211 nm ind i ca te d i l u t i o n . Fluorescence exc i t a t i on (F ig . 14, 
15 and 16) a l l i nd icate some deformity when compared to F i g . 2, 
and i s t yp i ca l of pulpwash add i t i on . Absorption and f luorescence 
spectra must be complementary. Because of the apparent d i l u t i o n 
invo lved, est imation of the orange j u i c e and pulpwash contents 
cannot be accomplished using the regress ion equation. The ab­
sorbance sum (0.056 + 0.510 + 0.850) corrected fo r 12.8° B r i x was 
1.536 absorbance units and the absorbance r a t i o was 0.110. The 
low absorbance sum i s wel l outside the d i s t r i b u t i o n curve fo r 
orange j u i c e and ind icate
i s w i th in two standard
t i on and j u s t outs ide three standard deviat ions of the pulpwash 
d i s t r i b u t i o n i n the overlap area. The re su l t s ind icated orange 
j u i c e , pulpwash and d i l u t i o n , therefore, the sample i s a Case 1 
example. Ca lcu lat ions using equations 1 through 10 provided the 
fo l l owing approximate formulat ion: 43% orange j u i c e , 14% pulp­
wash and 43% d i l u t i o n . I t must be pointed out that the formula­
t i on contained 14% pulpwash and the t o t a l c i t r u s material (TCM) 
ca lcu la ted was 57%. Therefore, pulpwash comprised 25% of the 
t o t a l c i t r u s mate r i a l . Sensory evaluations (unpublished data, 
P. J . F e l l e r s , F l a . Dept. of C i t r u s , 1979) of the sample tended 
to substant iate the ana l y s i s . The evaluations revealed a s l i g h t ­
l y b i t t e r tas te almost t o t a l l y lack ing i n f u l l ne s s of normal o r ­
ange j u i c e f l a v o r , and somewhat l i k e i so ton i c orange beverage (a 
th i rst -quencher type beverage developed at the Un iver s i t y of 
F l o r i da Ag r i c u l t u r a l Research and Education Center, Lake A l f r e d , 
F l a . having 25% orange j u i c e so l i d s and very small amounts of 
ce r t a i n s a l t s ) . The f l a v o r grade was a very unsat i s factory " d i s ­
l i k e moderately" on a 9-point hedonic sca le . B i t terness can be 
i n d i c a t i v e of pulpwash add i t i on and blandness or lack of f l a v o r 
can be i n d i c a t i v e of d i l u t i o n . Sugar analys i s (unpublished data, 
S. V. T ing, F l a . Dept. of C i t r u s , 1979) of the sample revealed 
about 76% sucrose as percent t o t a l sugars, whereas the average 
fo r s ing le - s t rength orange j u i c e was about 50%. This a l so was 
supportive evidence i nd i ca t i ng d i l u t i o n of the sample. 

In conc lus ion, i t has been shown that the v i s i b l e and u l t r a ­
v i o l e t absorpt ion, and room temperature f luorescence spectra, ob­
tained from a l c oho l i c so lut ions of orange j u i c e and re la ted pro­
ducts, may be used fo r product cha rac te r i z a t i on . The complemen­
tary absorption and f luorescence spectra may be u t i l i z e d fo r the 
q u a l i t a t i v e detect ion of adu l te ra t ion of reconst i tuted frozen con­
centrated and s ing le - s t rength orange j u i c e with pulpwash. Pre­
vious inves t igat ions (chemical and elemental p r o f i l e analyses) 
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W A V E L E N G T H , n m 

Figure 14. Fluorescence excitation (285 
nm) and emission (333 nm) spectra ob­
tained from a commercially packed SSOJ 
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Figure 15. Fluorescence excitation (290 
nm) and emission (340 nm) spectra ob­
tained from a commercially packed SSOJ W A V E L E N G T H , n m 

Figure 16. Fluorescence excitation (302 
nm) and emission (353 nm) spectra ob­
tained from a commercially packed SSOJ 

>-

WAVELENGTH,nm 
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have been concerned mainly with d i l u t i o n s of the product followed 
by f o r t i f i c a t i o n with c e r t a i n inexpensive chemicals or elements 
to d isguise the adu l t e r a t i on . However, simple d i l u t i o n of orange 
ju i ce s adulterated with orange pulpwash would r e s u l t i n chemical 
and elemental p r o f i l e s s i m i l a r to orange j u i c e and thus confuse 
these types of analyses. 

M u l t i p l e regression analyses of the absorbance data produced 
an equation ( u t i l i z i n g the absorbance sum and r a t i o ) for the e s t i ­
mation of orange j u i c e and pulpwash present i n a product. The 
equation worked wel l for orange ju i ce s adulterated with pulpwash 
that were not d i l u t e d . Therefore, a se r ies of equations was de­
r i v e d , using model systems and absorbance data , to approximate 
orange j u i c e and/or pulpwash content and/or d i l u t i o n of an orange 
j u i c e sample. The constants used were obtained from analyses of 
commercial F l o r i d a c i t r u s products and may vary with other c i t r u s 
producing regions . 

Assis tance from the fo l lowing technica l persons i n preparing 
and analyzing the numerous samples and tabu la t ing the data has 
been grea t ly appreciated; John Glennon, G a i l H a l l , E la ine South, 
Pam B i r k y , and Betty Murphy. 
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A 
Absorbance data to estimate orange 

juice and pulpwash in a product, 
multiple regression analyses of 432—441 

Abscission chemicals 199 
Absorption 

of Florida orange juice, visible 
and U V 425-44

spectrometry, atomic 371-37
spectrometry to detect adulteration 

in citrus products, visible 
and U V 397 

Acid 
ascorbic 25-26 
citric 5 
in citrus fruits, organic 10 
in citrus peel 10 
determination of juices 295-299 
folic 26-27 
removal from citrus juices 237 

Adulterations of citrus juices, 
detection of 423-441 

Aglycones, flavanone 88, 90 
methoxylated 92 

Aglycones and glycosides, bitterness 
of citrus flavonoid 92/ 

Albedo 101 
debittering 6 
grapefruit 35 

Aldehydes 169 
in grapefruit 183 
as a measure of oil quality 187 

Alpha-terpineol 412 
Amino acid(s) 

in citrus to detect adulteration, 
measurement of 399-406 

of citrus products, index of nutrient 
quality (INQ) of 17/ 

composition of citrus juices 403/ 
reaction, sugar- 245 

4-Aminobutyric 246 
γ-Aminobutyric acid 402 

in orange juices, concentrations of .. 404/ 
Anemia, megaloblastic 242 
Antheraxanthin 134 
Anthocyanins 51/ 
Anthracnose fungus 132 
Antiscorbutic substance 4 
L-Arabinose 54 

Arginine 402 
in orange juices, concentrations of .. 404/ 

A R I A (autoradiographic immuno­
assay) 351, 352 

Arthrobacter globiformis 161 
Ascorbic acid (Vitamin C) 4, 25-26, 

240-241 

in juices, loss of 245-247 
retention in orange juice as a func­

tion of container type 252-254 
1-Ascorbic acid, oxidation of 14/ 
Ascorbic acid content of orange juice 

during storage in refrigerator, 
changes in 16/ 

Ashing technique for orange juice 
analysis 369-371 

Aspartylphenylalanine methyl 
ester (AP) 75 

Atherosclerosis 28 
Atomic, spectrometry 

absorption 371-372 
emission 372-373 
fluorescence 376 

Autoradiographic immunoassay 
(ARIA) 351,352 

Β 
Bacteria, limonoid 

enzymes in 72 
metabolism in 71 
-metabolizing 71/ 

Bacteriological examination of citrus 
products 312-315 

Baume hydrometer 399 
Benomyl 204 
Benzimidazoles 203 
Betaine 405 
Beverages, nutritional role of citrus .25-28 
Bile salts 121 

binding 120-122 
by citrus pectin 29-31 

Bioflavonoids 19-20 
on blood cell adhesion, effect of .... 48 
citrus 

and disease 49-53 
medical and nutritional aspects 

of 43-56 
methoxylated 49 
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Bioflavonoids (continued) 
on erythrocytes, antiadhesive 

action of 45 
hydroxylated 52 
trimodal action of 44-46 

Biological assays to detect adultera­
tion in citrus 412-413 

Bitterness 332 
in citrus, control of 344 
of citrus flavonoid aglycones and 

glycosides 92t 
flavanone 90 
influence of juice components on .... 75 
juice 74 

control of 79-80 
effects of processing on 101-105 
influence of sweeteners on 75 
in pasteurized navel orange 159 

naringin 
methods of reducing 102-10
preference levels 89
suppression of 7

in orange juice, limonin 74 
suppression, limonin 76 
suppressors, flavonoid 93 

Blood cell adhesion, effect of bio­
flavonoids on 48 

Blood cell aggregation 47 
Blood rheology 46-47 
Brix 

-acid ratio 299 
determination of juice quality ... 291-295 
hydrometer 399 
measurement of 399 

Brown extractors 233 
Browning of citrus juices 245-247 

C 
Ciô compounds 83 
Calcium 19 

pectate formation I l l 
egg-box model of 110/ 

Capillary fragility 46-47 
Carbohydrates in citrus fruits 5-6 
Carotenes 11 
α-Carotenes 141 
^-Carotenes 131,411 

comparison of Vitamin A and 140/ 
Carotenoids 85, 129, 194 

in citrus juice 141 
C-40 133/ 

in citrus peel 132 
C-40 133/, 140/ 
content of 138/-139/ 

and citrus peel color 135 
isomer and artifact formation of .... 134 
in orange peel 135 
provitamin A 11 

Carotenoids (continued) 
synthesis 202 

ethylene in 137 
in tangerine peel, identification of .. 135 

Catechol-O-methyltransferase 49 
Cell adhesion, effect of bioflavonoids 

on blood 48 
Cell aggregation, blood 47 
Cellulose 7 

acetate adsorption technique 79 
Chalcones 93 

and dihydrochalcones, conversion 
of bitter flavanone neohes-
peridosides to sweet 95/ 

Chill-sensitive fruits 209 
Chilling injury of fruit 209 
Chloramine-T in citrus to detect 

adulteration, measurement of .... 410 
2-Chloroethylphosphonic acid 

Chlorophyll 194 
in citrus peel 129-131 

breakdown 129 
Chlorophyll-a 130 
Chlorophyll-b 130 
Chlorophyllase activity in peel 130 
Cholesterol 28,29 

levels with pectin, reduction of 
serum 120-122 

Chromatographic methods to separate 
citrus flavonoids 88 

Chromatography to detect adulteration 
of citrus products 396 

Chylomicrons 31 
Citrate ion 237 
0-Citrurin 135, 137 
/?-Citraurinene 137 
Citric acid 5, 10, 406 
Citrus 

beverages, nutritional role of 25-28 
bioflavonoids and disease 49, 53 
bioflavonoids, medical and nutri­

tional aspects of 43-56 
biological assays to detect adultera­

tion in 412-413 
bitterness in/of 

control of 344 
flavonoid aglycones and glyco­

sides 92/ 
products, analytical methods to 

determine flavonoid 88 
color 85 

peel 129 
as related to quality in 129-146 
standards for 143-145 

Colorimeter, Hunterlab Model 
D-45 144 
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Citrus (continued) 
cultivars 96 
to detect adulteration in/of 

products 
chromatography 396 
technique 396 
visible and U V absorption 

spectrometry 397 
to detect adulteration, measure­

ment of 
amino acids in 399-406 
chloramine-T in 410 
lipids in 410 
minerals in 411-412 
organic acids in 406-407 
phenolics in 407, 409 
sugars in 410 
vitamins in 411 

enzymes to juice quality, relation­
ship of 151-16

extracts, variations in 43-4
factors affecting the flavanoid 

content of 98-101 
flavonoids 

chromatographic methods to 
separate 88 

as quality factors 89 
taste and structure of 89-93 

flavors, undesirable 332-336 
fruit(s) 

bioavailability of water-soluble 
vitamins in 25 

carbohydrates in 5-6 
commercial aspects of degreening 131 
composition of 5/ 
dietary fiber in 7 
with ethylene, degreening 131-132 
fat-soluble vitamins in 11 
in the human diet, historical 

role of 4 
and juices, stability of vitamin 

C in 13, 15 
limonoid metabolism in 73 
lipids in 11 
nutrients and nutrition of 3-20 
organic acids in 10 
polysaccharides in 6-7 
polyuronides in 6-7 
production 6, It 
protein in 10 
storage and quality of 207-212 

glycosides in 94 
in health and disease, role of 25-40 
hybrids 96 
juice(s) 

amino acid composition of 403/ 
bitterness, control of 79-80 
carotenoids in 133/, 141 
clarified 117 

Citrus (continued) 
juice(s) (continued) 

clarifying enzyme 152-153 
cloud 113-117 
determination of limonin 

content in 7-9 
effect of extraction pressure on 

flavonoid content of 102, 104/ 
enzymes in 161-162 
limonin levels of 77-78 
monosaccharides in 9t 
nonreducing and reducing 

sugars in 244-245 
pectic enzymes in 152 
percentage of polysaccharides in 8/ 
processing related to quality and 

nutrition 225-226 
provitamin A content of 142/ 
quality standards 79 

 dehydrogenas
to debitter 161 

variables affecting limonin 
content of 76-77 

vitamin A content of 12/ 
limonoids, biosynthesis of 70-71 
methoxylated bioflavoids of 49 
oil(s) 

oxygenated compounds in 280/ 
quality, processing effects of 279 
standards of purity for 187 
tocopherol content of 279 

pectic polysaccharides, fractiona­
tion and chemistry of 34-40 

pectin, binding bile salts by 29-31 
pectin, nutritional role of dietary ...28-40 
peel 6 

acids in 10 
carotenoids in 132, 133/, 140/, 

135, 138/-139/ 
chlorophyll in 129-131 

breakdown 129 
color, carotenoids and 135 
monosaccharides in 9/ 
oils 277-282 
percentage of polysaccharides in 8/ 
sugar composition in 6/ 

pellets, dried 273-277 
pellets, properties of 276/ 
products 

bacteriological examination of .... 312 
index of nutrient quality (INQ) 

of the amino acids of 17/ 
isotonic 337-338 
problems in sensory 

evaluation 319-338 
processed 247-266 

Florida 231,232/ 
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Citrus (continued) 
protein in 244 
pulp 

dried 273-277 
monosaccharides 9t 
nutrient composition of 278/ 
percentage of polysaccharides in 8/ 
-wash solids 282-285 

quality 
flavonoids and 83-125 
immunological tests to 

evaluate 341-357 
and nutrition, role of 

pectin in 109-124 
problem areas in 343 

Red No. 2 145 
sections or segments for sensory 

evaluation, preparing 323-324 
seeds, concentrations of limonoids 

in 67/-69
sensory evaluation research, prob

lems in 336-33
sources of vitamin A in 141 
specialty products, quality of . ...273-286 
species, flavonoids isolated from ..50/-51/ 
taxa, T L C survey of flavanones in .. 97/ 

Clarification 238 
Clarifying enzyme, citrus juice 152-153 
Cloud, citrus juice 113-117 

stability 114 
Color 

-add 145 
carotenoids and citrus peel 129, 135 
in citrus, standards for 143-145 
enhancement in fresh fruit 145 
of fruit 193 
juice(s) 

determination of 307-310 
enhancement of orange 146 
grapefruit 310 
standards, availability of 310 

in processed orange juices, scoring 
guide for 311/ 

and provitamin A 141-143 
as related to quality in citrus 129-146 
in sensory testing, effect of 332 
standards for fresh fruit 145 

Colorimeters, Hunterlab Model D-45, 
citrus 144 

Coumarins 407 
Cryptoxanthins 11 
β-Cryptoxanthin 137, 141 
/?-apo-8'-Cryptoxanthin 141 
Cultivars, citrus 96 

2,4-D (2,4-dichlorophenoxyacetic 
acid) 195,204 

Davis Test 98, 304-305, 407 

Decanal 169 
Decay control techniques, fruit 203-205 
Degreening fruit 199-203 

citrus 194 
commercial aspects in 131 
with ethylene 131 

problems with 132 
lemons 202-203 
satsuma mandarins 131 
Valencia oranges 131 

Dehydroascorbic acid 13 
17-Dehydrolimonoate Α-ring lactone 161 
3-Deoxyglucosone 246 
Deoxylimonin hydrolase 73 
Diabetes 123 
2',4'-Dichloro-1 -cyanoethane-

sulphoanilide 203 
2,4-Dichlorophenoxyacetic acid 

(2,4-D) 195,204 

y  pecti
Dihydrochalcone(s) 93-94 

conversion of bitter flavanone neo-
hesperidosides to sweet chal­
cones and 95/ 

neohesperidin (NHD) 94 
Dimethyl anthranilate (methyl-N-

methyl anthranilate) 194 
in mandarin oils, taste thresholds for 185 
in tangerine oils, taste thresholds for 185 

Diphenyl 204 
Disease, citrus bioflavonoids and 49-53 
Disease, role of citrus in health and .25-40 

Ε 
Emission spectrometry, atomic 372-373 
Emission spectrometry, plasma 

sources for 372-373 
Enzyme(s) 

in bacteria, limonoid 72 
in citrus juices 161-162 

clarifying 152-153 
pectic 152 

debittering 102 
to degrade limonin precursor 160-161 
immunoassay 353-356 
to juice quality, relationship of 

citrus 151-162 
pectic 103 
treatment on naringin content in 

grapefruit juice, effect of 104/ 
Erythrocyte(s) 

aggregation 47 
antiadhesive action of bioflavonoids 

on 45 
sedimentation rate (ESR) 44 

Essence 335-336 
Esters in grapefruit 183 
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Ethephon (2-chloroethylphosphonic 
acid) 194,202 

Ethyl butyrate 169 
Ethylene 

in carotenoid synthesis 137 
degreening citrus fruit with 131 
dibromide (EDB) 205 
on fruit, effects of 199-203 
problems with degreening citrus 

fruit with 132 
removal 211 

Evaporation in fruit processing 234-237 
Evaporation techniques, high vacuum 229 
Evaporator(s) 

falling-film type 234 
four-effect 235 
T A S T E 235-237 

Extraction pressure on flavonoid 
content of citrus juices, effect 
of 102

Extractor, F M C In-Line 23
Extractors, Brown 233 

Factor, collision efficiency 225 
F C O J (see Frozen concentrated 

orange juice) 
Fiber in citrus fruits, dietary 7 
Fibers, dietary 29, 118 
Finishing operations of juice 

extraction 234 
Flavanone(s) 50/, 85 

aglycones 88, 90 
bitterness 90 
in citrus taxa, T L C survey of 97/ 
glycosides 89 

in citrus juice 102 
in grapefruit, maturity effects on 99/ 
in Texas grapefruit 92 

in grapefruit juice, methods to 
measure bitter 86 

in grapefruit juice, test for 304 
neohesperiodosides 85, 90 

to sweet chalcones and dihydro-
chalcones, conversion of 
bitter 95/ 

rutinosides 90, 96 
Flavedo 6, 102 
Flavone(s) 44,50/ 

aglycones, methoxylated 92 
glycosides, tasteless 76 
methoxylated , 5 2 , 102 

Flavonoid(s) 19,43 
binding 54 
bitterness in citrus products, 

analytical methods to deter­
mine 88 

bitterness suppressors 93 

Flavonoid(s) (continued) 
citrus 

aglycones and glycosides, 
bitterness of 92/ 

quality 83-125 
as quality factors 89 
taste and structure of 89-93 

concentration, juice 98 
content 

of citrus, factors affecting 98-101 
of citrus juices, effect of extrac­

tion pressure on 102, 104/ 
whole fruit 98 

cytotoxic effects against tumors 52, 54 
differentiation of 83 
effects 54 
in grapefruit 86 
isolated from citrus species 50/-51/ 
in lemons 85 

physical properties 85 
in pummelo 86 
in sweet oranges 85 
structures and nomenclature 84/ 
taxonomic significance of 94 

Flavor 
and aroma, components important 

to mandarin 184-187 
components important to natural 

grapefruit 181-184 
components important to natural 

orange 167-168 
deterioration 262 
threshold(s) 

effect of nonvolatile juice 
components on 172-174 

of d-limonone 173-174 
of octanal 172/ 

undesirable citrus 332-336 
Florida 

citrus products, processed 231,232/ 
orange(s) 

juice, elements in 380/ 
juice with juices from other geo­

graphic locales, comparison 
of 377-388 

seasonal changes of ascorbic acid 
in juice of 14/ 

State grades for canned and chilled 
grapefruit juice 79 

State quality standards for frozen 
concentrated grapefruit juice .. 79 

Fluorescence 398 
excitation and emission characteri­

zation of orange juice 429/ 
excitation and emission characteri­

zation of orange pulpwash 429/ 
of Florida orange juice 425-441 
spectrometry, atomic 376 
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F M C In-Line Extractor 233 
Folacin 242 
Folic acid (folate) 15,26-27,241-242 

analysis of 257 
content of acid-reduced orange juice 258/ 
content of fruit juices 18/ 

Food quality 341 
Formol values of citrus 401/ 
Frozen concentrated citrus juices, 

production of 249, 250/ 
Frozen concentrated orange juice 

(FCOJ) 3,225,249-254,423 
nutrients per serving of recon­

stituted 251/ 
with pulpwash, adulteration of 

reconstituted 423-441 
reduced-acid 254-257 
for sensory evaluation, 

preparing 324-326 
Fructose 5
Fruit(s) 

carbohydrates in 5-6 
citrus 

bioavailability of water-soluble 
vitamins in 25 

composition of 5/ 
degreening 194 
dietary fiber in 7 
fat-soluble vitamins in 11 
in the human diet, historical role 

role of 4 
and juices, stability of vitamin 

C in 13, 15 
limonoid metabolism in 73 
lipids in 11 
macronutrients in 5 
mineral nutrients in 18 
nutrients and nutrition of 3-20 
organic acids in 10 
polysaccharides 6-7 
polyuronides in 6-7 
processing 229-240 
production by 6, 7/ 
protein in 10 
storage and quality of 207-212 

chill-sensitive 209 
chilling injury of 209 
color (of) 194 

enhancement in fresh 145 
standards for fresh 145 

controlled atmosphere storage 
of 210-212 

decay control techniques 203-205 
degreening 199-203 
effect(s) 

of ethylene on 199-203 
of humidity on 212 
of processing on nutritional 

quality of 243-247 

Fruit(s) (continued) 
flavonoid content, whole 98 
fumigation of 205-206 
growth regulators 195-196 
handling and decay control tech­

niques affecting quality 193-213 
harvest techniques that influence 

quality, handling techniques 
at 196-199 

inspection 319 
juices, folic acid content of 18/ 
juices in the United States, con­

sumption of 4/ 
maturity 98 

index of 299 
mechanical harvesting of 198-199 
physiological disorders of 197-198 
postharvest techniques that influ­

ence quality 199 

processing, evaporation in 234-237 
quality as influenced by packaging 

and transportation 212-213 
tissue senescence, indicator of 208 
and vegetables, vitamin C content of 

freshly harvested 13/ 
waxing 205 

Fumigants, vapor-phase 204 
Fumigation of fruit 205-206 
Fungicides, postharvest 203 
Fungus, anthracnose 132 
Furfural 247 

G 
D-Galactose 34 
D-Galacturonic acid 34 
Gatorade 27 
Gelation, pectin 112-113 
Gels, pectate 112 
Gels, sugar acid-pectin 112 
Gibberellic acid (GA) 195 
Glucose 5,244 

linkages, rhamnose- 90 
tolerance, effect of pectin on 123 

β-Glucosidase 103 
O-Glucosides 94 
Glycosaminoglycans 32 

poly anionic 32 
Glycoside(s) 85 

bitterness of citrus flavonoid 
aglycones and 92/ 

in citrus 94 
flavanone 89 

in citrus juice 102 
in grapefruit, maturity effects on 99/ 
in Texas grapefruit 92 

tasteless flavone 76 
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C-Glycosides 94 
C-Glycosylflavones 51/ 
Grapefruit (citrus paradisi) 33, 193 

albedo 45 
aldehydes in 183 
distribution of the components of .. It 
esters in 183 
flavanone glycosides in Texas 92 
flavonoid in 86 
flavor, components important to 

natural 181-184 
juice(s) 

canned 261 
color 310 
effect of enzyme treatment on 

naringin content in 104/ 
Florida State Grades for canned 

and chilled 79 
Florida State Grades for frozen 

concentrated 7
limonin content of commercia
methods to measure bitter 

flavanones in 86 
pigment in 141 
production of 101-102 
provitamin A in 143 
standards 144 
test for flavanones in 304 

maturity effects on flavanone 
glycosides in 99/ 

maturity effects on naringin in 99/ 
oil 182 

containing nootkatone 182-183 
pectin 33 
peels, vitamin C in 12 
U.S. production of 230/, 231/ 
vitamins in pink 12 
vitamins in white 12 

Growth regulators, fruit 195-196 

H 

Harvest methods, fruit 196 
Harvesting of fruit, mechanical 198-199 
Hesperidin 19,44,85,407 
Hesperitin dihydrochalcone glucoside 

(HDG) 75 
/rans-2-Hexenal 175 
High density lipoproteins (HDL) 31 
Humidity on fruit, effect of 212 
Hunterlab Model D-45 Citrus 

Colorimeter 144 
Hydrocarbons, monoterpene 185 
Hydrocarbons, terpene 169 
Hydrometer, Baume 399 
Hydrometer, Brix 399 
Hydroxyfurfural 247 
5-Hydroxymethylfurfural 246 
Hypocholesterolemia 121 

I 
Immunoaassay 

autoradiographic (ARIA) 351-352 
enzyme 353-356 
in food science 346/ 
for naringin 353 
for orange juice 356 
system, characteristics of 345/ 
uses of 357/ 

Immunological tests to evaluate citrus 
quality 341-357 

Index of nutrient quality (INQ) of the 
amino acids of citrus products .. 17/ 

Infections using vitamin C , resistance 
to viral 28 

Inorganic constituents of orange juice 366/ 
Inositol 20 

myo- 36 
Ion-exchang  processin f juice  .237-238 

J 
Juice(s) 

acid determination of 295-299 
bitterness 74 

components on, influence of 75 
effects of processing on 101-105 
influence of sweeteners on 75 

Brix of 292 
canned 262-263 
citrus 

acid removal from 237 
amino acid composition of 403/ 
bitterness, control of 79-80 
browning of 245-247 
chilled 257-261 
defects in 305-306 
dehydration of 263-266 
detection of adulterations of .423—441 
determination of limonin 

content in 79 
effect of extraction pressure on 

flavonoid content of 102, 104/ 
flavanone glycosides in 102 
limonin levels of 77-78 
methods for determining the 

quality of 291-315 
monosaccharides in 9 
nonreducing and reducing, 

sugars in 244-245 
nutritional quality of 240-243 

percentage of polysaccharides 
in 8/ 

processing related to quality and 
nutrition 225-226 

production of frozen 
concentrated 249, 250/ 
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Juice(s) (continued) 
citrus (continued) 

quality, criterion of 207 
quality standards 79 
removal of limonin from 79 
for sensory evaluation, preparing 

fresh 323 
sugar composition of 6t 
variables affecting limonin 

content of 76 
vitamin A content of 12/ 

color 
evaluation of 309 
procedure for evaluating 309-310 
standards, availability of 310 

components on flavor thresholds, 
effect of nonvolatile 172-174 

deaeration of 295 
determination of 

quality, Brix 291-29
centrifuge pulp in 30
color 307-310 
recoverable oil in 299-300 

elemental content of California 
navel 368/ 

elemental content of California 
Valencia 368/ 

extraction 233 
finishing operations of 234 

flavonoid concentration 98 
of Florida oranges, seasonal 

changes of ascorbic acid in .... 14/ 
folic acid content of fruit 18/ 
frozen concentrated 249-254 
grapefruit 

Florida State Grades for canned 
and chilled 70 

Florida State Grades for frozen 
concentrated 79 

limonin content of commercial .. 78/ 
production of 101-102 

ion-exchange processing of 237-238 
loss of ascorbic acid in 245-247 
microorganisms in 310-315 
orange 

analysis, ashing technique 
for 369-371 

analysis of trace metals in 363-389 
from Brazil, element contents 

in 382/-383Z 
from California, element 

contents in 382/-383Z 
components of single strength .... 364/ 
concentrations of γ-amino-

butyric acid in 404/ 
concentrations of arginine in 404/ 
Florida 

elemental content of 367/ 
element(s) in 380/ 

contents in 382/-383/ 

Juice(s) (continued) 
orange (continued) 

Florida (continued) 
fluorescence of 425-441 
with juices from other geo­

graphic locales, compari­
son of 377-388 

visible and UV absorption 
of 425-441 

fluorescence excitation and 
emission characterization of 429/ 

folic acid content of acid-reduced 258/ 
frozen concentrated (FCOJ) 423 

with pulpwash, adulteration of 
reconstituted 423-441 

reduced-acid 254-257 
as a function of container type, 

ascorbic acid retention in 252-254 
immunoassay for 356 

/ 
from Mexico, element contents 

in 382/-383Z 
mineral content of acid-reduced 259/ 
nutrient content of acid-reduced 258/ 
and pulpwash in a product, 

multiple regression analyses 
of absorbance data to 
estimate 432-441 

single strength (SSOJ) 363, 423 
with pulpwash, adulteration of 

reconstituted 423-441 
during storage in refrigerator, 

changes in ascorbic acid 
content of 16/ 

thirst-quencher 27 
packaging of chilled 259-261 
pectin degradation in 116/ 
polyphenolic content of lemon 397 
press, rotary 233 
quality, influence of limonin 

content on 78-79 
quality, relationship of citrus 

enzymes to 151-162 
sacs, dried 285-286 
stability of vitamin C in citrus 

fruits and 13, 15 
in the U.S., consumption of fruit .... 4/ 

L 

Lactobacillus 312 
Lactonase 160 

limonin D-ring 159-160 
Lactone hydrolase, limonin D-ring .... 73 
Lactone to limonin, lactonization of 

limonoic acid A-ring 151 
LDL (low density lipoproteins) 31 
Lead arsenate sprays 193 
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Lemon(s) (Citrus limon L . Burm.) .... 194 
degreening 202-203 
distribution of pectinesterase in 154 
flavonoid in 85 
juices, polyphenolic content of 397 
oil, adulteration of 397 
storage 210-211 

Leuconostoc 312 
Lipoprotein(s) 32 

high density (HDL) 31 
interaction between pectin and 39 
interaction of pectin with serum ...31-34 
low density (LDL) 31 
very low density ( V L D L ) 31 

Lipids in citrus to detect adulteration, 
measurement of 410 

Lipids in citrus fruit 11 
Linalool 412 
Limonin 6, 63-80, 160, 333 

bitterness in orange juice 7
bitterness suppression 7
chemical reactions of 6
from citrus juices, removal of 79 
content 

in citrus juices, determination 
of 79 

of citrus juices, variables 
affecting 76-77 

of commercial grapefruit juices .. 78/ 
of commercial juices 78/ 
on juice quality, influence of 78-79 

D-ring lactonase 159-160 
D-ring lactone hydrolase 73 
in grapefruit, distribution of 350/ 
lactonization of limonoic acid 

Α-ring lactone to 151 
levels of citrus juices 77-78 
with naringin, interaction of 75 
and naringin, organoleptic 

responses to 343/ 
organoleptic aspects of 74 
precursor, enzymes to 

degrade 160-161 
thresholds 74 

Lime(s) (Citrus aurantifolia 
(Christm.)) 194 

chilling injury of 209 
distribution of pectinesterase in .... 154 
storage 211 

Limonene 169, 182 
d-Limonene, flavor threshold of ...173-174 
d-Limonene, production of 281 
Limonoate dehydrogenase(s) 160-161 

bacterial 72/ 
to debitter citrus juices, use of 161 
Pseudomonas sp 161 

Limonoate monolactone 160 
Limonoic acid 160 

Α-ring lactone to limonin, lactoni­
zation of 151 

Limonoid(s) 63-80 
bacteria 

enzymes in 72 
metabolism in 71 

biosynthesis of citrus 70-71 
in citrus seeds, concentrations of .... 67/ 

acidic 69/ 
neutral 68/ 

distribution in desert navel orange 
tissue 77/ 

metabolism in citrus fruits 73 
structural relationships of 67 
structures 63, 64/-66/ 

Luminescence spectrophotometry 398 
Lundegardh, Henrik 364 
Lycopene 134, 141 

M 

Mandarin(s) 
flavor and aroma, components 

important to 184-187 
oil(s) 184 

taste thresholds for dimethyl 
anthanilate 185 

taste thresholds for thymol in .... 185 
satsuma 130 

degreening 131 
Mass spectrometry, spark source 377 
Medical and nutritional aspects of 

citrus bioflavonoids 43-56 
Megaloblastic anemia 242 
Meliaceae 63 
Metal poisoning, heavy 123 
Metals in orange juice, analysis of 

trace 363-389 
Methoxylated flavones 102 
Methyl bromide 205 
Methyl-N-methyl anthranilate 

(dimethyl anthranilate) 184 
Microorganisms in juice 310-315 
Mineral(s) 

analyses, ash and 398 
in citrus to detect adulteration, 

measurement of 411-412 
content of acid-reduced orange 

juice 259/ 
nutrients in citrus fruit 18 

Monosaccharides in citrus 
juice 9/ 
peel 9/ 
pulp 9/ 

Monoterpene hydrocarbons 185 
Multiple regression analyses of 

absorbance date to estimate 
orange juice and pulpwash in a 
product 432-441 

Myo-inositol 36 
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Ν 
Naringenin 7-glucoside, prunin- 103 
Naringenin, structural isomers of 91/ 
Naringin 6, 19, 44, 75, 86, 103, 

304, 333, 407 
analysis 304-305 
bitterness 

methods of reducing 102-105 
preference levels 89, 90/ 
suppression of 75 

content in grapefruit juice, effect of 
enzyme treatment on 104/ 

in grapefruit, maturity effects on ... 99/ 
immunoassay for 353 
interaction of limonin with 75 
organoleptic responses to limonin 

and 343/ 
Naringinase 6 
Navel orange tissue, liminoid distribu

tion in desert 77
Neodiosmin (ΝΕΟ) 76
Neohesperidin dihydrochalcone 

(NHD) 75, 94 
Neohesperidose (2-0-(rhamno-

pyranosyl) glucopyranose) 90 
Neohesperidosides, flavanone 85, 90, 96 

to sweet chalcones and dihydrochal-
cones, conversion of bitter 95/ 

Neutron activation spectrometry ...376-377 
N H D (neohesperidin dihydrochal­

cone) 75, 94 
Niacin 18 
Ninhydrin 400 
Nootkatone 181-183 

grapefruit oil containing 182-183 
5'-Nucleotides 172 
Nutrient(s) 

in citrus fruit, mineral 18 
composition of citrus pulp 278/ 
and nutrition of citrus fruits 3-20 
per serving of reconstituted 

F C O J 251/ 
Nutrition of citrus fruits, nutrients and 3-20 
Nutrition, role of pectin in citrus 

quality and 109-124 
Nutritional 

aspects of citrus bioflavonoids, 
medical and 43-56 

quality of citrus juices 240-243 
quality of fruit, effects of process­

ing on 243-247 
role of dietary citrus pectin 28-40 

Octanal 169 
flavor threshold of 172/ 

Oil(s) 
adulteration of lemon 397 
citrus 

oxygenated compounds in 280/ 
peel 277-282 
quality, processing effects of 279 
standards of purity for 187 
tocopherol content of 279 

folded 281 
grapefruit 182 
in juices, determination of 

recoverable 299-300 
mandarin 184 
method, Scott 299-300 
orange 169 
tangerine 184 

Oleocellosis 197 
Orange(s) 

Citrus sinensis (L.) Osbeck 193 

flavor, components important to 
natural 167-168 

Florida 
pulpwash, fluorescence of 425-441 
pulpwash, visible and U V 

absorption of 425-441 
seasonal changes of ascorbic 

acid in juice of 14/ 
juice 

analysis, ashing technique for 369-371 
analysis of trace metals in 363-389 
bitterness in pasteurized navel .... 159 
from Brazil, element contents 

in 382/-383Z 
California 

element contents in 382/-383Z 
elemental content of navel ... 368z 
elemental content of Valencia 368z 

color enhancement of 146 
components, taste and aroma 

threshold in water of 168-172 
concentrations of γ-aminobutyric 

acid in 404z 
concentrations of arginine in 404z 
drinks, bland 175 
element contents in 382z-383z 

fluorescence of 425-441 
with juices from other geo­

graphic locales, compari­
son of 377-388 

visible and U V absorption 
of 425-441 

Florida 
elemental contents of 367z 
elements in 380z 

fluorescence excitation and emis­
sion characterization of 429z 
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Orange(s) (continued) 
folic acid content of acid-

reduced 258* 
frozen concentrated (FCOJ) ...3,225, 

249, 423 
reduced-acid 254-257 

as a function of container type, 
ascorbic acid retention 
in 252-254 

immunoassay for 356 
inorganic constituents of 366/ 
limonin bitterness in 74 
limonin content of commercial .. 78/ 
from Mexico, element contents 

in 382/-383Z 
mineral content of acid-

reduced 259/ 
nutrient content of acid-reduced .. 258/ 
pigment in 141 
with/and pulpwash 

adulteration of reconstitute
frozen concentrated ... 423-441 

adulteration of reconstituted 
single-strength 423-441 

in a product, multiple regres­
sion analyses of absorbance 
data to estimate 423-441 

single strength (SSOJ) 363, 423 
components of 364/ 

scoring guide for color in 
processed 311/ 

during storage in refrigerator, 
changes in ascorbic acid 
content of 16/ 

thirst-quencher 27 
USDA 310 

color standards 144 
vitamin A content of 143 

oil 169 
peel(s) 

identification of carotenoids 
in 135 

red pigment in 137 
vitamin C in 12 

pulp 426 
pulpwash 332 

fluorescence excitation and emis­
sion characterization of 429/ 

rag 426 
tissue, limonoid distribution in 

desert navel 77/ 
U.S. production of 228/, 229/ 

Organic acids in citrus to detect adul­
teration, measurement of 406-407 

Organic acids in citrus fruits 10 
Organoleptic aspects of limonin 74 
Organoleptic responses to limonin 

and naringin 343/ 

Ρ 
Packaging 

aseptic 240 
pasteurization and 238-239 
system, Tetra Brik 240 

Pantothenic acid 18 
Pasteurization and packaging 238-239 
PE (see Pectinesterase) 
Pectate(s) 

formation, calcium I l l 
formation, egg-box model of 

calcium 110/ 
gels 112 
insoluble I l l 
precipitation of pectins as 114 

Pectic 
acid, hydrolysis of pectin to 151 
enzymes 103 

polysaccharides, labeling of 36-37 
Pectin 7 

antidiarrheal effect of 119-120 
binding bile salts by citrus 29-31 
in citrus quality and nutrition, 

role of 109-124 
composition of 32 
degradation in juice 116/ 
detoxication of metals by 123 
dietary intake of 124 
fractionation of commercially 

available 38 
gelation 112-113 
on glucose tolerance, effect of 123 
grapefruit 33 
hypocholesterolemic effect of ...120-122 
and lipoprotein, interaction between 39 
lyase (PL) 117 
metabolisms of 118-119 
nutritional role of dietary citrus ...28-40 
as pectates, precipitation of 114 
to pectic acid, hydrolysis of 151 
reduction of serum cholesterol 

levels with 120-122 
with serum lipoproteins, inter­

action of 31-34 
structure of 109, 110/ 
viscosity 111-112 
water-soluble I l l 

Pectinesterase (PE) 112, 152 
activation-inhibition of 156 
assays for 154-155 
on cloud stability, effect of 159 
distribution of 

in lemons 154 
in limes 154 
occurrence and 153-154 
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Pectinesterase (PE) (continued) 
extraction and identification of 153 
isoenzymes of 157 

stability of 158 
purification of 155 

Pectinol 103 
Pectolytic enzymes 284 
Peel(s) 

chlorophyllase activity in 130 
citrus 6 

acid in 10 
carotenoid(s) 132 

C-40 in 133/, 140/ 
content of 138/-139/ 
quantitation of 135 

chlorophyll in 129-131 
breakdown in 129 
color, carotenoids and 135 
color of 129 
monosaccharides in 9t 
oils 277-28
percentage of polysaccharide
sugar composition in 6t 

identification of carotenoids in 
tangerine 135 

orange 
identification of carotenoids in .... 135 
red pigment in 137 
vitamin C in 12 

red pigment in tangerine 137 
Pellets, dried citrus 273-277 
Pellets, properties of citrus 276/ 
Phenolics in citrus to detect adultera­

tion, measurement of 407-409 
Phosphorescence 398 
Phosphorus 19 
Phytoene, C-30 137 
α-Pinene 184 
Pinolene (poly-l-p-menthen-8,9-diyl) 196 
Plantix 118 
Plasma sources for emission 

spectrometry 372-373 
Poisoning, heavy metal 123 
Poly-l-p-menthen-8,9-diyl (pinolene) 196 
Poly anionic glycosaminoglycans 32 
Polygalacturonase (PG) 112 
Polygalacturonic acid 117 
Polyglutamates 242 
Polyphenolic content of lemon juices .. 397 
Polysaccharides 

in citrus fruits 6-7 
in citrus, percentage of 

juice 8/ 
peel 8/ 
pulp 8/ 

fractionation of pectic 37-38 
and chemistry of citrus 34-40 

labeling of pectic 36-37 

Polyuronides in citrus fruits 6-7 
Poncirin 92 
Potassium 18,240,243 

losses from sweating 27 
Processed citrus products, detection 

methods of adulteration in 395-416 
Processing, evaporation in fruit . 234-237 
Processing on nutritional quality of 

fruit, effects of 243-247 
Protein in citrus 244 

fruit 10 
Protopectins I l l 
Provitamin A 

activity 411 
carotenoids 11 
color and 141-143 
content of citrus juice 142/ 
in grapefruit juice 143 

Prunin (naringenin 7-glucoside) 103 

Pteroylmonoglutamic acid 242 
Pulp 

citrus 
dried 273-277 
monosaccharides in 9 
nutrient composition of 278/ 
percentage of polysaccharides in 8/ 

floating 302 
in juice, determination of centrifuge 300 
orange 426 

Pulpwash 112 
orange 332 

fluorescence excitation and emis­
sion characterization of 429/ 

fluorescence of Florida 425-441 
juice 

adulteration of reconstituted 
frozen concentrated 423-441 

adulteration of reconstituted 
single-strength 423-441 

in a product, multiple regres­
sion analyses of absorb­
ance data to estimate .432-441 

visible and U V absorption of 
Florida 425-441 

solids, citrus 282-285 
Pummelo, flavonoid in 86 

Q 
Quercetin 48, 52 

R 

Radioimmunoassay (RIA) 345 
Rag, orange 426 
Recommended Daily Allowance 

(RDA) of nutrients, U.S 241 
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Refractive indices of sugar solutions .. 399 
Rhamnose-glucose linkages 90 
L-Rhamnose 34 
α-Rhamnosidase 103 
Rhoifolin 76, 93 
Riboflavin 18 
Rind disorders, control of physio­

logical 196 
Rutaceae 63 
Rutinosides, flavanone 90, 96 

S 
Satsuma mandarins 130 

degreening 131 
Scurvy 4,26,46 
Scott oil method . 299-300 
Seeds, concentrations of limonoids 

in citrus 67/ 
acidic 69

Seeds, concentrations of neutra
limonoids in 68

Sensory 
evaluation(s) 438 

choosing taste panelists for ... 321-322 
of citrus products, problems .319-338 
preparing 

citrus section or segments 
for 323-324 

F C O J for 324-326 
fresh citrus juice for 323 

research, problems in citrus ...336-338 
testing, effect of color in 332 
tests 326-331 

Serine 402 
Serum cholesterol levels with pectin, 

reduction of 120-122 
Serum lipoproteins, interaction of 

pectin with 31-34 
Sinensetin 44 
Single-strength orange juice (SSOJ) .. 423 

with pulpwash, adulteration of 
reconstituted 423-441 

Sodium 18 
loss from sweating 27 
ortho-phenylphenate (SOPP) 203 
taurocholate 29 

Spark source mass spectrometry 377 
Spectrometry 

atomic 
absorption 371-372 
emission 372-373 
fluorescence 376 

to detect adulteration in citrus 
products, visible and U V 
absorption 397 

neutron activation 376-377 
plasma sources for emission 372-373 
spark source mass 377 

Spectrophotometry, luminescence 398 
Stem-end rots, control of 204-205 
Stylar-end breakdown 198 
Sucrose 5,75,244 
Sugar(s) 

-amino acid reactions 245 
in citrus to detect adulteration, 

measurement of 410 
in citrus juices, nonreducing and 

reducing 244-245 
composition of citrus juices 6/ 
simple 5 
solutions, refractive indices of 399 

Sweeteners on juice bitterness, 
influence on 75 

Τ 
Tangeretin 44 
Tangerine(s) (Citrus reticulata 

oil(s) 184 
taste thresholds for dimethyl 

anthranilate in 185 
taste thresholds for thymol in .... 185 

peel, identification of carotenoids in 135 
peel, red pigment in 137 

Taste 
evaporator(s) 235-237 

flow diagram for 236/ 
panelists for sensory evaluation, 

choosing 321-322 
and structure of citrus flavonoids ...89-93 

Terpene hydrocarbons 169 
γ-Terpinene 184 
Tetra Brik packages 262-263 
Tetra Brik packaging system 240 
Thiamine (vitamin Bj) 15,241-242 
Thymol 184 

in mandarin oils, taste thresholds 
for 185 

in tangerine oils, taste thresholds for 185 
Tocopherol content of citrus oils 279 
2,4,5-Trichlorophenoxyacetic acid 

(2,4,5-T) 195 
Tschebycheff's inequality 384 
TschebychefFs probability, calculating 385/ 
Tumors, flavonoid cytotoxic effects 

against 52, 54 

U 
United States 

consumption of fruit juices in 4/ 
recommended daily allowance 

nutrients 241 
recommended daily allowance of 

vitamin C 4 
USD A orange juice color standards .. 144 
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V 
Valencia juice 146 
Valencia oranges, degreening 131 
Vasotropic drugs 47 
Vegetables, vitamin C content of 

freshly harvested fruits and 13/ 
Violaxanthin 134, 135 
Viral infections using vitamin C , 

resistance to 28 
Vitamin(s) 

A 11,141 
and β-carotene, comparison of .. 140/ 
in citrus, sources of 141 
content of citrus juices 12/ 
content of orange juice 143 

B i (thiamine) 15,241-242 
Β 18 27 
C6(ascorbic acid) 12^240-241 

in citrus fruits and juices, 
stability of 13-1

content of freshly harveste
fruits and vegetables 13/ 

deficiency 26 

Vitamin(s) (continued) 
C (ascorbic acid) (continued) 

in grapefruit peels 12 
in orange peels 12 
resistance to viral infections 

using 28 
U.S. recommended daily allow­

ance (U.S. R D A ) of 4 
in citrus to detect adulteration, 

measurement of 411 
in citrus fruit 

bioavailability of water-soluble .. 25 
fat soluble 11 
water-soluble 12 

Ε 11 
Ρ 19,43 
in pink grapefruit 12 
in white grapefruit 12 

V L D L (very low density lipopro­

W 
Waxing, fruit 205 
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