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FOREWORD 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishin
format of the Serie
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 

*"ρ1ιβ symposium on which this book is based was one of the few sym-
posia, ever, totally devoted to the chemistry of food tastes. Most 

previous symposia have dealt with food flavors, where flavor is considered 
to consist mostly of odorous sensations. 

Taste has long been considered to consist of only four sensations 
that contribute little to most food flavors. These four feeble sensations 
were linked to a simplistic taste chemistry that had little relevance to 
modern chemistry. Thes
ignore the major role tast
ingestion, but also are not followed in practice by much of the flavor 
industry. Thus you will often discover upon reading the literature that 
the "odors" of a food were best, or perhaps only, realized when food was 
in the mouth. Many flavor chemists have found that in order to ade
quately define a food flavor, tastes other than the four basics must be 
postulated. The types of taste active compounds in foods encompass 
much of natural product chemistry. Many of the compounds presently 
identified as odors are strongly taste active. 

To help lay a new groundwork for the study of the tastes of foods, 
the speakers at the symposium presented papers on a variety of topics 
related to food taste chemistry. The problems in taste are of great com
plexity, involving biological as well as chemical variables. For a taste 
chemist, the types of sensations elicited and their measurement are as 
important as the nature of the compounds eliciting them. Various aspects 
of these problems are treated in detail in the papers in this volume. 

The findings presented at this symposium have relevance far outside 
the narrow area of flavor chemistry. The taste measurements of the 
chemical properties of nutrient solutions have applications that range 
from physical organic chemistry to human nutrition. 

Special thanks are due to the Japanese cochairman M. Namiki and 
the members of the Agricultural and Food Chemistry Division of ACS, 
especially G. Charalambous, R. Teranishi, and C. Mussinan for organiz
ing and scheduling the symposium. I thank J. Oravec, Ng. Hoang, and 
the ACS Books Department for assistance in preparing this volume for 
publication. 

University of Texas—Houston JAMES C. BOUDREAU 
Houston, TX 77025 
September 13, 1979 
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1 

Taste and the Taste of Foods 

JAMES C. BOUDREAU, JOSEPH ORAVEC, NGA KIEU HOANG, 
and THOMAS D. WHITE 

Sensory Sciences Center, Graduate School of Biomedical Sciences, 
University of Texas at Houston, Houston, TX 77030 

In this paper the ter  tast  will refe  t  all th  chemical 
sensory systems of the
sensory systems are intimately involved in the selection of food 
items and in the regulation of food intake. As we shall see, 
there are a variety of different taste systems attuned to 
different chemical aspects of food. These taste systems perform 
an exact and elaborate analysis of the chemical constituents in 
the food we eat. 

The structure and function of these taste systems will be 
discussed in the context of a natural nutritional ecosystem, i.e. 
one in which man is not a disruptive element. Human taste 
systems are assumed to have developed to function in this natural 
system and to have changed little as a result of the cultural 
dietary changes that have occurred in the last 10- 20,000 years. 

The natural nutritional ecosystem of man is assumed to be 
one in which both plant and animal foods are eaten (Figure 1) 
and they are eaten raw. In a natural n u t r i t i o n a l ecosystem, 
taste serves a primary r o l e i n regulating the flow of compounds 
(_1, 2). Certain things are to be eaten by us. Other things by 
others. There e x i s t s wide v a r i a t i o n i n the tastes of natural 
foods. Thus Cott has shown that c e r t a i n birds and t h e i r eggs 
are both conspicuous and i l l t a s t i n g (3, 4). The types of foods 
we consume now represent a s e l e c t i o n from the vast array of items 
n a t u r a l l y a v a i l a b l e during our evolutionary development. The 
chicken egg f o r instance, represents a s e l e c t i o n of one of the 
best t a s t i n g eggs n a t u r a l l y a v a i l a b l e (Figure 2). 

We consume and transform plant and animal substances to 
promote c e r t a i n p h y s i o l o g i c a l a c t i v i t i e s (the probable r o l e of 
taste i n mammalian sexual behavior i s not considered here). 
Primary among these p h y s i o l o g i c a l functions i s the replacement 
of body compounds and the supply of compounds for metabolic 
energy systems. Thus taste serves to regulate the consumption 
of needed compounds. Almost without exception, natural things 
that taste good are good fo r you and foods that are needed taste 
good even though your stomach i s f u l l . Toxic compounds almost 

0-8412-0526-4/79/47-115-001$08.00/0 
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2 FOOD TASTE CHEMISTRY 

Figure 1. Flow diagram of the natural nutritional ecosystem of the human (sim
plified) 
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1. BOUDREAU ET AL. The Taste of Foods 3 

Proceedings of the Zoological Society of London 

Figure 2. Preferences of man ( #—· ), rat (O O), and hedgehog 
(O - · · O) for some eggs of different species of birds (A). The species 

Gallus gallus is the chicken. 
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4 FOOD TASTE CHEMISTRY 

i n v a r i a b l y have noxious tastes. One exception (omitting marine 
substances) i s the poisonous Amanita phaloides mushroom, a 
fungus that tastes good but w i l l k i l l you. Not only do t o x i c 
foods have noxious tastes, but the thresholds f o r many t o x i c 
substances are extremely low. Another possible function of taste 
i s the ingestion of compounds fo r the regulation of body 
temperature. Although there seems to e x i s t l i t t l e hard data on 
t h i s matter, many human cultures c l a s s i f y foods i n t o those that 
warm the body and those that cool i t C5, 6). Taste may also 
function i n the s e l e c t i o n of pharmacologically a c t i v e compounds 
for good health or good f e e l i n g . Things that taste good often 
make you f e e l good. In a d d i t i o n , many f l a v o r compounds have 
an t i m i c r o b i a l actions and other pharmacological properties. 

Anatomy of Taste Systems 

A taste system ca
receptor element for the transduction of chemical s i g n a l s , a 
peripheral sensory neural system for the c o l l e c t i o n and trans
mission of chemical neural information, and a complex c e n t r a l 
nervous system f o r the analysis of t h i s sensory neural i n f o r 
mation (7). The chemoreceptors that have been described i n the 
o r a l c a v i t y are of two basic morphological types: free nerve 
endings and taste buds. The so-called "free nerve endings" are 
distinguished on the basis of l i g h t microscopy as possessing no 
recognizable receptor or encapsulated ending. These free nerve 
endings are found throughout the o r a l c a v i t y and are responsive 
to a v a r i e t y of chemical compounds. A taste bud, on the other 
hand, i s a receptor neural complex con s i s t i n g of nerve f i b e r s 
and 20-50 s p e c i a l i z e d c e l l s organized i n a f a i r l y elaborate 
manner (Figure 3). The elongated taste bud c e l l s are grouped 
together with one end forming the f l o o r of the taste p i t which 
opens up, through the taste pore, to the o r a l f l u i d s . The taste 
bud c e l l s project into the taste pore with e i t h e r m i c r o v i l l i 
or an elongated bulb. The taste bud c e l l s have been c l a s s i f i e d 
morphologically i n t o three or more d i s t i n c t types (8-12). 

Taste buds, unlike free nerve endings, are not d i s t r i b u t e d 
throughout the o r a l c a v i t y but rather are on the dorsum of the 
tongue, the s o f t palate, pharynx, e p i g l o t t i s , larynx and upper 
t h i r d of the esophagus (Figure 3). On the tongue, taste buds 
are l o c a l i z e d on protuberances known as p a p i l l a e . The taste 
buds on the front two t h i r d s of the tongue are located on the 
dorsal surface of the small fungiform p a p i l l a e . At the rear of 
the tongue the taste buds are located i n the f o l i a t e p a p i l l a e 
and the v a l l a t e p a p i l l a e . The p o s t e r i o r l y located chemosensory 
complexes contain large numbers of taste buds together with 
s p e c i a l i z e d secretory glands. 

The peripheral sensory neurons that supply the chemo* 
receptors i n the o r a l c a v i t y reside i n four d i s t i n c t c r a n i a l 
ganglia (Figure 4). The trigeminal ganglion contains the sensory 
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1. BOUDREAU ET AL. The Taste of Foods 5 

Figure 3. Location of some oral chemosensory receptor systems. Taste buds 
(schematic upper right) are found on specialized papillae on the tongue and 
scattered on the palate and posterior oral structures. Free nerve endings are found 

on all oral surfaces (94). 

Figure 4. Peripheral sensory ganglia that supply nerve endings to taste buds in 
the mammalian oral cavity. Trigeminal ganglion, which supplies free nerve end

ings to all oral surfaces, not shown. 
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6 FOOD TASTE CHEMISTRY 

neurons providing free nerve endings to a l l parts of the o r a l 
c a v i t y . The other three sensory ganglia innervate the taste buds, 
with each ganglion innervating buds on d i s t i n c t l o c a t i o n s . The 
taste buds on the fungiform p a p i l l a e and the a n t e r i o r soft 
palate are innervated by sensory neurons i n the geniculate 
ganglion of the f a c i a l nerve. The taste buds on the f o l i a t e 
p a p i l l a e , the circumvallate p a p i l l a e , the posterior palate, 
the t o n s i l s and the fauces are innervated by c e l l s i n the petrous 
ganglion of the glossopharyngeal nerve. Taste buds on the 
e p i g l o t t i s , the larynx and the upper t h i r d of the esophagus are 
innervated by neurons i n the nodose ganglion of the vagus nerve. 
P h y s i o l o g i c a l and psychophysical studies on the f u n c t i o n a l 
properties of these d i f f e r e n t nerves and ganglia i n d i c a t e that 
the chemosensory systems i n the d i f f e r e n t ganglia are s e l e c t i v e l y 
responsive to d i f f e r e n t chemical aspects of foods. 

Neurophysiology of Tast

In examining the function of taste systems,various physio
l o g i c a l measures are a v a i l a b l e to the i n v e s t i g a t o r . Although, 
t h e o r e t i c a l l y the neurophysiological responses of e i t h e r the 
receptors or from any of the neurons i n the sensorineural chain 
may be u t i l i z e d , i n p r a c t i c e , the most exact procedure i s to 
measure the pulse t r a i n s being transmitted from the periphery 
to the c e n t r a l nervous system (Figure 5). Receptor p o t e n t i a l s 
are subject to several sources of e r r o r , at l e a s t as regards 
quantitative measures of neural responses. For the precise 
study of neural responses to chemical stimulation the neural 
pulse i s the measure of choice i n sensory neurophysiology. 
These pulses are preferably measured from peripheral sensory 
neurons since neural i n t e r a c t i o n i s minimized. Pulses may be 
measured from e i t h e r the peripheral f i b e r s of the sensory 
ganglion c e l l s or from the somas. One advantage i n recording 
pulses from the c e l l s themselves i s that small f i b e r systems 
are sampled, while there i s a strong bias toward large f i b e r 
p o t e n t i a l s i n f i b e r recordings. The only ganglion c e l l system 
that has been examined i n any d e t a i l i s the geniculate ganglion 
system which innervates receptors on the fungiform p a p i l l a e . 
The properties of these neurons w i l l be reviewed f o r the cat, dog, 
and goat. 

T y p i c a l l y , a geniculate ganglion c e l l innervates receptors 
on more than one fungiform p a p i l l a (Figure 5). The number of 
fungiform p a p i l l a e innervated by a -single neuron ranges from one 
to as many as twelve. Within a taste bud, a nerve f i b e r w i l l 
contact many receptor c e l l s . Almost a l l geniculate ganglion 
neurons e x h i b i t pulse a c t i v i t y i n the absence of experimenter 
designed stimulation (Figure 6). This "spontaneous a c t i v i t y " i s 
usually of a complex i r r e g u l a r type that i s c h a r a c t e r i s t i c of 
chemical sensory systems. Pulses are often emitted i n bursts 
with f i x e d i n t e r s p i k e i n t e r v a l s , with the burst i n t e r v a l 
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JJ1JJ L 
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TASTE BUDS 
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Figure 5. (lower) Diagram of the peripheral and central connections of a sensory 
ganglion cell innervating the taste buds of the tongue, (upper) Illustration of the 
connections of sensory ganglion cells and the pulse signals used to encode sensory 

information. 
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SPONTANEOUS ACTIVITY 

L - MALIC ACID 

ANSERINE NITRATE 

GROUP I 

L - CYSTEINE 

L - iaOLEUCINE 

SPONTANEOUS ACTIVITY 

INOSINE - 5' - TRIPHOSPHATE 

BUTYRYL CHOLINE CHLORIDE 

200.0 MSEC 

Figure 6. Spontaneous and evoked spike activity recorded from taste neurons of 
the geniculate ganglion of the cat. The chssification of the three different sensory 

neurons is indicated by Groups I, II, and III. 
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1. BOUDREAU ET AL. The Taste of Foods 9 

decreasing as function of i n t e r v a l order. 
This spontaneous a c t i v i t y may be i n h i b i t e d by the a p p l i c a t i o n 

of a chemical s o l u t i o n to the tongue, or the neuron may be excited 
by a d i f f e r e n t s o l u t i o n . Mixing an i n h i b i t o r y compound in t o an 
e x c i t a t o r y s o l u t i o n may r e s u l t i n an i n h i b i t o r y s o l u t i o n . The 
neuron may be excited or i n h i b i t e d by chemical stimulation of a 
s i n g l e p a p i l l a i n i t s p a p i l l a e system (13), and e x c i t a t i o n of two 
p a p i l l a e simultaneously may r e s u l t i n an increase i n discharge, 
with the increase being usua l l y l e s s than algebraic. The 
discharge r e s u l t i n g from the e x c i t a t i o n of the neuron by stimula
t i o n of one p a p i l l a may be i n h i b i t e d by the simultaneous stimula
t i o n of another p a p i l l a with an i n h i b i t o r y s o l u t i o n . 

Neurons of the geniculate ganglion have been found to be of 
more than one type when examined i n terms of various p h y s i o l o g i c a l 
measures such as spontaneous a c t i v i t y rate and type, latency of 
spike discharge to e l e c t r i c a
v e l o c i t y and thus f i b e
Neurons i n both the cat and the dog can be c l a s s i f i e d into at 
l e a s t three d i f f e r e n t groups (10). Neurons i n the goat have also 
been t e n a t i v e l y divided i n t o three d i f f e r e n t groups, although 
only one of these groups i s comparable to those i n the two 
carnivores. The neural groups i n the cat, goat, and dog tend to 
p r e f e r e n t i a l l y innervate fungiform p a p i l l a e on somewhat d i f f e r e n t 
parts of the tongue (Figure 7), although there i s extensive 
overlap, e s p e c i a l l y i n the dog. 

The determination of the types of compounds stimulating 
geniculate ganglion neurons constitutes an extensive f i e l d of 
continuing i n v e s t i g a t i o n . Not s u r p r i s i n g l y , i t has been found 
that many of the neurons are s e n s i t i v e to solutions of foods 
commonly present i n the animal's environment. Thus a goat neuron 
may respond to a carrot or herb .solution and a cat to chicken or 
l i v e r . Cats and dogs have been found to be highly responsive to 
many of the compounds found i n meats, such as amino acids, the 
dipeptides, anserine and carnosine, and nucleotides. The goat 
has been l e s s w e l l investigated, but seems highly responsive to 
s a l t s and a l k a l o i d s . E s p e c i a l l y prominent i n the stimulation 
of the carnivore are nitrogen and s u l f u r compounds, e s p e c i a l l y 
f i v e and s i x member r i n g heterocycles. The d i f f e r e n t neural 
groups tend to be d i f f e r e n t i a l l y responsive to chemical s t i m u l i , 
i l l u s t r a t i n g t h e i r s e l e c t i v i t y i n the measurement of food 
compounds (Figure 8). Some of the s i m i l a r i t i e s and differences 
among the geniculate ganglion neural groups of the cat, dog, and 
goat are summarized i n Table I. As evident i n t h i s t a b l e , the 
dog geniculate ganglion systems are quite s i m i l a r to the cat. 
One major d i s t i n c t i o n i s that the dog amino acid s e n s i t i v e 
neurons (class A u n i t s ) , although highly s i m i l a r to cat group I I 
u n i t s , are also responsive to sugar as w e l l as the most stimulat
ing amino acids and d i - and t r i - phosphate nucleotide s a l t s . The 
goat neural groups on the other hand seem quite d i s t i n c t from 
c a r n i v o r a l taste systems with only the acid responsive group 
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Figure 7. Peripheral innervation of fungiform chemoreceptors by neurons of the 

feniculate ganglion of three different speoies. In each species the neurons have 
een separated into three distinct neural groups (see Table I for comparison of 

chemical stimuli for the different neural groups). 
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Figure 8. Chemical formulas for some of the most active stimuli for the cat 
geniculate ganglion neural groups 
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12 FOOD TASTE CHEMISTRY 

Table I: Summary of Neurophysiological Investigations on 
Mammalian Geniculate Ganglion Taste Systems. 

Species C e l l Groups and S t i m u l i Human Sensations 

CAT Grp. I : Organic Acids and H i s t i d i n e 
Compounds. Also to A l k a l o i d s 

Sour 

Grp. I I : Amin  acid responsive  d i d 
triphosphat
NaCl potentiate

Sweety 

Grp. I l l : Α-Nucleotide Responsive 
B-Carbonyl Responsive (Pleasant?) 

DOG Class A: Like Cat grp. I I , except 
respond to sugars 

Sweety 
B i t t e r x 

Class B: Like Cat Group I Sour 

Class C: P a r t i a l l y l i k e Cat Grp. I l l -
GOAT Grp. : Like cat grp. I & dog grp. B, 

only also respond to Salt s 
Sour 

Grp. : Respond to NaCl and L i C l (Salty?) 

Grp. : A l k a l o i d s plus? — 
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1. BOUDREAU ET AL. The Taste of Foods 13 

common with the other two species. No taste system highly 
responsive to amino acids has been found i n the goat; and, unlike 
the carnovore, large numbers of neurons, including the acid 
responsive system, are discharged by NaCl. 

Although the other major tongue taste system - that 
represented by the petrous ganglion of the glossopharyngeal nerve-
has been examined i n mammals by several i n v e s t i g a t o r s , they have 
not u t i l i z e d a s u f f i c i e n t number of chemical compounds for us to 
determine t h e i r possible r o l e i n the measurement of food compounds. 
One study (15) i n the frog glossopharyngeal nerve (not d i r e c t l y 
comparable to mammalian) found that many compounds assumed to be 
functioning as odors were strong s t i m u l i . Thus a c t i v e s t i m u l i 
were found to be^l-ionone, I-octanol, s k a t o l , isoamyl acetate, 
ethyl butyrate, coumarin, phenol and s i m i l a r compounds. 

Psychophysics of Taste System

The second type of study which has contributed to our under
standing of the fu n c t i o n a l properties of o r a l chemoreceptor 
systems i s human psychophysics, where verbal reports are taken 
on the taste properties of food and beverages and t h e i r chemical 
constituents. I t i s often possible for an i n d i v i d u a l to break a 
fl a v o r complex down into a v a r i e t y of d i s t i n g u i s a b l e sensations. 
These sensations are end products of neural processing that are 
av a i l a b l e to consciousness. Any natural food i s of complex 
chemical composition and thus activates a wide v a r i e t y of o r a l 
and nasal chemoreceptors. These f l a v o r sensations may a r i s e 
e n t i r e l y from the o r a l c a v i t y or require both o r a l and nasal 
stimulation. 

Although i t i s common to assert that there are only four 
d i s t i n c t taste sensations, even a casual i n t r o s p e c t i o n reveals 
that other o r a l sensations can be distinguished. As one may 
expect, f l a v o r chemists have discovered that many separate o r a l 
sensations are required to reconstruct the f l a v o r s of foods and 
beverages. Some of these sensations have d i s t i n c t o r a l l o c i from 
which they are e l i c i t e d by s p e c i f i e d types of chemical compounds, 
thus i n d i c a t i n g that d i f f e r e n t neural systems are involved. Many 
of these sensations are d i f f i c u l t to t y p i f y v e r b a l l y and also 
often have a f f e c t i v e overtones. These sensations are the r e s u l t 
of considerable peripheral and c e n t r a l neural processing and are 
only i n d i r e c t l y r e l a t e d to the peripheral neural pulse signals as 
discussed above. The type of sensation e l i c i t e d and the locus of 
e l i c i t a t i o n provide us with further measures of the f u n c t i o n a l 
properties of o r a l chemoreceptor systems. 

Studies on human taste sensations confirm and extend our 
understanding of the types of chemical signals measured by these 
o r a l chemoreceptor systems. There are, f o r instance, several 
d i s t i n c t sensations e l i c i t e d by chemical stimulation of fungiform 
p a p i l l a e innervated by the geniculate ganglion, i n d i c a t i n g that a 
neural f u n c t i o n a l complexity s i m i l a r to that described above f o r 
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14 FOOD TASTE CHEMISTRY 

the cat, dog and goat underlies these human taste systems. 
Table I I summarizes some of the d i f f e r e n t types of taste 

sensations that can be e l i c i t e d by chemical stimulation of the 
human o r a l c a v i t y and the types of chemical compounds found to 
e l i c i t them. In some cases i t i s possible to assign a sensation 
to a p a r t i c u l a r ganglion because of the locus of e l i c i t a t i o n . 
The sensations i n t h i s table consist of only some of the more 
commonly e l i c i t e d sensations and those with some degree of 
experimental s p e c i f i c a t i o n . The amount of information a v a i l a b l e 
v a r i e s widely f o r the d i f f e r e n t sensations, and some of the 
sensations i n t h i s table may not be c l e a r l y d i f f e r e n t i a t e d from 
one another. 

Four of the sensations commonly distinguished are the s a l t y , 
sour, sweet, and b i t t e r sensations. A l l of these sensations can 
be e l i c i t e d from the fungiform p a p i l l a e systems. The s a l t y 
sensation i s associated with r e l a t i v e l  high concentration f 
inorganic ions (16,17)
sensation i s e l i c i t e d by
that proton donating nitrogen groups may be a c t i v e at neutral pH 
(18-20). Sweety and b i t t e r ^ have been given subscripts to d i s 
t i n g u i s h them from s i m i l a r sensations e l i c i t a b l e from the back of 
the mouth. Sweety i s evoked by solutions of low concentrations 
of inorganic salts,sugars, and various nitrogen compounds, 
e s p e c i a l l y amino acids (21) such as L-hydroxyproline and 
L-alanine. B i t t e r ^ can be associated with hydrophobic amino acids 
(22) and a l k a l o i d s . 

The sensation of pleasant i s postulated on the basis of cat 
neurophysiology and human psychophysics. The pleasant sensation 
i s assumed to a r i s e from the stimulation of a. small f i b e r 
geniculate ganglion system. The s t i m u l i e l i c i t i n g the pleasant 
sensation are lactones and other carbon-oxygen compounds (23). 
The general i n d i s t i n c t n e s s of the pleasant sensation i s assumed to 
be associated with the a c t i v a t i o n of extremely small f i b e r systems. 

The sensations sweet2 and b i t t e ^ can be distinguished 
because they are e l i c i t e d from posterior o r a l l o c i by s t i m u l i 
d i s t i n c t from those acting on the front (17,24). Dihydrochalcones 
are a c t i v e s t i m u l i f o r sweet2;and bitter£ sensation i s e l i c i t e d by 
c e r t a i n s a l t s l i k e MgS04, and probably various polyphenols. Addi
t i o n a l "sweet" and " b i t t e r " sensations could probably be d i s 
tinguished. The sweet t a s t i n g proteins thaumatin and monellin 
have been found to maximally stimulate fungiform p a p i l l a e on the 
l a t e r a l edge of the tongue as opposed to sucrose which stimulates 
the t i p (25). Certain foods seem to e l i c i t a b i t t e r sensation 
l o c a l i z e d to the f o l i a t e p a p i l l a e . 

"Umami" i s the Japanese word used to describe the sensation 
e l i c i t e d by compounds such as monosodium glutamate, sodium 
inos i n a t e , sodium guanylate, and ibotenic acid (26-29). The umami 
sensation i s sometimes translated as the sensation of " d e l i c i o u s -
ness". The p o s s i b i l i t y of more than one umami sensation e x i s t s , 
since the monophosphate nucleotides stimulate f a r back i n the o r a l 
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16 FOOD TASTE CHEMISTRY 

c a v i t y . These umami sensations may be i n d i s t i n c t and d i f f i c u l t 
to characterize. I t i s probable that they a r i s e from small f i b e r 
sensory systems. Compounds acting s i m i l a r l y to MSG are 
L-cysteine-S-sulfonic a c i d , L-homocysteic a c i d , and muscimol (22). 

The m e t a l l i c sensation a r i s e s from stimulation with c e r t a i n 
m e t a l l i c s a l t s , such as s i l v e r n i t r a t e , and i s also associated 
with l-octen-3-one (30). M e t a l l i c taste sensations may also 
a r i s e with pathologies of the glossopharyngeal nerve. 

Two of the sensations associable with trigeminal ganglion 
systems are the pungent sensation and the astrigent sensation. 
These sensations are e l i c i t a b l e from much of the o r a l c a v i t y . 
The compounds e l i c i t i n g the pungent sensation (31) are found i n 
c h i l l i e s , pepper, ginger, mustard and horseradish. Pungent 
compounds include piperine, capsaisin, gingerol, and s i n i g r i n . 
Common s t i m u l i f o r the astrigent sensation (32-34), include many 
polyphenols such as those found i n f r u i t s  c i d e r  teas  wines
and beer. 

Other chemical sensation  trigemina
ganglion include temperature sensations such as the coolness (35) 
associated with menthol and the heat associated with capsaisin. 
Oral sensations e l i c i t e d by chemical solutions also include 
t a c t i l e sensations such as smooth, dry, or powdery, and such 
disagreeable sensations as pain. Some of these sensations may 
represent d i f f e r e n t degrees of a c t i v a t i o n of a si n g l e system or 
the a c t i v a t i o n of several separate systems. 

Many other o r a l chemical sensations may be distinguished, 
although i n general there has been l i t t l e study of them, t h e i r 
locus of e l i c i t a t i o n or t h e i r chemical stimulus determinants. 
Sensations such as yeasty, nutty, soapy, f r u i t y , papery, a c r i d , 
acid (as distinguished from sour) are often distinguished (36-38). 
Taste sensations with d i s t i n c t hedonic tones (23,39) such as 
sweetish, creamy, coconut, peachy, and so f o r t h are often 
e l i c i t e d by phenolic compounds such as v a n i l l i n and various 
oxygen heterocycles (e.g. e t h y l m a l t o l ) , e s p e c i a l l y lactones. 
Disagreeable o r a l sensations such as burnt, stale,, tainted and 
noxious are often reported. Many of these sensations doubtless 
include a nasal component. 

Neurophysiological Correlates of Sensation 

D i f f e r e n t sensations may a r i s e because of the a c t i v a t i o n of 
two d i s t i n c t neural taste systems (e.g. cat group I and group I I ) , 
or the d i f f e r e n t i a l a c t i v a t i o n of a si n g l e system. D i f f e r e n t i a l 
a c t i v a t i o n of the same system could occur when d i f f e r e n t 
segments of an ordered population are activated by d i f f e r e n t 
chemicals or when one chemical compound excites the neural group 
and another i n h i b i t s . 

On the basis of neurophysiology on the cat, dog and goat 
geniculate ganglia, the neurophysiological correlates of sour, 
sweety, and b i t t e r ^ can be postulated with some degree of 
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1. BOUDREAU ET AL. The Taste of Foods 17 

c e r t a i n t y . The sour sensation a r i s e s when a large f i b e r subgroup 
i s activated. This large f i b e r system i s a general mammalian 
system found i n cats, dogs, humans, and goats. The s t i m u l i 
a c t i v a t i n g t h i s system are s i m i l a r i n a l l species studied. The 
system i s highly responsive to a c i d i c compounds, e s p e c i a l l y 
carboxylic and phosphoric acids. The s t i m u l i f o r the a c t i v a t i o n 
of t h i s system can be t y p i f i e d as Brtfnsted acids (14). At 
neutral pH, carboxylic and phosphoric acid groups are dissociated 
and hence nonstimuli. Most of the food eaten by animals i s near 
n e u t r a l i t y and the most a c t i v e compounds w i l l be nitrogen 
Br^nsted acids. Thus the cat and dog sour system w i l l be 
stimulated by natural s t i m u l i such as carnosine and h i s t i d i n e , 
and the goat by various plant compounds including a l k a l o i d s 
(Table 1). The sourness of nitrogen compounds has been l i t t l e 
studied, although meat (40) has been reported to e l i c i t a sour 
sensation and L - h i s t i d i n e  a c t i v  stimulu  i  th  do d cat
e l i c i t s a small sour sensatio

The sweet sensation i s associated with the a c t i v a t i o n of a 
geniculate ganglion neural group (cat group I I , dog group A) and 
the b i t t e r sensation with the i n h i b i t i o n of t h i s same neural 
group (42). The equating of t h i s carnivore system with the 
human sweet-bitter sensations i s made on the basis of s i m i l a r i t y 
of s t i m u l i , e s p e c i a l l y amino acids (42). Amino acids that 
stimulate the cat and dog system tend to taste sweet, those that 
i n h i b i t taste b i t t e r . In both the cat and the dog t h i s system i s 
activated by NaCl and KC1 compounds which taste sweet i n low 
concentration. In the dog and the human, t h i s system i s 
activated by sugars. The properties of sweet and b i t t e r nitrogen 
compounds have been described by Wieser et a l . (43). I t i s 
evident that t h i s system i s s p e c i a l l y modified f o r the d i f f e r e n t 
species, e.g., with d i s t i n c t i o n s among the types of amino acids 
stimulating the system. No amino acid s e n s i t i v e system seems 
present i n the goat, thus making the human more l i k e the cat and 
dog than the goat. 

As indicated elsewhere, there i s evidence f o r a possible 
c o r r e l a t e of a pleasant sensation i n a cat u n i t group, but t h i s 
system has been l i t t l e investigated i n e i t h e r the cat or i n other 
species. Although the goat has a system that responds maximally 
to Na and L i s a l t s , t h i s system has not been seen i n the 
carnivore. The chemical s t i m u l i e l i c i t i n g the human sensation of 
s a l t y are s a l t s i n r e l a t i v e l y high concentration, concentrations 
that i n other species may stimulate more than one group. 

Taste Compounds i n Foods 

In discussing natural taste compounds one faces a dilemma. 
On the one hand almost every compound occurring i n nature i s a 
possible taste compound, e s p e c i a l l y i f i t i s at a l l water soluble. 
A vast number of possible taste compounds i s thus arrayed before 
us. On the other hand, r e l a t i v e l y few food compounds have been 
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18 FOOD TASTE CHEMISTRY 

studied f o r t h e i r taste properties. Invariably, v o l a t i l e 
compounds are assigned the r o l e of o l f a c t o r y s t i m u l i , even though 
often the compounds must be put i n t o the mouth to produce the 
f l a v o r . In only a few cases has there been any recognition of 
taste properties of v o l a t i l e f l a v o r products. Therefore, at the 
present time there e x i s t s l i t t l e knowledge of the taste a c t i v i t i e s 
of many natural f l a v o r compounds; and i n assembling any l i s t of 
taste a c t i v e compounds one often must operate p a r t l y on conjecture. 

Man i s capable of l i v i n g on an a l l plant or a l l animal d i e t , 
although omnivory i s most common i n human s o c i e t i e s . Animal foods 
may be divided i n t o two major categories as f a r as we are 
concerned: vertebrate and invertebrate. Although invertebrate 
animals may play a s i g n i f i c a n t part i n the d i e t of many human 
s o c i e t i e s , there has been l i t t l e work on invertebrate taste 
chemistry (except f o r s h e l l f i s h ) from a human consumption stand
point. S h e l l f i s h tast
organic acids, amino acid

Hunting and carnivory are found i n humans, baboons and 
chimpanzees (45). For perhaps 2 m i l l i o n years, man has k i l l e d 
and eaten a l l v a r i e t i e s of vertebrates. As the ultimate 
carnivorous ape, man has exterminated most of the large animals 
of the earth and cut down most of the trees to cook them. D i f 
ferent animals, b i r d s and eggs have widely d i f f e r e n t t a s t e s ; and, 
i n a d d i t i o n , d i f f e r e n t parts of the body w i l l have d i f f e r e n t 
tastes. Through studies on the f l a v o r chemistry of raw f i s h and 
meat, much i s known about vertebrate muscle f l a v o r compounds (46-
49). Prominent i n meat and f i s h taste are inorganic s a l t s , 
nucleotides, amino acids ( e s p e c i a l l y s u l f u r amino a c i d s ) , the 
dipeptides anserine and carnosine (which often occur i n extremely 
high concentration), and various other compounds found i n f l e s h 
such as taurine, thiamin, and organic acids. Egg f l a v o r compounds 
are i n large part s i m i l a r to those found i n meats. M i l k f l a v o r , 
however, l a r g e l y derives from organic acids, simple phenolics, 
sugars and lactones. 

Plant foods present another order of chemical complexity as 
compared to animal foods. The types of compounds present i n 
plants are much more varied than those present i n animal tiss u e s 
(48, 50-56). The chemical composition of the seeds or f r u i t of a 
plant w i l l be d i f f e r e n t from that of the roots, bark, leaves, or 
stems. The f l a v o r of f r u i t s i s u s u a l l y determined by compounds 
d i s t i n c t from those functioning i n the f l a v o r of vegetables. 
Prominent i n f r u i t f l a v o r (39,51,57) for instance are sugars, 
alcohols, aldehydes, esters, organic acids and lactones (58). 
Vegetable f l a v o r s (48, 59-62), on the other hand, are u s u a l l y 
a t t r i b u t e d to various nitrogen and s u l f u r compounds, e s p e c i a l l y 
amino acids, nucleotides, and various nitrogen and s u l f u r hetero-
cycles (63-66). Lactones (58), however, are prominent i n c e l e r y 
and tomato f l a v o r ; and sugars are major factors i n many root foods 
such as carrots and beets. Phenolic compounds (67,68) occur i n 
a l l classes of vegetables and f r u i t s . Mushroom f l a v o r 
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(69) comes p r i m a r i l y from nitrogen and s u l f u r compounds, and 
some highly unuaual compounds such as l-octen-3-ol and muscimole 
may be a c t i v e . Sulfur compounds are highly prominent i n the 
f l a v o r of g a r l i c and onions (70,76), and are also important i n 
the f l a v o r of asparagus, tomatoes, and cabbage. 

The taste of any food item would consist of the d i f f e r e n t 
o r a l chemical sensations e l i c i t e d when t h i s food i s consumed. 
The types of sensations e l i c i t e d would be a function of the 
classes of compounds present i n the food (Table I I I ) , since 
d i f f e r e n t sensations w i l l be evoked by d i f f e r e n t compounds. In 
Table IV are tabulated some of the taste sensations l i k e l y to be 
associated with d i f f e r e n t foods. Raw monkey meat would e l i c i t a 
v a r i e t y of sensations, including a s a l t y , sour, strong sweety, 
umamii, and umami2. An apple from a natural n u t r i t i o n a l eco
system would l i k e l y e l i c i t sensations of sweety, b i t t e ^ , sour, 
sweet2, astringent, and pleasant  Various other foods would 
e l i c i t other sensations
be a composite of d i s c r e t
sensations would derive from the o l f a c t o r y and trigeminal systems. 
Some of these sensations may require both o r a l and nasal input, 
since o r a l and nasal chemoreceptor systems have been demonstrated 
to have converging input on b r a i n stem neurons (72,73). 

A l t e r a t i o n s i n Natural N u t r i t i o n a l Ecosystems 

Man has made basic a l t e r a t i o n s i n h i s n u t r i t i o n a l ecosystem. 
Two of these changes have c l e a r l y been to i n t e n s i f y the f l a v o r 
of the foods he eats. The f i r s t of these changes, fermentation, 
i s seminatural i n that the f l a v o r compounds are quite l i k e l y to 
occur n a t u r a l l y i n foods. Many of man's foods are subjected to 
fermentation before being consumed. Examples of such foods are 
a l c o h o l i c beverages such as wine and beer, many breads, pifckles 
and condiments (e.g., kim c h i and sour k r a u t ) , cheeses, many 
f l a v o r sauces such as soy sauce and f i s h sauce (including 
anchovies), and beverages such as coffee, tea and cocoa. The 
f l a v o r products developed during microbial fermentation depend 
i n large part on the substrate and the microbe. Some of the 
common fermentation f l a v o r products are alcohols, esters, f a t t y 
a cids, various mono and dicarbonyls, phenolic compounds, and many 
lactones (74-77). In general, f l a v o r s from fermented foods are 
strong and complex. 

The major man-induced change i n the chemistry of h i s n u t r i 
t i o n a l ecosystem i s the production of f l a v o r compounds by cooking 
foods; whereas mi c r o b i a l production of f l a v o r compounds i s 
seminatural, many heat produced compounds are not found i n nature 
i n any quantity. Although i t has been speculated that food i s 
cooked for hygienic purposes or to increase the n u t r i t i o n a l 
value of foods eaten ( c e r t a i n starches are rendered edible by 
heating), most foods man presently eats can be eaten raw with 
l i t t l e or no l o s s i n n u t r i t i o n a l value. With heating, i n f a c t , 
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20 FOOD TASTE CHEMISTRY 

Table I I I : S i m p l i f i e d Summary of some of the Major Taste 
Active Compounds found i n d i f f e r e n t foods. 

Compound Meat Vegetables F r u i t Roots Seeds 

Inorganic Ions X X X X X X 

Amino Acids X X X X X X X X X X 

Peptides and Proteins X X X X X X X X 

H i s t i d i n e Dipeptides 

Nucleotides X X X X X X X X 

Amines X X X 

Sugars X X X X X X X 

Phenols - Simple X X X X X 

Hydroxy Compounds X X X 

Polyphenolic Compounds X X X X X 

Carbonyl Compounds X X X X X X 

Esters X X 

Sulfur Compounds X X X X X 

Acids X X X X X 

Furans X X X X X X 

Lactones X X X X X 

N, S Heterocycles X X X X X X 
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the opposite may occur since many vitamins and amino acids are 
destroyed. Furthermore, many of the compounds produced by cooking 
have been reported to be detrimental to health (78,79). To any 
f l a v o r chemist the reason f o r cooking foods i s obvious: i t gives 
them f l a v o r . The v a r i e t y of f l a v o r compounds produced by heating 
foods i s astronomical, e s p e c i a l l y when, as i s common i n preparing 
many dishes, foods of d i f f e r e n t chemical composition are heated 
together. 

The f l a v o r compounds produced by heating (63-66,79-82) 
include aldehydes, ketones, phenols, t h i o l s , and a wide v a r i e t y 
of s u l f u r nitrogen and oxygen heterocycles. Five and s i x member 
ri n g heterocycles are among the most f l a v o r a c t i v e compounds 
a r i s i n g from cooking. Those with oxygen i n the r i n g are most 
c h a r a c t e r i s t i c of plant foods, e s p e c i a l l y grain products, or of 
the l i p i d derived f l a v o r s of milk and f a t . Popcorn and potato 
chips are flavored i n part by these compounds  The complex 
f l a v o r s of coffee and chocolat
s u l f u r and nitrogen heterocycles  pro
duced h e t e r o c y c l i c s u l f u r and nitrogen compounds include 
pyridines, pyrazines, t h i a z o l e s , p yrroles, and thiophenes. For 
many of these compounds only o l f a c t o r y sensations have been re
ported. They are, however, s i m i l a r i n structure to many hetero
c y c l i c compounds ac t i v e neurophysiologicàlly i n the cat and dog 
and are therefore l i k e l y taste a c t i v e i n humans. R e l a t i v e l y 
l i t t l e i s known of the n u t r i t i o n a l properties of many of these 
heat produced compounds. Many of them are of natural occurrence, 
although usually found at much lower l e v e l s . Others are u n l i k e l y 
to be encountered i n a natural n u t r i t i o n a l ecosystem, e.g. 
oxazoles and oxazolines (83). 

In many cases fermentation and heating are involved together 
i n food preparation. Thus both fermentation and heating are used 
i n the production of tea, coffee, chocolate and a l c o h o l i c 
beverages. Although some natural foods can be t y p i f i e d by t h e i r 
simple mild t a s t e s , these processed foods give r i s e to strong 
complex sensations. These complex sensations a r i s e from the many 
taste a c t i v e substances present'. The taste of beer f o r instance, 
would r e s u l t from compounds n a t u r a l l y present i n grain, and hops, 
such as amino acids, nucleotides, and various phenolic compounds 
and those produced by fermentation and heating such as alcohols, 
lactones and s u l f u r and nitrogen heterocycles (Figure 9). 

Other major changes that man has i n s t i t u t e d i n the chemical 
composition of h i s natural n u t r i t i o n a l ecosystem derive from 
a g r i c u l t u r e and industry; and, unlike the changes incurred by 
fermentation and heating, many of these chemical changes have 
been detrimental f o r taste a c t i v i t y . In the a g r i c u l t u r a l r e volu
t i o n of the n e o l i t h i c period, man substituted a n u t r i t i o n a l eco
system over which he had some control f o r one over which he had 
no c o n t r o l . T r a d i t i o n a l a g r i c u l t u r e approximated a natural 
n u t r i t i o n a l ecosystem i n that man was normally part of an i n t e r -
grated system and food was produced by small d i v e r s i f i e d farms. 
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TASTE COMPOUNDS IN BEER 
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Figure 9. Some of the taste active compounds found in beer 
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Food was grown and selected i n large part on the basis of taste. 
In the l a s t 100 years however, changes have occurred i n the 
methods of food production and d i s t r i b u t i o n that are detrimental 
to good taste. Taste i s no longer a factor i n food production. 
Rather, a g r i c u l t u r e i s geared toward quantity production and 
various d i s t r i b u t i o n needs. The chemical composition of the pro
duction system has been s i m p l i f i e d by the el i m i n a t i o n of most 
n a t u r a l l y occurring species and the farming of one or two crops. 
F r u i t s and vegetables are grown f o r y i e l d and ease i n transporta
t i o n and are ripened by a r t i f i c i a l means. 

These changes have taken place l a r g e l y without regard to 
taste (84). As a r e s u l t many foods have l o s t t a s t e , as exempli
f i e d by turkey and tomatoes (85). Several practices contribute 
to the general i n e d i b i l i t y of American a g r i c u l t u r a l produce. 
A r t i f i c i a l l y ripening f r u i t s r e s u l t s i n a decrease i n f l a v o r 
compounds (Figure 10). I  natural n u t r i t i o n a l ecosyste  ther
i s great chemical complexit
contributing to the flo  compounds y  compound
such as amino acids and nucleotides are u t i l i z e d by plants and 
hence cycled i n the system. The r e l i a n c e on a few f e r t i l i z e r s 
with high nitrogen content and a few simple compounds r e s u l t s i n 
an imbalance i n the ecosystem d i s r u p t i n g natural systems and 
changing chemical composition of food. The loss of f l a v o r i n 
onion and g a r l i c w i l l r e s u l t with s u l f u r deficiency (86); a 
deficiency becoming more and more common i n farms. In England 
there has occurred a s h i f t from t r a d i t i o n a l growing of cider 
apples to intensive close packed orchards u t i l i z i n g high nitrogen 
f e r t i l i z e r s . As a r e s u l t f l a v o r has declined markedly (87). 

In f a c t i t seems that a g r i c u l t u r a l chemistry as now practiced 
i s inimicable to good t a s t e . Besides the e f f e c t of i n d u s t r i a l 
f e r t i l i z e r s upon food composition, the u l t i l i z a t i o n of chemical 
compounds f o r various a g r i c u l t u r a l purposes has been found to 
a l t e r the chemical composition of our foods. The chemicals used 
to loosen oranges f o r mechanical p i c k i n g , for instance, have been 
found to introduce novel chemicals with o f f t a s t e s i n t o the orange 
(88,89). Nematicides have also been reported to produce large 
changes i n the chemical composition of tomatoes (90). The 
u t i l i z a t i o n of various chemical compounds for herbicides, f u n g i 
cides, i n s e c t i c i d e s , and medication has introduced various new 
compounds i n t o our foods (91,92). Many of these compounds are 
incorporated i n t o the food we eat often i n high concentration. 
Some of the toxicants present i n foods (93) are endrin, DDT, 
toxaphine, a l d r i n and d i e l d r i n , heptachlor, diazinon, parathion, 
chlorobenzilate, dithiocarbimate, dalapon, dimethoate and many 
other compounds employed for various purposes. Besides novel 
food compounds d i r e c t l y added by a g r i c u l t u r e , many i n d u s t r i a l 
compounds such as polychlorinated biphenols have found t h e i r way 
i n t o our food supply. Some of the compounds of common occurrence 
i n today's food are i l l u s t r a t e d i n Figure 11. These compounds 
and s i m i l a r derived products are assumed to detract from the 
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unnatural cmpds. 

Figure 12. Schematic of present human nutritional ecosystem with diminished 
components 
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p a l a t a b i l i t y of foods. Many of the foods selected over m i l l e n i a 
f o r f l a v o r have, i n the l a s t 20 to 30 years because of changes i n 
t h e i r chemical composition, become bland or even objectionable i n 
f l a v o r . Some of the changes i n s t i t u t e d i n man's natural n u t r i 
t i o n a l ecosystem are i l l u s t r a t e d i n Figure 12. 

Concluding Statement 

Taste i n present day food production i s often not a relevant 
v a r i a b l e , being secondary to such f a c t o r s as y i e l d , shipping, 
storage and appearance. Often the food industry gives the 
impression that food i s something to which f l a v o r can be added. 
The food future often projected i s one i n which we w i l l be eating 
various processed foods such as flavored soy with i n f i n i t e 
storage l i f e . Flavor, however, i s inherent i n the natural 
chemical composition of the food and the only way to improve 
food f l a v o r i s by producin
to that found i n the natura
the taste systems were designed to function. 
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The Umami Taste 

SHIZUKO YAMAGUCHI 

Central Research Laboratories, Ajinomoto Co., Inc., Kawasaki, Japan 

The characteristic tast f monosodiu  glutamat d 5'-ribo
nucleotides is called "umami
role in the flavor of foods, such as meats, poultry, fish and 
other sea foods, dairy products, or vegetables. The taste was 
first discovered by Ikeda (1908) (1), and has been studied by a 
large number of researchers from different points of view (refer 
to, e.g. 2-9). 

We have systematically investigated the umami taste using 
psychometric procedures. In this paper, a part of our studies 
will be outlined. 

Umami Substances 

Most typical umami substances are divided into two series of 
compounds. One is a group of L-α-amino acids represented by mono
sodium glutamate (MSG) (Table I) (10-15), and another is that 
including 5'-ribonucleotides and their derivatives, represented by 
disodium 5'-inosinate (IMP) or disodium 5'-guanylate (GMP) (Table II) 
(16, 17, 18, 19). The latter group of substances have only very 

Table I. Umami Substances Related to MSG 

Relative umami i n t e n s i t y 

Monosodium L-glutamate H 20 1 
Monosodium DL-iforeo-P-hydroxy 0.86 
glutamate H 20 

Monosodium DL-homocystate H 20 0.77 
Monosodium L-aspartate H 20 0.077 
Monosodium L-a-amino adipate H 20 0.098 
L-Tricholomic acid (erythro form) a 5-30 
L-Ibotenic a c i d a 5-30 

Table from Yamaguchi et al. (38). 
aFrom Terasaki et al. (14, 15). 

0-8412-0526-4/79/47-115-033$05.00/0 
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Table II. Umami Substances Related to IMP 

/ T V, 1 f ^ N R e l a t i v e potency Substance (Disodium s a l t ) o^ u m a m i 

51-Inosinate.7.5H20 1 
5'-Guanylate.7H2 0 2.3 
5'-Xanthylate.3H 20 0.61 
5'-Adenylate 0.18 
Deoxy 5'-guanylate.3H2O 0.62 
2-Methyl-5 1-inosinate.6H2O 2.3 
2-Ethyl-5 1-inosinate.1.5H 20 2.3 
2-Phenyl-5'-inosinate.3H20 a 3.6 
2-Methylthio-5'-inosinate.6H2O 8.0 
2-Ethylthio-5 1-inosinate.2H2O 7.5 
2-Ethoxyethylthio-5'-inosinat
2-Ethoxycarbonylethylthio
2-Furfurylthio-5 f-inosinate.H2O a 17 
2-Tetrahydrofurfurylthio-5 l-inosinate.H2O a 8 
2-Isopentenylthio-5 l-inosinate (Ca) a 11 
2-(3-Methallyl)thio-5 f-inosinate a 10 
2-(Y-Methallyl)thio-5 f-inosinate a 11 
2-Methoxy-5'-inosinate.H2O 4.2 (3.7) 
2-Ethoxy-5'-inosinate a 4.9 
2-i-Propoxy-5 1-inosinate a 4.5 
2-n-Propoxy-5'-inosinate a 2 
2-Allyloxy-5 t-inosinate (Ca) O.5H2O a 6.5 
2-Chloro-5 1-inosinate.1.5H2O 3.1 
N 2-Methyl-5 1-guanylate.5.5H 20 2.3 
N 2, N2-Dimethyl-5'-guanylate.2.5H2O 2.4 
N^Methyl-S'-inosinate. H2O 0.74 
Ν1-Methy1-5'-guanylate.H2O 1.3 
Ν1-Methy1-2-methy11hio-5'-ino s inate 8.4 
6-Chloropurine ri b o s i d e 5'-phosphate.H2O 2 
6-Mercaptopurine r i b o s i d e 5'-phosphate.6H2O 3.4 
2-Methyl-6-mercaptopurine riboside 5'-phosphate. 8 
H2O 

2-Methylthio-6-mercaptopurine r i b o s i d e 5'- 7.9 
phosphate.2.5H2O 

2',3'-0-Isopropylidene 5'-inosinate 0.21 
2',3'-0-Isopropylidene 5'-guanylate 0,35 

From Yamaguchi et al. (38). 
aFrom Imami et al. (19). 
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weak tastes. It is notable, however, that they synergistically 
increase the umami of the former substances (17, 20). In addition 
to these two groups, some peptides have been reported to have 
tastes similar to MSG (21, 22). Some researchers regard the taste 
of succinic acid (23, 24) or theanine (25) as umami, although 
their taste qualities are considerably different from that of MSG. 

Fundamental Taste Properties of Umami 

Threshold Value. The threshold values of umami and the other 
four taste substances have been reported by many researchers (e.g. 1 
26, 27, 28, 29). However, because of the measurement conditions 
are d i f f e r e n t , precise comparisons with one another are d i f f i c u l t . 
We have measured the detection thresholds of MSG and the four 
taste substances simultaneously as c a r e f u l l y as possible  using a 
single panel under i d e n t i c a
panel was composed of 3
and 40. Triangle tests were used, where each t r i a n g l e consisted of 
two samples of pure water and one sample of a test s o l u t i o n . The 
pane l i s t s were asked to select the odd sample. A series of t r i a d s 
were presented i n descending order. The lowest concentration 
which could be s i g n i f i c a n t l y distinguished from pure water was 
obtained for each test substance (Table I I I ) . 

Table I I I . Detection Thresholds for Five Taste Subsatnces 
(n = 30) 

MSG Sucrose Sodium 
chloride 

T a r t a r i c 
acid 

Quinine 
s u l f a t e 

0.012 0.086 0.0037 0.00094 0.000049 

Concentrations given as g/100ml. From Yamaguchi and Kimizuka(9). 

The detection threshold for MSG was as low as 0.012 g/100ml 
or 6.25 χ 10"%. I t was higher than that of quinine s u l f a t e or 
t a r t a r i c a c i d , lower than that of sucrose and almost the same as 
that of sodium chloride i n the molar concentration. Some umami 
substances have lower thresholds than that of MSG. 

Subjective I n t e n s i t y Scale for Umami. Thresholds do not 
always express the r e l a t i v e potency of d i f f e r e n t taste s t i m u l i , 
because the i n t e n s i t y of taste does not increase with concentra
t i o n i n the same manner fo r each substance. 

Several kinds of taste i n t e n s i t y scales have been established 
f o r the four tastes. Typical examples are the gust scale by 
Beebe-Center (31) and the τ scale by Indow (32). In order to deal 
with the umami on the same basis with the four tastes, we newly 
established a new subjective taste i n t e n s i t y scale f o r umami as 
we l l as for the four tastes (9, 30). Six solutions for each of 
the f i v e taste substances were prepared. The taste i n t e n s i t y of 
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each s o l u t i o n was rated by the 30 panel members. The p a n e l i s t s 
kept 10 ml of the sample i n t h e i r mouths fo r 10 seconds. Then 
they were asked to assess the i n t e n s i t y of the taste on a 100 
point scale with 0 being no d i s c e r n i b l e taste and 100 the highest 
i n t e n s i t y . The p a n e l i s t s rated a l l the samples twice. The 
r e s u l t s are shown i n Figure 1 using mean values of a t o t a l of 60 
r a t i n g s . 

The r e l a t i o n s h i p between the concentration and the perceived 
taste i n t e n s i t y of MSG was l o g a r i t h m i c a l l y l i n e a r l i k e those of 
the four common tastes, although the slope for MSG was somewhat 
le s s steep than the others. I t means that Weber-Fechner1 s law 
holds f o r a l l of the f i v e taste substances. The r e l a t i o n of the 
taste i n t e n s i t y (S) to the concentration (x) can be expressed by 

S = α l o g 2 (x/3), 

where α represents the increas
centration and, 3, the concentratio
of the extrapolated l i n e with the concentration a x i s , seen i n 
Figure 1. This equation was applied to the f i v e taste substances 
and the r e s u l t s were: 

MSG 

Sucrose 

Sodium chloride 

T a r t a r i c acid 

S M = 9.69 l o g 2 ( x M /0.0195), 

S s = 14.98 l o g 2 ( x s /0.873), 

S s c = 15.50 l o g 2 (x s c/0.0943), 

S T = 14.45 l o g 2 (χ τ /0.00296), 

Quinine s u l f a t e SQ = 14.16 l o g 2 (XQ /0.000169), 

where χ i s given i n terms of g/100 ml. 
In t h i s experiment, only the i n t e n s i t y of taste was rated and 

the q u a l i t y of taste was disregarded. Consequently, the same 
value of S i n the above mentioned equations represents the same 
i n t e s n i t y of taste. Beebe-Center defined the u n i t of taste i n t e n 
s i t y as gust. One gust means the taste i n t e n s i t y of 1% sucrose 
s o l u t i o n . However, the gust scale i s not always convenient be
cause i t does not define the upper l i m i t of the scale. 

In our scale, the u n i t of S was adjusted so that the value of 
S i s zero at the concentration β and 100 at the saturated sucrose 
concentration at 20°C (89.27g/100ml). 

Interactions between Umami and the Four Tastes. Interaction 
of tastes i s another important problem i n the study of phenomena 
of tastes. In order to examine the e f f e c t of umami on the four 
common tastes, the influence of MSG on the thresholds of the four 
tastes has been examined by several researchers (27, 28, 33), but 
the r e s u l t s are c o n f l i c t i n g . In order to c l a r i f y the issue, the 
thresholds of the four taste substances were measured again i n 5mM 
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s o l u t i o n of MSG or IMP (9, 30). The panel and experimental con
d i t i o n s were exactly the same as that i n the aforementioned exper
iment. The detection threshold of quinine s u l f a t e was s l i g h t l y 
raised by the presence of 5mM of IMP. The threshold of t a r t a r i c 
acid was considerably raised by both umami substances, no doubt 
because of the change i n pH. No ef f e c t was observed on the thre
sholds of sucrose and sodium chloride (Table I I I and IV). 
Table IV. Detection Thresholds for the Four Taste Substances 

i n Solution of Umami Substance 
(n = 30) 

Base sol u t i o n Sucrose Sodium 
chloride 

T a r t a r i c 
acid 

Quinine 
s u l f a t e 

0.094g/100 ml MSGa 0.086 0.0037 0.0019 0.000049 

0.26g/100 ml IMP a 

Concentrations given as g/100ml. 
a5mM. 
From Yamaguchi and Kimizuka (9). 

The Synergistic E f f e c t s of Umami Substances 

Quantitative analysis of the s y n e r g i s t i c e f f e c t . When f r u c 
tose and sucrose are mixed together, the sweetness of the mixture 
becomes s l i g h t l y greater than the sum of the sweetness of the 
separate substances (34). Such phenomenon i s c a l l e d the synergi
s t i c e f f e c t . A clear and precise d e f i n i t i o n of the s y n e r g i s t i c 
e f f e c t along with several numerically treated examples has been 
presented elsewhere (34). The magnitude of the s y n e r g i s t i c e f f e c t 
between the two groups of umami substances i s unparalleled. Figure 
2 shows the r e l a t i o n s h i p between the i n t e n s i t y of umami and the 
proportion of IMP i n the mixture of MSG and IMP (35). The t o t a l 
concentration was kept constant at 0.05 g/100ml and the proportion 
of IMP was varied from 0 to 100%. Since the umami i n t e n s i t i e s 
of the samples on both extremes are very weak and almost the same, 
the curve would have proven to be h o r i z o n t a l l y l i n e a r i f the 
s y n e r g i s t i c e f f e c t had been absent. The symmeLric curve i l l u s t 
rates the remarkable s y n e r g i s t i c e f f e c t . In t h i s curve, the 
i n t e n s i t y of umami at i t s maximum i s equivalent to that of 0.78g/ 
100 ml of MSG alone. The mixture i s 16 times as strong as that of 
MSG. This a m p l i f i c a t i o n factor i s concentration-dependent, and 
becomes higher with increasing concentration. 

The s y n e r g i s t i c e f f e c t between MSG and IMP can be expressed 
by means of the following simple equation: 

y = u + 1200 uv (1) 
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where u and ν are the respective concentrations of MSG and IMP i n 
the mixture and y i s the equi-umami concentration of MSG alone(35). 

The s y n e r g i s t i c e f f e c t can be demonstrated between any con-
b i n a t i o n of substances i n Table I and Table I I ; and the i n t e n s i t y 
of umami can also be expressed by an equation e s s e n t i a l l y equal to 
equation (1) (36, 37, 3*0 . The i n t e n s i t i e s of a l l substances i n 
Table I are always proportional to that of MSG. Therefore, u'g/ 
100ml of any substance i n Table I i s replaceable with cru1 g/100ml of 
MSG. The constant α for each substance i s l i s t e d i n Table I . 
On the other hand, the t a s t i n g a c t i v i t i e s of a l l nucleotides i n 
Table I I are c o n s i s t e n t l y proportional to that of IMP. Hence, 
v'g/lOOml of any nucleotide i s replaceable with 3v fg/100ml of 
IMP. The constant 3 for each nucleotide i s l i s t e d i n Table I I . 
Therefore, the umami i n t e n s i t y of the mixture of any combination 
of substances i n Table I and Table I I can be calculated by s u b s t i 
t u t i n g <xuf f o r u and 3v f f o r v  Since the i n t e r r e l a t i o n s h i p s 
w i t h i n each s e r i e s of substance
umami of the mixture o
two or more nucleotides can be calculated by s u b s t i t u t i n g the 
product sums, Σα^ιι^ and Σ3·«ν̂  for u and v, r e s p e c t i v e l y , i n equa
t i o n (1). J J 

Mathematical Consideration of the Synergistic E f f e c t . 
Generalizing the above-mentioned r e s u l t s , we can introduce a con
cept of an umami taste space. The umami so l u t i o n of any combina
t i o n of the two groups of umami substances can be expressed as a 
point i n a space of 2-dimensions, say, U, defined as follows: 
Let U = {(u, v)} be a set of ordered pair s of non-negative r e a l 
numbers. Given two elements Y i = ( u i , v i ) and Y2 = ( u 2 , V 2 ) , we 
define t h e i r sum by 

Y l + Y 2 = ( U l + U 2 , v i + V 2 ) , 

and the scalar m u l t i p l e by 

λΥ = (Xu, λν), λ : non-negative r e a l number. 

The absolute value of Y i s defined by 

I Y I = u + yuv γ : p o s i t i v e constant. 
To be concrete, i f we take MSG and IMP as the standards for both 
groups of substances, u and ν represent the t o t a l s of a c i d i c amino 
acids and nucleotides i n terms of the concentrations of MSG and 
IMP, re s p e c t i v e l y . In our taste space, the sum means combining 
the components of two s o l u t i o n s , and the scalar m u l t i p l e means 
concentrating or d i l u t i n g of a s o l u t i o n . The absolute value means 
the i n t e n s i t y of umami of a s o l u t i o n i n terms of the concentration 
of, say, MSG alone. 

Then the following i n e q u a l i t y holds: 
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|Yl + Y 2| = ( U ! + U 2 ) + T i l l ! + U 2 ) ( V ! + V 2 ) 

= ( u i + YUiVx) + ( u 2 + Yu 2v 2) + Y ( u 2 v i + u i v 2 ) (2) 

i | Y i | + |y.| 

I t i s of in t e r e s t to compare t h i s space with the Euclidean 
Space R whose points and vectors are ordered n-tuples of r e a l 
numbers, 

X = ( x i , x 2 , · ' · , x n ) . 

The absolute value of the vector X = (χι, x 2 , · · · , x n^ i s 
defined to be the number which i s c a l l e d the "length" of the 
vector, 

||x||= ( x i 2 +

As w e l l known, f o r any two vectors X i , X 2 £ R n , the i n e q u a l i t y 
II X i + X 8| < j|Xi|| + 1|X2|| (Trianglar law) (3) 

holds. However, the d i r e c t i o n of the ordering-symbol i n inequa
l i t y (2) i s j u s t opposite to that of in e q u a l i t y (3). Inequality 
(2)means that i n our umami space i n which the s y n e r g i s t i c e f f e c t s 
occur, i n t e n s i t y of umami i s always strengthened, by combining 
the components of two or more sol u t i o n s , to more than the sum of 
the i n t e n s i t i e s of the o r i g i n a l s o l u t i o n s . 
Factors A f f e c t i n g the Synergistic E f f e c t 

In order to determine the possible enhancement or suppression 
of the s y n e r g i s t i c e f f e c t s of umami substances, i t was examined 
whether equation (1) held or not i n the presence of various 
other taste substances. 

E f f e c t s of the Four Taste Substances. The concentration of 
MSG equivalent i n the umami i n t e n s i t y to an MSG-IMP mixture 
(point of subjective equality) was determined both i n pure water 
and i n the four taste s o l u t i o n s . The r e s u l t s are shown i n Table 
V. The equi-umami concentration of MSG obtained i n the presence 
of each of the four taste substances was almost the same as that 
i n pure water. Thus the s y n e r g i s t i c e f f e c t s of umami substances 
were seen to be unaffected by the four taste substances. 

E f f e c t s of Amino Acids. According to equation (1), the 
i n t e n s i t y of umami of 0.075 g/100ml MSG-IMP mixture containing 4% 
IMP i s equivalent to that of 0.33 g/100ml MSG i n pure water. 
The i n t e n s i t i e s of umami of these two samples were compared i n 
various amino acid solutions using a paired sample t e s t . In each 
p a i r , the p a n e l i s t s were asked to ind i c a t e which umami i s 
stronger. No s i g n i f i c a n t difference was recognized except f o r 
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the basic amino acids, h i s t i d i n e and arginine (Table V I ) . Since 
these basic amino acids do not enhance the umami of MSG, they are 
assumed to suppress the s y n e r g i s t i c e f f e c t of IMP. The suppres
sion was dependent on both the pH value and buffer capacity of 
the s o l u t i o n involved. When the pH value of h i s t i d i n e s o l u t i o n 
was adjusted to 5 to 6.5, the s y n e r g i s t i c e f f e c t was recovered. 
The s y n e r g i s t i c e f f e c t was not affected by a low concentration of 
h i s t i d i n e , even at a high pH value (Table V I I ) . Neutral amino 
acids and other buffer substances showed s i m i l a r e f f e c t s 
depending on the pH value and buffer capacity of the s o l u t i o n 
involved. 

Table V. Equi-umami Concentration of MSG to MSG-IMP Mixture 
i n the Four Taste Solutions 

Base Solution 

n j Concn. Compound ( g / 1 0 0 m l ) Prop. IMP 
(%) 

Concn. 
(g/100ml) 

concn. MSG 
(g/100ml) 

Sucrose 5.0 4 
12 

0.075 
0.05 

0.31 
0.33 

Sodium 1.0 
chloride 

4 
12 

0.075 
0.05 

0.36 
0.36 

Ta r t a r i c acid 0.05 4 0.075 0.36 
Quinine 0.002- 3 

su l f a t e 
4 0.075 0.34 

(Pure water) 4 
12 

0.075 
0.05 

0.33 
0.36 

Ef f e c t s of Umami Substances on Flavors of Foods 

Flavor P r o f i l e s of Foods Added MSG. The e f f e c t s of MSG on a 
v a r i e t y of foods were q u a l i t a t i v e l y and q u a n t i t a t i v e l y i n v e s t i 
gated using the Semantic D i f f e r e n t i a l (9, 39). The aim of the 
study was to make clear how people i n general, not s p e c i a l i s t s i n 
food science, respond to the f l a v o r changes of foods. 

In these experimental procedures, d e s c r i p t i v e terms were 
c o l l e c t e d f i r s t . Eight kinds of foods with and without a d d i t i o n a l 
MSG or containing d i f f e r e n t concentrations of broth or stock were 
served to 180 persons. The subjects expressed f r e e l y t h e i r 
impressions of the f l a v o r s of the samples using t h e i r own termi
nology. Out of approximately 500 expressions obtained, 32 pa i r s 
of the terms frequently expressed were selected except the terms 
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Table VI. Comparison of Umami In t e n s i t y between MSG-IMP 
Mixture and MSG i n Amino Acid Solutions 

(n = 25 or 50) 

Base s o l u t i o n No. judgement 
Compound Concn. Mixture a> MSGb MSG > Mixture 

(g/100ml) 

Alanine 0.95 9 16 
Arginine 0.25 11 39' 
Arginine-HCl 0.25 10 15 
Glycine 1.65 13 12 
H i s t i d i n e 0.80 7 U3 
Histidine-HC1 0.038 11 14 
Isoleucine 0.3
Leucine 0.5
Lysine-HC1 0.64 11 14 
Methionine 0.52 10 15 

(Pure water) 11 14 

f0.075g/100ml MSG-IMP mixture containing 4% IMP. 
b0.33g/100ml MSG. 
**f *** . s i g n i f i c a n t a t 1%, and 0.1% l e v e l , r e s p e c t i v e l y . 

Table V I I . Equi-umami Concentration of MSG to MSG-IMP M i x t u r e a 

i n H i s t i d i n e Solutions 
(n = 50) 

Concn. Equi-umami 
h i s t i d i n e pH b concn. MSG 
(g/lOOml) (g/100ml) 

0.8 9.5 0.09 
0.8 8.5 0.16 
0.8 7.5 0.21 
0.8 6.5 0.38 
0.8 5.0 0.33 
0.2 9.5 0.16 
0.05 9.5 0.31 
(Pure water) - 0.33 

0.075g/100ml MSG-IMP mixture containing 4% IMP. 
Adjusted with aqueous HC1. 
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of umami or MSG taste since the purpose was to c l a r i f y the f l a v o r 
p r o f i l e of MSG i t s e l f . The evaluation sheet was prepared based 
on these terms (Figure 3). 

In the main experiment, 16 dishes were evaluated using a 
panel consisted of 300 ordinary people with the panel s i z e 
f o r each session being 25 to 50. Each p a n e l i s t was given a t e s t 
sample added MSG and a c o n t r o l . The p a n e l i s t s were asked to 
compare the t e s t sample against the c o n t r o l , and to evaluate the 
f l a v o r of the t e s t sample checking off the point on each scale of 
the evaluation sheet. 

The data obtained were analyzed by m u l t i v a r i a t e a n a l y s i s . 
The paired terms were c l a s s i f i e d i n t o f i v e major groups according 
to f l a v o r functions, and some highly correlated terms were united. 
A t y p i c a l p r o f i l e chart i s shown i n Figure 4. 

MSG, when added to beef consommé, had no e f f e c t on the aroma. 
I t increased the o v e r a l
on the i n t e n s i t i e s of s a l t i n e s s
b i t t e r n e s s were very small. Although the term "umami  was 
i n t e n t i o n a l l y not used i n the p r o f i l e t e s t , i t may be e a s i l y 
supposed that the q u a l i t y of the taste increased here i s umami. 
The addition of MSG increased the c h a r a c t e r i s t i c s of the f l a v o r , 
i . e . , c o n t i n u i t y , mouth f u l l n e s s , impact, mildness and thickness 
of the f l a v o r of the beef consomme. I t also increased the 
meatiness of the f l a v o r . Thus MSG increased the o v e r a l l 
preference of the beef consomme. 

The same p r o f i l e of MSG was observed f o r many other foods, 
such as soup, meat, poultry, f i s h , egg and vegetable dishes. 

Doubling the concentration of beef consommé gave the same 
pattern of change i n the f l a v o r p r o f i l e of beef consommé as did 
the addition of MSG, but a d d i t i o n a l l y increased the i n t e n s i t i e s 
of aromas and the four tastes (Figure 4). 

From the extensive p r o f i l e t e s ts mentioned above, the e f f e c t s 
of MSG on foods were summarized as follows: 

(1) MSG has no ef f e c t on the aroma of food. 
(2) MSG increases the t o t a l taste i n t e n s i t y of food. The 

qua l i t y of the taste brought about by MSG i s d i f f e r e n t from 
the four tastes. 

(3) MSG enhances c e r t a i n f l a v o r c h a r a c t e r i s t i c s of food: 
c o n t i n u i t y , mouth f u l l n e s s , impact, mildness, and thickness. 

(4) MSG enhances the s p e c i f i c f l a v o r of food, e.g. meatiness of 
soups. 

(5) MSG has a f l a v o r e f f e c t s i m i l a r to broth or stock, although 
MSG has no ef f e c t on aroma. 

(6) MSG increases the preference or p a l a t a b i l i t y of food. 
The e f f e c t s of sodium ch l o r i d e and sucrose were also examined 

for reference. The beef consommé mentioned above contained 0.8g/ 
100ml NaCl. Increasing the NaCl l e v e l to 1.2 g/100ml changed 
only the s a l t i n e s s of the food and decreased i t s p a l a t a b i l i t y 
(Figure 5). However, an increase of NaCl from 0.2 g/100ml to 
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FLAVOR PROFILE OF [FOOD NAME] 
Bate 
Name 

DIRECTIONS: Mark each l i n e i n the place that best expresses your 
fe e l i n g s of SAMPLE Β compared with SAMPLE A. 

e CO 
rH (0 rH c rH rH c •H 4J 4-1 •H 
CO ,c CO 43 CO 
4-> 60 ο 00 4J 
U •H g •H u 
0) rH rH rH 
Ο CO CO CO ο 
-2 -1 0 1 2 

1. Whole aroma / weak · • 1 ι 1 1 strong 
2. Meaty aroma  1 1 ι 1 1
3. Aroma derived from(...
4. Whole aroma / bad ι 1 1 ι 1 1 good 
5. Meaty f l a v o r / weak * 1 1 ι 1 1 strong 
6. Flavor derived from(...) / weak · 1 1 1 1 strong 
7. Flavor of spice / weak » 1 1 1 1 strong 
8. Whole taste / weak » 1 1 1 1 strong 
9. Salty taste / weak 1 1 1 1 1 strong 
10. Salty taste / rough ι 1 » 1 1 smooth 
11. Sweet taste / weak ι 1 1 1 1 strong 
12. Sour taste / weak ι 1 1 1 1 strong 
13. B i t t e r taste / weak ι 1 » 1 1 strong 
14. Meaty taste / weak ι 1 » 1 1 strong 
15. Taste drived from(...) / weak ι 1 » 1 1 strong 
16. O i l y or f a t t y / weak ι • * 1 1 strong 
17. Foreign f l a v o r 1 weak ι 1 ^ 1 1 strong 
18. Contimuity / short « 1 * 1 1 long 
19. Simple 

1 1 l· 1 1 Compl< 
20. Watery ι 1 \ 1 1 Concei 
21. Mouthfullness 1 weak * 1 * 1 1 strong 
22. Development / narrow ι 1 • 1 1 broad 
23. F l a t ι 1 ν 1 1 Body 
24. Light 1 1 h 1 1 Heavy 
25. Poor I 1 V 1 1 Rich 
26. Thin I 1 V 1 1 Thick 
27. Harsh I 1 r 1 1 M i l d 
28. Crude ι 1 h 1 1 Aged 
29. Balance / bad ι 1 τ 1 1 good 
30. Punch / weak ι 1 Η 1 » strong 
31. Unfavorable ι 1 ν 1 1 Tasty 
32. P a l a t a b i l i t y I bad ι 1 r 1 y good 

Raven Press 

Figure 3. Evaluation sheet for flavor profile test (9) 
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B E E F CONSOMME 

+ 0 . 0 5 % M S G 

1 0 + 1 

+ 0 . 2 % M S G 

0 + 1 

I . A R O M A 

Whole aroma 

Meaty 

Vagetable-like 

Acceptability 

II . B A S I C T A S T E 

Whole taste 

Salty 

Sweet 

Sour 

Bitter 

III . F L A V O R C H A R A C T E R 

Continuity 

Mouthfullness 

Impact 

Mildness 

Thickness 

IV. O T H E R F L A V O R 

Spicy 

Oily 

Meaty 

Vegetable-like 

V . W H O L E P R E F E R E N C E 

Palatabilitv 

1 + 1 

+ Beef broth (twice) 

0 + 1 + 2 

0 + 1 

evaluation score 

+ 1 + 2 

Raven Press 

Figure 4. Effects of MSG and beef broth on flavor of beef consommé (9) 
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B K K F C O N S O M M E 

N a C l . 1 . 2 % f o r 0 . 8 % 

0 + 1 

N a C l , 0 . 8 % f o r 0 . 2 % 

\ 2 0 + 1 + 2 

+ 2 

Raven Press 

Figure 5. Effect of NaCl on flavor of beef consommé (9) 
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0.8 g/100ml enhanced p a l a t a b i l i t y and increased the f l a v o r 
c h a r a c t e r i s t i c s of co n t i n u i t y , mouth f u l l n e s s , impact, and so on 
(Figure 5). 

In comparing the d i f f e r e n t sucrose contents of bavarian 
cream between 5% and 10%, the l a t t e r e l i c i t e d l a r g e r evaluation 
scores of c o n t i n u i t y , mouth f u l l n e s s , impact, mildness and 
thickness, as w e l l as increased sweetness (Figure 6). 

Thus, i n some cases, both NaCl and sugar not only increase 
t h e i r i n t r i n s i c tastes, but also enhance the f l a v o r charactor 
measures. 

Preference of Food and Content of Umami Substnces. In order 
to show the r e l a t i o n s h i p between the preference of food and i t s 
content of umami substances, the value of y i n equation (1) was 
calculated s u b s t i t u t i n g u and ν by the values of chemical 
analysis for glutamate an
presented i n the f l a v o
shown i n Table V I I I . 

The y value of beef consomme with no a d d i t i o n a l MSG was 0.15. 
By increasing beef broth concentration, the y value increased to 
0.59 with a preference score of 0.80. The addition of 0.05g/100ml 
MSG to the beef consomme increased the y value to 0.91 by the 
sy n e r g i s t i c e f f e c t of both IMP and GMP, which were contained 
n a t u r a l l y i n the food i t s e l f , and gave 0.85 of the preference 
score. The addition of a small amount of MSG gave a large y 
value to t h i s food, as did the increase of beef broth concentra
t i o n , and increased the preference score. The close r e l a t i o n s h i p 
was observed between the preference of food and the content of 
umami substances, i n terms of the y value, whether they are added 
i n t e n t i o n a l l y to food or contained n a t u r a l l y i n food. 

Relationship between P a l a t a b i l i t y and Umami. Yamanaka et ai. 
(40) c o l l e c t e d words expressing " p a l a t a b i l i t y " . They did t h i s by 
asking people to write down t h e i r d e f i n i t i o n of p a l a t a b i l i t y , 
excluding appearance, aroma and texture. From the t o t a l of 1900 
expressions obtained, 38 of them were selected as important. The 
s i m i l a l i t y between each p a i r of the expressions was measured on a 
5-point scale using a mass panel. The data obtained were analyzed 
by p r i n c i p a l component analysis and c l u s t e r a n a l y s i s . As a r e s u l t , 
concrete expressions of p a l a t a b i l i t y were c l a s s i f i e d i n t o the 
follow i n g f i v e groups: 

(1) F u l l of body, concentrated, broad development, mild, aged, 
etc. 

(2) Sharp, hot, spicy, pungent, etc. 
(3) Refreshing, c o o l , c l e a r , etc. 
(4) O i l y , f a t t y , greasy, etc. 
(5) Refined, high grade, modern, etc. 

Apart from the Group 5, our study demonstrated that the 
umami substances contribute mainly to the Group 1. 

American Chemical 
Society Library 
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BAVARIAN C R E A M 

S u g a r , 1 0 % f o r 5 % 

- 1 0 + 1 + 2 

I . A R O M A 

Whole aroma 

Egg- l ike 

Milky 

II . B A S I

Whole taste 

Salty 

Sweet 

Sour 

Bitter 

III. F L A V O R C H A R A C T E R 

Continuity 

Mouthfullness 

Impact 

M ildness 

Thickness 

IV. O T H E R F L A V O R 

Spicy 

Oily 

E g g - l i k e 

Milky 

\ . W H O L E P R E F E R E N C E 

Palatability 

1 
- 1 

evaluation score 

+ 1 + 2 

Raven Press 

Figure 6. Effect of sugar on flavor of bavarian cream (9) 
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In t h i s work, we have c l a r i f i e d psychometric a l l y both the 
fundamental taste properties of umami i n i t s e l f and i t s flavor 
effects on foods. 

Umami i s a kind of taste quality different from the 
tr a d i t i o n a l four tastes. Umami substances added to food increase 
not only their own taste, "umami", but also the flavor character
i s t i c s such as continuity, mouth fullness, impact, mildness and 
thickness. Thus they increase the p a l a t a b i l i t y of foods. 
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Pungency: The Stimuli and Their Evaluation 

V. S. GOVINDARAJAN 

Central Food Technological Research Institute, Mysore, India 570013 

The quality that distinguishe
wants to eat, from a collectio
merely one's nutritional requirements, is flavor. Aroma, and the 
traditionally accepted four tastes, sweet, sour, salt, and bitter, 
are part of most foods and they are further developed or altered 
during cooking. Even so, most cooked foods are still considered 
insipid, and require food additives, such as spices, herbs and pot
entiators, to boost the flavour. The important contributions of 
spices and herbs to sensory qualities, other than aroma, are the 
new dimensions, pungency and astrigency. Apart from imparting a 
specific altered aroma, they increase the pre- and post-ingestion
al cues which are important in increasing awareness and appreci
ation of the food, and thereby lead to increased ingestion (1). 
Thus, the notion of food flavour - which is commonly understood as 
aroma and taste - should be expanded to cover the contribution of 
pungency. 
Pungency, an a p p r a i s a l of the term 

A d e f i n i t i o n of 'pungency 1 i s r e q u i r e d , i f we ar e t o under
s t a n d the p e r c e i v e d i m p r e s s i o n , and attempt t o e s t i m a t e the same. 
The d i c t i o n a r i e s d e f i n e the term as ! a s t i n g i n g , i r r i t a t i n g , or 
c a u s t i c p r o p e r t y 1 (Oxford) and 'keenness, s h a r p n e s s , poignancy' 
(Webster). These are e i t h e r too g e n e r a l , or they are r a t h e r un
happy c h o i c e s of d e s c r i p t o r s which connote some u n d e s i r a b l e c h a r 
a c t e r i s t i c s . The word pungent i s a l s o used t o denote a c r i d o d o r s , 
and, i n the g e n e r a l l i t e r a t u r e , i t i s used almost as a synonym of 
'hot' and ' i r r i t a n t ' . However, w i t h r e s p e c t to f o o d , f o r which 
the term 'pungency' should r e a l l y be used, i t assumes a d e s i r a b l e 
q u a l i t y . When used at an o p t i m a l usage l e v e l , the s p i c e s have -
a p a r t from aroma - a 'mouth-watering' q u a l i t y . Together with 
aroma, pepper, g i n g e r and c h i l l i e s p r o v i d e the 'piquant' s t i m u l u s 
response t h a t l e a d s t o a g r e a t e r acceptance and h i g h e r i n t a k e of 
food . T h i s d e s i r a b l e n a t u r e of the r e a c t i o n , I b e l i e v e , i d e n t i f i e s 
'pungency' as d i f f e r e n t from the o t h e r d e s c r i p t o r s used t o d e f i n e 
the a t t r i b u t e , such as i r r i t a n t , s t i n g i n g , c a u s t i c , e t c . , a l l of 
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which have u n d e s i r a b l e c o n n o t a t i o n s . 
We c o u l d a l s o look at the a t t r i b u t e from the s t i m u l u s - s e n 

s a t i o n a n g l e . N o n c r i e f f (_2), i n h i s t r e a t i s e on the Chemical Sen
s e s , has c l a s s i f i e d pungency under the common c h e m i c a l senses, 
gro u p i n g i t along w i t h s t i m u l i e l i c i t i n g b u r n i n g ( h o t ) , i r r i 
t a t i o n , l a c h r y m a t o r y or cough-provoking s e n s a t i o n s . I would l i k e 
t o submit t h a t a l l these p r o p e r t i e s are d i f f e r e n t s e n s a t i o n s , 
though some c h e m i c a l s might e l i c i t more than one of these sen
s a t i o n s . 

Many examples can be found which show these d i f f e r e n c e s . 
Ammonia, w h i l e i m p a r t i n g a h i g h l y i r r i t a n t and c a u s t i c s e n s a t i o n 
cannot be c a l l e d pungent. The l a c h r y m a t o r y substance of o n i o n , 
the propanol S—oxide, i s not pungent i n the mouth, but produces an 
i t c h i n g r e a c t i o n i n the nose. S u l p h u r d i o x i d e , a cough-provoking 
c h e m i c a l , produces no pungent f e e l i n g i n the mouth  but only a 
c a t c h at the t h r o a t . Whil
c o u l d b r i n g about the s e n s a t i o
a b u r n i n g s e n s a t i o n at h i g h e r c o n c e n t r a t i o n s , i t can never be 
c a l l e d pungent. There are o t h e r compounds i n some s p i c e s and 
herbs which produce a t i n g l i n g s e n s a t i o n on the tongue, but t h i s 
a g a i n i s d i s t i n c t from the t y p i c a l s e n s a t i o n of pungency e l i c i t e d 
by the c h a r a c t e r i s t i c components of s p i c e s , such as c a p s a i c i n , 
p i p e r i n e and g i n g e r o l . S i n g l e t o n and Noble r e c e n t l y d e s c r i b e d 
pungency as a h o t , p e n e t r a t i n g , b u r n i n g s e n s a t i o n i n the mouth 
which at lower l e v e l s may be warm, s p i c y , sharp or h a r s h . T h i s 
i m p l i e s t h a t a l l these v a r y i n g s e n s a t i o n s , are merely concent
r a t i o n e f f e c t s . 

Such a view may be accepted o n l y i n so f a r as the terms warm, 
b u r n i n g , p e n e t r a t i n g and i r r i t a t i n g are understood i n t h e i r gen
e r a l l y accepted meanings; but o r d i n a r y p h e n o l , which e l i c i t s t hese 
r e s p o n s e s , w i l l a t no c o n c e n t r a t i o n be c a l l e d pungent. A l s o , t y p i 
c a l pungent compounds at a l l l e v e l s , from t h r e s h o l d t o h i g h e r l e 
v e l s , a re c l e a r l y i d e n t i f i e d as pungent. These s p e c i f i c s p i c e 
components are p e r c e i v e d as pungent o n l y when taken i n the mouth, 
w h i l e c o n t a c t w i t h other p a r t s , such as the s k i n , i s f e l t as b u r n 
i n g or i r r i t a t i o n ; i n the nose as w a t e r i n g , and i n the eyes as 
l a c h r y m a t o r y . Whatever be the u l t i m a t e reason f o r the d i f f e r e n t 
responses to the same compound at d i f f e r e n t c e n t r e s of p e r c e p t i o n , 
the d i s t i n c t response as pungency when taken i n the mouth i s a s s o 
c i a t e d with s p e c i f i c compounds, both n a t u r a l and s y n t h e t i c , and 
r e s t r i c t e d to some s t r u c t u r a l c h a r a c t e r i s t i c s (see l a t e r ) . These 
p r o p e r t i e s / c h a r a c t e r i s t i c s s h o u l d be c o n s i d e r e d s i g n i f i c a n t enough 
to a f f o r d pungency a s t a t u s of i t s own among the d i f f e r e n t s e n 
s o r y a t t r i b u t e s of food. 

The next p o i n t f o r c o n s i d e r a t i o n i s whether pungency i s a 
p u r e l y g u s t a t o r y m o d a l i t y , or whether i t i s a l s o an o l f a c t o r y mod
a l i t y . There i s a v a s t and growing l i t e r a t u r e on the i n t e r r e l a t i o n 
of the senses, though the e x t e n t of t h e i r mutual i n f l u e n c e s are 
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not w e l l understood. I t i s , however, a common e x p e r i e n c e t h a t 
once taken i n t o the mouth, foods and beverages e l i c i t at l e a s t d u a l , 
u s u a l l y t r i p l e , sensory e f f e c t s due to the i n t e r c o n n e c t i o n of t h e 
t h r o a t and n a s a l c a v i t y , and the i n n e r v a t i o n of the r e c e p t o r s d i s 
posed i n r e l a t i o n t o one another. The senses of t a s t e and c u t a n 
eous s e n s i b i l i t i e s i n the mouth, and of o l f a c t i o n i n the nose app
ear t o act s i m u l t a n e o u s l y i n response t o a s t i m u l u s . However, 
these c o u l d be i n d e p e n d e n t l y experimented upon u s i n g v a r i o u s d e v i 
c e s . As pungent compounds can be f e l t i n the mouth at low t h r e s h 
o l d l e v e l s , and not by s m e l l a t those l e v e l s , pungency may be 
c l a s s i f i e d along w i t h the t r a d i t i o n a l t a s t e m o d a l i t i e s . A d d i t i o n 
a l l y , as with o t h e r t a s t e s , t h e r e i s l i t t l e or no v a r i a t i o n of qua
l i t y , but o n l y v a r i a t i o n i n i n t e n s i t y , and an o p t i m a l c o n c e n t r a t i o n 
f o r acceptance. The accepted d e f i n i t i o n of the term t a s t e , 'one of 
the se n s e s , the r e c e p t o r s f o r which are l o c a t e d i n the mouth and 
are a c t i v a t e d by a l a r g  v a r i e t  d i f f e r e n 1 Λ )  w i l
accomodate the q u a l i t y o
g a t o r s now l i m i t g u s t a t o r y q u a l i t i e , namely, , , 
s a l i n e , and b i t t e r , Ayurveda i n I n d i a , and a l s o the s c i e n c e s of 
ot h e r c u l t u r e s , r e c o g n i s e d s i x k i n d s of t a s t e ; the above-mentioned 
f o u r as w e l l as pungent and a s t r i n g e n t . 

I would l i k e t o make a p a s s i n g r e f e r e n c e t o the d i s t i n c t n e s s 
of the chemoreceptors. The r e c e p t o r f o r the f o u r b a s i c t a s t e s i s 
now r e c o g n i s e d to be a n e u r a l complex of s p e c i a l i z e d , e l a b o r a t e l y 
o r g a n i s e d c e l l s , d i s t r i b u t e d on the tongue i n a l o c a l i z e d f a s h i o n . 
The r e c e p t o r s f o r other c h e m i c a l s are r e p o r t e d t o be the s o - c a l l e d 
f r e e nerve endings, and are found throughout the o r a l c a v i t y . Re
c e p t o r s l o c a t e d on othe r p a r t s of the body responding to t o u c h , 
temperature, p r e s s u r e , are a l l r e p o r t e d t o have d i s t i n c t i v e nerve 
endi n g s , w h i l e f o r i r r i t a t i o n and p a i n no r e c o g n i s a b l e r e c e p t o r 
b o d i e s have been i d e n t i f i e d (J5). would f u r t h e r work with the more 
advanced e l e c t r o n microscopes y i e l d f u r t h e r i n f o r m a t i o n and show 
up d i f f e r e n c e s between the f r e e nerve ends i n the mouth and those 
o u t s i d e the o r a l c a v i t y ? Recent work i n neu r o p h y s i o l o g y and e l e c 
t r o n microscopy has d i s c o v e r e d a c o l d r e c e p t o r f o r former ' f r e e 
nerve endings 1 (5a). Would the f r e e nerve endings of r e c o g n i s e d 
t a s t e r e c e p t o r s respond to the a p p l i c a t i o n of s p e c i f i c compounds 
e l i c i t i n g the pungency response? The e x t e n s i v e work with c a p s a i c i n 
by Jansco-Gabor and c o l l e a g u e s (5b) has shown pronounced d e s e w s i t i -
z a t i o n a g a i n s t a l l k i n d s of c h e m i c a l s t i m u l i ; i t i s most l i k e l y 
t h a t r e c e p t o r s b e l o n g i n g t o the slo w e s t c o n d u c t i n g C f i b r e s are 
i n v o l v e d i n i t s e f f e c t . A l t e r n a t i v e l y , i s the d i f f e r e n c e i n the 
response t o the s p e c i f i c pungency s t i m u l i , w i t h i n t he mouth and 
o u t s i d e , r e l a t e d t o the l o c a l i s a t i o n of the n e u r a l i n f o r m a t i o n a t 
the h i g h e r c e n t r e s of t r a n s m i s s i o n ? 

The widespread use of the terms 'pungent or b i t e component', 
' c a p s a i c i n pungency' or 'sensory pungency' has tended to be con
f u s i n g . To r e c o g n i s e the cause and e f f e c t r e l a t i o n s h i p c l e a r l y , 
t h e s t i m u l a n t s h o u l d be i d e n t i f i e d o n l y by i t s common or c h e m i c a l 
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name, and the sensory response by the term pungency. 
E s t i m a t i o n of Punqency - Problems 

When pungency i s c o n s i d e r e d as an important g u s t a t o r y a t t r i 
bute of f o o d , an e s t i m a t i o n of t h i s perceiv/ed pungency i s neces s 
a r y f o r v a l i d a t i n g any q u a l i t y c o n t r o l procedure of the raw mater
i a l , or of the prepared food. Even when the c h e m i c a l compounds 
t h a t are r e s p o n s i b l e f o r e l i c i t i n g t h i s s e n s a t i o n are known i n 
each raw m a t e r i a l and i n s t r u m e n t a l methods are a v a i l a b l e f o r t h e i r 
e s t i m a t i o n , the s u b j e c t i v e e s t i m a t i o n of pungency i s necessary t o 
e s t a b l i s h a c o r r e l a t i o n as a guide t o the u s e - l e v e l . Sensory e v a l 
u a t i o n of food f o r any p e r c e i v e d food q u a l i t y had i n the past been 
c o n s i d e r e d an a r t and i n g e n e r a l very v a r i a b l e ; but over the 
l a s t two or t h r e e decades, i t s c o n t r i b u t i o n t o the success of p r o 
cessed foods has been r e a l i s e d . As i n the development of any 
a n a l y t i c a l method, the causes of v a r i a t i o n and sources of e r r o r 
have been s t u d i e d and
the p r a c t i c a l methods o
of the term ' o b j e c t i v e 1 f o r p h y s i c o - c h e m i c a l measurements and 
' s u b j e c t i v e ' f o r e v a l u a t i o n by humans s h o u l d a l s o be d i s c o u r a g e d , 
s i n c e t h e r e are elements of ' o b j e c t i v i t y ' and ' s u b j e c t i v i t y ' i n 
both measuring systems. I t i s p r e f e r a b l e t o s p e c i f i c a l l y s t a t e 
the i n s t r u m e n t a l measure and the sensory m o d a l i t y used. Many food 
l a b o r a t o r i e s are p r a c t i s i n g sensory e v a l u a t i o n by p a n e l s , i n the 
p l a c e of one or a few e x p e r t s , i n order t o a r r i v e a t d e c i s i o n s on 
th e raw m a t e r i a l or f i n i s h e d product q u a l i t y , p r o c e s s change, s t o r 
age l i f e e t c . , (J3) · I t i s h e a r t e n i n g to see t h a t many asp e c t s of 
sensory e v a l u a t i o n of foods are r e g u l a r l y d i s c u s s e d at meetings; 
and t h a t i n s t i t u t i o n s concerned w i t h standards and s p e c i f i c a t i o n s 
a r e , through t h e i r s p e c i a l committees, a c t i v e l y (_9) d i s c u s s i n g and 
c o d i f y i n g d e f i n i t i o n s , d e t a i l s of methods, g i v i n g guidance i n the 
s e l e c t i o n of methods of e v a l u a t i o n and a n a l y s i s needed t o answer 
s p e c i f i c q u e s t i o n s , and e v o l v i n g a unifor m method of r e p o r t i n g s e n 
s o r y e v a l u a t i o n r e s u l t s . 

I t i s impo r t a n t t o c o n s i d e r , a t t h i s j u n c t u r e , i f t h e r e i s any 
q u a l i t y dimension i n pungency. In the e a r l i e r l i t e r a t u r e , t h e r e 
a r e some r e f e r e n c e s t o the q u a l i t y of pungency by d e s c r i p t i o n s 
such as i n s t a n t , v a n i s h i n g , p e r s i s t e n t , e t c . These o b s e r v a t i o n s on 
n a t u r a l and s y n t h e t i c compounds were, however, made by d i f f e r e n t 
p e o p l e , and by procedures which were not s t a n d a r d i s e d . An extreme 
example of the importance of c o r r e c t and d e t a i l e d o b s e r v a t i o n i s 
the . . m i s i n t e r p r e t a t i o n of the l a c k of pungency i n p i p e r i n e c r y s t a l s 
i s o l a t e d from pepper e x t r a c t s , w h i l e the mother l i q u o r had hi g h 
pungency; t h a t mistake l e d t o years of search by many workers t o 
i d e n t i f y the n o n - e x i s t e n t isomers of p i p e r i n e i n pepper (see l a t e r ) . 
Todd at al^ have r e c e n t l y observed ( l O ) t h a t c a p s a i c i n , d i h y d r o -
c a p s a i c i n , and n o r d i h y d r o c a p s a i c i n gave r a p i d pungent s e n s a t i o n s 
l o c a t e d i n t h e back of the p a l a t e and t h r o a t , w h i l e homocapsaicin 
and homodihydrocapsaicin tended to produce prolonged pungent s e n 
s a t i o n s of low i n t e n s i t y l o c a t e d i n t h e mid-mouth and m i d - p a l a t e 
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r e g i o n s . They hav/e a l s o found t h a t these e f f e c t s a r e probably r e l 
a t e d t o the s o l u b i l i t y of these components i n p o l a r s o l v e n t s , h i g h 
er f o r t h e f i r s t t h r e e components and lower f o r the l a t t e r two 
homologs w i t h l o n g e r a l k y l s i d e - c h a i n s . 

I t appears t o be c l e a r t h a t , i n common w i t h o t h e r g u s t a t o r y 
a t t r i b u t e s , t h e r e are no q u a l i t y d i f f e r e n c e s i n pungency, and t h a t 
the p e r c e i v e d d i f f e r e n c e s are e x p l a i n e d by i n t r i n s i c i n t e n s i t y , 
c o n c e n t r a t i o n , and s o l u b i l i t y of the d i f f e r e n t s t i m u l i r e s p o n s i b l e 
f o r pungency. As mentioned e a r l i e r , i n any food s i t u a t i o n , the 
i n t e r a c t i o n of o t h e r sensory m o d a l i t i e s c o u l d r e s u l t i n seemingly 
apparent v a r i a t i o n s i n pungency q u a l i t y of d i f f e r e n t s t i m u l i , but 
such d i f f e r e n c e s a r e not r e a l . We have c a r e f u l l y looked i n t o t h i s 
a s p e c t by comparison of i s o l a t e d , pure, t o t a l pungent components 
( f r e e from aroma) of the s p i c e s , c h i l l i e s , pepper, and g i n g e r . At 
c o n c e n t r a t i o n s s l i g h t l y above t h e i r i n d i v i d u a l t h r e s h o l d s , the 
d i f f e r e n t , pure s t i m u l
by t r a i n e d p a n e l i s t s . A
made; e.g. quick and s t r o n g f o r c a p s a i c i n o i d s , 'low  f o r g i n g e r o l , 
1 slow 1 f o r s h o g a o l , and 'slow and l a s t i n g ' f o r p i p e r i n e . These 
d i f f e r e n c e s c o u l d , however, be r e l a t e d t o t h e i r known i n t r i n s i c , 
i n t e n s i t y d i f f e r e n c e s and s o l u b i l i t i e s i n water. I t would be p r e 
f e r a b l e t o measure t h e i r s o l u b i l i t y i n s a l i v a , and a l s o t o f i n d out 
whether t h e r e are d i f f e r e n c e s i n t h e i r r a t e s of p e n e t r a t i o n to the 
r e c e p t o r s . 

I t was e a r l y r e c o g n i s e d t h a t pungency e v a l u a t i o n needs t o be 
done as a d i l u t i o n method. S c o v i l l e ( l l ) , as e a r l y as 1912, d e t e r 
mined the pungency of capsicum by de t e r m i n i n g the g r e a t e s t d i l u t i o n 
a t which the d e f i n i t e p e r c e p t i o n of ' b i t e ' (pungency) would be 
r e c o g n i s e d ( t h e r e c o g n i t i o n t h r e s h o l d ) , and expressed i t as the 
r e c i p r o c a l of t h e d i l u t i o n . T h i s f i g u r e has s i n c e been c a l l e d the 
S c o v i l l e heat u n i t s . Though a p p a r e n t l y s i m p l e , s e v e r a l f a c t o r s 
i n t e r f e r e i n t h i s s u b j e c t i v e judgement. For example, v a r i a t i o n i n 
a c u i t y of p a n e l i s t s ; aroma l o w e r i n g the t h r e s h o l d s and thereby 
b i a s i n g the judgement to hi g h e r v a l u e s than the r e a l ; c a r r y - o v e r 
of pungency and a d a p t a t i o n e f f e c t b i a s i n g judgement of subsequent 
samples to lower v a l u e s ; other p s y c h o l o g i c a l a n t i c i p a t o r y e r r o r s 
now r e c o g n i s e d i n sensory t e s t i n g ; n o n - s t a n d a r d i s a t i o n of pr o c e d 
ures and p r e p a r a t i o n of samples f o r d i l u t i o n t e s t i n g ; and l a c k of 
pure r e f e r e n c e compounds had a l l c o n t r i b u t e d t o poor r e p r o d u c i 
b i l i t y and r e s u l t a n t s c e p t i c i s m about the v a l i d i t y of the t e s t . 
With the s t a n d a r d i s a t i o n of t h r e s h o l d t e s t s g e n e r a l l y f o r other 
t a s t e and aroma s t i m u l i , pungency t e s t i n g has a l s o improved, and 
we can now get r e l i a b l e and r e p r o d u c i b l e measurements of pungency. 

Standard methods f o r e v a l u a t i o n of pungency: 
The American S p i c e Trade A s s o c i a t i o n (ASTA) ( 1 2 ) , adopted, i n 

1968, an o f f i c i a l method (21.0) f o r pungency e v a l u a t i o n f o r cap
sicum, which appears to be an a d a p t a t i o n of procedures then i n use 
by some f l a v o u r houses. These methods were prob a b l y developed as 
a r o u t i n e q u a l i t y c o n t r o l p r o c e d u r e , on samples o b t a i n e d u s u a l l y 
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from p a r t i c u l a r s o u r c e s , to check whether the u s u a l lev/el of pun
gency was being m a i n t a i n e d ; they depended on s e r i a l d i l u t i o n around 
the expected v/alue, and a c c e p t i n g the lev/el at which t h r e e out of 
f i v e , t r a i n e d , in-house p a n e l i s t s found pungency. The ASTA p r o 
cedure improved on t h i s by mentioning t h a t the t e s t should be p e r 
formed as a t h r e s h o l d t e s t and t h a t c a r r y - o v e r e f f e c t s should be 
avoided by p a l a t e c l e a r i n g and a l l o w i n g time between samples; a 
d i l u t i o n t a b l e to cover a wide range of S c o v i l l e v a l u e s from 100 
t o 15 χ 1 0 5 , expected f o r c h i l l i and i t s o l e o r e s i n s was a l s o p r o 
v i d e d . However, the method gave no recommendation on concent
r a t i o n d i f f e r e n c e s i n the d i l u t i o n s e r i e s , and r e t a i n e d the s i n g l e 
f i g u r e v a l u e agreed upon by t h r e e out of f i v e j udges. The p r o 
c e s s i n g and treatment of data a r e not s t a t i s t i c a l l y a c c e p t a b l e , 
nor u s e f u l f o r c o r r e l a t i v e work w i t h c h e m i c a l methods of e s t i m a 
t i o n s of the s t i m u l i . These a re prob a b l y the reasons f o r the poor 
r e p r o d u c i b i l i t y of the method r e c e n t l y r e p o r t e d ( 1 0 )  T h i s p r o 
cedure has, however, bee
t e r n a t i o n a l Standards O r g a n i s a t i o n

A l l these a s p e c t s have been r e c e n t l y s t u d i e d i n two p u b l i 
c a t i o n s ( 10,13), which s t a n d a r d i z e d the d i l u t i o n t e s t f o r pungency 
and c l e a r l y e s t a b l i s h e d c o r r e l a t i o n s with the e s t i m a t e s of t o t a l , 
and even i n d i v i d u a l , c a p s a i c i n o i d s . These papers a l s o review the 
e a r l i e r attempts a t s t a n d a r d i s a t i o n . Two approaches are p o s s i b l e : 
use of a f a i r l y homogenous p a n e l t o determine the t h r e s h o l d pun
gency response due to the s t i m u l i ; or use of a g e n e r a l p a n e l to 
determine the average t h r e s h o l d of the p a n e l f o r t h e s t i m u l i . The 
second v a l u e w i l l have wider a p p l i c a b i l i t y i n use s i t u a t i o n s ; but 
the f i r s t v a l u e s h o u l d be u s e f u l f o r c o r r e l a t i v e work. The two 
methods approach one another when p a n e l s are screened and t r a i n e d 
t o a v o i d a l l b i a s f a c t o r s , and when c a r e f u l l y planned d i l u t i o n 
l e v e l s , d e t a i l s of p a n e l p r o c e d u r e , treatment of d a t a , and ex
p r e s s i o n of r e s u l t s are adopted. In fact', the r e s u l t s p u b l i s h e d 
i n the two independent s t u d i e s ( 1 0 , 1 3 ) , show c l o s e v a l u e s , 17+0.9 
m i l l i o n f o r n a t u r a l c a p s a i c i n o i d s and 16.1+0.6 m i l l i o n f o r pure 
c a p s a i c i n and d i h y d r o c a p s a i c i n . 

The method s t a n d a r d i z e d i n our l a b o r a t o r y can be summarised 
by the f o l l o w i n g s t e p s , each of which s i g n i f i c a n t l y improves r e 
p r o d u c i b i l i t y and p r e c i s i o n . 

i ) P r e p a r a t i o n of sample and p r e l i m i n a r y t e s t i n g , when 
judges are f a m i l i a r i s e d w i t h the r e c o g n i t i o n of pun
gency b i a s f a c t o r s , the t e s t p r o c e d u r e , and the e v a l 
u a t i o n c a r d . The data are used to group the judges 
i n t o homogenous panels of h i g h and low s e n s i t i v i t y 
u s i n g the group mean and i n d i v i d u a l t h r e s h o l d s , and 
to f i x the approximate t h r e s h o l d f o r each p a n e l . 

i i ) F i n a l e v a l u a t i o n of the sample through the use of 
a d i l u t i o n s e r i e s , i m p o r t a n t l y , an a r i t h e m a t i c s e r i e s 
w i t h s m a l l increments i n c o n c e n t r a t i o n around the 
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approximate t h r e s h o l d , m a i n t a i n i n g one ' j n d ' -
which has been normally found t o be one-tenth of 
the t h r e s h o l d c o n c e n t r a t i o n - and o b t a i n i n g 15-20 
judgements w i t h a minimum of 5 p a n e l i s t s and of 3 
t o 4 repeat t e s t s . 

i i i ) Judgements are decoded i n terms of S c o v i l l e u n i t s 
(SU = r e c i p r o c a l of d i l u t i o n s ) and the mean va l u e 
i s expressed as a range, i n SU + cr. 

i v ) The p a n e l i s d e f i n e d by i t s average t h r e s h o l d i n 
SU + <Γ f o r pure c a p s a i c i n , or f o r an o l e o r e s i n of 
known c a p s a i c i n c o n t e n t . 

The d e f i n i t i o n of the p a n e l i s of g r e a t h e l p , s i n c e the v a l 
ues g i v e n by one p a n e l c o u l d be c o n v e r t e d to t h a t of another p a n e l 
o f s i m i l a r l y d e f i n e d s e n s i t i v i t  r a t i  t h e i
o l d s to the same r e f e r e n c e
of data from d i f f e r e n t  p o s s i b l e  d i s c r e p a n c y
d i f f e r e n t p a n e l v a l u e s used t o be t h e main p o i n t of d i s p u t e e a r 
l i e r . 

I t has been shown t h a t when pungency i s determined through 
the j u s t o u t l i n e d procedure, and t h e t o t a l c a p s a i c i n o i d s c o n t e n t 
has been o b t a i n e d by a r e l i a b l e method, t h e r e i s a h i g h l y s i g n i 
f i c a n t l i n e a r r e g r e s s i o n ( P < 0 . 0 0 l ) . The c o e f f i c i e n t m u l t i p l y i n g 
the dependent v a r i a b l e i n the r e g r e s s i o n e q u a t i o n w i l l r e f l e c t the 
a c u i t y of the p a n e l . 

Todd _et ad (10) i n t h e i r endeavour to e s t a b l i s h a gas-chroma-
t o g r a p h i c method f o r e s t i m a t i o n of i n d i v i d u a l c a p s a i c i n o i d s f o r 
c o r r e l a t i n g pungency of capsicum and i t s e x t r a c t s , s t u d i e d the 
problems of sensory d e t e r m i n a t i o n of pungency of i n d i v i d u a l cap
s a i c i n o i d s . They s t a r t e d w i t h the ASTA 21.0 p r o c e d u r e , u s i n g f o u r 
c o n c u r r e n t p a n e l s and r e p e t i t i v e t e s t i n g w i t h d i f f e r e n t d i l u t i o n 
l e v e l s of c a p s a i c i n , and d i s c u s s i o n t o improve p a n e l u n d e r s t a n d i n g 
p r o c e d u r e s . Pungency data were based on b i t e frequency ^vs d i l 
u t i o n . Computer a n a l y s i s of data f o r each panel member, each pan
e l , and the average of the f o u r p a n e l s showed t h a t u n c e r t a i n t y i n 
t h e t h r e s h o l d pungency v a l u e s was as much as +_ 25%· Though t h i s 
was c o n s i d e r e d normal f o r the S c o v i l l e method, i t was u n a c c e p t a b l e 
f o r c o r r e l a t i o n work. 

They attempted to improve the p a n e l performance by two modi
f i c a t i o n s i n the ASTA 21.0 method. F i r s t , the t e s t was done as a 
t r i a n g l e t e s t w i t h a judgement on i n t e n s i t y (0 - no b i t e , 1 - s l i g h t , 
2-moderate and 3-strong b i t e ) so t h a t pungency l e v e l s g r e a t e r than 
t h r e s h o l d l e v e l s c o u l d a l s o be used to o b t a i n the a c t u a l t h r e s h 
o l d by e x t r a p o l a t i o n . B e s i d e s , p a n e l i s t s being s l i g h t l y i n s e n s i 
t i v e , many tended t o r e p o r t f a l s e ' b i t e s 1 when d i l u t i o n s were 
past the e x t r a p o l a t e d t h r e s h o l d v a l u e . The p r e f e r r e d p a n e l i s t s 
s h o u l d have an a p p r o x i m a t e l y l i n e a r i n t e n s i t y r a t i n g response over 
a l a r g e d i l u t i o n range w h i l e t r a i l i n g o f f at the b a r e l y p e r c e p t i b l e 
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l e v e l . T h i s would make the p a n e l homogenous. The e s t i m a t e s by f o u r 
p a n e l s gave an average t h r e s h o l d v a l u e of 16.2+2.6 m i l l i o n f o r cap
s a i c i n , but t h e v a r i a n c e of the method was s t i l l as hig h as +16$. 
As a second m o d i f i c a t i o n , the d i l u t i o n s c l o s e t o t h e esti m a t e d 
t h r e s h o l d were v a r i e d by s m a l l i n c r e m e n t s , and t e s t s c a r r i e d out as 
above, employing a t r i a n g l e t e s t w i t h i n t e n s i t y judgements. The 
data h a n d l i n g , however, was changed by a s s i g n i n g +1 when the odd 
sample was c o r r e c t l y i d e n t i f i e d and p o s i t i v e ' b i t e 1 r e p o r t e d , and 
-1 e i t h e r when the odd sample i d e n t i f i c a t i o n was wrong, or when no 
b i t e was r e p o r t e d i n the c o r r e c t l y i d e n t i f i e d odd sample. The t o t 
a l s of the data of t h e f i v e p a n e l i s t s were taken as one data p o i n t 
f o r t h a t p a r t i c u l a r d i l u t i o n l e v e l . A computer was used t o f i n d 
t h e best f i t t i n g n t n degree p o l y n o m i a l through the assembled data 
p o i n t s f o r d i f f e r e n t d i l u t i o n l e v e l s , and the t h r e s h o l d pungency 
was determined. T h i s gave v a l u e s v a r y i n g between 15.8 + 0.6 t o 
16.8 + 0.6 m i l l i o n f o r c a p s a i c i n by the f o u r p a n e l s  and u n c e r t
a i n t y was reduced t o abou
r a t i o n d i f f e r e n c e betwee
main source of v a r i a t i o n i n pungency e v a l u a t i o n . 

The t h r e s h o l d v a l u e s o b t a i n e d by t h i s improved procedure f o r 
th e d i f f e r e n t c a p s a i c i n o i d s and some s y n t h e t i c s a r e g i v e n i n 
Tab l e X. These v a l u e s were used t o c a l c u l a t e a c t u a l pungency of 
capsicum e x t r a c t from the gas chromatographic d e t e r m i n a t i o n of i n 
d i v i d u a l c a p s a i c i n o i d s , and a s i g n i f i c a n t c o r r e l a t i o n w i t h s e n -
s o r i l y e s t i m a t e d pungency uas found (See l a t e r , F i g u r e 3 ) . 

Thus, the methods d e s c r i b e d above, both of which f u n c t i o n a l l y 
r e q u i r e the same t a s t i n g f a c i l i t i e s and time as the o f f i c i a l ASTA 
method, are cap a b l e of y i e l d i n g r e l i a b l e v a l u e s which are s t a t i s t 
i c a l l y a c c e p t a b l e and u s e f u l f o r c o r r e l a t i o n work. The method 
developed i n our l a b o r a t o r y w i t h the s i m p l e r , p r e s c r i b e d , d i l u t i o n 
s e r i e s has been s u c c e s s f u l l y used f o r t e s t i n g pungency of pepper 
and g i n g e r a l s o , and has been adopted as an o f f i c i a l method f o r 
pungency d e t e r m i n a t i o n by the I n d i a n Standards I n s t i t u t i o n ( 1 4 ) . 
S p e c i f i c Components f o r Pungency 

The c l e a r l y i d e n t i f i a b l e and r e c o g n i s e d pungent components i n 
food use are those from the s p i c e s used as f l a v o u r i n g agents. Some 
m i l d pungency i s a l s o f e l t i n some v e g e t a b l e s b e l o n g i n g t o the 
C r u c i f e r a e f a m i l y . As p u r i f i e d components, these vary by s e v e r a l 
o r d e r s of magnitude i n t h e i r response i n t e n s i t y , and are a l s o of 
very v a r i e d o r g a n i c s t r u c t u r e s , r a n g i n g from the s i m p l e r v o l a t i l e 
p h e n o l s , such as eugenol i n c l o v e s , and i s o t h i o c y a n a t e s i n the 
v e g e t a b l e s , t o n o n - v o l a t i l e a l k y l a m i d e s and a l k y l k e t o n e s i n the 
pungent s p i c e s . Comprehensive reviews on the t h r e e s p i c e s , cap
sicum, pepper, and g i n g e r , have appeared r e c e n t l y (15«16,17). 
Hence, the c h e m i s t r y of the s p e c i f i c pungency s t i m u l i i n these 
s p i c e s , the methods chosen f o r the p h y s i c o - c h e m i c a l d e t e r m i n a t i o n 
of these s t i m u l i , and the c o r r e l a t i o n of these v a l u e s with pun
gency w i l l be b r i e f l y d i s c u s s e d . 
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C h i l l i e s (Capsicum Sp.) 
The most im p o r t a n t of the s p i c e s known f o r pungency are the 

c h i l l i e s , the l a r g e r and l e s s pungent v a r i e t y , Capsicum annum L., 
the s m a l l e r , pungent v/ariety Capsicum f r u t e s c e n s L. and the b i r d 
c h i l l i a Capsicum f r u t e s c e n s v/ariety. Apart from c o l o r , which i s 
impor t a n t i n the case of p a p r i k a , a l a r g e v / a r i e t y , pungency i s the 
most important q u a l i t y a t t r i b u t e of the capsicums used i n foods. 
The c a p s a i c i n o i d s hav/e long been known to cause the pungency 
response. 

Table I . C a p s a i c i n o i d s and pungency of 
world v a r i e t i e s of capsicum 

some 

Samples 
C a p s a i c i n o i d s , % Pungency (SU) 

Samples 

Cayenne red pepper 0.2360 — 40,000 
Red pepper 0.0588 — 10,000 
C h i l l i 0.0058 — 900 
Mombasa ( A f r i c a ) — G.8Q0 120,000 
Uganda ( A f r i c a ) — 0.850 127,000 
Mexican pequinos — 0.260 40,000 
A b y s s i n i a n — 0.075 11,000 
Bahamian (Bahamas) 0.5100 — 75,000 
Santaka (Japan) 0.3000 — 55,000 
Sannam ( I n d i a ) 0.3300 — 49,000 
B i r d C h i l l i ( I n d i a ) 0.3600 — 42,000 

Data from (18,19,20). Pure c a p s a i c i n = 15 t o 17 χ 10 SU. 

The average c a p s a i c i n o i d s content and pungency of the c h i l l i 
v a r i e t i e s , as c o l l e c t e d from l i t e r a t u r e (18,19,20), a r e g i v e n i n 
Table I . I t i s c l e a r t h a t t h e r e i s much v a r i a t i o n i n the c a p s a i 
c i n o i d s c o n t e n t . The c o r r e s p o n d i n g pungency v a l u e s seem t o show 
p r o p o r t i o n a l i t y . The c a p s a i c i n o i d s are a group of r e l a t e d com
pounds; v a n i l l y l a m i d e s of monocarboxylic a c i d s , v a r y i n g i n l e n g t h 
(C|j t o C{f ) and unsaturated. S i n c e the e a r l y t w e n t i e t h c e n t u r y , 
a number of s y n t h e t i c compounds, mostly from s t r a i g h t - c h a i n , s a t 
u r a t e d a c i d s have been s y n t h e s i s e d as s u b s t i t u t e s . Table I I 
g i v e s t h e n a t u r a l c a p s a i c i n o i d s t h a t have been i d e n t i f i e d (10,21, 
22,23), and Ta b l e I I I , the s y n t h e t i c c a p s a i c i n o i d s (10,24), along 
w i t h some r e l e v a n t p r o p e r t i e s . The c o m p o s i t i o n of c a p s a i c i n o i d s 
of n a t u r a l o r i g i n , i s g e n e r a l l y : c a p s a i c i n , 70%; d i h y d r o c a p s a i c i n , 
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20$; n o r d i h y d r o c a p s a i c i n , homocapsaicin, and h o m o d i h y d r o c a p s a i c i n 
t o g e t h e r forming about 10$ ( 1 5 , 2 l ) . However, i n r e c e n t y e a r s , im
proved methods of s e p a r a t i o n and a n a l y s i s of many v a r i e t i e s of 
c h i l l i e s from d i f f e r e n t growing r e g i o n s have shown t h a t l a r g e v a r 
i a t i o n s e x i s t ( 2 3 ) . The p r i n c i p a l components, c a p s a i c i n and d i h y -
d r o c a p s a i c i n , are r e p o r t e d to account f o r only 60 t o 70$ of the 
c a p s a i c i n o i d s i n many samples w h i l e the other t h r e e formed upto 
30$ ( 2 5 ) . 

Hence, i n such samples, i t i s necessary t o know the pungency 
of the i n d i v i d u a l c a p s a i c i n o i d s . Recent c a r e f u l d e t e r m i n a t i o n s of 
t h e pungency t h r e s h o l d s of i n d i v i d u a l c a p s a i c i n o i d s have shown 
t h a t the two major components, c a p s a i c i n and d i h y d r o c a p s a i c i n , 
have the same pungency, w h i l e the minor r e l a t e d components and the 
s y n t h e t i c compounds have only about h a l f , or l e s s , of t h e i r pun
gency (10,24) ( T a b l e s I I and I I I ) . 

T able I I . Pungenc
the n a t u r a l c a p s a i c i n o i d s 

G e n e r a l f o r m u l a : - R-C0-NH-CH -C 6H 3(0CH 3)(0H) 
C o m p o s i t i o n , 
$ of t o t a l R e l a t i v e 

Ρ Name Mol. Range Aver- Pungency 
( A b b r e v i a t i o n ) wt. age 

(CH_) -CH-CH=CH-(CHj- C a p s a i c i n , 305 46-77 70 
3 2 2 4 (C) 

( C H 3 ) 2 - C H - ( C H 2 ) 6 -

( C H 3 ) 2 - C H - ( C H 2 ) 5 -

D i h y d r o 
c a p s a i c i n , 
(DC) 
N o r d i h y d r o - 293 
c a p s a i c i n , 
(NDC) 

( C H 3 ) 2 - C H - ( C H 2 ) ? -

'2'5 c i n , (HC) 
Homodi 
capsaj 
(HDC) 

307 21-40 20 

2-12 — 

(CH 3) 2-CH-CH=CH-(CH 9) c ;- Homocapsai- 319 1-2 

Homodihydro- 321 0.6-2 
c a p s a i c i n , 

100 

100 

57 

43 

50 

Data from (10,22,23) 
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T a b l e III· S y n t h e t i c c a p s a i c i n o i d s 

63 

General f o r m u l a : - R-CO-NH-CH -C H (OCHJ(0H) 

R 
Name 

( A b b r e v i a t i o n ) 
N o l . 
wt · 

R e l a t i v e 
Pungency* 

CH 3- -<CH2>6- V a n i l l y l octanamide, (VO) 279 50 

CH 3- - ( C H 2 ) ? - V a n i l l y l pelargonamide, (VP) 293 57 

CH 3- - ( C H 2 ) 8 - V a n i l l y l capramide, (VC) 3D7 28 

CH 3- - ( C H 2 ) 9 - V a n i l l y l undecanamide, (v/U) 321 21 

CH2= =CH-(CH 2) 8- V a n i l l y

* - R e l a t i v e t o n a t u r a l c a p s a i c i n as 100. Data from (10,24) 

With t h i s as background, we c o u l d d e c i d e on methods of e s t i 
mation of c a p s a i c i n o i d s i n capsicum by i n s t r u m e n t a l methods. Many 
methods, u t i l i s i n g p a r t i t i o n , column, paper, and t h i n - l a y e r c h r o 
matographic s e p a r a t i o n s , combined w i t h c o l o r i m e t r y and gas c h r o 
matography, have been suggested f o r e s t i m a t i o n of t^he c a p s a i c i n 
o i d s ( 2 6 ) . A l l these e a r l i e r methods g i v e e s t i m a t e s of the t o t a l 
c a p s a i c i n o i d s ; but the re c e n t gas chromatographic method a f t e r 
s i l y l a t i o n i s capable of s e p a r a t i n g and e s t i m a t i n g the i n d i v i d u a l 
n a t u r a l c a p s a i c i n o i d s and some of the s y n t h e t i c s ( 1 0 ) . 

For r o u t i n e q u a l i t y e v a l u a t i o n , i t i s c o n s i d e r e d s u f f i c i e n t 
t o determine a c c u r a t e l y the t o t a l c a p s a i c i n o i d s ; the minor compon-^ 
ents g e n e r a l l y amount t o about 10$, and have 50 t o 60$ of the pun
gency response of the major c a p s a i c i n o i d s . For t h i s purpose S a l -
zar (26) compared a number of the e a r l i e r methods, and found the 
paper chromatographic method (27) t o be s i m p l e , r a p i d , r e p r o d u c i 
b l e and a c c u r a t e . The method i s a p p l i c a b l e d i r e c t l y t o the o l e o -
r e s i n , and i s based on the f a c t t h a t , of the t h r e e major compon
ents of a t o t a l e x t r a c t , t he capsicum c o l o r would be adsorbed by 
the paper and al o n g w i t h the f a t would be moved l i t t l e by the 
b u f f e r e d methanol s o l v e n t , w h i l e the c a p s a i c i n o i d s are c l e a r l y 
s e p a r a t e d , moving t o a high Rf p o s i t i o n ( F i g u r e l ) . The accuracy 
of t he d e t e r m i n a t i o n was a l s o improved by the use of the more sen
s i t i v e and s p e c i f i c G i b b s 1 reagent f o r the c o l o r i m e t r y . 

However, the va l u e s by any of these methods measuring t o t a l 
c a p s a i c i n o i d s would g i v e a low c o r r e l a t i o n with pungency^ when 
t h e r e a r e high p r o p o r t i o n s of the C8 and C i o c a p s a i c i n o i d s , or 
when t h e r e i s g r o s s a d u l t e r a t i o n w i t h s y n t h e t i c s . The d e t e c t i o n 
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of a d u l t e r a t i o n by s y n t h e t i c s has been attempted s i n c e 1955, but 
a l l the methods were r a t h e r complex, and so, u n s a t i s f a c t o r y f o r 
r a p i d and r o u t i n e s c r e e n i n g . R e c e n t l y , Todd _et al_ (28) have d e v e l 
oped e l e g a n t , r a p i d , t h i n - l a y e r chromatographic methods f o r sepa
r a t i o n of c a p s a i c i n o i d s and s y n t h e t i c s by u t i l i z i n g the d i f f e r e n c e 
i n s o l u b i l i t y between the d i f f e r e n t c a p s a i c i n o i d s as the c h a i n 
l e n g t h i n c r e a s e d , and by s w i t c h i n g t o p a r t i t i o n chromatography i n 
the r e v e r s e d phase, with s i l v e r — i o n complexing, t o separate the 
s a t u r a t e d and u n s a t u r a t e d compounds. A s e p a r a t i o n of the f i v e 
s y n t h e t i c s from the n a t u r a l c a p s a i c i n o i d s as a l s o the f i v e n a t u r a l 
c a p s a i c i n o i d s i n t o t h r e e s p o t s was a c h i e v e d i n the f i r s t d i r e c t i o n . 

Table IV. C a p s a i c i n o i d s and r e l a t e d s y n t h e t i c 
compounds - T h i n l a y e r chromatography, 
R P v a l u e s 

Methanol ( A g ) / 
w a t e r / a c e t i c 
a c i d Compounds 

Methanol/water 
60:40 (v/v) 

Methanol 
( A g + ) / 
water/ace
t i c a c i d 
52:40:8 (v/v) 

Methanol ( A g ) / 
w a t e r / a c e t i c 
a c i d 

As such Bromi-
nated 

Methanol 
( A g + ) / 
water/ace
t i c a c i d 
52:40:8 (v/v) 

52:40:8 (v/v) 

V a n i l l y l octanamide 0.70 0.70 — — 

V a n i l l y l p e l a r g o -
namide 0.64 0.64 
C a p s a i c i n 0.52 0.65 0.39 0.64 
N o r d i h y d r o -
c a p s a i c i n 0.52 0.52 0.25 0.42 
V a n i l l y l capramide 0.44 0.44 — — 

D i h y d r o c a p s a i c i n 0.41 0.41 0.17 0.32 
Homocapsaicin 0.41 0.63 0.30 0.57 
V a n i l l y l unde-
cenamide 0.36 0.25 
Homodihydro-
c a p s a i c i n 0.31 0.31 0.10 0.26 

V a n i l l y l unde-
canamide 0.20 0.20 — — 

Data from ( 2 8 ) . 
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B r o m i n a t i o n of the s e parated s p o t s by exposure t o bromine v/apor i n 
a t a n k , and f u r t h e r development i n t h e second d i r e c t i o n a c h i e v e d 
t h e s e p a r a t i o n of the bunched u n s a t u r a t e d from the s a t u r a t e d n a t u r 
a l components w i t h one methylene group l e s s . The n a t u r a l , s a t u r 
a t e d and u n s a t u r a t e d c a p s a i c i n o i d s c o u l d be c l e a r l y s e p a r a t e d i n 
a s i n g l e development, and more r a p i d l y by the use of r e v e r s e d 
phase, or polyamide, p l a t e s , and u s i n g d e v e l o p i n g s o l v e n t s w i t h 
s i l v e r i o n f o r complexing. The s e p a r a t i o n p o s s i b i l i t i e s are c l e a r 
from the Rf v a l u e s f o r the d i f f e r e n t systems g i v e n i n T a b l e IV. 
These methods are a p p l i c a b l e t o t h e e x t r a c t s or d i l u t e d o l e o r e s i n s 
d i r e c t l y , not r e q u i r i n g any p r e - s e p a r a t i o n ; hence, they are use
f u l f o r r a p i d s c r e e n i n g i n the f i e l d f o r d e t e c t i o n of a d u l t e r 
a t i o n , or f o r s e l e c t i o n of improved s t r a i n s i n agronomic and gene
t i c work. 

The e s t i m a t i o n of i n d i v i d u a l components and d i f f e r e n t s y n t h e 
t i c s was e f f e c t i v e l y a c hieve
s i l y l a t i o n ( 1 0 ) . F i g u r
away from other v o l a t i l e s i n a capsicum e x t r a c t . The i n d i v i d u a l 
c a p s a i c i n o i d s were q u a n t i t a t e d i n r e l a t i o n t o v a n i l l y l octanamide 
as the i n t e r n a l s t a n d a r d chosen, because i t e l u t e d j u s t p r i o r t o 
the c a p s a i c i n o i d s and the response f a c t o r s of the c a p s a i c i n o i d s 
w i t h r e f e r e n c e t o t h i s s t a n d a r d were c l o s e t o u n i t y . The s t a n d 
a r d i s e d c o n d i t i o n s were as f o l l o w s : S i l y l a t i o n w i t h N,0-bis 
( t r i m e t h y l s i l y l ) - t r i f l u o r o a c e t a m i d e i n t e t r a h y d r o f u r a n gave c l e a r 
r a p i d r e a c t i o n at room temperature. The s i l y l a t e d e x t r a c t s were 
i n j e c t e d d i r e c t l y on t o a s t a i n l e s s s t e e l column of 2 m χ 3 mm, 
f i l l e d w i t h Z% SE-30 on Chromosorb-GHP, (100-120 mesh); the 
column temperature was programmed from 170° t o 215°C at 4°/min. 
and h e l d at 215°C f o r 10 minutes. The i n j e c t i o n p o r t temperature 
was important f o r r a p i d v o l a t i l i s a t i o n of a l l the components w i t h 
out d e c o m p o s i t i o n , and was f i x e d a t 200°C. The flame i o n i s a t i o n 
d e t e c t o r temperature was kept at 250°C, and n i t r o g e n f l o w a t 
20 ml/min. The percentages of the i n d i v i d u a l c a p s a i c i n o i d s were 
c a l c u l a t e d from the areas of the peaks, the response f a c t o r s , and 
the weight and a rea of t h e r e f e r e n c e compound. 

Pungencies of samples were c a l c u l a t e d b y m u l t i p l y i n g the p e r 
centages of i n d i v i d u a l c a p s a i c i n o i d s from gas chromatography w i t h 
the c o r r e s p o n d i n g t h r e s h o l d pungency, and the t o t a l was expressed 
i n S c o v i l l e u n i t s . F i g u r e 3 i l l u s t r a t e s the c l o s e r e l a t i o n b e t 
ween the pungency c a l c u l a t e d from the gas chromatographic compo
s i t i o n and the d i r e c t l y ( s e n s o r i l y ) e s t i m a t e d v a l u e of pungency. 
A c o r r e l a t i o n c o e f f i c i e n t g r e a t e r than 0.95 was o b t a i n e d f o r pun
gency va l u e s v a r y i n g from 50 ΓΊ t o 2.0 MH. 

I t i s , t h e r e f o r e , c l e a r l y p o s s i b l e to e v a l u a t e by i n s t r u 
mental methods the q u a n t i t y of s y n t h e t i c s p r e s e n t as a d u l t e r a n t s 
i n a sample of capsicum e x t r a c t or o l e o r e s i n , t o determine i n d i 
v i d u a l c a p s a i c i n o i d s or t o t a l c a p s a i c i n o i d s , and t o p r e d i c t the 
pungency of the capsicum p r e p a r a t i o n s . 
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1 2 3 4 

Figure 1. Tracings of separation of total capsaicinoids of capsicum extracts and 
reference pure compounds by paper chromatography: Spot (I) red capsicum; 
Spot (2) natural capsaicinoids pure; Spot (3) green capsicum fresh; and Spot (4) 
synthetic capsaicin; (C) color; (F) fat, and (Cp), capsaicinoids/capsaicin ((27) and 

unpublished). 

Journal of Food Science 

Figure 2. GC pattern of silylated capsicum extract (See text for GC conditions 
and Tables II and III for abbreviations) (10) 
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Pepper ( P i p e r nigrum L i n n . ) 
Pungency i s the q u a l i t y which has made pepper world famous as 

t h e King of S p i c e s ; i t i s g i v e n an even g r e a t e r weightage than a r o 
ma when d e t e r m i n i n g the o v e r a l l q u a l i t y of pepper. 

The c h e m i s t r y of the pungent compounds of pepper has been 
under study s i n c e t h e i s o l a t i o n of p i p e r i n e i n 182Q. P i p e r i n e was 
shown to be a p i p e r i d i d e of p i p e r i c a c i d , and had t h e t r a n s , t r a n s 
c o n f i g u r a t i o n . The t h r e e o t h e r p o s s i b l e isomers were soon p o s t u 
l a t e d , and they were named i s o p i p e r i n e ( c i s , t r a n s ) , i s o c h a v i c i n e 
( t r a n s , c i s ) and c h a v i c i n e ( c i s , c i s ) even b e f o r e they were s y n t h e 
s i z e d . The assignment of the i s o m e r i c c o n f i g u r a t i o n s t a r t s from 
the amide end. 

There was much c o n t r o v e r s y about the i d e n t i t y of the h i g h l y 
pungent compound i n the mother l i q u o r , a f t e r c r y s t a l l i s a t i o n of 
p i p e r i n e from pepper e x t r a c t s
being the c i s - c i s isome
b e l i e v e d f o r a l o n g t i m e , even though i t was c l e a r l y shown t h a t 
p i p e r i n e was not pungent i n the c r y s t a l l i n e s t a t e , b u t , was ex
tremely pungent as a s o l u t i o n i n a l c o h o l . The e a r l y s t u d i e s a r e 
r e p o r t e d i n d e t a i l i n a r e c e n t r e v i e w which a l s o g i v e s a compre
h e n s i v e b i b l i o g r a p h y ( 1 6 ) . 

Grewe et_ al_ (29) s y n t h e s i s e d the f o u r p o s s i b l e i s o m e r i c a c i d s 
by s t e r e o s p e c i f i c r o u t e s , as a l s o the c o r r e s p o n d i n g p i p e r i d i d e s , 
and determined t h e i r s p e c t r a l and other p h y s i c a l c h a r a c t e r i s t i c s . 
T h i s c l e a r e d the c o n f u s i o n i n e a r l i e r works on the supposed i s o 
l a t i o n of c h a v i c i n i c a c i d s from pepper. They a l s o determined t h e i r 
pungency and showed t h a t , e x c e p t i n g p i p e r i n e , 5(3,4-dioxymethylene 
p h e n y l ) - 2 - t r a n s , 4 - t r a n s - p e n t a d i e n o i c a c i d , a l l o t h e r isomers are 
p o o r l y pungent. They concluded t h a t n e i t h e r c h a v i c i n e nor the 
o t h e r two, c i s - t r a n s or t r a n s - c i s , isomers e x i s t i n n a t u r a l pepper. 
They a l s o showed t h a t most of the isomers were u n s t a b l e t o l i g h t 
and were e a s i l y c o nverted i n t o the t r a n s , t r a n s p i p e r i n e . 

DeCleyn and V e r z e l e (3g,31,iZ) i s o l a t e d the f o u r p o s s i b l e 
isomers from p i p e r i n i c a c i d i r r a d i a t e d i n an u l t r a - v i o l e t r e a c t o r , 
by c o u n t e r - c u r r e n t d i s t r i b u t i o n ; and a l s o the p i p e r i d i d e s o b t a i n e d 
s y n t h e t i c a l l y from the t r e a t e d p i p e r i n i c a c i d by h i g h p r e s s u r e 
l i q u i d chromatography ( F i g u r e 4 ) . The s t r u c t u r e s of the isomers were 
d e r i v e d mainly from NMR d a t a . T h e i r pungency was r e c o r d e d , but 
p o s s i b l y not by r i g o r o u s methods (31,32). The r e s u l t s confirmed 
the o b s e r v a t i o n of Grewe _e_t SLL (29) t h a t p i p e r i n e i s the pungent 
p r i n c i p l e of pepper, and t h a t o t h e r isomers have l i t t l e ' t a s t e 1 . 
The data on the p r o p e r t i e s of the isomers are c o l l e c t e d i n Table V. 

DeCleyn and V e r z e l e had o r i g i n a l l y (30) h e l d t h e view t h a t 
the l o s s of pungency i n pepper on s t o r a g e i s p o s s i b l y due t o l i g h t -
i nduced i s o m e r i s a t i o n of a p a r t of the p i p e r i n e t o the other i s o 
mers which are not pungent. But, i n t h e i r l a t e s t work ( 3 3 ) , they 
f i n d l i t t l e evidence of the presence of isomers i n pepper samples 
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Table \l. P i p e r i n e and isomers and t h e i r p r o p e r t i e s 

General Formula:-
5 4 3 2 1 /—> 

n-r^VNki-CH=CH-CH=CH-CO-N > 

« 2<]o| ^ 

Common name Isomeric 
s t r u c t u r e 

m.p. 
°C 

A b s o r p t i o n data 
max. M o l e c u l a r 
n m 

Pungency 
( R e l a t i v e ) 

P i p e r i n e 2-_t ,4-

I s o - p i p e r i n e 2-c_,4-t_ 110 332 21,800 + 
I s o - c h a v i c i n e 2-_t,4-£ 89 333 16,300 + 
C h a v i c i n e 2-c,4-c O i l y 318 16,200 ++ 

Data from ( 2 9 ) . 

s t o r e d over 10 t o 15 y e a r s , and conclude t h a t the p h o t o r e a c t i o n 
does not occur i n the s o l i d s t a t e . Our work (34) on the q u a l i t y 
of d i f f e r e n t c u l t i v a r s of pepper grown and s t o r e d i n I n d i a has 
a l s o shown t h a t , when s t o r e d f o r over 5 years as wholes, t h e r e i s 
h a r d l y any r e d u c t i o n of t h e i r p i p e r i n e content as measured by the 
c h a r a c t e r i s t i c 342 nm a b s o r p t i o n of the e x t r a c t s . Other d e t a i l e d 
a n a l y s e s i n our l a b o r a t o r y , by t h i n l a y e r and gas chromatography of 
d i l u t e pepper e x t r a c t s , and of p i p e r i n e s o l u t i o n s exposed to l i g h t , 
have shown t h a t , a t high d i l u t i o n s , p i p e r i n e and i t s isomers a r e 
very l a b i l e and r e s u l t i n c o n s t a n t l y changing m i x t u r e s of isomers. 
P i p e r i n e i n whole pepper, or i n c o n c e n t r a t e d o l e o r e s i n s , p r o t e c t e d 
from exposure to s t r o n g l i g h t , c o u l d , however, be c o n s i d e r e d to be 
s t a b l e as v a l i d a t e d by c a r e f u l pungency t e s t s ( 3 4 ) ( F i g u r e 5)· 

C e r t a i n analogs and homologs of p i p e r i n e have been r e p o r t e d 
i n pepper as minor c o n s t i t u e n t s . The e a r l i e s t of t h i s was p i p e r -
e t t i n e , the he p t e n o i c analog of p i p e r i n e w i t h t h r e e double bonds, 
g i v i n g i t the c h a r a c t e r i s t i c a b s o r p t i o n maximum at 360 nm. T h i s 
compound shows s u b s t a n t i a l a b s o r p t i o n at 342 nm, the a b s o r p t i o n 
maximum of p i p e r i n e , and t h u s , would enhance the p i p e r i n e v a l u e . 
No s e p a r a t i o n methods have been a v a i l a b l e but onl y an e s t i m a t i o n 
based on measurements at 342 nm and 360 nm of an e x t r a c t , and use 
of a simultaneous e q u a t i o n . However, p i p e r t t i n e which, a c c o r d i n g 
t o d i f f e r e n t i a l a b s o r p t i o n measurements, makes up 5 t o 15$ of the 
p i p e r i n e content ( 3 5 ) , has not been r e f e r r e d t o i n any of the many 
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subsequent i n v e s t i g a t i o n s on pepper w i t h modern t e c h n i q u e s . I t s 
c o n t r i b u t i o n to pungency has a l s o not been determined. Being 
p r e s e n t i n s u b s t a n t i a l amounts i n some of the samples, i t c o u l d 
l o u e r the e s t a b l i s h e d pungency e q u i v a l e n t based on p i p e r i n e con
t e n t , i n case pure p i p e r e t t i n e i s shown t o have no pungency. 

UJe have r e c e n t l y been a b l e t o show (34) the presence of a 
minor component i n e x t r a c t s of many c u l t i v a r s o f pepper grown i n 
I n d i a and Ceylon by the r e v e r s e d phase, a r g e n t a t i o n t h i n - l a y e r 
chromatography of the i s o l a t e d t o t a l pungent components. T h i s com
ponent has the t y p i c a l 360 nm maximum a t t r i b u t e d to p i p e r e t t i n e 
and has shown very l i t t l e pungency. We are s t i l l working on f u r 
t h e r i s o l a t i o n and p u r i f i c a t i o n f o r study by mass and n u c l e a r mag
n e t i c resonance s p e c t r o s c o p y . 

A p y r o l l i d i n e analog of p i p e r i n e , p i p e r y l i n ( s y n . p y r r o p e r i n e ) 
has been r e p o r t e d by bot
r e c e n t y e a r s . T h i s p o s s i b l
p i p e r i n e i n pepper. I t s presence i n another P i p e r s p e c i e s has 
been r e p o r t e d , and i t was s y n t h e s i z e d much e a r l i e r (see ( 1 ) . S y s t 
ematic pungency e v a l u a t i o n has not been done, f o r i t i s r e p o r t e d 
t o be e q u a l l y pungent to p i p e r i n e ( 2 9 ) , as a l s o p o o r l y pungent 
( 3 6 ) . T h i s analog has s i m i l a r a b s o r p t i o n c h a r a c t e r i s t i c s as p i p e r 
i n e , and would be measured i n the method based on 342 nm a b s o r 
p t i o n . Being p r e s e n t i n such a s m a l l amount, and having some pun
gency, i t may not c o n t r i b u t e much t o the e r r o r i n the e s t i m a t i o n 
of the t o t a l pungency s i m u l a n t s i n pepper. 

A monoenoic analog of p i p e r i n e , p i p e r a n i n e has r e c e n t l y been 
r e p o r t e d by T r a x l e r (37) i n Malabar pepper. T h i s compound was i s o 
l a t e d a f t e r many chromatography s t e p s , and p u r i f i e d f o r d e t e r m i n 
a t i o n of i t s p r o p e r t i e s , and a l s o s y n t h e s i z e d . I t was r e p o r t e d t o 
be h a l f as pungent ( d e t a i l s are not c l e a r ) as p i p e r i n e . P i p e r a n i n e , 
however, i s p r e s e n t i n such a s m a l l p r o p o r t i o n as not t o a f f e c t 
the s u b j e c t i v e pungency e v a l u a t i o n ; and not having any a b s o r p t i o n 
at 342nm, i t w i l l not be determined as p i p e r i n e . Table VI g i v e s 
s t r u c t u r a l d e t a i l s and p h y s i c a l p r o p e r t i e s of these analogs of 
p i p e r i n e i n pepper. 

On t a s t i n g t h e narrow, h o r i z o n t a l segments of the area from 
the s t a r t to the s o l v e n t f r o n t i n many t h i n - l a y e r s e p a r a t i o n s of 
pepper e x t r a c t s , we have n o t i c e d t h a t t h e r e i s a component always 
coming above the p i p e r i n e spot which has a t i n g l i n g s e n s a t i o n on 
the tongue. T h i s substance has not been i d e n t i f i e d , but c o u l d 
c o n s i s t of i s o b u t y l a m i d e - l i k e compounds r e p o r t e d from other P i p e r 
s p e c i e s by A t a l je_t a l ^ ( 3 8 ) . 

C o l o r i m e t r y , h y d r o l y s i s - d i s t i l l a t i o n , and s p e c t r o p h o t o m e t r y 
measurement at 342 nm have a l l been proposed f o r e s t i m a t i o n of 
p i p e r i n e and r e l a t e d components, the pungency s t i m u l a n t s i n pepper. 
These methods have been c r i t i c a l l y compared i n two r e c e n t reviews 
(16,26). 
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Table V I . P i p e r i n e analogs i n pepper 

71 

Common name 
A l k y l 
c h a i n 
l e n g t h 

Isomeric 
s t r u c t u r e 

F l o l . 
wt · 

m.p. 
°C 

max. 
nm 

Pungency 

P i p e r i n e C 5 2-t ,4-_t 285 128 342 +++++ 

P i p e r a n i n e c_ 
D 

2-_t 287 77 283; 
233 ++ 

P i p e r y l i n C 5 2-Jb ,4-t_ 271 142 345; 
309; 
261; 
245 

+++++ 
or 
+ 

P i p e r e t t i n e C 7 

P i p e r o l e i n S 6-t, 315 O i l y - -

P i p e r o l e i n C 9 8-t 343 O i l y 269; 
260; 
214 -

Data from ( 2 9 , 3 6 f y [ ) . 

Our work over the years showed ( 3 9 ) , t h a t the e a r l i e s t method, 
a b s o r p t i o n at 342 nm i s e a s i l y the b e s t ( b e i n g a p p l i c a b l e d i r e c t l y 
t o e x t r a c t s ) and most a c c u r a t e , p r o v i d e d t h a t r e a s o n a b l e p r e 
c a u t i o n s are taken t o p r o t e c t the e x t r a c t s from undue exposure t o 
l i g h t , and t h a t benzene i s used f o r the l a r g e d i l u t i o n s necessary 
f o r the s p e c t r a l measurement. The mo l e c u l a r a b s o r p t i o n i s so hig h 
t h a t the e s t i m a t i o n can be co m f o r t a b l y done on s i n g l e c o r n s , as 
would be necessary i n work with r a r e samples, or i n g e n e t i c work. 
The h y d r o l y s i s - d i s t i l l a t i o n method and d i r e c t 342 nm a b s o r p t i o n 
on e x t r a c t s show a l i n e a r r e l a t i o n s h i p w i t h sensory pungency ex
pre s s e d i n S c o v i l l e u n i t s , but the s l o p e s d i f f e r , being lower than 
t h o s e f o r pure p i p e r i n e - S c o v i l l e u n i t s ( F i g u r e 6)· 

The only i n t e r f e r i n g components (which are l i k e l y t o l e s s e n 
t h e c o r r e l a t i o n of the e s t i m a t e of the a c t i v e c o n s t i t u e n t s by the 
342 nm a b s o r p t i o n t o pungency) are the v a r y i n g c o n t e n t s of p i p e r 
e t t i n e (whose c o n t r i b u t i o n t o pungency appears n e g l i g i b l e ) , * the 
co n t e n t of the s t i l l minor amounts of p i p e r y l i n or p y r r o p e r i n e 
(whose r e l a t i v e c o n t r i b u t i o n t o pungency has not been u n e q u i v o c a l l y 
e s t a b l i s h e d ) ; any a b s o r p t i o n s a t 342 nm c o n t r i b u t e d by non-pung8nt 
c o l o r ; and t h e t i n g l i n g compound. We have shown t h a t by a s i m p l e 
t h i n - l a y e r run w i t h hexane + e t h y l a c e t a t e (90:10, v / v ) , the 
c o l o r e d compound and the t i n g l i n g s e n s a t i o n compound are se p a r a t e d 
from the t o t a l p i p e r i n e and c l o s e l y r e l a t e d compounds. The a c t i v e 
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Figure 5. HPLC of extract
 (33) 

Piperine ( 7· ) 

Figure 6. Correlation of piperine content and pungency. Curves: (A) pure piper
ine; (B) piperine by direct 842 nm absorption of pepper extracts; (C) piperine by 

Labruyere's hydrolysis-distiltàion method (39) 
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compounds can then be e x t r a c t e d w i t h ether and measured at 342 nm. 
Thus, the e s t i m a t i o n of p i p e r i n e ( a l o n g w i t h t h e minor amounts 

of p i p e r e t t i n e and p i p e r y l i n ) o b t a i n e d by a measure of the a b s o r 
p t i o n at 342 nm of the e x t r a c t has been shown t o be reasonably 
a c c u r a t e (Table VI I ) , and p r e d i c t i v / e of the r e a l pungency of pepper 
samples f o r r o u t i n e q u a l i t y c o n t r o l . The e s t i m a t i o n of the p i p e r 
i n e by 342 nm a b s o r p t i o n has been approved by the I n d i a n Standards 
I n s t i t u t i o n and by the American S p i c e Trade A s s o c i a t i o n . The 
l a t t e r , however, s t i l l keep, as a recommended method, a c o l o r i m e t -
r i c method which has been r e p e a t e d l y shown t o g i v e very v a r i a b l e 
r e s u l t s . 

T a b l e V I I . P i p e r i n e content of world v a r i e t i e s 
of pepper and t h e i r pungency 

c . //r . χSample/(Country

B l a c k 
T e l l i c h e r y ( I n d i a ) 
Malabar ( I n d i a ) 
Panniyur ( I n d i a ) 
Ceylon ( S r i Lanka) 
L i g h t Pepper ( I n d i a ) 
P i n head ( I n d i a ) 
Lampong 
Sarawak 
Sumatra 

U n i t e 
Nuntok 
Sarawak 
Ceylon 
I n d i a 

5.2 5.3 + 0.3 
5.1 5.0 + 0.2 
5.3 5.8 + 0.1 
6.7 6.5 + 0.3 
5.2 5.3 + 0.2 
1.0 1.0 + 0.1 
5.3 
5.7 
5.1 

5.1 
5.6 
8.5 
4.5 5.0 + 0.2 

a - Determined by a b s o r p t i o n at 342 nm; 
b - Determined a c c o r d i n g t o (13,14). 

Data from (35,39) 

Ginger ( Z i n g i b e r o f f i c i n a l e Roscoe) 
Ginger i s another s p i c e which c o n t r i b u t e s both aroma and m i l d 
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pungency t o foods. P o s s i b l y because the c h e m i s t r y of the pungent 
components was not w e l l e s t a b l i s h e d t i l l the e a r l y s e v e n t i e s , and 
no s i m p l e q u a n t i t a t i v e method was a v a i l a b l e , the s p e c i f i c a t i o n s 
and standards r e f e r only t o percent v o l a t i l e o i l as an index of 
q u a l i t y , w i t h no r e f e r e n c e to pungent compounds. 

E a r l y Japanese work, which has been c r i t i c a l l y s t u d i e d and 
expanded by C o n n e l l and c o l l e a g u e s ( 4 0 , 4 l ) , has c l e a r l y shown t h a t 
pungency i n f r e s h g i n g e r i s due to the homologous group of p h e n y l -
a l k y l ketones, the g i n g e r o l s . The dominant member of t h i s group 
i s the (6) - g i n g e r o l , the p r e f i x (6.)- i n d i c a t i n g the hexanal t h a t 
would be o b t a i n e d by a l k a l i d e g r a d a t i o n . These g i n g e r o l s have a 
l a b i l e β-hydroxy-keto g r o u p i n g , and have been shown t o be s u s 
c e p t i b l e t o pH-dependent, t h e r m a l d e h y d r a t i o n t o the c o r r e s p o n d i n g 
^ - u n s a t u r a t e d compounds, the s h o g a o l s . Under more d r a s t i c con

d i t i o n s , the l a t t e r degrade f u r t h e r to g i v e the s i m p l e r a b b r e v i a t e d 
ketone, z i n g e r o n e , and
t i o n s h i p s are shown i n

The presence of the h i g h e r homologs i n g i n g e r was e s t a b l i s h e d 
by C o n n e l l and S u t h e r l a n d ( 4 l ) , by a l k a l i n e d e g r a d a t i o n and i d e n t i 
f i c a t i o n of the r e l e a s e d aldehydes. C o n n e l l (40) showed t h a t the 
g i n g e r o l s and shogaols are c l e a r l y s e p a r a t e d by t h i n l a y e r chrom
atography on s i l i c a - g e l , but d i d not develop a q u a n t i t a t i v e method. 
With our i n t e r e s t i n the pungency of s p i c e s , we showed (42) - by 
i n c o r p o r a t i n g a t a s t e t e s t i n g step on a co-chromatographed spot i n 
t h i n - l a y e r chromatograms of g i n g e r e x t r a c t s - t h a t , i n the r a t h e r 
e l o n g a t e d spots o b t a i n e d i n C o n n e l l s 1 s e p a r a t i o n s , only the lower 
p o r t i o n s i n both the g i n g e r o l and shogaol areas showed pungency, 
w h i l e the other p o r t i o n s were not pungent or had very l i t t l e pun
gency. Ue have a l s o , r e c e n t l y , improved on the s e p a r a t i o n of t h e 
component g i n g e r o l s and shogaols by ad o p t i n g the wedging t e c h n i q u e , 
and have e s t a b l i s h e d c o n d i t i o n s f o r e s t i m a t i n g the pungent and 
p o o r l y pungent components w i t h the help of the F o l i n - C i o c o l t e a u 
reagent ( 4 3 ) . F i g u r e 8 shows the c l e a r s e p a r a t i o n s of the i n d i 
v i d u a l homologs, as compared t o the e a r l i e r s e p a r a t i o n s i n groups. 

F o l l o w i n g p r e l i m i n a r y o b s e r v a t i o n s by Connell and McLachlan 
(44) , on gas chromatographic behaviour of g i n g e r o l s and s h o g a o l s , 
we have j u s t e s t a b l i s h e d improved c o n d i t i o n s f o r the s t u d y , u s i n g 
the p u r i f i e d components o b t a i n e d from t h i n l a y e r chromatograms. 
Du r i n g programmed-temperature gas chromatography (60° to 260°C at 
8°/min, i n j e c t i o n p o r t at 250°C), a p a r t of the i s o l a t e d t o t a l 
g i n g e r o l s -underwent p y r o l y t i c breakdown t o the aldehydes and 
z i n g e r o n e , and the r e s t was dehydrated t o the c o r r e s p o n d i n g sho
g a o l s , w h i l e the i s o l a t e d shogaols e l u t e d out witho u t any change. 
F i g u r e 9 g i v e s a composite p i c t u r e of the s e p a r a t i o n s f o r t o t a l 
and the t h i n l a y e r s e parated components. We have c l e a r l y shown 
(45) , through the i d e n t i t y of the aldehydes and s h o g a o l s , t h a t the 
( 6 ) - g i n g e r o l and ( 6 ) - shogaol are the p r i n c i p a l components r e s 
p o n s i b l e f o r the pungency, w h i l e the hig h e r homologs have l i t t l e 
or no pungency. 
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0 OH 

H3Coiôrc"2AA r 
Η Ο - Λ ^ Ι CH  CH  (CH )

_n \ 
Dehydration / 4:16 J - gingerol \ Retro-aldol reaction 

pH2-5to7-2 / 6:l8]-gingerol \ i) Pyrolysis, 200eC 
heat / 8:110]-gingerol \ ii) 5% Ba (0H)2/eflux 
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H0-l^ CH2 CH (CH2)n * Η Ο - * ν ^ χ » CH2 CH3 

Shogaols \ Zingerone • Alkanals 
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4:161 - shogaol \ 4:hexanal 
6:18]-shogaol \ H y d r o g é n a t i o n 6: octanal 
8:110]-shogaol \ 8:decanal 

CH\2 A 
CH2 ICH 2 ) n -CH 3 

Paradols 
6:[6]-paradol 
8:[8]-paradol 

10:Î10]- paradol 

Journal of Food Quality 

Figure 7. Rehtionship of gingerol and derived compounds in ginger extracts (45) 
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Figure 8. Tracings of TLC separations of the homologs of gingerol and shogaol. 
Conditions of separation for Spots 1 and 2 according to (40); 3 and 4 according to 
(42); 5, 6, and 7 according to (43). Spots 2, 4, and 6 sprayed with phenol reagent; 
7 sprayed with 2,4 DNPH reagent; spots 1, 3, and 5 cochromat ο graphed spots, 

taste tested. 
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MINUTES 

Journal of Food Quality 

Figure 9. GC analysis and identity of purified gingerol and shogaol homologs 
(See text for GC conditions) (A) total, (B) pungent, and (C) nonpungent gingerols; 
(D) total, (E) pungent, and (F) nonpungent shogaols. Identity of peaks: (1) hexa-
nal; (2) octanal; (3) decanal; (4) zingerone; (5) 6-shogaol; (6) 8-shogaol; and (7) 

10 shogaol (45) 
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The t o t a l extracts or d i l u t e d oleoresins could also be a n a l 
ysed under these gas chromatographic conditions. While the alde
hydes emerging early are mixed up with the v o l a t i l e o i l components, 
the zingerone and the shogaol peaks elute separately and l a t e r . 
The r a t i o of the zingerone to shogaol provides a rapid screening 
technique f o r f i n d i n g fresh and stored oleoresins. Fresh oleo
r e s i n s , containing e s s e n t i a l l y gingerols, show a high zingerone 
peak; stored oleoresins, i n which the gingerols had slowly changed 
to shogaols, showed a low zingerone and high shogaol peaks (17). 

In the d i r e c t analysis of ginger extracts by gas chromato
graphy, c e r t a i n minor peaks are seen i n the shogaols area. These 
are possibly from the minor amounts of lower and higher homologs 
and related acetates of gingerol recently reported (45a). Their 
contribution to pungency i s not known, but i n view of the r e l a t i o n 
of pungency to chain lengt
s a i c i n (10,24) and parado
lower and higher homologs would not be expected to contribute 
s i g n i f i c a n t l y to pungency. 

I t had been assumed by Connell (quoting Kulka) (40), that the 
change, gingerols to shogaols to zingerone, resulted i n pro
gressive reduction i n pungency, probably based on the f a c t that 
o l d , long-stored oleoresins are of d e f i n i t e l y poor sensory q u a l i t y . 
We have c a r e f u l l y studied (47), by the standardized pungency eval*-
uation method (13), many ginger oleoresin samples obtained from 
d i f f e r e n t v a r i e t i e s , and under varying conditions of processing 
and storage. These studies have shown that stored samples of oleo
resins a c t u a l l y have more pungency; and t h i s led to the f i n d i n g 
that (6)-shogaol i s about twice as pungent as (6)*-gingerol. Only 
by assuming t h i s r a t i o of pungency con t r i b u t i o n , have we found a 
good l i n e a r r e l a t i o n between the chemical estimations of (6)-
gingerol and (6)-shogaol i n the samples and the subjective pun^ 
gency (47 and Table V I I I ) . A m u l t i p l e l i n e a r regression worked 
out with values obtained from over t h i r t y samples of varying ging
erols and shogaols composition has shown that 86% of the v a r i a t i o n 
i s accounted f o r . 

Zingerone has not been found by us either i n fresh oleoresin 
samples, or i n samples stored over some years; i t w i l l probably be 
found only under high thermal abuse of samples. A sample of z i n 
gerone obtained by a l k a l i hydrolysis of gingerol and a synthetic 
sample have been tested, and found to be only m i l d l y pungent. 

Thus, the pungent p r i n c i p l e i n ginger has been shown to have a 
complicated composition, i n that i t consists of two r e l a t e d com
ponents which vary i n t h e i r proportion, depending on processing 
and storage. However, the a c t i v e components, (6)-gingerol and 
(6)-shogaol can be r e l i a b l y determined by t h i n l a y e r separation 
and colorimetry, and the pungency of a sample can be predicted by 
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Table V I I I . Ginger oleoresins - Active com
ponents and pungency 

% Active Pungency 
Samples components SU χ 10^ 

(6)-G (6)-S Est. C a l * 

Rio-de-Janeiro a 29,6 1.4 28.0 24.3 

China a 22.2 1.8 17.0 19.0 

S i e r r a Leone a 31.0 2.5 30.0 26.9 

Ernad M a n j e r i a 21.7 2.0 22,4 19.2 

Commercial, dry 
gi n g e r a 9.2 13.6 26.0 27,3 

Commercial, dry 
lime t r e a t e d 3 20.3 4.3 21.3 21.7 

Dry ginger^ 13.3 10,2 25,3 25.3 

Dry ginger, stored* 5 18.9 10,9 27.5 30,5 

Green ginger, stored* 5 25.2 10.9 38.1 35.2 

Jamaican, stored* 5 8.8 12.6 28.7 25.5 

a- V a r i e t i e s grown i n India; b- commercial samples 

*- calculated values by using S c o v i l l e values of 150 χ 1 0 3 

f o r (6)-shogaol and 75 χ 10 3 f o r (6)-gingerol. 

Data from (47). 

use of the S c o v i l l e values obtained f o r pure (6)-gingerol and 
(6)-shogaol. 

Other spices 

Other spices - e.g, mustard, cloves - are widely used as food 
additives to enhance p a l a t a b i l i t y . Both are characterized by v o l 
a t i l e components which produce two responses: pungency and char
a c t e r i s t i c aroma. The simple phenol, eugenol, i s the a c t i v e com*-
ponent i n cloves; various isothiocyanates, a l l y l - i n black, allylT-
and 3-butenyl- i n brown, characterize the mustards. The non-
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v o l a t i l e £-hydroxybenzyl isothiocyanate present i n white mustard 
shows only pungency. D e f i n i t i v e methods of estimation of these 
components are w e l l established as q u a l i t y parameters of these 
spices (A8 Table IX). 

Pungency i n vegetables 

Certain vegetables are also examples of foods with v o l a t i l e 
components which stimulate both aroma and pungency. These are 
a l l sulphur compounds, present as precursors i n the whole vege
table and are converted in t o the a c t i v e constituents only by ac
t i o n of enzymes released when the structure i s destroyed by cook
ing or grinding. 

There i s considerable v a r i a t i o n i n the pungency of the vege
tables depending on the extent of processing they have undergone
and the completion of enzymi
reactions. While the i s o l a t e  compound y
i r r i t a n t s , and often lachrymatory, the concentrations i n the vege^-
tables are only at the l e v e l at which they endow a desirable sen
sory reaction of mild pungency, or else they are modified by other 
rea c t i o n products such as n i t r i l e s found i n water cress (50). 

Horseradish (Armoracia l a p a t h i o f o l i a G i l i b . ) i s the t y p i c a l 
example of the vegetable c l a s s , but i t i s used more as a f l a v o r i n g 
a d d i t i v e l i k e mustard. Horseradish i s p e c u l i a r i n having i n i t s 
v o l a t i l e s r e l a t i v e l y large concentrations of v i r t u a l l y only i s o -
thiocyanates, A l l y l isothiocyanate, the p r i n c i p a l stimulant of 
mustard which i s known to stimulate pungent and lachrymatory r e s 
ponses, i s also the most important component of horseradish f l a v o r 
g i v i n g i t the c h a r a c t e r i s t i c aroma and pungency. The small amount 
of a l l y l thiocyanate which i s also present has only a g a r l i c k y 
aroma, but neither pungency nor any lachrymatory a c t i o n . Another 
major isothiocyanate, the 2-phenylethyl isothiocyanate i s reported 
to produce only a t i n g l i n g sensation, but not the pungency nor the 
lachrymatory responses; the 2-butyl, and 4-pentenyl-isothiocyanates 
contribute only a d i s t i n c t i v e green andacrid aroma (51). 

The vegetable radish (Raphanus sativus L.) shows mild pungen
cy a t t r i b u t e d to 4-methylthio-3-butenyl"isothiocyanate. Other 
vegetables of the Brassica and A l l i u m species, too, are reported 
to contain small amounts of these isothiocyanates, but they are 
possibly d i l u t e d and a l t e r e d during cooking, and so have not been 
reported as e x h i b i t i n g sensory pungency i n foods. 

The bulbous vegetables of the A l l i u m group a l l have a char
a c t e r i s t i c aroma a t t r i b u t e d to thiosulfonates and d i s u l f i d e s . 
These, l i k e the isothiocyanates, are produced from precursors 
during c u t t i n g and cooking. While i n the raw s t a t e , some members 
of t h i s family - such as g a r l i c and onion - e x h i b i t on crushing 
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Table IX. Isothiocyanates and t h e i r f l a v o r q u a l i t y 

General formula:*- R-N-S 

Source 
Flavour 
Quality 

CH2—CH—· CH2~ a l l y l 

CH2=CH-CH2-CH2- 3-butenyl 

HOKC )>-CHo 

CH3-S-CH«CH-CH2-CH2- 4-methyl 
th i o - 3 -

^ C H 2 - i CH 2-

butenyl 

2-phenyl 
eth y l 

Horse radish; 
mustard (black) 

Mustard (brown); 
small amounts 
i n Brassica sp. 

CH^—CH 2—CH— GH^ 

Radish 

Horse radish; 
water cress; 
turnip 

Horse radish 2-butyl 

CH2=CH-CH2-CH2-CH2- 4-pentenyl Horse radish 

Pungency; 
Lachrymatory 

Pungency; 
aroma 

Pungency; 
sulphury aroma 

Strong aroma 
of water cress; 
t i n g l i n g sen
sation 

A c r i d ; l e a f 
green aroma 

A c r i d ; f r a g 
rant l e a f 

Data from (51) 

Typical reactions are shown by the sequence below (49). 

R-C, •
S~ C6 H11°5 enzyme 

^N.O.S02.0~K+ V o . s o 2 . o t c * - 6 1 2 6 

-KHSO, 

R-N=C=»S 
—I 
R-CsN + S 

where R » a l l y l - ; 3-butenyl, etc.; enzyme - glucosinolase. 
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i n the mouth, a d i s t i n c t a c t ion on the tongue. This property i s 
not seen i n cooked or roasted preparations. 

The presence of a lachrymatory compound i n f r e s h l y crushed 
onion has been known f o r a long time. This lachrymatory f a c t o r 
has been i d e n t i f i e d as 1-propenyl s u l f e n i c acid (or isomerized to 
the more stable thiopropanal S-oxide), formed from the p r i n c i p a l 
f l a v o r precursor, trans (+)-S-(l-propenyl)-L-cysteine s u l f o x i d e . 
Other a l k y l s u l f e n i c acids are reported not lachrymatory, but are 
described as having ' b i t i n g astringency* or 'tongue tearing sen
s a t i o n s 1 i n common with the 1-propenyl s u l f e n i c a c i d . These p r i 
mary products being less s t a b l e , change r a p i d l y to the respective 
t h i o s u l f i n a t e s and are further converted to thiosulphonates and 
d i s u l f i d e s , the aroma compounds of the Allium spices (52). 

Structure and Pungency 

The structure-response r e l a t i o n s h i p i n flavour studies i s 
acquiring much importance i n recent times with many labo r a t o r i e s 
and many d i s c i p l i n e s becoming interested i n the study. The prop
e r t i e s of the chemical s t i m u l i , the p h y s i o l o g i c a l response by the 
b i o l o g i c a l system, and the psychological i n t e r p r e t a t i o n and use 
of information by the higher centres i n the human organism are 
a l l involved i n these studies. We have learned a l o t about the 
physicochemical properties of the f l a v o r components of foods, but 
the d e t a i l s of the chemoreception, the receptor morphology and 
physiology, the i n t e r a c t i o n with the s t i m u l i , the mechanism of 
perception are a l l s t i l l l a r g e l y unknown. We can study the 
structure-response r e l a t i o n s h i p as yet, only by the physico*-
chemical parameters of the s t i m u l i and the verbal response of 
the human instruments, the p a n e l i s t s . The response i s the r e s u l t 
of detection, q u a l i t y recognition, i n t e n s i t y judgements, semantic 
c a p a b i l i t y , and preference ( l i k e / d i s l i k e ) ; hence the necessity 
for c a r e f u l s e l e c t i o n and t r a i n i n g of p a n e l i s t s to work i n these 
c o r r e l a t i v e studies (4_,7J. 

The physico-chemical parameters of the chemical s t i m u l i which 
have been shown to have relevance and to be i n t e r r e l a t e d to the 
sensory response i t e l i c i t s as s p e c i f i c odor or t a s t e , are the 
factors c o n t r o l l i n g concentration at the receptor areas ( s o l u b i l 
i t y , h y d r o p h i l i c i t y , l i p o p h i l i c i t y , v o l a t i l i t y , and p a r t i t i o n 
c o e f f i c i e n t s ) , molecular features ( s i z e , shape, stereochemical 
and c h i r a l i t y factors and f u n c t i o n a l groups), and e l e c t r o n i c 
features ( p o l a r i t y and dipoles) c o n t r o l l i n g p o s i t i o n i n g and con
tact at receptor surfaces (53). Many of these physico-chemical 
data are not a v a i l a b l e f o r many of the chemical stimulants, and 
t i l l they are gathered, structure-response studies w i l l be much 
r e s t r i c t e d . The e f f e c t s of i n t e r a c t i o n s of the above parameters 
appear to a larger degree i n the perception of odor, the dimen
sions of which are many and complex; v i z . nuances, composite 
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q u a l i t y , m u l t i p l e q u a l i t y of si n g l e stimulus, besides i n t e n s i t y , 
and duration of sensation. In the case of taste, the information
a l complexity i s much l e s s - e s s e n t i a l l y , only a few primary types 
and t h e i r i n t e n s i t y - and pungency, l i k e the four well-known 
tastes, v a r i e s only i n i n t e n s i t y . 

Against t h i s background we w i l l review the a v a i l a b l e data on 
the structures of natural compounds from spices established as 
stimulants f o r pungency, and on t h e i r natural and synthetic 
analogs. 

A systematic study of s t r u c t u r a l v a r i a t i o n i n s i z e and func
t i o n a l groups and t h e i r e f f e c t on pungency was attempted i n the 
capsaicin, p i p e r i n and zingerone type compounds by d i f f e r e n t 
groups, early i n t h i s century. Unfortunately, the pungency deter
minations were not done
often expressed i n genera
t a t i v e scale was at a l l used, d e t a i l s are often l a c k i n g . In view 
of our present understanding of the problems i n evaluation of pun
gency (described e a r l i e r i n t h i s review), the e a r l i e r statements 
and values on pungency should be considered r e l a t i v e and q u a l i 
t a t i v e . Newman (54) had exhaustively and c r i t i c a l l y reviewed the 
av a i l a b l e e a r l i e r l i t e r a t u r e , l i s t i n g some 160 compounds re l a t e d 
to capsaicin and piperine, and Provatoroff l a t e r summarized the 
work on the pungent compounds of ginger and synthetics r e l a t e d to 
zingerone (see 17). Since then, i n t e r e s t i n structure and pun
gency has revived only during the l a s t few years, i n connection 
with c a r e f u l estimation of the natural pungent compounds of cap
sicum, pepper, and ginger, and of some of t h e i r synthetic analogs. 
These have been discussed i n some d e t a i l i n recent reviews (16,17) 
and w i l l be only summarized here. 

The three groups of natural compounds which are pungency 
stimulants, the capsaicinoids, piperine, and gingerols, have some 
common s t r u c t u r a l features: v i z . , an aromatic r i n g , and an a l k y l 
sidechain with a carbonyl function; while other features, such as 
the acylamide l i n k , are common to capsaicinoids and piperine, and 
polar ends and v a n i l l y l groups are common to capsaicinoids and 
gingerols. The length of the a l k y l side-chain, the po s i t i o n i n g 
of the amide function near the polar aromatic end, the nature of 
the groupings at the a l k y l end, and unsaturation i n the a l k y l 
chain are the s t r u c t u r a l v a r i a t i o n s i n those compounds which have 
been found to a f f e c t the i n t e n s i t y of pungency w i t h i n each group. 
Some of these factors have been shown to reduce, and some to 
enhance pungency i n the synthetic compounds tested. The natural 
compounds have a combination of these s t r u c t u r a l features. An 
o v e r a l l comparison of the pungency of the natural compounds- y i e l d s 
some i n t e r e s t i n g generalizations. Table X gives a s e l e c t i o n of 
the natural and rela t e d synthetic compounds, t h e i r structures, 
sources and pungency i n S c o v i l l e u n i t s . More compounds have been 
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mentioned and discussed i n e a r l i e r reviews (16,17,54). 

Table X. Structure and pungency of natural s t i 
mulants and related synthetics 

Formula Name 
Pun-

Source gency 
SUxlO 5 

H 9 H H /CH 3 

7-N-O (CH 2 ) 4-C=C-CH 
1 ^CH 3 

H 0 / C H 3 

V-N-C-(CH9),-CH 
2 6 ^CH 3 

? 8 ^ C H 3 V-N-C-(CH2)5-CH 

HQ H H ^CH 3 

V-N-C-(CH2) -C=C-CH 
t V C H 3 

vJU>(CH 2) ?-
X C H 3 

-CH 
*CHo 

H 0 
V-N-fi-(CH 2) 6-CH 3 

v-a-§-(CH2)7H CHq 

V-N-C-(CH 2) 8-CH 3 

V-N-?-(CH 2) 9-CH 3 

V-N-fi-CH=CH-CH=CH-M 

0 OH 
V-CH2-C-CH2-C- (CH 2) 4-CH 3 

H 

Capsaicin Capsicum 160 

Dihydrocapsaicin Capsicum 160 

Nordihydro-
capsaicin 

Capsicum 91 

Homocapsaicin Capsicum 86 

Homodihydro-
capsaicin 

Capsicum 86 

V a n i l l y l octan- Synthetic 80 
amide 

V a n i l l y l pelargo-
namide Synthetic 92.5 

V a n i l l y l capramide Synthetic 45 

V a n i l l y l undeca-
namide 

V a n i l l y l p i p e r -
amide 

(6)-Gingerol 

Synthetic 35 

Synthetic 15 

Ginger 0.8 

(Continued) 
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°ι ¥ ? 
V-CH2-fc-C=C- CCH 2) 4-CH 3 

/-CHo-H-i CHo 

Y-CH 2-C-(CH 2) 6-CH 3 

V-CH2-C-CH2-Ç- (CH 2) n-CH 3 

H 

(j H H 
V-CH0-t-C=C-(CH0) —CHQ / ^ ζ η j 

P-C-CH=CH-CH=CH-M 

P-C-CH=CH-(CH2)2-M 

0 

P-C-(CH 2) 4-M 

P-C-CH=CH-CH=CH-M 
q t_ £ 

P-fc-CH=CH-CH=CH-M 

P-C-CH=CH-CH=CH-M 

P-1!-CH=CH-CH=CH-CH=CH-M 

9 i . 

P-C-CH=»CH-(CH2)2-M 

P-C-CH=CH-(CH2)5-CH3 

C6)-Shogaol 

Zingerone 

(6)-Paradol or 
Dihydro-
C6)-Shogaol 

Ginger 1.5 

Synthetic; 0.5 
from to 
Gingerol 0,3 

Synthetic; 
Grain of 1,0 
Paradise 

n=6; (8)-Gingerol Ginger <0.1 
n=8; (lO)-Gingerol Ginger <0,1 

n=8; (10)-Shogaol Ginger <0.1 

Piperine Pepper 1.0 

Dihydropiperine Pepper 1.0? 

Tetrahydro-
piperine 

Isopiperine 

Isochavicine 

Chavicine 

P i p e r e t t i n e 

Piperanine 
(dihydro
piperine) 

2-nonenoic 
pi p e r i d i d e 

Pepper 1.0? 

Synthetic 0,0 

Synthetic 0,0 

Synthetic 0 t0 

Pepper <0,1 

Pepper 0.5? 

Synthetic 1.0 

(continued) 
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P - C - ( C H 2 ) 7 - C H 3 

P - $ - C R = C H - C H = C H - < ^ 

Ρ ? - C - C H = C H - C H = C H - M 

V - C H 2 - N - ? - C C H 2 ) 9 - C H 3 

0 O H O H 

V - C H ^ C - O H - C H - ( C H 2 ) 4 - C H 3 

C H 

CI 
2 / 2 

9 ί. 
C H - C H 2 - N H - C - C H = C H - ( C H 0 ) 

c t 
- C H = C H - ( C H = C H ) 2 - C H 3 

Nonanoic 
pi p e r i d i d e 

5-phenyl-2,4-
pentadienoic 
p i p e r i d i d e 

P i p e r y l i n 

Methylene 
v a n i l l y l -
undecanamide 

Gingediol 

Shanshol 

Synthetic 1.0 

Synthetic 1.0? 

Pepper 1.0? 

Synthetic 0 

Ginger 0 
( b i t t e r ) 

Japanese m i l d l y 
pepper pungent 

N- ; I ^ i s 
HoCO-f^N-CHo 

v i s 3 ToT Ρ i s Ο I \ 
N -

M i s C H 2 

Data from d i f f e r e n t sources calculated to capsaicin as 160 χ 10 J 

SU. The values with a question (?) mark in d i c a t e v a r i a b l e values 
i n l i t e r a t u r e . 

Many compounds with f a i r l y simple structures, such as phenyl 
methyl ketones, a l k y l acylamides, e x h i b i t pungency; but t h e i r 
i n t r i n s i c i n t e n s i t y v a r i e s by orders of magnitude; e.g. cap s a i c i n , 
the v a n i l l y l amide of 8-*methyl-6-trans-nonenoic a c i d , e l i c i t s 
about 150 times as much pungency as p i p e r i n , the p i p e r i d i d e (3,4-
dioxy-methylene phenyl)2-trans, 4-trans-pentadienoic a c i d , and 
gingerol, the l-(4 t-hydroxy-3- f-methoxy phenyl)-5-hydroxy decan-
3-one. Within each s e r i e s , the length of the sidechain required 
to produce maximum pungency v a r i e s w i t h i n a narrow ranges; e.g., 
nonoyl v a n i l l y l - a m i d e , nonoyl p i p e r i d i d e are the most potent 
s t i m u l i i n t h e i r respective s e r i e s , while the decan-3-one, (6)-
gingerol i s the most potent i n the gingerol s e r i e s . 

The pungency p o t e n t i a l i s e i t h e r abolished or markedly r e 
duced when a hydroxyl i s introduced i n the side-chain; e.g., 
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gingerol i s reported to e l i c i t b i t t e r n e s s and not pungency when 
the carbonyl group i s reduced. Also, when the carbonyl group i s 
separated by more than two intervening groups from the polar end, 
as when methylene v a n i l l y l amine i s coupled with the optimum Cg 
a l i p h a t i c a c i d , the pungency p o t e n t i a l i s abolished « 

Except f o r some stray observations, the introduction of unsat^ 
uration i n the side chain has generally enhanced the pungency stim^ 
u l a t i o n . However, i n unsaturated compounds, the stereochemical 
f a c t o r assumes great s i g n i f i c a n c e . Recent work has shown that 
shogaol, which e l i c i t s more pungency than the corresponding g i n 
gerol (47) and the n a t u r a l l y occurring piperine, are both trans 
isomers; the other three isomers of piperine evoke l i t t l e or no 
pungency (29,30). A phenyl group i s not e s s e n t i a l , f o r , a number 
of isobutylamides of a l i p h a t i c acids are known to e l i c i t pungency, 
but when present has c r i t i c a
matic r i n g i n the middl
s t i t u t i o n , or meta-hydroxy s u b s t i t u t i o n of the aromatic r i n g , a l l 
r e s u l t i n lowering pungency response and are a d d i t i v e i n t h e i r 
e f f e c t s . The examples given have been selected e s s e n t i a l l y from 
the n a t u r a l l y occurring compounds, but the survey covers a large 
number of synthetic compounds also. 

Though a v a i l a b l e pungency evaluation data on a l l compounds 
are not comparable, two features are s t r i k i n g : 

i ) a v a n i l l y l a m i d e with an a l i p h a t i c acid of optimal length 
evoked a very high pungency response; and ( i i ) when there i s 
unsaturation i n the sidechain, pungency r e s u l t s only from the 
trans isomer. 

The v o l a t i l e isothiocyanates i n mustard and horseradish e l i c i t 
stronger responses both of pungency and lachrymation. This i s 
possibly i n l i n e with e a r l i e r observations (2) that replacement 
of oxygen with s u l f u r or selenium, which belong to the same group 
VI of the p e r i o d i c t a b l e , r e s u l t s i n powerful and disagreeable 
reactions. Since other isothiocyanates, i s o l a t e d from other vege~ 
table s , show only an a c r i d aroma, not i d e n t i f i a b l e with pungency, 
some other s t r u c t u r a l requirements - such as unsaturation and 
optimum chain length determining l o c a t i o n of a c t i v e centers - also 
seem to have a bearing on the sensation of pungency and i t s i n t r i n 
s i c i n t e n s i t y . Another structure containing a d i f f e r e n t f u n c t i o n 
a l group with a short chain, the 

0 

-SH or -CH=S=0 i n crushed onion i s also asso
c i a t e d with both lachrymatory and 'tongue tear i n g ' (itchy?) sen
sations. Careful evaluations of these compounds by threshold 
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tests and comparison with the recognised pungency s t i m u l i are 
necessary. 

The nature of the requirements with regard to shape, s i z e , 
f u n c t i o n a l group, and s t e r e o s p e c i f i c i t y of compounds that e l i c i t 
a pungency response i s , p o s s i b l y , another argument i n favor of 
considering pungency as a taste modality, and looking f o r the 
conformational structures contacting s p e c i f i c receptors. 

I t i s of i n t e r e s t to note that the Shallenberger-Kier postu
l a t e of features i n the structures of compounds which produce 

X 

the sweet and b i t t e r responses has further been applied by Beets 
Ç53) to structures of s t i m u l i f o r sour and s a l t m odalities  One 
may speculate whether th
haps w i t h a d i f f e r e n t optima
tures to the structures of compounds which are established pun
gency s t i m u l i . 
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Summary 

Pungency i s defined as the gustatory sensory response to 
s p e c i f i c chemical s t i m u l i found i n c e r t a i n spices and vegetables. 
I t i s distinguished from other sensations such as burning, i r r i t a ^ 
t i o n , lachrymation, and pain. Problems i n evaluation of pungency 
are discussed, and standardized procedures that y i e l d reproducible 
data which s i g n i f i c a n t l y c o r r e l a t e with the instrumental estimates 
of the corresponding s t i m u l i are ou t l i n e d . S p e c i f i c pungency 
s t i m u l i i d e n t i f i e d i n foods are l i s t e d , and t h e i r chemistry, i n 
cluding r e l i a b l e methods of estimation, has been b r i e f l y described. 
Attempts to co r r e l a t e s p e c i f i c s t r u c t u r a l features of the s t i m u l i 
w i t h the chemoreceptory perception as pungency are reviewed. 
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4 
Sweet and Bitter Compounds: Structure and Taste 

Relationship 
H.-D. BELITZ, W. CHEN, H. JUGEL, R. TRELEANO, and H. WIESER 
Institut für Lebensmittelchemie der Technischen Universität München and 
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J. GASTEIGER and M. MARSILI 
Organisch-Chemisches Institut der Technischen Universität München, 
Lichtenbergstrasse 4, D-8046 Garching, West Germany 

Flavour impression
taste. MOSKOWITZ (1) make
role played by these two senses: 

"Smell is the most predominant in allowing us to form an 
overall impression, but the sense of taste plays an important 
part as well". 

For various reasons sweet and bitter taste are important for 
many foodstuffs. Great interest is taken, for instance, in new 
sweetening agents, firstly because of the trend towards a diet 
containing fewer calories in many industrialized countries with 
their overweight populations, and secondly, because in various 
countries there have recently been renewed experiments and dis
cussions, aimed at ascertaining how safe the sweetening agents 
saccharine and cyclamate really are. The search for new sweeteners 
is rendered more difficult by the fact that suitable compounds 
must not only be "safe", i.e. not harmful to the health, but must 
also satisfy various other criteria, such as that of sufficient 
solubility, stability even when exposed to extreme pH-values and 
temperatures. They must have sweet taste that is as pure and una
dulterated as possible, with no by-or after-taste, and have a 
price which compares favorably with that of saccharose in terms 
of sweetening strength. 

Bitter taste is an important component of a number of fla
vours of roasted foodstuffs. PICKENHAGEN et al. (2) have demon
strated, for example, that the bitter taste of cacao is caused 
by 2.5-dioxopiperazines, which evolve from proteins during the 
roasting process and form complexes with theobromine. In general, 
when animal and vegetable proteins (among other casein, soja 
protein, zein, gliadin) are subjected to brief, dry heating to a 
temperature of 260C, the produce bitter, aqueous extracts, 
whose taste threshold values (0.0005 %-0.0008 %) lie within the 
range of the average values quoted for quinine hydrochloride 
(0.001 %) (3). The bitter taste which is produced as a result of 
enzymatic protein hydrolysis (4) must be considered as being 
negative. This bitter taste may, for instance, occur as an off -
flavour during the maturing of cheese, and also prevents a wider 
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© 1979 American Chemical Society 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



94 FOOD TASTE CHEMISTRY 

use of enzymatic processes of proteolysis in the food industry. 
BAUR et al. {5} were recently able to demonstrate that the oxida
tion of fats can lead to bitter compounds. This means that an im
portant cause of the bitter off-flavour which occurs in many food
stuffs of vegetable origin such as oats or legumes has probably 
been discovered. 

For the reasons mentioned above considerable interest is ta
ken in trying to gain an understanding of sensory qualities 
through the structure of the compounds involved. Many attempts 
have been made to derive general rules for relations between che
mical structure and taste, but so far it has not been possible in 
general to explain sensory properties satisfactorily on the basis 
of structure or to make safe predictions regarding them. 

If we wish to find answers to these problems we must take 
the simplest possible compounds as the basis of our initial in
vestigations and use them to determine which structural elements 
are connected with specifi
consequences result when these structural elements are altered in 
specially selected ways. 

An explanation of these relations will follow now, taking 
some of the sweet and bitter compounds as our examples. 

Sweet taste is produced by a wide variety of compounds. SHAL-
LENBERGER and ACREE (6) regard an acid/base system (AH/B-System) 
as the shared structural element. This system must satisfy certain 
steric conditions and can interact with a complementary system of 
a receptor via 2 hydrogen bonds (Fig. 1). KIER (_7) expanded this 
model by assuming an additional interaction with an apolar group 
X in a suitable position (Fig. 1). Both models are applicable to 
compounds with great variations in structure. There are no similar 
comprehensive concepts for bitter compounds which can also occur 
in the most varying chemical classes. 

Amino acids and related compounds, as well as simple aromatic 
compounds, are very well suited for developing further models, as 
in these chemical classes sweet and bitter taste and also sweet/ 
bitter taste occur. Thus we have the opportunity of dealing with 
the taste qualities sweet and bitter uniformly. 

Detailed investigations of structure and taste require quan
titative data on the sensory side. The taste recognition threshold 
value is especially well suited for this purpose as, according to 
BEIDLER (8), it is connected with the association constant of the 
stimulus-receptor-complex. 

With amino acids the occurrence of sweet taste (9) depends 
both on the presence of an ammonium group and on the presence of 
a carboxylate group, corresponding to a bipolar (electrophilic/ 
nucleophilic) contact with a receptor (Table I). The relative po
sition of the two polar groups is important. Sweet taste decreases 
strongly on transition from 2-aminocarboxylic acids to 4-aminocar-
boxylic acids (Table II). 

Some of the 2-hydroxycarboxylic acids are also sweet (10). 
However, with these compounds, sweet taste apparently depends to a 
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Table I 
Sweet taste of amino acids: dependence on ammonium and carboxylate 
groups (9). 

Y ι 
H - C - X I 

R 
R X Y Sweet taste c t s w(mmol/l)a ) 

CH3 NH3
+ coo" + 12 - 18 

CH3 H coo" -
CH3 OH coo" -
CH3 Cl 

H NH3
+ coo" + 25 - 35 

H NH2CH3
+ coo" + 15 - 20 

H N(CH3)3
+ coo" + 30 - 50 

H NH2C6H5
+ coo" -

H NHC0CH3 coo" -

(CH3)2CHCH2 < coo" + 2 - 5 
(CH3)2CHCH2 MH3

+ H -

H NH3
+ CH20H -

H NH3
+ C00CH3 -

C 6 H 5 C H 2 < COO" + 1 - 3 

C 6 H 5 C H 2 N H 3 C00NH2 -

recognition threshold concentration for sweet taste 
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Table II 

Sweet taste of amino acids: dependence on the relative positions 
of ammonium and carboxylate groups {9) 
Amino acid Sweet taste c. (mmol/1) 

D-2-amino-propionic acid + 12 - 18 
3-amino-propionic acid 
D-2-amino-butyric acid + 12 - 16 
D,L-3-amino-butyric acid + 100 - 300 
4-amino-butyric acid -

Table III 
Sweet taste of D,L-2-hydroxycarbonic acids, R-CR,,(0H)-C00~ (_10,VO 

R 
R1 Sweet taste ctsw(mmol/l) 

H H - (100)+) 

CH3 H - (100) 
CH3 CH3 - (100) 
C2H5 H - (100) 
C3H7 H - (100) 
(CH3)2CH H + 15 - 20 
(CH3)2CH-CH2 H + 3 - 5 

C6H13 H - (100) 

C6 H5 H - (100) 

Maximum concentration (mmol/1) tested 
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much greater extent on the side chain than is the case with the 
amino acids. At all events, in the homologous series examined, 
sweet taste could only be observed in the hydroxy analogues of 
valine and leucine (Table III) (11). 

Contrary to sweet taste, the occurrence of bitter taste only 
depends on the ammonium group, corresponding to an electrophilic 
contact (Table IV). On transition from the amino acid to the cor
responding amine, c.. . decreases. 

The length of t n è side chain R is important both for the qua
lity and for the intensity of taste (Table V). Up to R=Et, D- and 
L-amino acids are sweet. R > Et causes bitter taste of increasing 
intensity in the L-series and increasing sweet taste in the D-se-
ries. N-Acylation or esterification abolishes the sweet taste but 
increases the bitter taste (Table VI). 

Thus it must follow that, in the case of peptides, irrespec
tive of the c onfiguration of the amino acids involved, only bit
ter taste can be expecte
side chains) are satisfied. The examples investigated confirm 
this assumption: quality and intensity of taste do not depend on 
the configuration (Table VII). Intensity also seems to be indepen
dent of the sequence (Table VIII). 

With peptides, the threshold values depend on the amino acids 
involved. Tables IX and X demonstrate this on the basis of some 
of the dipeptides and tripeptides. 

Qualitative predictions concerning the degree of bitterness 
to be expected in peptides are possible with the aid of NEY's Q-
value (J2) (Table XI), which is based on TANFORD's studies (J3). 
Using the AF. values of peptides, quantitative assessment of the 
expected range of threshold values is also possible on the basis 
of the amino acid composition (Table XI) (14). 

The sweet dipeptide esters of the L-aspartic acid and the L-
amino malonic acid (15-21) are interesting exceptions to the bit
ter taste shared by all other members of the peptide series. Fig. 
2 shows that here the amino groups and the free carboxylate groups 
of the side chains form an electrophilic/nucleophilic-hydrophobic 
system corresponding to that of a sweet D-amino acid (22). 

Fig. 3 demonstrates, on the basis of the sweet and bitter ta
ste of the amino acids, that not only hydrophobicity, but also the 
shape of the side chains influences the threshold value. 

The shape of the side chain is significant for the quality 
and intensity of taste, as illustrated by the isomeric leucines 
(Table XII). 

Very bulky side chains seem to prevent taste impressions al
together. The influence of polar substituents in the side chain 
depends very much on their type and position (Table XIII). 

Table XIV (23) compiles the results of the investigations 
conducted with the amino acids with cyclic side chains (1-amino-
cycloalkane-1-carboxylic acids). 

C. decreases greatly as the ring size increases (II,111,IV) 
and passes through a minimum at the cyclohexane derivative IV. The 
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sweet compound receptor 
L B - - - H A J 

(X) 

B) 

I 
OH 

Figure 1. Essential structure elements of sweet compounds according to (6) and (7) 

COO" COO" COO" 
ι ι ι 

H-C-NH 3
+ H-C-NH 3

+ CH2 

R CO H-C-NH 3
+ 

NH CO 
ι ι 
R, NH 

1 ι 
Figure 2. Structures of sweet dipeptide R2 
esters: (a) Ό-amino acid; (b) peptide of 
L-aminomalonic acid; (c) peptide of L-

asparticacid a b c 
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Table IV 
Bitter taste of amino acids and related compounds: dependence 
the ammonium group (24) 

Y 

ι 
R 

R X Y Bitter taste c t b i(mmol/l)a ) 

< COO" + 18 -22 
(CH3)2CH-CH2 NH3+ COO" + 11 - 13 
C6 H5" C H2 < COO" + 5 - 7 
4-H0-CGH4-CH2 NH3

+ COO" + 4 - 6 
C6 H5" C H2 NH-COCH 3coo" + 10 -12 

^3~^2~^2~^2 H coo" -
'̂̂ 3"̂ 2̂~̂ 2̂~̂ 2̂ OH coo" -
(CH3)2CH-CH2 NH 3

+ H + 3 - 4 
4-H0-CGH4-CH2 MH3

+ CH20H + 5 - 7 
4-H0-C6H4-CH2 MH3

+ C00C2H5 + 4 - 5 
4-H0-C6H4-CH2 NH3 C0NH2 + 4 - 5 

recognition threshold concentration for bitter 
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Table V 
Quality and intensity of taste of amino acids: dependence on the 
length of the side chain (9, 24) 

COO" 
+H

R 
R 

R1 taste quality ctsw 
(mmol/1) 

c tbi 
(mmol/1) 

H H sweet 25 - 35 
CH3 H sweet 12 - 18 
H CH3 sweet 12 - 13 
CH3 CH3 sweet 5 - 10 

C2H5 H sweet/bitter 12 - 16 95 - 100 
H 

C2H5 sweet 12 - 16 

C3 H7 H bitter 45 - 50 
H 

C3 H7 sweet 3 - 5 

C6H5"C H2 H bitter 5 - 7 
H 

C6H5" C H2 sweet 1 - 3 
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Table VI 
Taste of amino acids: derivatives of ammonium and carboxylic 
groups {99 24) 
Amino acid/derivative Taste quality 

ctsw c tbi 
(mmol/1) (mmol/1) 

Gly sweet 25 - 35 
N-Bz- Gly bitter 4 - 6 

L-Ala sweet 12 - 18 
N-Bz-L-Ala bitter 4 - 6 

D-Ala sweet 12 - 18 
N-Bz-D-Ala bitter 4 - 6 

L-Phe bitter 5 - 7 
N-Ac-L-Phe bitter 10 -12 

L-Phe-0Me bitter 3 - 5 
N-Ac-L-Phe-OEt bitter 1 - 2 

D-Phe sweet 1 - 3 
N-Ac-D-Phe neutral 

D-Phe-OMe bitter 3 - 4 
D-Phe-NH2 bitter 2 - 3 

N-Ac-D-Phe-OMe bitter 1 - 2 

Ac: acetyl, Bz: benzoyl, Me:methyl, Et: ethyl 
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Table VII 
Taste of peptides: dependence on the configuration of the amino 
acids (14) 
Peptide A-B A-L-B/L-A-L-B A-D-B/L-A-D-B D-A-D-B 

Gly-Leu bitter (19-23)
Gly-Phe bitter (15-17
Leu-Leu bitter ( 4- 5) bitter ( 5- 6) bitter (5-6) 

c tbi i ™ 0 1 / 1 ) 

Table VIII 
Taste of peptides: dependence on the amino acid sequence (14) 
Peptide ctbi(mmol/1) 

Ala-Leu 18 - 22 
Leu-Ala 18 - 21 
Gly-Leu 19 - 23 
Leu-Gly 18 - 21 
Ala-Val 60 - 80 
Val-Ala 65 - 75 
Phe-Gly 16 - 18 
Gly-Phe 15 - 17 
Phe-Gly-Phe-Gly 1.0- 1,5 
Phe-Gly-Gly-Phe 1.0- 1.5 
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Table X 
Taste of tripeptides A-B-C: dependence on the amino acid 
composition (14) 

C Gly Leu Tyr 

A - Β 12 ; 5 

Gly-Gly 75 
Leu-Glu 10 
Ile-Glu 43 
Leu-Gin 3 
Ile-Gln 33 
Gly-Leu 21 55 3 
Leu-Gly 20 75 6 
Leu-Val 2 
Val-Leu 10 
Leu-Leu 4.5 1.4 

ctbi(mmol/1) 
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Table XI 
Hydrophobicity of amino acids and peptides 

TANFORD, NOZAKI (J3) 
Nw W 

Δ F+ = RT ln 
M 

= A F t (amino acidj)  (glycine) 

NEY (12) 
~~ Σ η φ 4 

Q (peptide ) = 2 - i 

WIESER, BELITZ (_14) 

AF t(peptide n) = AF t (glycine n ) + 

Table XII 
Taste of amino 
(9, 23) 

acids: dependence on the shape of the side chain 

Amino acid R Taste quality ctsw(mmol/l) 

D-nor-Leu CH2~CH2~CH2~CH2 sweet 5 - 8 
D-Leu (CH3)2CH-CH2 sweet 2 - 5 
D-Ile CH3-CH2-CH(CH3) sweet 8 - 1 2 
D,L-tert-Leu (CH3)3C neutral 
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Table XIII 
Taste of amino acids: dependence on the substituents of the 
side-chain (9, 24) 
Amino acid Taste quality c t $ w c t b i 

(mmol/1) (mmol/1) 
D-alanine sweet 12 - 18 
D-serine sweet 30 - 40 

L-2-amino-butyric acid sweet 12 - 16 
L-threonine sweet 35 - 45 
L-homoserine sweet 25 - 30 

D-phenylalanine sweet 1 - 3 
D-tyrosine sweet 1 - 3 

L-proline sweet/bitter 25 - 40 
L-4-hydroxyproline sweet 5 - 7 
L-allo-4-hydroxyproline neutral 
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Table XIV 
Taste of 1-amino-cycloalkane-1-carboxylic acids (23). 
Nr. Cycloalkane ctsw(mmol/l) ctbi(mmol/l) 

II cyclobutane 20 - 30 
III cyclopentane 
IV cyclohexane 1 - 3 45 - 50 
V cycloheptane 2 - 4 13 - 15 
VI cyclooctane 2 - 4 2 - 5 
VII cyclononane n.s.(50)+ ) 20 - 50 
VIII cycloundecane n.s.(20) n.b.(20) 
IX cyclododecane 

2- methylcyclohexane++^ 
3- methylcyclohexane++^ 

n.s.(20) n.b.(20) 
X 

cyclododecane 
2- methylcyclohexane++^ 
3- methylcyclohexane++^ 

n.s.(20) n.b.(20) 
XI 

cyclododecane 
2- methylcyclohexane++^ 
3- methylcyclohexane++^ 2 - 5 2 - 4 

XII 4-methy1 eye1ohexane 8 - 1 0 1 - 3 
XIII 4-ethy1 eye 1ohexane n.s.(50) 1 - 3 
XIV 4-tert.-butylcylohexane n.s.(50) n.b.(50) 
XV 2-amino-norbornane-2-

carboxylic acid ca. 50 5 - 7 

n.s.: not sweet, n.b.: not bitter, in parenthesis maximum 
concentration (mmol/1) tested 

^mixture of isomers 
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Figure 3. Taste intensity and hydrophobicity of amino acid 
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following two homologues (V, VI) have the same, somewhat higher 
threshold value, whereas the remaining members of the series in
vestigated, (VII, VIII, IX), are no longer sweet up to concentra
tions of 20 resp. 50 mmol/1. 

The influence of substituents was tested on the cyclohexane 
derivative IV. In position 2 (X) a methyl group abolishes the 
sweet taste, whereas it is tolerated in positions 3 (XI) and 4 
(XII), with an increase in c-tsw however. Larger substituents,such 
as the ethyl group (XIII) and the tert. butyl group (XIV) abolish 
the sweet taste even in position 4. 

In the case of the 1-amino-cycloalkane-1-carboxylic acids, 
the threshold values for bitter taste also pass through a minimum, 
which, however, in contrast to c-tsw, shifts from the six-membered 
ring to the eight-membered ring. It is also significant that the
re is a relatively large decrease in ctbi on transition from V to 
VI and then an immediate increase with VII, whereas, within the 
range of the compounds III-VI
flat minimum. 

With the alkyl-substituted cyclohexane derivatives there are 
also variations in the course of ctsw a n d c tbi- T h e 2-methyl com
pound (X) is not bitter up to a concentration of 20 mmol/1, where
as a 3-methyl group (XI) or a 4-methyl group (XII) decreases ctbi 
in comparison with the unsubstituted compound IV. Whereas a 4-
ethyl group (XIII) abolishes sweet taste, it lowers c ^ even fur
ther, in comparison with the methyl compound XII. The 4-tert.-bu
tyl derivative XIV is neither sweet nor bitter. 

The bicyclic 2-aminonorbornan-carboxylic acid (XV) is sweet 
and bitter. Significant, too, is the great difference between 
ctsw and ctbi which is almost one decimal power. Altogether it 
can be seen that the steric conditions for bitter compounds are 
not as limiting as those for sweet compounds. 

The investigations mentioned above of amino acids R-CHNHL-
COOH (9,24) have shown that D-amino acids are sweet, with ctsw 
decreasing as the length of R increases. In the L-series the com
pounds are only sweet up to R = Et; from R = Et onwards they are 
bitter, with ctbi decreasing as the length of R increases. As can 
be expected from these results sweet and bitter taste occur from 
the 5-membered ring onwards in the 1-amino-cycloalkane-1-carboxy-
lic acids tested here. The 4-methyl and 4-ethyl-cyclohexane deri
vatives XII and XIII show that sweet taste only occurs up to a 
side chain lenght of approx. 0.6 nm (as measured from the centre 
of the C-atom 1 of the ring in the direction of the main axis). 
This condition would also be satisfied in the case of the cyclo-
octane derivative (VI) and the cyclononane derivative (VII) but 
the latter is nevertheless not sweet. Apparently the width of the 
ring in the region of the C-atoms 5 and 6 (cf. Fig. 4) prevents 
contact with the receptor in the case of VII. From cyclodecane 
derivative onwards the side chain length of 0.6 nm is also excee
ded. The results would suggest a barrier at the receptor. PAUTET 
and NOFRE (25) were able to demonstrate with N-alkyl-sulfamates 
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that sweet taste does not occur in these compounds if the length 
of 0.7 nm, as measured from the centre of the N-atom, is exceeded. 
For the receptors of alkyl sulfamates and amino acids it can there 
forebe assumed that there is a barrier at approximately the same 
distance from the bonding site for nitrogen. 

The 2-methylcyclohexane derivative X, the norbornane deriva
tive XV, the tert.leucine (I) and the N-trimethylglycine (XVI) 
provide information about the structural preconditions for sweet 
taste in the vicinity of ammonium and carboxylate groups (cf. Fig. 
4 and 5). 

D-Valine is sweet (9) but I and X are not. The C-atom 3 of a 
sweet amino acid may therefore only carry a maximum of two methyl 
groups. If we assume that, in the case of X, the isomers represen
ted in Fig. 4 with the ammonium group in axial position and with 
the carboxylic- and methyl-groups in equatorial position predomi
nate, then it is also clear which of the three possible positions 
for a methyl group at th
rence of sweet taste. The sweet taste of XV suggests that a methyl 
group in axial position would have to be allowed (cf. Fig. 5). The 
sweet taste of N-trimethylglycine (XVI) demonstrates, that an aci
dic hydrogen is not essential, but that an electrophilic group as 
-N(CH3)3 is sufficient. 

in Fig. 5 the structural formulae of some compounds that were 
investigated have been superimposed, in order to throw into relief 
those position whose occupation is allowed for sweet taste and 
those whose occupation is forbidden for sweet taste. The bonding 
site of the receptor stands out clearly in relief as a hydrophobic 
pocket with 2 polar contact points. 

The ring size has a determining effect on the threshold va
lues not only in the case of the sweet-bitter 1-amino-cycloalkane-
1-carboxylic acids but also, as our investigations have shown, in 
the case of other cyclic compounds, as for example the bitter cyc-
loalkanones, azacycloalkanes, lactams and lactones (Table XV), as 
well as the sweet cycloalkanesulfamates (Table XVI). From the tab
les it follows that the hydrophobic contact with the receptor ap
parently attains a maximum in general with ring sizes 6-8 on the 
part of sweet as well as bitter compounds. 

With simple aromatic compounds (Tables XVII and XVIII) the 
effect of structure on sensory qualities is easily recognizable, 
too. In order to determine electrophilic and nucleophilic centers 
in aromatic compounds their charge distributions were calculated. 
The values for the atomic charges were obtained from a computer 
program which is based on a model for partial equalization of or
bital electronegativity (26, 27). This model was extended tele
systems (28). 

PheriôT is sweet and bitter (XVII) as was definitely estab
lished despite a strong by-taste. From the charge distribution 
follows that the hydrogen of the HO-group and the carbon in 2-
position, or the hydrogen in 2-position and the oxygen can func
tion as an electrophilic/nucleophilic system (Fig. 17). Additio-
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Table XV 
Taste of selected cyclic compounds (11) 

X - Y η c+hi(mmol/1) 

5 10-15 
6 6 - 1 0 
7 5 - 6 
8 2 - 4 

12 n.b. (3) 

7 0.6- 1 
8 0.5- 1.2 

NH - CO 5 6 - 8 
6 3 - 4 
7 4 - 8 
8 12 - 15 
9 10 - 20 

0 - CO 5 50 - 60 
6 10 - 20 

[-(CH2>n-2-| 
L χ - γ J 

CH2-C0 

Table XVI 
Taste of cycloalkanesulfamates (11) 

( Ç ¥ n - 1 
η 

4 100 
5 2 - 4 
6 1 - 3 
7 0.5 - 0.7 
8 0.5 - 0.8 

CH - NH - SO.H 
J J 

c + c (mmol/1) 
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nal hydroxyl groups in positions 3 (XIX) and 5 (XXIII) intensify 
the negative charge in 2-position, but weaken it on the oxygen 
(Fig. 17) and result in a decrease in c+$ w. This leads to the con
clusion that of the 2 possibilities mentioned for the electrophi-
lic/nucleophilic system the first one will probably prevail. The 
effect of additional hydroxyl groups on ctbi is not so great. The 
hydrogen of the HO-group must be seen as the electrophilic group, 
its charge in the case of XVII, XIX and XXIII being constant. With 
hydroquinone (XX), ctsw i s higher than with XVII and XIX. As the 
charge in the 2-position is only very slightly diminished (Fig.17), 
we can assume disturbances of the hydrophobic contact by an HO-
group in 4-position. 

Neighbouring hydroxyl groups abolish sweet taste (XVIII, XXI, 
XXII, XXIV) but are compatible with the bitter taste (XVIII, XXI). 
A methyl group in 2-position (XXV) also abolishes sweet taste. 

Aniline XXVIII and the diamine benzenes XXIX and XXX are not 
sweet. Apparently the positiv
amino group, which is lower than that of the phenols (Fig.17), is 
not sufficient for contact with the receptor. 

With benzoic acid (XXXI) the hydrogen in 2-position and the 
oxygen atoms of the carboxyl group must be regarded as the elec
trophil ic/nucleophi lie system on the grounds of the charge distri
bution (Fig.17). Comparison with the phenols in Table XVII shows 
that the benzene nucleus can contribute the electrophilic as well 
as the nucleophilic group to the bipolar system. The effect of 
further substituents depends on type and relative position. 

2-Hydroxy-(XXXV) and 2-aminobenzoic acid (XLI) are signifi
cantly sweeter than benzoic acid (XXXI). Apparently the bipolar 
system of these compounds consists of a hydrogen from the H0-
resp. NHp-group and an oxygen from the carboxylate group. In the 
case of the corresponding 3-substituted benzoid acids (XXXVI,XLII) 
the same bipolar system can not work for steric reasons. On the 
other hand the charge in the 2-position of these compounds is not 
significantly altered in comparison to benzoic acid and the hydro-
phobicity has decreased. Therefore it is difficult to i n t e r p r è t e 
the relative low values for ctsw-

It seems that hydroxy- and amino-substituents in 4-position 
to the carboxylate group are not compatible with sweet taste 
(XXXVII, XLIII). p-Nitrobenzoic acid (LII) however, is sweet. Be
cause of the charge distribution of this compound, bipolar con
tact with the receptor probably takes place, as with nitrobenzene 
(L111 ) via an oxygen of the nitro group and the hydrogen in 2-po
sition (Fig.17). The hydrophobic contact can be disturbed to vary
ing degrees, depending on position, by the carboxylate group. The
refore the ctsw °f a 1 1 the nitrobenzoic acids tested (L,LI,LII) is 
higher than the c-(-sw of nitrobenzene itself ( L111 ). The same is 
true for the nitropnenols (LIV-LVI). 

With the nitrobenzoic acids L-LII the inverse behaviour of 
ctsw a n d ctbi i s worthy of note: from the 2-to the 4-derivative 
ctsw i n c r e a s e s whereas decreases. The amino benzoic acids 
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116 FOOD TASTE CHEMISTRY 

Figure 6. Bitter taste of some ketones: (O) 2-alkanones; (f) cycloalkanones; 
(n) total number of C-atoms 
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4. BELiTz ET AL. Sweet and Bitter Compounds 117 

(XLI-XLIII) and the hydroxy-benzoic acids (XXXV-XXXVII) probably 
have the same tendency, but, up to the concentrations tested, the 
4-derivatives are not sweet and the 2- and 3-derivatives are not 
bitter. 

The predominating view in the literature is that both bitter 
and sweet compounds need a bipolar system. When investigating the 
taste of amino acids and related compounds, we came to the hypo
thesis that for bitter taste a monopolar (electrophilic) hydropho
bic structure is sufficient and that in the case of bipolar hydro
phobic compounds the overall steric properties determine whether 
they are sweet, bitter, sweet-bitter or tasteless. For checking 
our hypothesis we have determined the taste quality and the recog
nition threshold values of some further simple compounds. Ketones 
with sufficiently long side chains are bitter (Fig.6). The carbo-
nyl-C-atom is assumed to be the polar (electrophilic) contact 
group. Open chain and cyclic ketones with 7 or more C-atoms have 
approximately the same c ^
receptor site may be similar. In the case of 2-alkanones C + K J -

values seem to pass through a minimum. As mentioned above the va
lues of Table XV show that C-J-KJ of cycloalkanones, oxacycloalkanes 
azacycloalkanes, lactams and lactones is related to the ring size. 
In the case of five- and six-membered rings, lactones have signi
ficantly higher, lactams significantly lower c-^i-values in com
parison with cycloalkanones of the same ring size, while those of 
azacycloalkanes are nearly equal. On the basis of the charge di
stribution (Fig.17) the carbonyl-C-atoms in the case of cycloalka
nones and lactones, and a hydrogen-atom of the nitrogen in the 
case of the azacycloalkanes can be assumed to be electrophilic con
tact groups. With the lactones the ring oxygen probably leads to 
a disturbance of the hydrophobic contact and thus to an increase 
in c-tbi- With the lactams the carbonyl-C-atom or the hydrogen of 
the NH-group is the possible polar contact group (Fig.17). 

Open chain esters, amides and alkyl-ureas may also be bitter 
(Table XIX). The c^bi-values depend on the hydrophobicity of the 
side chains. Primary, secondary and tertiary amines are bitter 
(Table XX). The ctbi-values of compounds with equal side chains 
decrease in the same order. But with the i-butyl-residue, c^i 
reaches a minimum with the secondary amine. Possibly there are 
problems with three somewhat bulky residues at the receptor site, 
ctbi increases with hydrophilic substituents in the side chain, as 
is shown with the ethyl and hydroxy-ethyl compounds. 

The examples of substituted piperidines and pyridines show 
that ctbi depends on position and polarity of the substituents 
(Table XXI). Apolar groups seem to make the best f i t with the re
ceptor at position 3 or 4, while the negative influence of polar 
groups on the hydrophobic contact seems to be minimal at position 
2. 

The homologous compounds tested follow a linear relationship 
between log c-̂ bj a n d t h e number of C-atoms in the side chain R 
(Fig.7), according to the equation (29): 
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Table XIX 
Taste of amides, esters and alkyl ureas (11) 

1 :tbi(mmol/1) 

R1C00R2 

Phenyl Ethyl 

4-Hydroxy-
phenyl 

Methyl 
Ethyl 

3,4,5- Trihydroxy-
phenyl 

Propyl 
Octyl 

8 
4 

- 10 
- 6 

0.8 -
0.15 -

1.0 
0.2 

RjHN NHR, 

C 
H 
0 

Η 
Methyl 
Ethyl 
Propyl 
Butyl 

Methyl 
Ethyl 

60 
35 
20 
10 
5 

- 70 
- 40 
- 25 
- 15 
- 7.5 

Methyl 
Ethyl 

25 
12.5 -

30 
15 

RCONH, Methyl 
Ethyl 
Propyl 
Butyl 
Phenyl 

n.b. 
50 
17.5 
17.5 
0.8 

55 
22.5 
22.5 

1 

n.b.: not bitter 
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Table XX 
Taste of amines (11) 

R„ ctbi(mmol/1) 

Propyl H H 15 - 25 
Butyl H H 4 - 8 

, i-Butyl Η Η 4 - 5 
'3 Pentyl Η Η 1.5 - 3 

Ethyl Ethyl Η 5 - 15 
HO-Ethyl HO-Ethyl Η 20 - 40 

i-Butyl i-Butyl Η 0.4 - 0.6 

Ethyl Ethyl Ethyl 2 - 3 
HO-Ethyl HO-EthylHO-Ethy

i-Butyl i-Butyl i-Butyl 0.8 - 2 

Benzyl Η Η 2 - 3 
Benzyl Methyl Methyl 0.6 - 0.9 

cyclo-Propyl Η Η r ,.b.+> 
-Butyl Η Η 35 - 45 
-Pentyl Η Η 8 - 10 
-Hexyl Η Η 1.5 - 2 
-Octyl Η Η 0.5 - 0.7 

n.b.: not bitter 

Table XXI 
Taste of piperidines and pyridines (11) 

R ctbi(mmol/1) 

Q-

H 8 - 10 
1-Methyl 10 - 15 
2-Methyl 5 - 8 
3-Methyl 1 - 4 
4-Methyl 1 - 2 
4-Phenyl 0.3- 0.5 

2-C00H 25 - 30 

2- C00H 
3- C00H 
3-C0NH2 

5 - 7 
20 - 25 

6 - 8 
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Figure 8. Fixation of sweet and bitter compounds in rectangular coordinates— 
amino acids 
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4. BELiTz ET AL. Sweet and Bitter Compounds 121 

log c t b i = a · η + b 

As with the 2-alkanones in some cases this seems to be true only 
up to a limited value of n. 

All together the examples show that monopolar (electrophilic) 
hydrophobic compounds can cause bitter taste and that the intensi
ty of bitter taste depends on the size and shape of the hydropho
bic part of the molecule. 

Expanding SHALLENBERGER and ACREE's concept for sweet com
pounds further, we regard not only AH/B-systems capable of forming 
hydrogen bonds as a potential polar contact grouping but all elec
trophil ic/nucleophil ic systems. As a further development of KIER's 
concept we assume the existence of an expanded hydrophobic contact, 
not a restricted one. 

Size and shape of the hydrophobic part are important for the 
quality and for the intensity of taste. The individual results can 
be classified formally i
are 

- for sweet compounds 2 polar groups, an electrophilic one 
ρ (+), a nucleophilic one ρ (-). An apolar group "a" is 
not essential but important for the intensity of sweet 
taste. 

- for bitter compounds one polar group, an electrophilic 
one ρ (+) and an apolar group "a". 

The coordinate system was so chosen that in the case of 2-amino-
carboxylic acids the C-atom 2 is at the origin and the polar 
groups ρ (+) and ρ (-) occupy the positions resulting from Fig.8. 

In this system, by superimposing probable conformers of 2-
amino-carboxylic acids - as in Fig. 5 - one can indicate positions 
allowed and forbidden for sweet compounds (Fig.9). Even if there 
is only information regarding one forbidden position on the +z 
side and the dotted line is therefore hypothetical, it is st i l l 
clearly recognizable that the forbidden positions as a whole are 
not arranged symmetrically to the x-axis. 

A D-amino acid, e.g. D-njrleucine (sweet), could occupy the 
positions ρ (+) ρ (-) a (+x, -y, +z) (Fig.10), whereby the expres
sion in brackets after "a" indicates the expansion directions of 
the apolar group. 

A short-chain L-amino acid, e.g. L-alanine (sweet) can occupy 
the positions ρ (+) ρ (-) a (+x, -y, -z), whereas L-norleucine 
(bitter) in stretched conformation cannot do so because of forbid
den positions (Fig.10), altough it can occupy ρ (+) a (+x, -y, +z) 
after 60° rotation about the y-axis (Fig.10). This rotation about 
the y-axis is only one possibility, for with monopolar occupation, 
where fixation of the origin is no longer meaningful, rotation 
about other axes is also possible, so that this situation must be 
generally denoted as D (+) a (+x, -y, ± z ) . 

1-Aminocyclohexane-1-carboxylic acid (sweet/bitter) would 
occupy the position ρ (+) ρ (-) a (+x, -y, ±z) (Fig.11). 

These examples show, that compounds can be arranged with re-
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Figure 9. Fixation of sweet and bitter compounds in rectangular coordinates— 
amino acids: (O) allowed and (Φ) forbidden positions for sweet taste 
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4. BELITZ ET AL. Sweet and Bitter Compounds 123 

ρ(-) Θ00Ο 

D-norleucine sweet 

p(+) p(-) a(+x, + y, + z) allowed 

> a(+x, + y,+ y,+z) 

+ ζ 

a(+x,^y, - z ) 

ρ(-)θ00Ο 
L- norleucine bitter 

p(+) p(-) a(+x,iy,-z) forbidden 

L-norleucine bitter 

p(+) a(+x, + y, + z) allowed 

Figure 10. Fixation of sweet and bitter compounds in rectangular coordinates— 
Ό-norleucine and L-norleucine in allowed and forbidden positions 
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Figure 11. Fixation of sweet and bitter compounds in rectangular coordinates— 
1-amino-cyclohexane-l-carboxylic acid (sweet/bitter) p(-{-)p(—)a(-\-x, ±y, ztz) 

Figure 12. Fixation of sweet and bitter compounds in rectangular coordinates— 
pohr (p(+), p(—)) and apolar (a(±x, ±y, ±z)) occupation possibilities for com
pounds with the taste qualities sweet: p(-\-)p(—)a(-\-x, ±y, + z), p(-\-)p(—)-
a(-\-x, ±y, —z); sweet-bitter: p(-\-)p(—)a(-\-x, ±y, ±z); bitter: p(-\-)a(±x, ±y, 
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gard to their sweet and/or bitter taste qualities according to 
their varying occupation possibilities(-it is generally assumed 
that a compound occupies all positions to which it has access -) 
in the following (Fig.12): 

sweet: p(+) p(-) a(+x, ±y , +z) or p(+) p(-) a(+x, ±y, -z) 
(In the latter case the C-atom at the coordinate 
origin may only carry substituents R = Et.) 

sweet-bitter:p(+) p(-) a(+x, -y, *z) 
bitter: p(+) a ( ± x , ±y, ± z ) 

The aromatic compounds investigated also fit in well with this 
formal model. The benzene ring is located in the x/y plane, but it 
extends towards the sides +z and -z with its^T-orbitals, so that 
in the presence of a suitable bipolar system sweet-bitter taste 
can be expected. The deviations observed, i.e. the occurrence of 
either sweet or bitter tast
must be traced back to substituents, which either disturb the bi
polar system or are located in sterically forbidden positions. The 
benzoic acids can occupy the positions p(+) p(-) a(+x, -y) (Fig.13), 
likewise the nitrobenzenes (Fig.14). For the phenols the corres
ponding positions would be p(+) p(-) a(-x, *y) (Fig.15). The other 
possible arrangement (dotted line in Fig.15) would bring the phe
nyl residue into a position which in the case of many other com
pounds (carboxylic acids, nitro compounds) is not occupied by a 
hydrophobic group but by a polar one. Accordingly a hydrophobic 
contact in the -x direction too, is not out of the question. This 
possibility is also advantageous for the placing of bitter pepti
des and 2.5-dioxopiperazines, which could bring several apolar 
groups into contact by occupying p(+) a(*x, -y, ± z ) . 

The general model developed for sweet and bitter compounds 
leads to a sweet-bitter receptor, which can be given formal re
presentation as a hydrophobic pocket with a bipolar system (Fig. 
16). If we designate the contact of a stimulus with one, resp. 
both polar groups, as monopolar, resp. bipolar, and the hydro
phobic contact with one, resp. both sides (+z or -z, resp. *z) of 
the pocket, as monohydrophobic, resp. bihydrophobic, then the 
taste qualities sweet and bitter can be formally traced back to 
the following contacts: 

sweet — » bipolar-monohydrophobic 
sweet-bitter — * bipolar-bihydrophobic 
bitter — » monopolar-monohydrophobic or 

bihydrophobic. 

This formal system cannot claim to make any statement regarding 
a real receptor, but it has the advantage of making it possible 
for the first time, to treat the taste qualities sweet and bitter 
uniformly and to classify them in one model. 
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Figure 14. Fixation of sweet and bitter compounds in rectangular coordinates— 
nitrobenzene 
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Figure 16. Representation of the hydrophobic pocket and the polar contact 
groups of a formal sweet-bitter receptor 
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Figure 17. Atomic charge distribution of selected compounds (e · 103) (26, 27, 28) 
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Figure 17. Continued 
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Chemistry of Sweet Peptides 

YASUO ARIYOSHI 
Central Research Laboratories, Ajinomoto Co., Inc. 1-1, 
Suzuki-cho, Kawasaki-ku, Kawasaki, 210, Japan 

It is known that sweet-tastin
and their chemical structure
a structure-taste relationship, a large number of compounds have 
been tested, and several molecular theories of sweet taste have 
been proposed by different groups. At present, the phenomenon of 
sweet taste seems best explained by the tripartite functioning of 
the postulated AH, Β (proton donor-acceptor) system and hydro
phobic site X (1, 2, 3, 4, 5). Sweet-tasting compounds possess 
the AH-B-X system in the molecules, and the receptor site seems to 
be also a trifunctional unit similar to the AH-B-X system of the 
sweet compounds. Sweet taste results from interaction between the 
receptor site and the sweet unit of the compounds. Space-filling 
properties are also important as well as the charge and hydro
phobic properties. The hydrophile-hydrophobe balance in a 
molecule seems to be another important factor. 

After the finding of a sweet taste in L-Asp-L-Phe-OMe (aspar
tame) by Mazur et al. (6), a number of a s p a r t y l dipeptide esters 
were synthesized by several groups i n order to deduce structure-
taste r e l a t i o n s h i p s , and to obtain potent sweet peptides. In the 
case of the peptides, the configuration and the conformation of 
the molecule are important i n connection with the s p a c e - f i l l i n g 
properties. The preferred conformations of amino acids can be 
shown by a p p l i c a t i o n of the extended Hiickel theory c a l c u l a t i o n . 
However, pro j e c t i o n of reasonable conformations f o r d i - and t r i -
peptide molecules i s not e a s i l y accomplished. 

In the course of inv e s t i g a t i o n s of aspartyl dipeptide e s t e r s , 
we had to draw t h e i r chemical structures i n a u n i f i e d formula. In 
an attempt to f i n d a convenient method fo r p r e d i c t i n g the sweet-
t a s t i n g property of new peptides and, i n p a r t i c u l a r , to elucidate 
more d e f i n i t e structure-taste r e l a t i o n s h i p s for a s p a r t y l dipeptide 
esters, we previously applied the Fischer p r o j e c t i o n technique i n 
drawing sweet molecules i n a u n i f i e d formula ( 4_). 

The sweet-tasting property of a s p a r t y l dipeptide esters has 
been succes s f u l l y explained on the basis of the general structures 
shown i n Figure 1 (4). A peptide w i l l taste sweet when i t takes 
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Figure 1. General structure for sweet 
peptides: Rj = small hydrophobic side 
chain (1 ~ 4 atoms); R2 = larger hydro

phobic side chain (3 ~6 atoms) (4) 
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COOH 
Figure 2. General structure for sweet R 2^C^NH 2 

amino acids: R, is not restricted; R2 = r 
H,CH3,orC2H5(12) Ri 
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the formula (A), but not when i t takes the formula (Β), where R 2 

i s larger than R l t R x i s a small hydrophobic side chain with a 
chain length of 1^4 atoms and R 2 i s a larger hydrophobic side 
chain with a chain length of 3^6 atoms. R i i n formula (A) serves 
as the hydrophobic binding s i t e (X). In the formula (A), when R i 
and R 2 are s u f f i c i e n t l y dissimilar i n size, the sweetness potency 
w i l l be intense, whereas when R i and R 2 are of similar size, the 
potency w i l l be weak (Table 1). 

The structure-taste relationships w i l l be discussed i n 
d e t a i l . Dipeptide esters are closely related to amino acids i n 
chemical structure and properties. Hence, we selected amino acids 
as the standard to which sweet peptides were related. The struc
tural features of sweet-tasting amino acids have been best 
explained by Kaneko (12) as shown i n Figure 2, i n which an amino 
acid w i l l taste sweet when R 2 i s H, CH3 or C 2H 5, whereas the size 
of R x i s not r e s t r i c t e

In the case of asparty
a free α-amino group, and proton acceptor Β i s a free β-carboxyl 
group. Therefore, the aspartyl part could be readily arranged to 
meet the structural requirements for sweet taste defined by 
Kaneko through the Fischer projection formula. The distance 
between the free α-amino and β-carboxyl groups was considered to 
be within the range defined for sweet molecules. In the case of 
the second amino acid such as Phe-OMe of aspartame, however, 
somewhat greater f l e x i b i l i t y i n drawing configurations was 
afforded by the interchange of atoms or groups attached to the 
asymmetric carbon atom of the second amino acid. This part of 
amino acid could be replaced by a great variety of L- or D-amino 
acid esters without losing the sweetness. This suggests that the 
sweet taste receptor s i t e sees only the size and shape of this 
part, apart from the AH-B system of L-aspartic acid. It seems 
that the taste receptor sees the second amino acids as an a l k y l 
side chain i n the case of sweet amino acids. 

In order to avoid confusion and to unify the system, the 
molecular structure was projected so that the largest side chain 
attached to the asymmetric carbon atom would be at the bottom of 
the formula and the amino group of the peptide bond i n the upper 
position as shown i n Figure 1. The remaining two groups such as 
a hydrogen atom and a smaller side chain, then l a i d i n front of 
the projection pla i n . The orientation of the hydrogen atom and 
the smaller side chain depends on the configuration and the size 
of the two side chains of the amino acid ester. It was considered 
that the taste of the dipeptide esters changed according to the 
size and shape of the second amino acid. For instance, a sweet 
peptide, L-Asp-L-Phe-OMe (1), corresponds to the formula (A), 
where R x i s a methyl ester group and R 2 i s a benzyl group, whereas 
a nonsweet peptide, L-Asp-D-Phe-OMe (2), corresponds to the 
formula (B), where R x i s a methyl ester group and R 2 i s a benzyl 
group. This evidence suggests that a peptide w i l l taste sweet 
when i t takes the formula (A), but not when i t takes the formula 
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(B). This also suggests that the AH-B concept represents only a 
f i r s t approximation i n the case of peptides. C e r t a i n l y , the AH-B 
system i s required i n the molecule. However, the s t r u c t u r a l 
c h a r a c t e r i s t i c s of the second amino acid sometimes may completely 
mask any AH-B e f f e c t . To test the above hypothesis, we have 
synthesized a number of peptides with or without a sweet taste. 
The C-C bonding i n R 2 has been replaced by ether, thioether, 
amide or ester bond without l o s i n g sweetness. R i i s a small side 
chain such as a methyl, e t h y l , isopropyl, or hydroxymethyl group, 
or an ester having a small substituent. The exact chemical 
nature of these groups i s not c r u c i a l . 

The studies on peptides began with a c o r r e l a t i o n between 
sweet amino acids and peptides. Since the p r o j e c t i o n formula of 
L-Asp-Gly-OMe (4) i s s i m i l a r i n s i z e and shape to that of ε-Ac-D-
Lys (3) which i s sweet, we predicted that L-Asp-Gly-OMe would 
taste sweet i n s p i t e o
Therefore, we synthesize
i t was sweet and i t s sweetness potency was almost equal to that of 
ε-Ac-D-Lys. Thus, the dipeptide could be correlated to the amino 
acid. Lengthening (5) or enlargement (6) of the a l k y l group of 
the ester did not a f f e c t i t s sweetness potency (Table 1). 

However, when a methyl group was introduced so as to protrude 
on the r i g h t of the proj e c t i o n formula of L-Asp-Gly-OMe, the 
resultant L-Asp-D-Ala-OMe (7) (8) was sweeter than L-Asp-Gly-OMe. 
This r e s u l t suggests that the methyl group i s involved i n a hydro
phobic i n t e r a c t i o n at the receptor s i t e and causes the increased 
sweetness potency. On the other hand, when a methyl group was 
introduced so as to protrude on the l e f t of the p r o j e c t i o n formula 
of L-Asp-Gly-OMe, the res u l t a n t L-Asp-L-Ala-OMe (8) (8) was not 
sweet but b i t t e r . Loss of sweetness suggests that i n t e r a c t i o n 
with the receptor s i t e may be blocked by the methyl group. This 
also supports the idea that a dipeptide w i l l not taste sweet when 
i t takes the formula (Β), i n which R x protrudes on the l e f t . 
Introduction of an ethyl group instead of the methyl group so as 
to protrude on the r i g h t of the pr o j e c t i o n formula of L-Asp-Gly-
OMe gave L-Asp-D-Abu-OMe (9), which was 16 times sweeter than 
sucrose. Introduction of an ethyl group on the opposite side gave 
L-Asp-L-Abu-OMe (10), which was devoid of sweetness. The low 
l e v e l of sweetness of (9), as compared with (7), may show that the 
population of the sweet formula (A) may s i g n i f i c a n t l y decrease 
because the two groups do not d i f f e r greatly i n s i z e . 

This idea gained further support when a methyl group was 
introduced on the r i g h t of the proj e c t i o n formula of L-Asp-Gly-
OPrtt (11) to give L-Asp-D-Ala-OPr^ (12), which was 125 times 
sweeter than sucrose. L-Asp-D-Ala-OPr^ was about 9 times sweeter 
than L-Asp-Gly-OPrtt. In the molecule of L-Asp-D-Ala-OPt^, the 
sizes of CH 3 (Ri) and C00CH 2CH 2CH 3(R 2 ) are s u f f i c i e n t l y d i s s i m i l a r . 
An e t h y l group was introduced instead of the methyl group to give 
L-Asp-D-Abu-OPrn (13), which was 95 times sweeter than sucrose 
and was less sweeter than L-Asp-D-Ala-OPr^. Lengthening the a l k y l 
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group of the ester of L-Asp-D-Abu-OMe increased the sweetness 
potency; L-Asp-D-Abu-OPrn was 6 times sweeter than L-Asp-D-Abu-
OMe. This fact may show that the sweeter compound (13) takes 
predominantly the sweet formula (A), since the sizes of the two 
groups are s u f f i c i e n t l y d i s s i m i l a r . 

More interesting i s the case of L-Asp-L-Nva-OMe (14). Since 
the sizes of COOCH3 and CH2CH2CH3 are almost equal, both the 
sweet formula(A) and the nonsweet formula (B) could be drawn for 
the dipeptide, so that i t could be predicted that the peptide 
would be s l i g h t l y sweet. In fact, i t was only 4 times sweeter 
than sucrose. Of course, replacement of the methyl group by an 
ethyl group resulted i n a compound (L-Asp-L-Nva-OEt (15)) lacking 
in sweetness as expected from i t s projection formula. Some d i -
peptides containing D-norvaline were also sweet, when R1 and R 2 

matched the sweet formula (A), e.g., L-Asp-D-Nva-OPrn (16) was 45 
times sweeter than sucrose

Thus, i t i s plausibl
depend on the configuratio y 
depends on the size and shape of this amino acid ester. 

L-Asp-L-Nle-OMe (17) was strongly sweet, but L-Asp-L-Nle-OEt 
(18) was only s l i g h t l y sweet. These differences could be easily 
predicted from examination of their projection formulas. Both 
the sweet formula (A) and the nonsweet formula (B) could be drawn 
for the l a t t e r peptide. 

L-Asp-L-Cap-OMe (19) was sweet, whereas the ethyl ester (20) 
was not sweet but b i t t e r , though we could draw the sweet formula 
(A) to i t . This may show that the increased hydrophobicity i n 
the molecule changed the property of the sweet peptide to a 
b i t t e r property, because i t has been known that b i t t e r - t a s t i n g 
compounds are composed of charge and hydrophobic properties. 
This also suggests that the hydrophile-hydrophobe balance i n a 
sweet molecule i s a very important factor. 

An a l k y l side chain of the second amino acid could be 
replaced by an ester group without losing the sweetness, e.g., 
L-Asp-L-Ser(Ac)-OMe (21), L-Asp-L-Ser(Bt^)-OMe (22) and L-Asp-L-
Ser(Bti)-OEt (23) were sweet. The replacement of the L-serine by 
L-threonine or by L-aZZothreonine resulted in b i t t e r compounds 
(24, 25). These results matched that the introduction of a methyl 
group into a sweet peptide, L-Asp-L-Nva-OMe, resulted i n a b i t t e r 
substance (L-Asp-L-Ile-OMe (26)). The methyl group may block the 
interaction between the peptides and the sweet receptor. 

From the above discussion, we have concluded that a hydro
phobic binding s i t e i s necessary for a series of potent sweet 
peptides. Next, we examined how a hydrophilic group would affect 
the sweetness potency. 

The introduction of an amino group to L-Asp-L-Nle-OMe (17) 
resulted i n a b i t t e r compound (L-Asp-L-Lys-OMe (27)) and blocking 
the amino group recovered the sweetness by some extent (28). The 
introduction of a hydroxyl group into a peptide with the L-L 
configuration (17, 31) resulted i n a diminution i n the potency 
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(29, 30, 32). 
Contrary to the peptides with the L-L configuration, the 

introduction of a hydroxyl group into the L-D peptides did not 
always result in a diminution of their potencies, but sometimes 
increased their potencies. L-Asp-D-Ser-OR (R=Me, Et, P r n , Pr^, 
Butt, Bu*- or c-hexyl) was sweeter than the corresponding peptides 
without a hydroxyl group, L-Asp-D-Ala-OR (9), e.g., compounds (33) 
and (35) were sweeter than compounds (12) and (34), respectively. 

In the case of threonine-containing peptides, L-Asp-D-Thr-OR 
(R=Me or Pr^) was sweeter than L-Asp-D-Abu-OR which lacks a 
hydroxyl group of the D-threonine. On the contrary, when the D-
threonine was replaced by D-α Ζ Z.0 threonine, the potency diminished 
s i g n i f i c a n t l y . The IR spectra of these peptides showed that the 
hydroxyl absorption had disappeared due to strong hydrogen 
bonding. It i s considered that the apparent exceptions may be due 
to r i g i d intramolecula
p h i l i c i t y and allowing

Returning to stereoisomerism, the relationships between 
stereoisomerism and taste w i l l be discussed by using stereoisomers 
of aspartame (L-Asp-L-Phe-OMe) as model compounds. The lack of 
sweet taste i n a-L-Asp-D-Phe-OMe (6) i s readily explained after 
considering the projection formula ((2) i n Figure 3), i n which a 
small side chain on the l e f t may cause elimination of sweetness. 
According to Mazur et al9 β-D-Asp-L-Phe-OMe (6) i s b i t t e r though 
i t s projection formula ((44) i n Figure 3) would suggest that i t 
has a sweet taste. This result can not be explained f u l l y . 
However, dipeptide esters carrying a small hydrophobic group on 
the 5th carbon from the carbon bearing the AH(NH2) often tasted 
b i t t e r ; e.g., L-Asp-L-Ile-OMe (26) and L-Asp-L-aThr(Bt^)-OMe (25) 
were b i t t e r . The location of C00CH3 from the AH(NH2) i n the 
peptide (44) corresponds to that of CH3 i n these peptides. The 
lack of sweet taste i n β-L-aspartyl dipeptide esters such as β-L-
Asp-Gly-OMe (7) and β-L-Asp-L-Phe-OMe (6) i s readily explained 
after considering their projection formulas ((45) i n Figure 3), i n 
which the second amino acid l i e s on the l e f t . This formula i s 
incompatible with that defined for sweet amino acids, i n which the 
second amino acid corresponds to R 2 of Figure 2. And also the 
peptide does not f i t the s p a t i a l barrier model for the receptor 
s i t e proposed by Shallenberger et al. (13). The lack of sweet 
taste i n α-D-aspartyl dipeptide esters such as a-D-Asp-L-Phe-OMe 
(6) i s interpreted analogously after considering their projection 
formulas ((46) i n Figure 3). 

Therefore, we have concluded that sweet-tasting aspartyl 
dipeptide esters can be drawn as the unified formula (A), whereas 
nonsweet peptides as (B) as shown in Figure 1. 

There i s no asymmetric carbon atom in aminomalonic acid 
molecule. When both of the carboxylic acids are substituted by 
e s t e r i f i c a t i o n with different alcohols, o p t i c a l isomers are 
generated. It i s known that aminomalonic acid derivatives readily 
racemize i n solution under ordinary conditions. L-Asp-Ama (OFn) -
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OMe was found by Fujino et al.(11) to be 22000^33000 times 
sweeter than sucrose. It i s not exactly known whether the sweet-
tasting isomer has the L-L(or S-R) or the L-D(or S-S) configura
tion because of ready racemization. From the examination of i t s 
projection formula, i t could be predicted that the L-L(or S-R) 
isomer (42), i n which aminomalonic acid diester takes an L(or R)-
configuration, would be sweet. This prediction agreed with that 
reported i n the l i t e r a t u r e (14). 

In Ama-L-Phe-OMe (47) (14, 15), i t i s also not known whether 
the sweet-tasting isomer has the L-L(or S-S) or the D-L(or R-S) 
configuration. In the case of aspartyl dipeptide esters, the L-L 
isomer was sweet. By analogy, other researchers deduced that the 
L-L(or S-S) isomer ((47b) i n Figure 4) would be sweet. However, 
i t seemed to us that the D(or R)-configuration would be preferred 
for the aminomalonic acid because the D-L(or R-S) isomer ((47a) i n 
Figure 4) was compatible with the sweet formula and could also f i t 
the s p a t i a l barrier mode
could neither f i t the recepto

Further examinations of the molecular features and of the 
model of receptor have suggested that several aspartyl tripeptide 
esters may also taste sweet. In confirmation of the idea, several 
tripeptide esters have been synthesized. In the f i r s t place, L-
Asp-Gly-Gly-OMe (38) was synthesized as an a r b i t r a r i l y - s e l e c t e d 
standard of tripeptides, because i t was considered that this 
peptide ester had the simplest structure, and correlation of other 
peptides to (38) was easy. The tripeptide ester was predicted 
that i t would be s l i g h t l y sweet or tasteless because i t s projec
tion formula was similar i n size and shape to that of L-Asp-Gly-
0Bu n which i s 13 times sweeter than sucrose (16) and because i t 
i s more hydrophilic than the dipeptide. The tripeptide (38) was 
devoid of sweetness and almost tasteless. 

Next, L-Asp-D-Ala-Gly-OMe (39) was synthesized i n order to 
evaluate the contribution of a small side chain, which i s properly 
oriented to e l i c i t sweetness i n the projection formula. The 
peptide was speculated to be sweet. As expected, i t was sweet. 

L-Asp-D-Abu-Gly-OMe (40) was selected as a next candidate i n 
order to determine i t s sweetness intensity r e l a t i v e to L-Asp-D-
Ala-Gly-OMe (39). The sweetness intensity of this peptide was 
predicted to be lower than that of L-Asp-D-Ala-Gly-OMe after 
examining their formulas. As expected, the synthesized L-Asp-D-
Abu-Gly-OMe was sweet, and i t s sweetness intensity was lower than 
that of L-Asp-D-Ala-Gly-OMe. 

F i n a l l y , L-Asp-D-Val-Gly-OMe (41) was synthesized i n order to 
see whether i t remained sweet. The peptide was devoid of sweet
ness and almost tasteless, though D-valine-containing aspartyl 
dipeptide esters such as L-Asp-D-Val-OPr^ (17) and L-Asp-D-Val-
OPr^ (8, 17), which are similar to the tripeptide ester i n size 
and shape and have potent sweet taste. 

As mentioned above, the second amino acid of the sweet 
aspartyl dipeptide esters could be replaced by dipeptide esters 
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such as D-Ala-Gly-OMe and D-Abu-Gly-OMe without l o s i n g the sweet
ness. However, t h e i r sweetness potencies were considerably lower 
than those of a s p a r t y l dipeptide esters with the s i m i l a r s i z e and 
shape. Replacement of the second amino acid of a sweet as p a r t y l 
dipeptide ester such as L-Asp-Gly-OBuw by Gly-Gly-OMe resulted i n 
l o s i n g the sweetness ((38) i n Figure 5), i n s p i t e of i t s s i m i l a r 
i t y i n the p r o j e c t i o n formula to that of the sweet dipeptide 
ester. These facts suggest that the t r i p e p t i d e esters are more 
hydrophilic than the dipeptide esters and the hydrophilic property 
caused the sweetness i n t e n s i t y to decrease. The conformation of 
the t r i p e p t i d e esters has, of course, influence on the e l i c i t a t i o n 
of sweetness i n connection with the s p a c e - f i l l i n g properties of 
sweet compounds. However, the conformational problem can not be 
discussed here because i t has not been investigated. 

In the case of small-sized sweeteners such as glycine (48) 
and alanine (49), the sweetness sensation occurs only by the AH-B 
system and the sweetnes
l y . In the case of medium-size  as p a r t y
dipeptide esters, two types of i n t e r a c t i o n have been considered. 
Among the a s p a r t y l dipeptide esters without a hydrophobic binding 
s i t e such as L~Asp-Gly-OPr n (11), the sweetness sensation has 
occurred only by the AH-B system, l i k e g lycine, and the sweetness 
i n t e n s i t y i s comparatively low. On the other hand, introduction 
of a small hydrophobic group into the sweet molecule so as to 
i n t e r a c t with a hydrophobic s i t e of the receptor r e s u l t s i n a 
sweeter compound such as L-Asp-D-Ala-OPr n (12). The small hydro
phobic group introduced plays a r o l e i n enhancing the sweetness 
i n t e n s i t y by forming a hydrophobic bond with the receptor s i t e . 
This f a c t has been successfully explained by the theory of the 
AH-B-X system, i n which X i s the "dispersion" s i t e proposed by 
Kier and has been proved experimentally by us to be a hydrophobic 
binding s i t e (4). Therefore, i n the case of medium-sized 
molecules, we have been able to conclude that formation of a 
hydrophobic bond causes the sweetness potency to increase. On the 
other hand, i n the case of a s p a r t y l t r i p e p t i d e esters (39, 40), i t 
appears that a small hydrophobic s i t e f o r hydrophobic i n t e r a c t i o n 
i s necessary to f i t the receptor s i t e . 

One problem that remains i s the mode of i n t e r a c t i o n between 
the sweet peptides and the receptor s i t e . Despite a great number 
of studies, the mechanism of action of sweet s t i m u l i on the 
receptor i s not w e l l known. Stereoisomerism can be responsible 
for differences i n taste responses, and s p a c e - f i l l i n g properties 
are also very important. These facts suggest that the receptor 
s i t e e x i s t s i n a three-dimensional structure. In t h i s connection, 
the sense of sweet taste i s subject to the "lock and key" of 
b i o l o g i c a l a c t i v i t y . 

The above discussions, i n conjunction with previous r e s u l t s , 
support our previous idea that the receptor s i t e f or sweet taste 
i s composed of the AH-B-X system and i t s most l i k e l y shape i s a 
"pocket" as shown i n Figure 6 (5). In t h i s model, the s p a t i a l 
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b a r r i e r s are probably present at the back and on the r i g h t . The 
b a r r i e r at the back was found for amino acids (13) and that on 
the r i g h t f o r sulfamates (18). Interchange of 3 ?0H and 4f0Me 
groups on 8-desoxyphyllodulcin molecule has resulted i n loss of 
sweetness (19). This may be explained by the presence of another 
s p a t i a l b a r r i e r being located on the l e f t as described previously 
(I). 

The conformational analyses of aspartame by means of NMR 
spectroscopy (20, 21, 22), though some discrepancies were found 
i n these r e s u l t s , have suggested that the small side chain (R x) 
i s s p a t i a l l y directed to the front of the receptor model. The 
conf i g u r a t i o n a l change at the second asymmetric carbon i n the 
sweet structure (A) gives the nonsweet structure (B). The loss 
of sweetness may be explained by the idea that i n t e r a c t i o n of (B) 
with the receptor s i t e i s i n t e r f e r e d at the Ri by the s p a t i a l 
b a r r i e r which may correspon
Consequently, the Rx i
to the fr o n t , most l i k e l y to a l i t t l e to the r i g h t of the front 
i n the model. An examination of a model of 8-desoxyphyllodulcin 
also suggests that the hydrophobic binding s i t e (X) i s directed 
to t h i s part. The sweet conformation f o r p h y l l o d u l c i n (2 3) also 
may support t h i s idea. 

These considerations may lead to the conclusion that the 
receptor s i t e (AH-B system) i s surrounded by b a r r i e r s from a l l 
sides, and a hydrophobic binding s i t e (X) would be located on the 
r i g h t w a l l , a l i t t l e to the front of the AH-B s i t e . Therefore, 
i t seems to us that the receptor s i t e can be described as the 
"pocket" with the AH-B-X system in s i d e i t as shown i n Figure 6. 
Figure 7 gives a schematic representation of the i n t e r a c t i o n 
between a sweet peptide, L-Asp-D-Ala-OPr n, and the receptor s i t e 
(24). 

The receptor model seemed to be consistent with a v a r i e t y of 
sweet compounds. An a p p l i c a t i o n to various sweet compounds w i l l 
be discussed elsewhere. On the other hand, various types of the 
receptor model for sweet substances have been proposed by 
d i f f e r e n t groups (11, J_3, 18, 22, _25, _26, 27). 

Abbreviations follow the recommendation of the IUPAC-IUB 
Commision on Biochemical Nomenclature i n J . B i o l . Chem., 1966, 
241, 2491; 1967, 242, 555; 1972, 247, 977. Other abbreviations 
used: Prrc, η-propyl; P r i , i - p r o p y l ; Bun, η-butyl; Bf£, i-
butyroyl; Fe, fenchyl; Cap, capryline=a-amino-octanoic a c i d ; aThr, 
atlothreonine; HyNle, β-hydroxynorleucine; MPA, methylphenethyl-
amine, HMPA, hydroxymethylphenethylamine; Ama, aminomalonic a c i d . 
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Figure 6. Schematic of the receptor site for sweet taste (5) (I is representation 
seen from the front, II from the upper front, and III from the top) 

Figure 7. Schematic of the interaction 
between L-Asp-D-Ala-OPrn and the re

ceptor 
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Bitterness of Peptides: Amino Acid Composition and 

Chain Length 

KARL HEINZ NEY 

Unilever Forschungsgesellschaft mbH Behringstrasse 154, 
D-2000 Hamburg 50, West Germany 

During our work on tast
peptides and soon cam
of peptides is caused by the hydrophobic action of amino 
acid side chains. 

Here I think some remarks on hydrophobic interactions 
(1) would be appropriate. It is generally accepted now, that 
hydrophobic interactions are a contributing factor to 
protein behaviour and esp. to the formation of the secondary 
structure, e.g. helix. This means, that as shown in Figure 1 
hydrophobic residues of the amino acids in a peptide are 
driven together by clusters of water molecules and so the 
secondary structure of a peptide or protein is formed. For 
the transfer from the helical to the stretched form, Tanford 
(2) found that the transfer free energy of the total protein 
results from the sum of the contributions of the single 
amino acid residues. 

Δ F = Σ Δ f 

The Δf values of the single amino acids given in 
Table I were determined by Tanford (2) from solubility data 
and they represent a measure of the hydrophobicity of an 
amino acid residue* Please note, that the values are 
relative to the methyl groups of glycine which i s taken to 
be 0* In Table II the taste of some "isomeric 1 1-dipeptide s i s 
described* A l l the dipeptides are composed of the natural 1-
amino acids, as are a l l the examples, that w i l l follow later* 
It i s interesting to note, that the position of the amino 
acid has no influence on bitterness ( 3.) · 

The value Q given represents the average hydrophobicity 
of a peptide and i s obtained by summing t h e ^ f-values of 
the amino acid residues of a peptide and dividing by the 
number of the amino acid residues* 

«. Σ Δ ' 
η 

0-8412-0526-4/79/47-115-149$06.25/0 
© 1979 American Chemical Society 
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Figure 1. Hydrophobic interactions 
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Table I 
^ f - v a l u e s of the side chains of amino acids, repre

senting their hydrophobicity, according to Tanford 

Amino acid /Vy f-value cal/mol 

Glycine 0 
Serine 40 
Threonine 440 
Histidine 500 
Aspartic acid 540 
Glutamic acid 550 
Arginine 730 
Alanine 730 
Methionine 
Lysine 
Valine 1690 
Leucine 2420 
Proline 262Ο 
Phenylalanine 265Ο 
Tyrosine 287Ο 
Isoleucine 297Ο 
Tryptophan 3OOO 

Table II 
Taste and Q-value of "Isomeric 1 1 dipeptides 

Peptide bitter non-bitter Q 
Gly-Ala X 365 
Ala-Gly X 365 
Glu-Ala X 640 
Ala-Glu X 640 
Met-Ala X IO15 
Ala-Met X 1015 
Leu-Met X i860 
Met-Leu X i 8 6 0 
Ala-Phe X 1690 
Phe-Ala X 1690 

You w i l l have noticed in Table II, that the Q-values 
are much higher in the case of bitter dipeptides compared 
with the non-bitter dipeptides. 

Table III shows a series of non-bitter dipeptides. It 
should be noted here that the Q-values are a l l below 13ΟΟ. 
We can compare this with values of the following Table IV, 
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which l i s t s a series of bitter dipeptides with Q-values 
above 1400. 

Table III 
Q-values of further non-bitter dipeptides 

Peptide non-bitter Q 
Glu-Val X 1120 
Glu-Lys X 1025 
Gly-Gly X 0 
Gly-Asp X 270 
Ala-Asp X 635 
Ser-Asp X 290 
Ser-Glu X 295 
Val-Asp X 1115 
Val-Glu 
Ala-Ala 
Asp-Asp X 540 
Glu-Asp X 545 
Glu-Gly X 225 
Gly-Ser X 20 
Gly-Thr X 220 
Val-Gly X 845 
Lys-Glu X 1025 

Table IV 
Q-values of further bitter dipeptides 

Peptide bitter Q 
Leu-Tyr X 2645 
Leu-Leu X 2420 
Arg-Pro X 1665 
Asp-Phe X 1595 
Asp-Tyr X 1705 
Val-Leu X 2055 
Gly-Ile X 1485 
Gly-Phe X 1325 
Gly-Try X 1500 
Val-Val X 1690 
Glu-Phe X 1600 
Gly-Tyr X 1435 
Ala-Leu X 1575 

On Table V a series of bitter d i - and tripeptides 
synthesized by Shiraishi (60) i s given* 

It follows therefore, that in the case of peptides from 
the natural 1-amino acids no bitterness occurs when Q i s 
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below 13°°i bitterness occuring only when the value Q 
exceeds 1400 ( 3 ) · 

Table V 
Q-values of further bitter d i - and tripeptides 

Peptide Q 
Pro-Ala 1665 
Ala-Pro 1665 
Pro-Pro 2600 
Val-Val I69O 
Val-Pro 2145 
Pro-Val 2145 
Leu-Pro 2510 
Pro-Leu 
lie-Pro 
Pro-Ile 2785 
Tyr-Pro 2735 
Pro-Tyr 2735 
Arg-Pro 1665 
Lys-Pro 2050 
Pro-Phe 2625 
Phe-Pro 2625 
Gly-Phe-Pro 1750 
Phe-Pro-Gly 1750 

If the Q-values l i e between 13ΟΟ and 1400 no prediction 
can be made of the peptides bitterness* 

It was interesting to see i f our method can also be 
applied to individual 1-amino acids* This means, that η s 1 
and consequently in 

Q equals f. 
As can be seen from Table VI, the individual 1-amino 

acids also follow the rule* The only exceptions are lysine 
and proline, which have too high Q-values for non-bitter 
amino acids* However, a slight bitter note i s detectable in 
the otherwise sweetish taste of lysine and proline* 

In this context i t i s worth taking a brief look at the 
question of flavour enhancing qualities of glutamate, 
generally substances of the UMAMI-type as described by 
Shizuko Yamaguchi in her contribution to this symposium* 

Kuninaka (4) proposed the following structural element 
for flavour in t e n s i f i e r s : H 

-C-C-O-C-COOH 
Ά ' ι A— 

Χ Δ ί 
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but he pointed out, that the element i s not absolute, as 
otherwise glutaraine would have been a flavour enhancer. 

Table VI 
Q-values and taste of individual 1-amino acids 

1-Amino-Acid bitter non-bitter Q 
Glycine 
(opt* non active) X 0 

Serine X 40 
Threonine X 440 
Histidine X 500 

Aspartic acid X 540 
Glutamic acid X 550 
Arginine 
Alanine 
Methionine X 1300 

Lysine X 1500 

Valine X 1690 
Leucine X 2420 

Proline X 2620 

Phenylalanine X 2650 
Isoleucine X 2970 
Tryptophan X 3000 

Based on a series of examples from publications and 
patents, I would lik e to discuss, however, the hypothesis, 
that in order to achieve flavour enhancing, glutamate-
li k e effect, a compound must have two negative charges* 
These should be located 3 to 9, preferably 4 to 6 C-atoms 
from one another* Instead of a C-atom, a S-atom can also 
occur* The presence of an α-amino group in 1-configuration 
has additional flavour enhancing effect (5)I 

Θ 00C[-0-3nC00 © n = 1-7 

The facts, on which our assumption i s based, are given 
in Table VII. 

An extension of our hypothesis to flavour-active 
nucleotides seems to be possible because these compounds 
also have negative charges at two different points of the 
molecule: in addition to the acidic phosphate group, they 
also possess a phenolic hydrogen. 

It seems that the negative charges can also be on a 
peptide chain. Fujimaki describes the bitte r masking action 
of peptides r i c h in glutamyl residues (29) and the isolation 
and identification of acidic oligopeptides from a flavour-
intensifying fraction from f i s h protein hydrolysate (32)· 
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Table VII 
Facts on which our hypothesis i s based 

No. Fact L i t . 
1) Acc. to J. Solms only the dissociated 

form of 1-glutamic acid i s flavour- (6,92) 

active 
2) 1-Cystein-S-sulfonic acid has a (7,8) similar effect to that of MSG (7,8) 

3) 1-Homocysteic acid has a similar (9,l£,JLl) effect to that of MSG (9,l£,JLl) 
4) 1-Aspartic acid has a similar effect 

(12) to that of MSG (12) 

5) l-oc-Aminoadipic acid has a similar (11) effect to that of MSG (11) 
6) Adipic acid make

taste of sweetner
7) Succinic acid i s comparable in i t s 

(11,16) effect with that of MSG (11,16) 

8) The flavour enhancing properties of 
the f r u i t acids - v i z . malic acid, ( I7i l8 ,19»2£) 
tartaric acid and c i t r i c acid - are 

( I7i l8 ,19»2£) 

known 
9) Lemon juice intensifies the flavour 

(21) of strawberries (21) 

10) The tastes of leguminose products are 
improved by treating with solutions of 

(22) more than two of the following acids: (22) 

malic acid, l a c t i c acid, tartaric acid, 
c i t r i c acid 

11) The odour of garlic can be reduced by 
(23) adding fumaric acid or maleic acid (23) 

12) Glutathione (γ-glutamylcysteinyl-
glycine) i s reported to contribute (24) towards the flavour of meat as an (24) 
enhancer 

13) The diammonium salts of the dicarb-
oxylic acids from malonic to sebacic 

(25) acid are used as table salt-substitutes (25) 

Furthermore, i t may be, that the well known action of 
polyphosphates in increasing the taste of chicken meat (31) 
or processed cheese (3.2) can be traced back on the negative 
charges of the polyphosphates. 

Asparagine, unlike aspartic acid i s completely lacking 
any flavour intensifying property, because one of the 
acidic groups was eliminated. 

Also the findings on the derivatives of glutamic (33) 
acid are very interesting! i f the glutamic acid i s 
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esterified or amidified, the flavour intensifying properties 
are lost. 

I would lik e now to return to the topic of the Q-values 
dimensions. Since Tanford gave his A, f-values in calories, 
the dimension of the Q-value i s cal res" · A l l the Q-values 
mentioned in this paper are given in these dimensions. 

Up to this point only amino acids, d i - and tripeptides 
had been considered. However, we wanted to see i f the Q-
concept could be extended to higher peptides as well. Step
wise we synthesized a heptapeptide and followed the change 
of the taste. The following Table VIII shows this synthesis 
( 5 ) . 

Table VIII 
Peptide bitter non-bitter Q 
Glu-Lys X 1025 
Met-Glu-Lys 
Ala-Met-Glu-Lys 
Ile-Ala-Met-Glu-Lys X 1410 

Asp-Ile-Ala-Met-Glu-Lys X 1265 
Glu-Asp-Ile-Ala-Met-Glu-Lys X I I 6 3 

As you can see, the d i - , t r i - and tetrapeptides have 
Q-values below 1300 and are not bit t e r . In the step leading 
to the pentapeptide the introduction of the strong hydro
phobic isoleucine with i t s high ̂ \f-value of 297° confers a 
bitterness and correspondingly a Q-value of l 4 l 0 . When 
aspartic acid with i t s low/\f-value of 540 i s added, in the 
next step, the hexapeptide again becomes non-bitter with a 
Q-value of 1265· Glutamic acid - with a low/\ f-value of 550 
- added in the f i n a l step gives a non-bitter heptapeptide 
with a Q-value of 1163. This example shows the influence of 
the amino acid residues as a polypeptide i s synthesized and 
i t gives a good demonstration of the p o s s i b i l i t i e s of the 
method and we regarded i t as a crucial experiment. Whereas 
in this example the bitter taste during the synthesis of 
peptides was followed, Table IX gives according to Minamiura 
(34) the degradation of a bitter peptide obtained from the 
action of Bacillus s u b t i l i s on casein. 

Table IX 
Degradation of a bitter peptide obtained from the 

action of Bacillus s u b t i l i s on Casein 
Peptide Q 
Arg-Gly-Pro-Pro-Phe-Ile-Val 1891 
Gly-Pro-Pro-Phe-Ile-Val 2085 
Arg-Gly-Pro-Pro-Phe 1716 
Gly-Pro-Pro-Phe 1963 
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Ve now wanted to extend the range to peptides of longer chain 
length* As you see from Table X, the Q-method works well up 
to eikosapeptides. 

Table X 
Q-values and taste of t r i - to eikosapeptides 

Peptide bitter non-bitter Q 
Val-Val-Val X 1690 
Ala-Ser-Phe X 1140 
Val-Val-Glu X 1310 
Pro-Gly-Gly-Glu X 787 
Ser-Pro-Pro-Pro-Gly X 1508 
Gly-Pro-Phe-Pro-Val-Ile X 2085 
Val-Ser-Glu-Glu-Glu-Asp- X 815 
Ile-Ala-Met-Glu-Lys 
Lys-Asp-Glu-Glu-Glu-Glu
Val-Glu-Ser-Gly-Pro-Asp
Ala-Pro-Leu-Pro-Ala-Glu 
Phe-Phe-Val-Ala-Pro-Phe- X 1912 
Pro-Glu-Val-Phe-Glu-Lys-
Phe-Ala-Leu-Pro-Glu-Tyr-
Leu-Lys 

Kauffmann and Kossel (35) Isolated a series of oligo
peptides from spinach and these are shown in Table XI· 

Table XI 
Q-values of non-bitter oligopeptides from spinach 

Peptide Q 
Glu-Gly 225 
Glu-(Gly,Ser) 196 
Gly-(Glu,Ser) 196 
Ala-(Glu,Gly-Ser) 330 
Glu-(Gly,Gly,Ala) 320 
Asp-(Glu,Gly,Ser,Ser) 234 
Ser-(Gly,Gly,Thr) 120 
Ala-(Glu,Glu,Gly,Ser) 374 

As you see, the Q-values are extremely low and there
fore the peptides non bitter* 

As given in Table XII the Q-raethod was also success
f u l l y applied in the case of bitter peptides from the 
rennet-sensitive sequence of K-casein ( 3 6 ) · 

Ve published the Q-hypothesis in 1971 (2) a n d t n u s 

established for the f i r s t time a quantitative relationship 
between the amino acid composition of a peptide and i t s 
bitterness, as we introduced the Tanford values and so 
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opened the way for a calculation of bitterness. 

Table XII 
Bitter peptides synthesized acc. to the rennet-

sensitive sequence of K-Casein 
Peptide Q 
Ser-Leu-Phe-Met-Ala 1428 
Lys-Hi s-Pro-Pro-Hi s-Leu- 1726 
Ser-Phe 
Lys-Hi s-Pro-Pro-Hi s-Leu- 2001 
Ser-Phe-Met-Ala-Ile-Pro-
Pro-Lys-Lys 

In Table XIII we hav  collated othe  forme  postulate
for bitterness of peptides
with the Q-rule, for exampl  sequenc  Gly-Pro-Pro-Ph
postulated by Minamiura (34) to be the core of the bitterness 
has a high Q-value of 1963. 

Table XIII 
Former postulated requirements for bitterness of peptides 
Amino acid or sequence inducing bitterness L i t . Q 
-Leucine-
-Try-Phe-Leu-
-Gly-Pro-Pro-Phe-

40 
34 

2420 
2647 
1963 

-2 neutral amino acids with large alkyl 
groups C ^3 
-1 neutral amino acid with a large alkyl 
group 
C ^ 3 with a short alkyl group 
-1 neutral amino acid + 1 aromatic amino 

acid 
-1 neutral amino acid + 1 basic amino acid 

41 

high 

high 

high 
high 

open 

The same holds for the sequence Tyr-Phe-Leu, postulated 
by Fujimaki (40) to be essential for bitterness, here the 
Q-value i s 2647. Also leucine, postulated earlier by F u j i 
maki (37i38,39) to be essential for bitterness, has a. /\ f-
value of 2420 and therefore contributes considerably to the 
Q-value of any peptide of which i t forms a part. 

Also the postulates of Kirimura (kl) correspond to our 
theory. 

It follows that the Q-concept represents a general rule 
for predicting bitterness under which the previously cited 
postulates are special cases. 

The dipeptide glutamyl-tyrosine i s bitte r below pH 10, 
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and not bitter above pH 10· This coincides with the 
dissociation of the phenolic hydroxy1 group of tyrosine. 
The corresponding dipeptide glutamyl-phenylalanine has no 
phenolic group, and i s bitter over the whole pH-range. Q of 
this compound i s 1660 (42). 

The Q-concept has been assessed and accepted by the 
scientists ( 4 3 - 6 l ) working in this f i e l d . 

Series of bitter peptides have been isolated from 
enzymatic hydrolysates of proteins, esp. casein and soybean 
protein. 

Figure 2 gives the sequence (6l.i^2i63) of ttsl~ casein -
which represents about 40 % of casein - and shows the bitter 
peptides, that have been isolated. According to Mercier (63) 
the polypeptide chain of a ^ - casein contains 3 hydrophobic 
regions, v i z . 1-44, 90-113 and 132-199· It i s very inter
esting that a l l bitte  peptide  derived fro  casei d 
isolated by the group
( 6 6 ) , Solms ( 4 7 ) , H i l l (67) are located in these hydrophobic 
regions and have Q-values above 1400. 

Figure 3 gives the sequence of β-casein - which re
presents 30 % of casein - and the bitter peptides derived 
from i t and isolated by the groups of Clegg ( 4 9 ) , Kloster-
meyer (46), Gordon (64). Here also the Q-values of the 
bitter peptides are above 1400. Please note, that no 
special single amino acid or sequence i s needed to impart 
the bitter taste. 

From soybean protein hydrolysates several series of 
bitter peptides have been isolated. As an example Table XIV 
shows bitter peptides isolated by Fujimaki (69., 7 £ ). As before 
the high Q-values are evident. 

Table XIV 
Bitter peptides from peptic soya protein hydrolysates 

Peptide Q 
Leu-Phe 2535 
Leu-Lys I960 
Arg-Leu 1575 
Arg-Leu-Leu 1856 
Phe-Ile-Ile-Glu-Gly-Val 1766 

From peptic Zein hydrolysates, Wieser and Belitz (71) 
isolated bitter peptides which are given in Table XV to
gether with the corresponding high Q-values. 

Regarding the whole picture of enzymatic hydrolysates 
we came to the conclusion, that certain proteins are more 
prone to yield bitter peptides than others. Therefore we 
tried to transfer our method also to proteins as well. This 
would enable a prediction to be made as to whether in the 
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Θ ® 
Arg-Pro-Lys-His-Pro-lle-Lys-His-Gln-Gly-Leu-Pro-Gln-Glu-Val-Leu-Asn-Glu-Asn-Leu -

© 
Û-- 1830, Matoba65*Belitz66* Mercier63* ® 

-Leu-Arg-Phe-Phe-Val-Ala-Pro-Phe-Pro-Gln-Val-Phe-Gty-Lys-Glu-Lys-Val-Asn-Gln-Leu-

\Q = 1933,Felissier"*\ 
J 1 . 
\Qr1309, Pelissier6**\ 

Q = 1984, Hamilton67* 

Θ © 
- Ser-Lys -Asp-He- Gly $9t-<Ctu "Sef-ttir^Giu^A&p ~6ΐ*"Λίύ+Μ*&$ία>ΆΛρ * tfe* Lys-0tu*M*t~ 

..... © 

© 

Q: 1670, Hamilton67* 

Q= 1638, Mercier63*] 
® ^(f9-Clfl<ys-(^-Asp^y0hPfp^^Ç(if-Arg-Tyr-Leu-Gly-Tyr-Leu-Glu-Gln-Leu-Leu- Arg-

Qr 1857, I 
Pelissier62>i 

-Leu-Lys<ys~Tyr-Lys-Val-Pro-Gln-Leu-Glu-lle-Val-Pro~Â&~Stt*Àte^ 

- Hr*-$tr -Me^-Lys- ^ly^H^His^Ata^Oin^tnyLys - Glu-Pro-Met-lie-Gly-Val-Asn-Gln-

Q = 2067, Mercier6'* 

Q = 2290, Belitz50* 
© 

-Glu-Leu-Ala-Tyr-Phe-Tyr-Pro-Glu-Leu-Phe-Arg-Gln-Phe-Tyr-Gln-Leu-Asp-Ala-Tyr-Pro-

Q= 2099, Pelissier") 

® ® 
-Ser-Gly-Ala-Thr-Tyr-Tyr-Val-Pro-Leu-Gly-Thr-Gln-Tyr-Thr-Asp-Ala-Pro-Ser-Phe-Ser-

Q = 1309, Pelissier 62> 

© -Asp- lie-Pro-Asn-Pro-lle-GlySer-Glu-Asn-Ser-Glu-Lys-Thr-Thr-Met-Pro-Leu-Tyτ 

Q = 2710^ 
Solms<*> 

Figure 2. Bitter peptides from a8rcasein (] •) = hydrophilic regions 
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Ο ® 
Arg-Glu-Leu-Glu-Glu-Leu-Asn-Val-Pro-Gly-Glu-lle-Val-Glu-Ser-Leu-Ser-Ser-Glu-Glu-

© © 
-Gtu-Ser-lle-Thr-Arg-lle-Asn-Lys-Lys-lle-Gtu-Lys-Phe-Gln-Ser-Glu-Glu-Gln-Gln-Gln-

Q = 1521, Hamilton67> Θ 
•Thr-Glu-Asp-Glu-Leu-Gln-Asp-Lys-tle-His-Pro-Phe-Ala-Gln-Thr-Gln-Ser-Leu-Val-Tyr-

0 = 1493, Ctegg 

Q - 1844, Klostermeyer'6* 
® 

-Pro-Glu-Pro-Gly-Pro-lle-Pro-Asn-Ser-Leu-Pro-Gln-Asn-lle-Pro-Pro-Leu-Thr-GIn- Thr 

\Q:1521,Hamilton*7* 
Q = 1493, Ctegg **> 

© @ 
-Pro-Val-Val-Val-Pro-Pro-Phe-Leu-Glu-Pro-Glu-Vol-Met-Gly-Vol-Ser-Lys-Vol-Lys-Glu-

@ \Qf>Q.™iSsier">\ @ 

-Ala-Met-Ala-Pro-Lys-His-Lys-Glu-Met-Pro-Phe-Pro-Lys-Tyr-Pro-Val-Gin-Pro-Phe-Thr-

® ® 
-Gln-Ser-Glu-Ser-Leu-Thr-Leu-Thr-Asp-Val-Glu-Asn-Leu-His-Leu-Pro-Pro-Leu-Leu-Leu-

Θ @ 
- Gin -Ser - Tyr-Met-His - Gin - Pro-His - Gin-Pro-Leu-Pro-Pro - Thr - Val-Met-Phe-Pro-Pro-Glu -

® ® 
-Ser-Val-Leu-Ser-Leu-Ser-Gln-Ser-Lys-Val-Leu-Pro-Val-Pro-Glu-Lys-Ala-Val-Pro-Tyr-

® \Q--2497,Pelissier">\ @ 

- Pro-Gin-Arg-Asp-Met-Pro-lle-Glu-Ala-Phe-Leu-Leu-Tyr-Gln-Gln-Pro-Val-Leu-Gly-Pro-

Q=2085,Pelissier62> 

Q = 1700, Gordon64* | 

@ 
-Val-Arg-Gly-Pro-Phe-Pro-lle-lle-Val 

I Q-- 1700, Gordon64* 

Figure 3. Bitter peptides from β-casein 

Table XV 
Bitter peptides from peptic Zein hydrolysates 

Peptide Q 
Ala-Ile-Ala 1477 
Ala-Ala-Leu 1293 
Leu-Gin-Leu 1613 
Leu-Glu-Leu 1797 
Leu-Val-Leu 2177 
Leu-Pro-Phe-Asn-Glu-Leu 1682 
Leu-Pro-Phe-Ser-Glu-Leu 1688 
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course of a hydrolysis of a protein, bitter peptides would 
be formed (72). Generally pure proteins are considered to be 
without any taste* Secondary, tertiary and quaternary 
structures generally prevent a taste impression being ob
tained* The following Table XVI gives the Q-values of some 
proteins* 

Table XVI 
Q-values of proteins and bitter hydrolysates derived 

Protein Q Bitter hydrolysates known 
Collagen 1280 no 
Gelatin 1280 no 
Bovine muscular tissue 1300 no 
Wheat Gluten 1420 yes 
Zein 1480 yes 
Soybean protein 
Potato protein 
Casein 1600 yes 

It i s interesting to see that proteins with high Q-
values above 1400 as e.g. soybean protein, casein wheat 
gluten, potato protein, Zein are the "parents" of bitter 
peptides, whereas no bitter peptides have been isolated 
from hydrolysates prepared from collagen or g e l a t i n , 
proteins with Q-values below 13ΟΟ. 

Petrischek (74) confirmed that the protein and not the 
protease i s responsible for the occurence of bit t e r pep
tides* However, when the "parent" proteins are not bitter 
but the peptides derived from them are bitter, the 
questions arise as to why this i s so and as to where we must 
place the molecular weight limits of peptides with Q > 1400 
that are also not bitter* 

An indication of the values to be expected can be 
obtained from the results of our synthesis of bitter 
peptides with Q 1400 and molecular weights up to 2000 
Dalton* Fujimaki (75) isolated from the peptic hydrolysate 
of soybean protein a non-dialysable bitte r peptide of a 
molecular weight of about 2800 Dalton* Pi l n i k (76) found by 
the proteolysis of soybean protein in a membrane-filtration 
apparatus that no bitter peptides existed with molecular 
weights above 6000 Dalton* Clegg (49) obtained from digests 
of Casein with Papain a bitter peptide having a molecular 
weight of about 3OOO Dalton* 

Fujimaki (77*78) condensed bitter soybean protein hydro
lysates in a Plastein-Reaction (79) and obtained non-bitter 
protein-like products, unfortunately without determination 
of molecular weights* 

We studied the influence of chain length on the bit t e r 
ness of peptides by gel permeation chromatography of 
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enzymatic protein hydrolysates (80). 
Table XVII sums up the results of these experiments* We 

can conclude, that a lim i t of about 6000 Dalton can be placed 
on the molecular weight* 

Table XVII 
Molecular weights and tastes of enzymatic hydrolysates 

Parent Protein Q Molecular weight of Taste 
hydrolysate in Dalton bitter non-

bitter 
Soybean protein 1540 4000 X 
Soybean protein 1540 125ΟΟ X 
Casein 16Ο5 4000 X 
Casein 1605 8000 X 
Wheat Gluten 142
Potato protein 1567 
Potato protein 1567 8000 X 
Gelatine 1280 3000 X 

Above this molecular weight, also peptides with a Q-
value above 1400 w i l l no longer exhibit bitter taste* It i s 
clear therefore, that 2 ways exist to come to non-bitter 
protein hydrolysates* As demonstrated in Figure 4 
a) choice of the starting material, this means proteins with 

Q-values below 13ΟΟ 
b) choice of the working conditions, this means, i f the Q-

value of the starting protein i s above 1400, careful 
hydrolysis to obtain peptides with main molecular 
weights of above 6000 Dalton* 

It should be pointed out, that we were concerned with 
presence or absence of bitterness* Bitterness in terms of 
sensory threshold values or bitterness ratings was not 
assessed* 

What i s now the current state of a f f a i r s of the Q-ruleî 
As mentioned i t has been accepted and applied by the 
scientists working in this f i e l d . The most comprehensive and 
careful assessment of the Q-rule has been carried out by 
Guigoz and Solms (54). They found that the rule can be 
applied to the majority of the bitter peptides known and 
observed, that only peptides containing glycine sometime do 
not comply f u l l y with the rule* They therefore propose, that 
glycine should be l e f t out of the calculations, which then 
gives Q-values higher than 1400 for a l l bitter peptides* 
Guigoz and Solms conclude that the Q-values should be a use
ful assessment of the relationship between amino acid 
composition and the bitter taste of peptides* Wieser and 
Belitz (Ql) have suggested a very interesting extension of 
the rule* They obtained the bitterness threshold values of 
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a) Q < 1300 

to* 

non bitter 

Da I ton 

ι 

Amino acid 
to* 

Amino acid 
residues 
Protein 

b) Q >1400 

6000 
Mol. wt. 
Dalton 

bitter non bitter W4 

; to* 
Amino acid Amino acid 

residues 
Protein 

Figure 4. Molecular weight, average hydrophobicity Q, and bitter taste of peptides 
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d i - and tripeptides by calculating the sum of the hydro
phobicity of the "backbone" peptide consisting only of 
glycine residues adding to i t the hydrophobicities of the 
side chains* In this way an estimation of the threshold 
values of d i - and tripeptides was obtained* 

We now investigated the hypothesis i f the bitterness of 
li p i d s - and carbohydrates - could also be linked to hydro
phobic interactions (82,<83) · Let us look f i r s t at the 
questions of hydroxylated fatty acids* 

By the action of lipoxygenase and peroxydase on lino- . 
lenic acid Grosch (84) obtained an intensively bitter 
tasting trihydroxyoctadecenoic acid* On the other hand, i t 
is well known that monohydroxystearic acid and dihydroxy-
stearic acid do not exhibit a bitter taste* We know from 
our studies on proteins that hydrophobicity plays a key role 
in determining bitterness
phobic to be bitter an
increasing hydrophilicity. As a criterion for this d i 
minution of hydrophobicity we applied the ratio of the 
number of carbon atoms of a molecule to the number of i t s 
hydroxyl groups* So the value __C i s obtained, which we 
have called the "R-value". n^ H 

In Table XVIII the R-values for the hydroxylated C^Q 
fatty acids are given* 

Table XVIII 
Bitterness of Hydroxy acids 

Substance n c Π0Η bitter 
non-

bitter 
sweet 

n 0 H 

Monohydroxysteari c 18 1 X 18.00 

acid 
Dihydroxystearic acid 18 2 X 9.00 

Trihydroxyoctadecenoic 18 3 X 6.00 
acid 

As the number of the hydroxyl groups changes, i t i s 
evident, that the accumulation of the 3 hydroxyl groups 
induces a bitterness: i t can be seen that the R-value of 
the bitter substance i s 6 . 0 0 . 

Wieske and Guhr investigated the taste properties of 
monoglycerides, diglycerides and phosphatides* We refer here 
to their findings (85)* 

As can be seen from Table XIX the R-values of bitter 
mono- and diglycerides are below 7 · ° 0 . 

In the case of phosphatides, we have made the assumption 
that one phosphatidyl-choline i s equivalent to 2 hydroxyl 
groups* The following Table XX gives the results of 
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phosphatides. 
Table XIX 

Bitterness of mono- and diglycerides 

Substance n0H bitter 
non-

bitter 
Γ ' 
sweet 

n0H 
Monobutyrin 7 2 X 3.50 
Monocaprin 13 2 X 6.5Ο 
Monolaurin 15 2 X 7.5Ο 
Monomyri stin 17 2 X 8.5Ο 
Monoglyceride of 20 2 X 10.00 
linseed o i l 
1,3 Dicaprylin 19 1 X 19.00 
Tetragiycerolmono-
caprylate 
Tetraglycerolmono- 24 5 X 4.80 
laurate 

Table XX 
Bitterness of phosphatides 

Substance n r n0H bitter non- sweet n c n0H bitter 
n 0 H 

1,2 Dicaprinoylphos- 28 2 X 14.00 

phatidylcholine 
1,2 Dilauroylphos 32 2 X 16.00 
phatidylcholine 
Lyso-Laurophosphati- 20 3 X 6.66 
dylcholine 
Lyso-Oleylphosphati- 26 3 X 8.25 
dylcholine 

Similarly, we can see here, that above R « 7·°0 no 
bitterness occurs. 

Bitterness in terms of sensory threshold values or 
bitterness ratings was not assessed. 

Having previously considered the glycerides we then 
studied glycerol i t s e l f and related compounds. 

The following Table XXI gives the results. Here we 
found an interesting fact that - outside the fat area - with 
R » 1 sweet taste occurred and we therefore included sugars 
and derivatives in our considerations. The occurrence of 
monofunctional substituents l i k e the hydroxyl groups always 
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raises the question of stereochemistry, i f the substituents 
are different. This question was not taken into considera
tion for the moment. 

Table XXI 
Bitterness of glycerol and derivatives 

Substance nOH bitter non-
bitter 

sweet 
=R 

n0H 
Ethylene glycol 2 2 X 1.00 

Glycerol 3 3 X 1.00 

2,3 Dihydroxypropionic 5 2 X 2.50 
acid ethyl ester 

According to Birc
sugars decreases with increasing molecula  weight. e there
fore considered only mono- and disaccharides. Table XXII 
gives the results. 

Table XXII 
Bitterness of sugars and derivatives 

Substance n0H bitter non-
bit t e r 

sweet n c 
=R 

n0H 
Glukose 6 5 X 1.20 

Galaktose 6 5 X 1.20 

Fruktose 6 5 X 1.20 
Tetramethylglucose 6 1 X 6.00 

Lactose 12 8 X I.5O 
Saccharose 12 8 X I .50 
Cellobiose 12 8 X I .50 
Maltose 12 8 X I .50 
Trehalose 12 8 X I.5O 
Arabinose 5 4 X 1.25 
Xylose 5 4 X 1.25 
Ribose 5 4 X 1.25 
Desoxyribose 5 3 X 1.66 
Methylglucopyranose 7 4 X 1.75 
Athylglucopyranose 8 4 X 2.00 
Propylglucopyranose 9 4 X 2.25 
Butylglucopyranose 10 4 X 2.5Ο 
Phenylglucopyranose 12 4 X 3.00 
Benzylglucopyranose 14 4 X 2.5Ο 
Inositol 6 6 X 1.00 
X y l i t o l 5 5 X 1.00 
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As can be seen from the table, a sweet taste occurs when R 
has a value between 1.00 and 1.99? bitter compounds having 
R-values between 2.00 and 6.99· This i s in f u l l agreement 
with the finding of Birch and Lee (87) that reactions,which 
increase the hydrophobic!ty of sugars, generally lead to 
bitter products. 

Bitterness of terpenoids, of purines li k e coffein, and 
of glucosides (88189) may also be derived from hydrophobic 
interactions. See also the contribution of Belitz to this 
symposium. 

A complete different mechanism seems to be present in 
the bitterness of salts , as two bitter sensations are 
differentiated (90) : b i t t e r I as e l i c i t e d by stimuli l i k e 
1-tryptophan, this would correspond to our "hydrophobic 
bitterness" and bitter II, e l i c i t e d e.g. by MgSO^. This 
bitter II seems to b
(91) comparing 1 η solution
genides made a separation in three groups as shown in 
Table XXIII* salty, salty + bitter, b i t t e r . 

Table XXIII 
Bitterness of salts 

a) salty taste dominates. 
NaCl, KC1, L i C l , RbCl, NaBr, LiBr, NaJ, L i J 

b) salty and bitter? 
KBr 

c) bitter dominates: 
CsCl, RbBr, CsBr, KJ, RbJ, CsJ 

Ve give in Table XXIV the salts ordered in increasing 
sum of the ionic diameter and compare also the so l u b i l i t y 
in water. As can be derived from the Table, there i s no 
relationship between the so l u b i l i t y of the salts in water 
and the taste. Molecular weights show a certain p a r a l l e l ! 
with increasing molecular weight the salts became bi t t e r . 
An exception i s KBr, which i s bitter and salty, but 
according to the molecular weight should only be salty. A 
clear relation, however, exists between the sum of the ionic 
diameter of a salt and i t s bitterness. From LiCl wi th 4.98 X 
to RbCl with 6.56 X the salty taste dominates. KBr with 6.58 
X i s salty and bitter and from RbBr with 6.86 X to Csl with 
7.74 X the bitter taste dominates. It should be mentioned 
that MgCl with 8.5Ο X i s also bitter,the same holds for 
MgSO^. 
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Table XXIV 
Relations between the bitterness of salts and their 

ionic diameter 

Sum of the ionic Taste Solubility Molecular 
Salt diameter (X) bitter salty (g/l00ml Η Λ 0 ) weight 
LiCl 4.98 + 63.7 42.39 
L i Br 5.28 + 145.0 86.85 
NaCl 5-56 + 35-7 58.44 
L i J 5.76 + 151.0 133 .84 
NaBr 5.86 + 116.0 102.90 
KC1 6.28 + 34.7 74.56 
NaJ 6.34 + 184.0 148.89 
RbCl 6.56 + 77.0 120.92 
KBr 6.58 
RbBr 6.86 
CsCl 6.96 + 162.2 168.36 
KJ 7.06 + 127.5 166.Ο1 
CsBr 7.26 + 124.3 212.81 
RdJ 7.34 + 152.0 212.37 
CsJ 7.74 + 44.0 259.81 

Summary 
Bitterness of a peptide i s caused by the hydrophobic 

action of i t s amino acid side chains. By summing the hydro-
phobicities of the amino acid side chains of a peptide and 
dividing by the number of the amino acid residues « an aver
age hydrophobicity Q i s obtained. Peptides with Q-values 
below 13ΟΟ are not bitter, whereas peptides with Q-values 
higher than 1400 are b i t t e r . This principle i s va l i d for 
molecular weights up to approximately 6000 Dalton, above 
this limit peptides with Q 1400 are also not b i t t e r . 

Practically a l l known peptides with defined amino acid 
composition, chain length and flavour, whether isolated or 
synthetic, follow this principle and they number about 200 
in 1978. It i s therefore possible to predict the bitterness 
of any new peptide simply from i t s amino acid composition 
and chain length. Furthermore the danger of obtaining bitter 
peptides from enzymatic hydrolysis of a protein can also be 
predicted. For example, casein and soy protein, having high 
Q-values, are prone to produce bitter peptides on enzymatic 
hydrolysis, whereas collagen having a low Q-value does not 
give bitter peptides. 

Hydrophobic interactions can also be used to provide 
information on the bitterness of l i p i d s . 

Bitterness of salts seems to be triggered by another 
mechanism. 
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Taste Components of Potatoes 

J. SOLMS and R. WYLER 

Department of Food Science, Swiss Federal Institute of Technology, 
8092 Zurich, Switzerland 

The composition of fresh potatoe  i  presented i  Tabl  I  Th t 
data listed for the differen
as there are big variations in the composition of potatoes. - One question is 
immediately apparent: Is there a potato taste at all, and what are the corres
ponding compounds ? Or is the flavor quality of potatoes embodied in the 
volatile fraction ? 

Indeed, potatoes are rather neutral in flavor, but they contain typical 
taste and odor substances. Their overall acceptance in the U.S. and in Europe 
is very high (1), higher than for many other commodities. A bland food would 
never obtain such a high acceptability. However, according to Burr (2) none 
of the four primary taste sensations of sour, salty, sweet and bitter is ordinar
ily perceptible in normal cooked potatoes. 

Looking at compounds with direct taste effects, the significance of 
amino acids and nucleotides in the formation of potato taste has been des
cribed in several papers (3,4,5). The free amino acids and 5'-nucleotides are 
certainly an important fraction; they contribute to taste due to their content 
of glutamic acid, aspartic acid, 5'-AMP, 5'-IMP and other compounds. From 
the vast literature two analytical examples which have also been tested in 
taste tests are presented in Table II. 

Buri et al. (3) presented results of taste tests with synthetic mixtures 
comparable to the natural systems. The important nonvolatiles were grouped 
as listed in Table II (nucleotides, glutamic acid, and other free amino acids), 
reconstituted stepwise, and tested with a ranking test. The results gave an in
crease in taste quality with each step with results of high significance. The 
final mixture had an agreeable basic taste, corresponding to the basic taste 
of potatoes. Moreover, the taste of the different tested potato varieties (Bint-
je, Ostara) were different in character. Since no other plant food is known 
that contains such a high amount of 5'-nucleotides, especially 5'-GMP, this 
point has been investigated in some detail. 

Raw potatoes contain only very small amounts of 5'-nucleotides and no 
5'-GMP. Since ribonucleic acid is the only possible precursor present, an en-

0-8412-0526-4/79/47-115-175$05.00/0 
© 1979 American Chemical Society 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



176 FOOD TASTE CHEMISTRY 

Table I . Composition of fresh potatoes 

Compounds Average values 
in % 

Starch 10.0 
Amy I ose 
Amylopectin 

Proteins 2.0 
Organic acids 1.5 

Citric acid 
Malic acid 
Succinic acid 
Fumaric acid 

Minerals 1 ·0 
Κ, Mg, Ca, Ρ, Na 

Amino acids (free) 0.8 
(all "current" amino acids) 

Non-starch Polysaccharides 0.7 
Hemicelluloses 
Pectins 
Hexosans 
Pentosans 

Sugars 0.5 
Glucose 
Fructose 
Saccharose 

Lipids 0.2 
(diverse fractions) 

Polyphenols 0.2 
Chlorogenic acid 
Caffeic acid 

Vitamins 0.02 
Ascorbic acid etc. 

Pigments 0.015 
Anthocyans 
Carotinoids 

Alcaloids 0.01 
Solanins 
Chaconins 

RNA, Nucleotides 0.01 
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Table II. Free amino acids and nucleotides of boiled potatoes of the 
varieties Bintje and Ostara (in parenthesis) in mg per 100g 
fresh material

Amino acids: 

I. Glu 73.8 (36.4) 

II. Ala 10.1 (7.4), Arg 19.8 (19.0), Asp-NH2 220.0 (187.0), 
Asp 46.8 (36.4), Cys-S-1.2(0.5), Glu-NH2 49.2 ( 77.6), 
Gly 2.2 (2,4), His 4.2 (4.3), i-Leu 10.6 (6.0), Leu 6.1 (2.9), 
Lys 6.8 (5.6), Met 9.2 (6.3), Phe 11.8 (4.5), Pro 9.1 (5.2), 
Ser 6.4 (6.4), Thr 8.0 (8.0), Try 3.0 (0.9), Tyr 11.0 (4.8) 
Val 25.8 (16.8) 

Total amino acids: 535.1 (438.4) 

Nucleotides: 
III. 5'-AMP 3.0 (2.25), 5'-GMP 2.11 (1.39), 2'3'-GMP 1.72 

(1.79), 5'-UMP 2.14(1.78) 

Total nucleotides: 8.96 (7.22) 

Academic Press 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



178 FOOD TASTE CHEMISTRY 

zymotic hydrolysis of RNA during heat processing is the most likely source of 
the nucleotides (6) (Table III). It is well known that RNA degrading enzymes 
are present in potato tissue as well as in any other plant material. However, 
typical pH and temperature conditions in the potato tubers during heating 
seem to be responsible for the liberation of the 5'-nucleotides in sufficient 
amounts. It is known that the temperature of potato tissue rises during heating 
very slowly through the 40-60°C region (7). - The enzymes investigated in 
connection with this process (they are all responsible for RNA attack in the 
tuber) are summarized in Table IV. A combination of their activities during 
heat processing can be summarized as follows. 

RNA degradation up to 50°C gives a preferential activity of phospho
diesterase I, and leads to the liberation of 5'-nucleotides. An increased acti
vity of enzymes, liberating 2,3,-nucleotides, can be found only at higher tem
peratures and a later stage, when the substrate has already been used up by 
phosphodiesterase I. 

The nucleotide attacking enzymes, which would destroy the formed 
5'-nucleotides, are similar in behaviour with respect to temperature but differ 
in pH optimum of the tuber, and therefore remain rather inactive. 

The result is an optimum accumulation of 5'-nucleotides around 50° C 
and pH 6.0 occuring in a temperature gradient during heating and leading to 
a final inactivation of all enzymes. 

An experiment with a potato enzyme raw extract and RNA as substrate 
is presented in Table V. Autoincubation experiments with potato tissue con
firm these results and are shown in Table VI (8). 

It can be summarized that the accumulation of 5'-nucleotides is due to 
the natural enzymes present which are selectively active under specific pH 
and temperature conditions during the heating of the tubers. It is certainly of 
interest to take these results into consideration for the industrial utilization 
of potatoes and the acceptability of the product. 

The sugars glucose, fructose and saccharose occur in varying concen
trations, depending on the physiological state of the potato tuber. They are 
important compounds participating in desired or undesired browning reactions 
but have apparently no positive contribution to the potato taste. If they occur 
in relatively large amounts and confer a sweet taste to the product, the accep
tability of the food is reduced. The sweet taste quality seems to be not a de
sirable one in potato taste systems (9,10). Sinden, Deahl and Aulenbach dis
cuss the earlier literature and investigate in their own experiments the impor
tance of bitterness and astringency, the most frequently noted off-flavors in 
potatoes (Ί 1,12,13). They found a correlation between bitterness and astringen
cy and glycoalkaloid content, but no relation to the polyphenol content. 
Nothing detailed is known about the taste contribution of the minerals frac
tion, although it is probable that it contributes some effect. The potato prote
ins are tasteless, however, they are rich in hydrophobic amino acids, and 
therefore can form bitter tasting peptides on hydrolysis (14,15). There is, how-
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Table III. Free and bound nucleotides in raw and boiled potatoes 
(μΜοΙ/kg potatoes). From Buri & Solms (6). 

Free nucleotides Raw potatoes Boiled potatoes 
2', 3* 5' 2', 3» 5' 

Uridinemonophosphate 26.9° 39.2 68.2 

Aden os i nemonophospha te 0 5.5 0 110.3 

G uanos i nemonophospha te 0 0 26.7 64.4 

Cytidinemonophosphate 0 0 0 26.5 

Adenosinediphosphate 

Adenosine triphosphate 22.8 25.9 

Bound nucleotides 577.6 133.6 
(presumably RNA) 

Present as sugar nucleotides 
Naturwiss 

Table IV. RNA degrading enzymes in raw extract from potatoes 
From Dumelin & Solms (8). 

Optimum activities 
°C pH 

Phosphodiesterase I 50 5.5 

Phosphodiesterase II 60 5.5 

Ribonuc lease 70 5.0 

Phosphatase 45 - 50 5.0 

5'-Nucleotidase (+ Phosphatase) 45 - 50 5.0 
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Table V. Release of soluble degradation products from yeast RNA 
during incubation with raw enzyme extract from potatoes 
at different temperatures and pH values (degradation pro
ducts in μΜ χ 10~3/ml). From Dumelin & Solms (8). 

Temperature (°C) 

pH 5.0 5.5 6.0 6.5 5.0 5.5 6.0 6.5 5.0 5.5 6.0 6.5 

total nucleotides 39 55

total nucleosides 78 177 141 94 

5'-nucleotides 20 36 74 55 

3'-nucleotides 19 19 36 91 

222 244 192 96 222 210 143 38 

41 52 130 69 23 34 110 48 

25 1 4 73 85 141 86 26 56 

Potato Research 

Table VI. Formation of 5'-nucleotides and 3'-nucleotides during 
autoincubation of potato tissue homogenate at 52°C. 
From Dumelin & Solms (8). 

Nucleotides in \xM/kg fresh tissue 

pH 5.0 6.0 6.5 

5'-nucleotîdes 485 1138 628 

3'-nucleotides 119 12 243 

total nucleotides 604 1150 871 

Potato Research 
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ever, no evidence that this occurs normally in potato products for food purpos
es. 

The largest fraction occuring in potatoes is the starch fraction. Starch 
forms the matrix of all potato products. Starch has probably no taste of its own 
but it has indirectly a great influence on flavor with tactile and other effects. 
Considerable work has been reported on the gelatinization of starch and the 
textural characteristics of gelatinized starch (16). Instrumental methods for 
the measurement of texture of potato products, especially mashed potato,with 
rheological parameters and possible relationships with sensory data have been 
reported only recently (17,18). It is also known that gelatinized starch can 
form inclusion complexes under helix formation with various compounds (19, 
20). In our experiments potato starch seemed to be a most effective compound 
in forming inclusion complexes (21). 

Generally the inclusion reaction is described to take place in a thermal 
gradient ranging from 90°C
often insoluble and can be separated as precipitates (21, 22). Inclusion com
plexes such as these often form under normal food processing conditions. The 
complexing of free starch due to the addition of fatty acid derivatives during 
production to potato flakes for instant mashed potatoes is a case in point. In 
this case the desired effect is related to taste due to a perceptible change in 
texture. 

Recent experiments in our laboratory have shown that a thermal gradient 
is not necessary for complex formation with potato starch. In the presence of 
suitable compounds, the gelatinized potato starch forms helices under complex 
formation at isothermal conditions. The reaction takes place even at low con
centrations of ligand compounds under conditions occuring in any food system 
containing potato starch. The reaction can easily be followed by amperome-
tric titration with jodine (24). The complexes formed can be analyzed by 
using a combination of glucose determination and G.C. analysis. 

An example for such a reaction with decanal as ligand and potato 
starch as complexing compound is discussed in the following: 

The formation of decanal - starch - complexes with time at different 
temperatures is presented in Figure 1. The reaction is completed in a matter 
of minutes, and a stable equilibrium is obtained. Isotherms of complex for
mation are shown in Figure 2. The complex formation starts at very low con
centrations and comprises appreciable amounts of ligand. We are actually 
studying these reactions in some detail and are interested in the consequen
ces of these interactions for taste and odor perception. As reported elsewhere, 
the complexed ligands, if present in dry stafe, have a remarkably increased 
chemical stability (25). 
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Figure 1. Formation of decanal-starch complexes with time—starch (as glucose): 
0.613mM;decanal: 5.31 μΜ; H20:10 mL; pH: 7.0; temperature: 20, 35, 50°C 

Figure 2. Isotherms of complex formation of potato starch with decanal—starch 
(as glucose): 0.613 mM; decanal: variable; H20: 10 mL; pH: 7.0; temperature: 

20-65°C 
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Conclusions and summary 

Potato taste is not characterized by one of the primary taste sensations. 
Especially sweet, sour or bitter notes are considered off-flavors. However, 
free amino acids and 5'-nucleotides are important compounds that convey an 
agreeable basic taste to potato products. The amino acids occur naturally in 
free form; the 5'-nucleotides are liberated during the heat preparation of 
potatoes by a specific enzymatic degradation of RNA. Starch forms a matrix 
for all potato preparations. Although it is tasteless, is has an influence on 
taste quality due to textural characteristics, and due to its pronounced capa
bility to form stable complexes with flavor compounds either in a thermal gra
dient or under isothermal conditions. 
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The Taste of Fish and Shellfish 

SHOJI KONOSU 

Laboratory of Marine Biochemistry, Faculty of Agriculture, 
The University of Tokyo, Tokyo, Japan 

In Japan, a wide variet
molluscs, crustaceans,
with relish from olden times. These food habits have stimulated 
many studies on the extractive components which may contribute to 
the taste of these products. Several comprehensive reviews on the 
subject are available (1-8). In order to avoid overlapping with 
them, special references are made in this review to those compo
nents whose roles in producing the taste of fish and shellfish 
have been examined organoleptically. 

Taste-active Components in Fish 

Enormous efforts have been devoted to the analysis of the ex
tractive components of fish muscles and much information has been 
accumulated. In recent years, the distribution of nitrogenous 
components in the muscle extracts of several species of fish has 
been elucidated almost completely (9, 10, 11, 12, 13). However, 
few studies have correlated these analytical data directly with 
taste. 

In this section, only the taste-producing properties of hypo
xanthine and histidine in fish will be reviewed. For other compo
nents, refer to the excellent reviews by Jones (14, 15). 

Hypoxanthine. In f i s h muscles, IMP i s accumulated as a post 
mortem degradation product of muscle ATP. It has been postulated 
by Hashimoto (2) that IMP thus accumulated, in combination with 
glutamic acid, forms the nucleus of the taste of f i s h meat. IMP 
i s then slowly degraded to hypoxanthine through inosine. Accord
ing to Jones (14), inosine was barely detectable by trained or 
untrained palates at the maximum concentrations present i n cod 
muscle, and description of the taste ranged from sweet to acid-
astringent. Unlike inosine, however, hypoxanthine has a strongly 
b i t t e r taste. Jones (14) has described the b i t t e r taste of cod 
muscle appearing after c h i l l storage for 10 days as being a t t r i b u 
table to hypoxanthine. 

0-8412-0526-4/79/47-115-185$05.00/0 
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In t h i s connection, an i n t e r e s t i n g property of hypoxanthine 
has been found by S p i n e l l i (16). In d i l u t e solutions i t produced 
a v a r i e t y of taste sensations, the predominating ones being b i t t e r 
ness or dryness. Eight of ten p a n e l i s t s found i t to be b i t t e r at 
a concentration of 0.01% i n d i s t i l l e d water. Addition of 3-6 ymol 
of hypoxanthine to one g (0.4-0.8%) of fresh or i r r a d i a t e d and 
stored petrale sole, Eopsetta j o r d a n i , having a b a c t e r i a l count of 
less than 10"/g, did not produce a con s i s t e n t l y detectable change 
i n f l a v o r . However, when the b a c t e r i a l counts exceeded 10 /g, a 
change was detectable. From these r e s u l t s , S p i n e l l i suspected 
that b a c t e r i a l growth changed the f l a v o r c h a r a c t e r i s t i c s of hypo
xanthine by u t i l i z i n g or a l t e r i n g some constituents of f i s h muscle 
that normally mask i t s f l a v o r , or by producing metabolic products 
that enhance i t s f l a v o r . This f i n d i n g cautions us that the taste 
potency of a component i n foods should not be assessed s o l e l y 
from i t s taste i n pure s o l u t i o n

H i s t i d i n e . As show , ,
tuna, skipjack, and mackerel, contain a large amount of free 
h i s t i d i n e i n t h e i r muscle (7). Opinions on the contribution of 

Table I. Free amino acids i n the muscle 
of some scombroid f i s h (mg/100g) 

Mackerel Big-eye tuna 
Y e l l o w f i n 

tuna Skipjack Y e l l o w t a i l 

Glycine 15.8 11.0 3.1 8.9 3.7- 6.1 
Alanine 22.2 21.5 6.6 22.6 13.9-27.5 
Valine 1.4 14.3 6.7 4.1 2.6-10.2 
Leucine 4.7 10.8 7.1 3.4 3.1-12.4 
Isoleucine 0.9 5.8 3.1 2.0 1.8- 6.7 
Pro l i n e - 2.0 1.6 + 0.9-48.2 
Phenylalanine 3.0 4.6 1.5 2.5 1.9- 4.7 
Tyrosine 5.5 5.5 2.0 2.5 1.7- 6.1 
Serine + 5.2 2.0 3.1 4.3- 6.8 
Threonine 8.1 7.7 3.0 3.8 2.9-10.9 
Methinonine 2.5 9.0 3.1 1.4 + 
Arginine + 0.4 0.6 -
H i s t i d i n e 781 745 1220 1110 1010-1220 
Lysine 17.1 3.8 35.2 11.2 61.7-90.1 
Aspartic acid 2.3 1.0 1.1 2.9 
Glutamic acid 17.8 19.9 3.3 7.0 5.1-27.9 
Taurine + 21.1 26.4 16.1 25.1-89.7 
+ , trace; -, not detected. Suisangaku Series 
From Suyama (_7). 

t h i s amino acid to the f l a v o r , however, vary. Simidu et_ a l . (17, 
18) postulated that the amino acid may p a r t i c i p a t e i n the f l a v o r 
of these f i s h , since the more palatable species contain more free 
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h i s t i d i n e i n the muscle, and the post mortem changes i n the pa l a t -
a b i l i t y of such f i s h as tuna and skipjack run p a r a l l e l to the 
changes i n t h e i r free h i s t i d i n e content. Endo et a l . (19) have 
also reported that the difference i n p a l a t a b i l i t y between aqueous 
extracts from the muscles of cultured and w i l d y e l l o w t a i l s may be 
at t r i b u t a b l e to the difference i n t h e i r free h i s t i d i n e content, 
because, of the e x t r a c t i v e components analyzed, only i n h i s t i d i n e 
was there a s i g n i f i c a n t difference between cultured and w i l d f i s h . 

On the other hand, Hughes (20) has stated that the addition 
of 400 mg of h i s t i d i n e to 100 g of herring meat did not produce 
any detectable change of f l a v o r , when tasted a f t e r heating. The 
author and coworkers (21) have found i n the omission test of a 
synthetic extract (Table I I ) simulating the extract of dried s k i p 
jack (katsuwobushi) that h i s t i d i n e , which i s the most abundant 
amino a c i d , making up about 80% of the t o t a l free amino acids, did 
not contribute appreciably to the taste. They have also confirmed 
that h i s t i d i n e inosinate
l i k e taste) of katsuwobush
was i n d i s t i n g u i s h a b l e from disodium inosinate i n taste potency. 

Table I I . Composition of a synthetic 
extract simulating katsuwobushi 
extract (mg/100 ml)* 

H i s t i d i n e 90.9 Serine 0.5 
Taurine 1Θ.8 Threonine 0.5 
Lysine 2.6 Isoleucine 0.4 
Alanine 1.6 Aspartic acid 0.3 
Glutamic acid 1.3 Methionine 0.3 
Leucine 0.9 Tyrosine 0.1 
Glycine 0.8 5'-IMP 19.0 
Phenylalanine 0.6 
Valine 0.6 PH 5.8 

* The concentration i s equivalent to 
that of an aqueous extract prepared 
using 3% of katsuwobushi. 

From Konosu et_ a l . (21) . 
Bulletin of the Japanese Society of Scientific Fisheries 

Iimura and Umeda (23) have described the free h i s t i d i n e occurring 
i n quantity i n katsuwobushi as serving as a taste enhancer i n 
conjunction with l a c t i c acid and IQ^PO^ by elevating buffering 
capacity. 

The r o l e of h i s t i d i n e i n making up the taste of scombroid 
f i s h seems to be a subject i n need of further study. 

Organic Acids i n S h e l l f i s h 

Since the pioneering work of Aoki (24) on the f l a v o r compo
nents of s h e l l f i s h , succinic acid had been believed to be the key 
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substance responsible for their palatable taste. However, some 
questions have arisen about i t . 

F i r s t l y , Takagi and Simidu (25) examined the correlation 
between the organic acid content of 9 species of s h e l l f i s h and 
their taste, and found that the more palatable species were not 
necessarily richer i n succinic acid, as exemplified by the hard 
clam, Meretrix l u s o r i a . These results led them to conclude that 
succinic acid does not dominate the delicious taste of s h e l l f i s h . 
Secondly, Konosu eit a l . (26) reported that the succinic acid 
content of the short-necked clam, Tapes japonica, when determined 
immediately after c o l l e c t i o n , was very low (20-40 mg/100 g of 
edible part) as compared with Aoki 1s value (330 mg), and that the 
flavor of a fresh sample was as good as that of a commercially 
available sample that had accumulated a large amount of succinic 
acid. 

On the other hand  Take and Otsuka (27) stated that the 
aqueous extract of the corbicula
acceptable by testers tha
been removed by extraction with diethyl ether. They reported that 
exceedingly large amounts of c i t r i c , malic, and gl y c o l i c acids and 
a small amount of succinic acid were contained i n their sample. 
Therefore, the contribution of succinic acid to the taste i s 
obscure. Take and Otsuka noted that a synthetic mixture (Table 
III) containing amino acids and organic acids i n the same r e l a t i v e 
concentrations as they occurred i n the corbicula extract, simu
lated the taste of the natural extract. 

Table III. Composition of a synthetic extract 
simulating corbicula extract (mg/100 ml)* 

Glutamic acid 32.80 Arginine 0.75 
Glycine 3.33 Histidine 0.58 
Isoleucine 2.58 Aspartic acid 0.57 
Leucine 1.86 Succinic acid 19 
Valine 1.56 C i t r i c acid 1570 
Phenylalanine 0.88 Malic acid 1000 
Lysine 0.86 pH 7.3 

* The concentration i s equivalent to that of 
an aqueous extract prepared using 10% of the 
soft part of corbicula. 

From Take and Otsuka (27) 

Memoirs of the Faculty of Education, Niigata University 

Thus, the role of succinic acid i n making up the taste of 
bivalves remains to be elucidated. 

Taste-active Components i n Abalone 

Abalone meat i s highly esteemed i n the Far Eastern countries. 
The author and Hashimoto (28) organoleptically surveyed taste-
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active components of abalone meat, H a l i o t i s gigantea discus, by 
the omission test using a synthetic extract which was formulated 
on the basis of the analysis of the meat extract (Table IV). 

Table IV. Composition of a synthetic extract 
simulating abalone extract (mg/100 ml)* 

Taurine 946 Tyrosine 57 5T-AMP 90 
Arginine 299 Valine 37 5f-ADP 12 
Glycine 174 Phenylalanine 26 Glycine 975 Glutamic acid 109 Leucine 24 betaine 975 
Alanine 98 Histidine 23 Trimethylamine 
Serine 95 Tryptophan 20 oxide j · ̂  
Proline 83 Isoleucine 18 Trimethylamine 1.1 
Threonine 82 Methionine 13 NH3 8 
Lysine 76 Asparti  acid 9 Glycoge 7400 

* The concentration i s equivalent to that found in abalone 
meat. 

From Konosu and Maeda (29). 
Bulletin of the Japanese Society of Scientific Fisheries 

Results obtained are summarized as follows. 
1) Taurine and arginine, which account for an important part 

of the free amino acids, made l i t t l e contribution to the taste. 
2) When glycine was omitted from the synthetic extract, 

sweetness and umami decreased to some extent and the overall taste 
became weak, but the characteristic taste of abalone meat was 
s t i l l retained. 

3) The effect of glycine betaine was almost the same as that 
of glycine. 

4) When glutamic acid was removed from the synthetic extract, 
umami decreased markedly, and the characteristic taste disappeared. 

5) AMP was found to contribute to umami. 
6) Elimination of each of the other components was hardly 

detectable by panelists, but omission of them i n a group produced 
a considerably weaker taste. 

7) Glycogen, which i s contained i n abalone meat in a high 
concentration, showed a body effect on the taste, although glyco
gen i t s e l f was tasteless. 

These results suggest that the.taste characteristic of aba
lone meat i s constituted b a s i c a l l y of umami produced by glutamic 
acid and AMP, and of sweetness produced by glycine and glycine 
betaine. The tastes produced by these substances are harmonized, 
smoothed, and enhanced by glycogen. It seems curious that AMP, 
which i s almost tasteless, contributes to umami, but this may be 
explainable by the enhancing effect of AMP on MSG (monosodium L-
glutamate) observed by Toi e_t a l . (30). In the muscle of marine 
invertebrates, AMP, instead of IMP as i n f i s h , i s accumulated as a 
post mortem degradation product of ATP, since the muscle lacks AMP 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



190 FOOD TASTE CHEMISTRY 

aminohydrolase, or, i f present, i t s a c t i v i t y i s very low. Umami 
of many other marine invertebrates may w e l l be explained by the 
in t e r a c t i o n of AMP and glutamic acid. 

Taste-active Components i n Squids 

Squids are popular sea foods i n Japan. They are not only 
consumed raw, bo i l e d or b r o i l e d , but are also processed to sun-
dr i e d , smoked, and fermented products. 

Endo et a l . (32) analyzed the free amino acids, t r i m e t h y l -
amine oxide (TMAO), and glycine betaine i n the mantle muscle of 
s i x species of squids (Table V), and divided the squids into three 
groups by the composition: Loligo chinensis, _L. kensaki, and 
Sepioteusthis lessoniana, which are very r i c h i n free amino acids, 
e s p e c i a l l y i n glycine, were a f f i l i a t e d with Group 1; Sepia escu-
l e n t a , which i s moderately r i c h i n free amino acids  with Group 2; 
and Thysanoteuthis rhombu
which are scanty i n fre
Group 3. As the members of Groups 1 and 2 contain considerable 
amounts of such sweet-tasting amino acids as gly c i n e , alanine, and 
proline and have a better taste than members of Group 3, Endo e_t 
a l . assumed that these amino acids are responsible f o r the pa l a t 
a b i l i t y of squids. Furthermore, they pointed out that, although 
glycine betaine and TMAO had been thought to make some contribu
t i o n to the taste of squids, the difference i n p a l a t a b i l i t y among 
the species i s not explainable by these components, because the 
glycine betaine content was r e l a t i v e l y uniform among the species 
and TMAO content was apparently higher i n Group 3 than i n Groups 1 
and 2. I t i s desirable to confirm t h e i r postulations by organo
l e p t i c t e s ts and to examine the contribution of nucleotides and 
organic acids, which they have not analyzed, to the taste. 

Free Amino Acids i n Prawns and Lobsters 

The muscle extracts of prawns and lo b s t e r s , l i k e many other 
marine invertebrates, are characterized by the presence of large 
amounts of free glycine. H u j i t a e t _ a l . (_33, _34, 35) observed that 
the amount of free glycine i n the muscle of these crustaceans 
p a r a l l e l e d t h e i r p a l a t a b i l i t y , and suggested that t h i s amino acid 
should make an important contribution to the taste. Moreover, 
they suspected that alanine, p r o l i n e , and serine, which a l l have a 
sweet t a s t e , may also contribute to the taste to some extent, 
since the c o r r e l a t i o n between the p a l a t a b i l i t y of the muscles and 
the sum of glycine and the three amino acids i s highly s i g n i f i c a n t , 
as shown i n Figure 1. 

Hu j i t a (34) noticed that the decrease i n p a l a t a b i l i t y of 
prawn muscle, Penaeus japonicus, which proceeded along with the 
lowering of freshness, was accompanied by a decrease i n free 
glycine content. H u j i t a et a l . 036) also found that the free 
glycine content of prawn muscle i s higher i n winter, when the 
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Table V. Nitrogenous compounds i n the 
muscle extract of squids (N mg/100 g) 

C0 
•Η hi

s 

CO 
43 cd 4-» ω CO U β cd 43 CO 

•Η CO cd 4-» ω α CO •Η •H β 4-» CO ω ϋ 
β 44 ω β ω ο •Η •Η ο CD ο 03 4-1 Ο ι Η α U β <W 

&c β CO Ο CO cd e CO cd •Η 
•Η •Η •Η β •Η CO •Η ο C0 ο CO ο α 43 CO 43 Ë ι Η cd 

ο μι 
Taurine 27.8 22.5 17. 9 53.8 7 
Hydroxyproline 2.3 - - 5. 2 -
Aspartic acid 0.4 - - - -
Threonine 3. 5 3.0 1.0 6. 7 0. 3 2 .4 
Serine 3.6 3.5 3. 5 17.8 0. 7 2 .9 
Glutamic acid 1.4 3.3 0.. 3 3. 2 1. 3 4 .0 
Pr o l i n e 117.1 40.1 91.1 72. 7 - 22 .9 
Glycine 144.4 154.5 155.. 1 11. 3 1.8 4 .5 
Alanine 75.6 41,0 28.. 5 23. 5 9. 3 10 .7 
Cystine - 0.2 3.4 1. 7 - 2 .1 
Valine 1.4 1.8 3,4 2. 3 0. 3 2 .0 
Methionine 2.1 0,1 0. 7 2. 6 0. 3 1 .7 
Isoleucine 0.8 1,7 0.6 1.0 0. 7 1 .2 
Leucine 1. 5 0. 5 1. 3 1. 2 0. 9 2 .5 
Tyrosine 3. 6 1. 3 0. 6 0. 1 - 1 .1 
Phenylalanine L.0 0.7 0. 2 1.0 - 0 .1 
Tryptophan 0.4 - 0. 7 - -
H i s t i d i n e 8. 1 1. 3 4. 3 3.0 2. 2 16 .1 
Lysine 4. 6.7 2.8 2 1. 7 4 .0 
Arginine 72. 3 226.2 79.0 85. 5 183.8 51 .4 
Trimethylamine 
oxide 129 112 92 54 257 239 

Glycine betaine 102 92 102 105 111 74 

-, not detected. 
From Endo et a l . (32) Bulletin of the Japanese Society of Scientific Fisheries 
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Mjvao Hojita (thesis) 
Figure J The contents of ^h/citie, proline, serine, and fdanine in the muscle ex
tracts of prate η χ and lobsters. Thetf are arranged tn decreasing order of paiata-

hdittf from left to right (31). 
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muscle i s more palatable. These observations serve as a d d i t i o n a l 
evidence to support t h e i r assumption that glycine i s an important 
taste-giving constituent i n prawns and lobster s . 

Using aqueous extracts of a dried shrimp, Sergestes lucens 
and a fresh prawn, Pandalus b o r e a l i s , Take ejt a l . (37) examined 
org a n o l e p t i c a l l y the r o l e of various constituents i n the make-up 
of t h e i r taste. The r e s u l t s are summarized as follows. 

1) When nucleotides, c o n s i s t i n g c h i e f l y of AMP, were degrad
ed with nucleotidase, or when organic acids were removed with 
d i e t h y l ether, no detectable change of taste occurred. 

2) When the extracts were incubated with glutamate decarbox
ylase, t h e i r umami s l i g h t l y decreased. 

3) When extracts were passed through a column of Amberlite 
IR-120, they l o s t t h e i r umami completely and produced only a 
s l i g h t l y sweet sensation. 

From these r e s u l t d fro  th  fre  amin  acid composition
of the extracts, they regarde
and g l y c i n e , as the mai
taceans . 

Taste-active Components i n Crabs 

Take e_t a l . (38) who surveyed the taste-active components of 
the snow crab, Chionoecetes o p i l i o , i n the same way as described 
for the shrimp and prawn i n the preceding section, found that the 
amino acids were the most important f l a v o r components, and that a 
synthetic extract (Table VI) prepared by simulating the crab 
extract reproduced i t s taste f a i r l y w e l l . 

Table VI. Composition of a synthetic 
extract simulating snow crab extract 
(mg/100 ml)* 

Arginine 71.00 Tyrosine 5.54 
Glycine 63.00 Glutamic acid 5.50 
Valine 25.55 Aspartic acid 5.42 
Alanine 21.08 H i s t i d i n e 1.64 
Pr o l i n e 15.07 Maltose 300 
Lysine 6.62 

* The concentration i s equivalent to 
that of an aqueous extract prepared 
using 10% of the muscle. Maltose 
equivalent to the amount of reducing 
sugars found was added. The pH value 
of the synthetic extract i s unknown. 

From Take et a l . (38). 
Journal of Home Economics (Japan) 

We have recently undertaken a s i m i l a r , but more extensive 
study, to elucidate the contribution of each of the ex t r a c t i v e 
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components to the c h a r a c t e r i s t i c taste of boiled crabs. The out
l i n e of our study follows. 

Five species of common edible crabs were used. They were 
cooked i n b o i l i n g water containing 3% NaCl f o r 20 minutes accord
ing to commercial p r a c t i c e . A f t e r cooling, the leg meat was 
removed from the crabs of both sexes and extracted with hot water. 
The extracts were then deproteinized with 80% ethanol and analyzed 
for free and combined amino acids, nucleotides and rela t e d com
pounds, quaternary ammonium bases, sugars, organic acids, and 
inorganic ions. 

As shown i n Figure 2, a common s t r i k i n g feature of the free 
amino acid composition of the crab meats was the considerably high 
amounts of glycine and arginine and the high but somewhat lower 
amounts of pro l i n e and taurine. These four amino acids accounted 
for 60-80% of the t o t a l free amino acids, which amounted to 2,000-
3,000 mg/100 g of meat  Af t e  acid hydrolysi f th  extr a c t s
the t o t a l amino acids showe
aspartic acids accounting  majo  par  (39)

The amounts of the other constituents are summarized i n 
Figures 3, 4, and 5. AMP and CMP comprised the major part of the 
t o t a l nucleotides. I t i s worthy to note that crab meat i s very 
r i c h i n quaternary ammonium bases, such as glycine betaine and 
TMAO. Appreciable amounts of homarine were also found (40). 
Although several kinds of sugars and organic acids were detected, 
t h e i r concentrations were extremely low, except for l a c t i c a c i d , 
which ranged from 30 to 200 mg/100 g and glucose, which ranged 
from 3 to 86 mg/100 g. In the case of the inorganic ions, sodium, 
potassium, c h l o r i d e , and phosphate ions were predominant. 

A l l of these a n a l y t i c a l r e s u l t s are summarized i n Figure 6, 
i n which the amount of each e x t r a c t i v e component i s shown i n terms 
of the percentage of the t o t a l e x t r a c t i v e nitrogen and i n terms of 
the percentage of the dry matter of the extracts. In both cases, 
recoveries were s a t i s f a c t o r y , reaching more than 92%. These 
values indicate that the composition of the crab meat extracts has 
been elucidated almost completely. From these r e s u l t s a synthetic 
extract (Table VII) simulating the composition of the meat extract 
of the male snow crab, which i s reputed to be one of the most 
palatable species i n Japan, was prepared. Afte r confirming organo-
l e p t i c a l l y that the synthetic extract could reproduce the taste of 
the crab extract f a i r l y w e l l , omission tests were c a r r i e d out i n 
order to determine how each constituent contributed to the taste. 
Using the t r i a n g l e difference test a team of seven trained panel
i s t s compared the taste of the synthetic extract lacking c e r t a i n 
ingredient(s) to the taste of the complete synthetic extract. 

The r e s u l t s showed that seven nitrogenous constituents, 
g l y c i n e , alanine, glutamic a c i d , arginine. AMP, GMP, and CMP, and 
four inorganic ions, Na +, K +, C l ~ , and Ρ0ζ~, contribute more or 
les s to produce the taste of crab. The opinions of the pan e l i s t s 
regarding the taste of the test solutions are summarized as 
follows. 
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I I O t h e r s 

M F M F M F M F M F 
Snow B l u e Horsehair K i n g A l a s k a 
crab c r a b c r a b crab king crab 

Figure 2. Free amino acids in crab extracts 
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Figure J Xttrogenom components in era h extracts 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



S. KONOSU Fish and Shellfish 197 

Figure 4. Sugars and organic acids in crab extracts 
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Figure 5. Inorganic components in craft extracts 
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Minerals 

Sugars & 
Organic acids 
Quaternary 
ammonium bases 
Nucleotides & 
related c o m p d s . 
Combined 

a c i d s 

N H 3 

Quaternary 
a m m o n i u m bases 
N u c l e o t i d e s & 
related compds. 
Combined 
amino a c i d s 

Free amino 
a c i d s 

M F 
S n o w 
c r a b 

M F 
B l u e H o r s e h a i r K i n g A l a s k a 
c r a b c r a b c r a b k i n g c r a b 

Bulletin of the Japanese Society of Scientific Fisheries 

Figure 6. Distribution of various components in crab extracts: (A) weight basis; 
(B) nitrogen basis (40) 
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Table VII. Composition of a synthetic extract 
simulating snow crab extract (mg/100 ml)* 

Taurine 243 5f-CMP 6 
Aspartic acid 10 5f-AMP 32 
Threonine 14 5f-GMP 4 
Serine 14 5f-IMP 5 
Sarcosine 77 5f-ADP 7 
Proline 327 Adenine 1 
Glutamic acid 19 Adenosine 26 
Glycine 623 Hypoxanthine 7 
Alanine 187 Inosine 13 
a-Amino-n- 9 Guanine 1 
butyric acid Ζ Cytosine 1 

Valine 
Methionin
Isoleucine 29 Trimethyl- 338 Leucine 30 amine oxide 338 
Tyrosine 19 Homarine 63 
Phenylalanine 17 Glucose 17 
Ornithine 1 Ribose 4 
Lysine 25 Lactic acid 100 
Histidine 8 Succinic acid 9 
3-Methyl- NaCl 259 
h i s t i d i n e J KC1 376 

Tryptophan 10 NaH 2P0 4 108 
Arginine 579 Na 2HP0 4 

PH 
569 
6.60 

* The concentration i s equivalent to 
that found i n the crab meat. For 
organoleptic tests, the solution was 
diluted twice. 
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1) When glycine i s omitted from the synthetic e x t r a c t , 
sweetness and umami decrease considerably. 

2) Alanine serves to produce sweetness, although not a great 
deal. 

3) Glutamic acid contributes greatly to umami. When i t i s 
removed, the c h a r a c t e r i s t i c taste of crab and the sweet sensation 
decrease considerably. 

4) When arginine i s eliminated, the o v e r a l l taste as w e l l as 
the c r a b - l i k e taste becomes weak. 

5) Each of GMP and AMP contributes s l i g h t l y to umami. 
6) Omission of CMP produces almost no change i n taste. 

(However, since repeated t r i a n g l e difference tests c o n s i s t e n t l y 
showed that a difference between two test solutions at le a s t at 
the 5% l e v e l , i s s i g n i f i c a n t , CMP may contribute to the taste of 
crab, although the p a n e l i s t s could not perceive i t s presence 
d i s t i n c t l y . ) 

7) When sodium ion
crease d r a s t i c a l l y and  disappear  completely

8) I f potassium ions are eliminated, the c r a b - l i k e taste i s 
retained to some extent, but the taste becomes watery. 

9) When chloride ions are removed, the test s o l u t i o n becomes 
almost t a s t e l e s s . 

10) Removal of phosphate ions causes a s l i g h t decrease i n 
sweet and s a l t sensations as w e l l as umami. 

I t was also sound i n a supplementary test that glycine 
betaine serves to produce a d e l i c a t e f l a v o r . P r o l i n e , taurine, 
and TMAO, although t h e i r concentrations are remarkably high, 
contribute l i t t l e to the tas t e , as do the other minor components. 
I t was thereby confirmed that a synthetic extract containing the 
above twelve components could reproduce the c r a b - l i k e t a s t e , 
although i t i s weaker than that of the mixture containing a l l the 
constituents l i s t e d i n Table VI I . 

From these r e s u l t s , we have depicted a model f o r the con
s t r u c t i o n of the taste of crab meat. This i s shown i n Figure 7. 
The nucleus of the crab taste i s produced by a l i m i t e d number of 
compounds, such as glycine, glutamic a c i d , arginine, AMP, GMP, 
sodium ions, and chloride ions. The c h a r a c t e r i s t i c taste of crab 
meat thus formed i s elaborated upon and enhanced by such components 
as alanine, glycine betaine, potassium ions, and phosphate ions, 
and possibly by CMP. The other components, though t h e i r i n d i v i d u 
a l contributions are s l i g h t , j o i n t l y also serve as taste enhancers. 

Conclusion 

Among a wide v a r i e t y of sea foods with a great v a r i e t y of 
tastes, the o v e r a l l taste pictures of only a few have been studied 
by d e t a i l e d chemical analysis of t h e i r e x t r a c t i v e components 
accompanied by organoleptic t e s t s . Sea foods provide f a s c i n a t i n g 
materials for food chemists who are interested i n f l a v o r . 
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Flavor of Browning Reaction Products 

AHMED FAHMY MABROUK 

Food Sciences Laboratory, U.S. Army Natick Research and Development Command, 
Natick, MA 01760 

With the exception
consumed food has to
broiling, roasting, canning, baking, concentration, pasteuriza
tion,...etc.) to render it edible; to increase its consumer 
acceptance or to extend its shelf life. Table I lists the 
consumption of food commodities per capita in the United 
States (1). About 78% of these comodities are processed, and 
account for approximately 75% of the American family food budget. 

Natural food flavors such as terpenes, hydrocarbons, 
alcohols, aldehydes, ketones, esters, acids, lactones, amines, 
sulfur compounds are enzymatically produced in fruits and 
vegetables. On the contrary, processed food develops its 
characteristic acceptable flavors from chemical reactions within 
its components at temperatures far below those at which its major 
components, i.e., lipids, proteins and carbohydrates pyrolyze. 
Food flavor precursors responsible for the productivity of 
volatile flavors are given in Table II. 

Aqueous flavor precursors undergo nonenzymic browning during 
processing, which is the most important flavor producing reaction. 
Also, at low temperature pyrolysis, i.e., roasting between 
100-270°C, these compounds undergo thermal degradation, producing 
new compounds some of which have desirable organoleptic notes. 
Some degradation products react further. For example, a l l purines 
are decomposed upon heating i n acid media at temperatures above 
100°C to glycine, formic a c i d , carbon dioxide and ammonia. 
Methylated purines give r i s e to methylamine instead of ammonia. 

Proteins and glycoproteins p a r t i c i p a t e i n the browning 
reaction v i a t h e i r free-NR^ groups. Furthermore, during proces
sing, compounds of these two classes undergo hydrolysis and 
degradation;thus ammonia, hydrogen s u l f i d e , peptides, amino acids, 
amines and sugars are produced. A d e l i c i o u s taste peptide which 
has the following structure: H-Lys-Glc-Asp-Glu-Ser-Leu-Ala-OH was 
is o l a t e d from beef gravy (2). In animal c e l l s , the widely occur
r i n g peptides are carnosine, anserine, glutathione, phosphopep-
t i d e s , lipopeptides and nucleopeptides. The largest class of 

This chapter not subject to U.S. copyright. 
Published 1979 American Chemical Society 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



Ta
bl

e 
I 

Co
ns

um
pt

io
n 

of
 M

aj
or
 F

oo
d 

Co
mm

od
it

ie
s 

Pe
r 

Ca
pi

ta
 i

n 
US
A,
 
lb

 

Co
mm

od
it

y 
19

60
 

19
70

 
19

74
 

19
75

 
19

76
 

19
77

 
Me

at
s :

 
13

4.
1 

15
1.

4 
15

2,
5 

14
5.

4 
15

5.
3 

15
4.

8 
Be

ef
 

64
.3

 
84

.1
 

86
.4

 
88

.9
 

95
.7
 

93
.2
 

Ve
al

 
5.
2 

2.
4 

1.
9 

3.
5 

3.
3 

3.
2 

La
mb

 a
nd
 m

ut
to

n 
4.
3 

2.
9 

2.
0 

1.
8 

1.
7 

1.
5 

Po
rk

 
(e

xc
lu

di
ng

 
la

rd
) 

60
.3

 
62

.0
 

62
.2
 

51
.2

 
56
.4
 

56
.9

 
Fi

sh
 

(e
di

bl
y 

we
ig

ht
) 

10
.3

 
11

.8
 

12
.2

 
12
.2
 

12
.9

 
12

.8
 

Po
ul

tr
y 

pr
od

uc
ts

: 
Eg

gs
 

42
.4
 

39
.5

 
36

.6
 

35
.4
 

34
.9

 
34

.5
 

Ch
ic

ke
n 

(r
ea

dy
-t

o-
co

ok
) 

27
.8

 
40

.5
 

41
.1

 
40

.3
 

43
.3

 
44

.3
 

Tu
rk

ey
 

(r
ea

dy
-t

o-
co

ok
) 

6.2
 

8.
0 

8.
9 

8.
6 

9.2
 

9.
2 

Da
ir

y 
pr

od
uc

ts
: 

Ch
ee

se
 

8.
3 

11
.5

 
14

.6
 

14
.5

 
15

.9
 

16
.3

 
Co

nd
en

se
d 

an
d 

ev
ap

or
at

ed
 m

il
k 

13
.7
 

7.
1 

5.
6 

5.
0 

4.
7 

4.
4 

Fl
ui

d 
mi

lk
 a

nd
 c

re
am

 
(p

ro
d.

we
ig

ht
) 

32
1.

0 
29

6.
0 

28
8.

0 
29

1.
1 

29
2.

0 
28

9,
4 

Ic
e 

cr
ea

m 
(p

ro
du

ct
 w

ei
gh

t)
 

18
.3

 
17
.7
 

17
.5

 
18
.7
 

18
.1

 
17

,7
 

Fa
ts

 a
nd

 o
il

s-
to

ta
l,
 
fa

t 
co

nt
en

t 
45

.3
 

53
.0

 
53

.2
 

53
.3

 
56

.1
 

54
.4

 
Bu

tt
er

 
(a

ct
ua

l 
we

ig
ht

) 
7.
5 

5.
3 

4.
6 

4.
8 

4.
4 

4.
4 

Ma
rg

ar
in

e 
(a

ct
ua

l 
we

ig
ht

) 
9.4

 
11

.0
 

11
.3

 
11

.2
 

12
.2
 

11
.6

 
La

rd
 

7.
6 

4.
7 

3.
2 

4.
0 

3.
6 

3.
5 

Sh
or

te
ni

ng
 

12
.6

 
17

.3
 

17
.0

 
17

.3
 

18
.1

 
17

,5
 

Ot
he

r 
ed

ib
le

 f
at

s 
an

d 
oi

ls
 

11
.5

 
18
.2
 

20
.3

 
20

.3
 

22
.0

 
21

.6
 

Fr
ui

ts
: 

Fr
es

h 
90

.0
 

79
.1

 
76

.3
 

81
.3

 
83

.6
 

82
,4

 
Ci

tr
us

 
32

.5
 

27
.9
 

26
.8

 
28
.7
 

28
.6
 

25
.2

 
No

nc
it

ru
s 

57
.5

 
51
.2
 

49
.5

 
52

.6
 

55
.0

 
57

,2
 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



Ta
bl

e 
I 

(c
on

t'
d)

 
Co

ns
um

pt
io

n 
of

 M
aj

or
 F

oo
d 

Co
mm

od
it

ie
s 

Pe
r 

Ca
pi

ta
 i

n 
US

A,
 l

b 
Co

mm
od

it
y 

19
60

 
19

70
 

19
74

 
19

75
 

19
76

 
19

77
 

Pr
oc

es
se

d:
 

Ca
nn

ed
 

fr
ui

t 
22

.6
 

23
.3

 
19

.6
 

19
.3

 
19

.2
 

19
.5

 
Ca

nn
ed

 j
ui

ce
 

13
.0

 
14

.6
 

14
.7
 

15
.3

 
15

.3
 

13
.7
 

Fr
oz

en
 (

in
cl

ud
in

g 
ju

ic
es

) 
9.
1 

9.
8 

11
.3

 
12

.6
 

12
.2

 
12

.4
 

Ch
il

le
d 

ci
tr

us
 

ju
ic

es
 

2.
1 

4.
7 

5.
2 

5.
7 

6.
2 

5.
8 

Dr
ie

d 
3.
1 

2.
7 

2.
5 

3.
0 

2.
7 

2,
6 

Ve
ge

ta
bl

es
 :
 

Fr
es

h 
96

.0
 

91
.0

 
93

.6
 

93
.9

 
94

.5
 

93
.1

 
Ca

nn
ed

, 
ex

cl
ud

in
g 

po
ta

to
es

 
an

d 
sw

ee
t 

po
ta

to
es

 
43

.4
 

51
.2

 
53

.3
 

52
.1

 
52

.8
 

52
.8

 
Fr

oz
en

, 
ex

cl
ud

in
g 

po
ta

to
es

 
7.
0 

9.
6 

10
.2

 
9.
7 

10
.2

 
9.
7 

Po
ta

to
es

, 
(i

nc
lu

di
ng

 
fr

es
h 

eq
ui

va
le

nt
 o

f 
pr

oc
es

se
d)

 
10

5.
0 

11
5.

3 
11

2.
3 

12
0.

2 
11

4,
7 

12
0.

7 
Sw

ee
tp

ot
at

oe
s,

 
(I

nc
lu

di
ng

 
fr

es
h 

eq
ui

va
le

nt
 o

f 
pr

oc
es

se
d)

 
6.
5 

5.
2 

5.
1 

5.
3 

5.
3 

5,
0 

Gr
ai

ns
 :
 

Wh
ea
t 

fl
ou

r 
11

8 
11

0 
10

6 
10
7 

11
1 

10
7 

Ri
ce

 
6.
1 

6.
7 

7.
6 

7.
7 

7.
2 

7,
8 

Ot
he

r:
 

Co
ff

ee
 

11
.6

 
10

.5
 

9.
5 

9.
0 

9.
4 

6.
9 

Te
a 

0.
6 

0.
7 

0.
8 

0.
8 

0.
8 

.9
 

Co
co

a 
2.
9 

3.
1 

3.
0 

2.
6 

3.
0 

2.
7 

Pe
an

ut
s 

(s
he

ll
ed

) 
4.
9 

5.
9 

6.
4 

6.
5 

6.
3 

6.
5 

Dr
y 

ed
ib

le
 
be

an
s 

7.
3 

5.
9 

6.
7 

6.
5 

6.
3 

6.
0 

Me
lo

ns
 

23
.2
 

21
.2

 
17

.2
 

17
.5

 
18

.6
 

19
.0

 
Su

ga
r 

(r
ef

in
ed

) 
97
.4
 

10
1.

8 
96

.6
 

90
.2

 
94
.7
 

95
.7
 

S 1 ta -*
 

ο g S*
 

(Ή
 !» <*>

 Ci O 5 

Re
fe

re
nc

e 
(1

) 
g 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



208 FOOD TASTE CHEMISTRY 

Table I I 

Food Flavor Precursors and Their Flavor Components 

Possible Flavor 
Precursors Components Produced 

Class Number Per Compound Per Class 
a- Aqueous Flavor Precursors 

2,400 

1,400 

480 
480 

300 

2,500 

>8,960 
b- Non-Auqeous Flavor Precursors 

1- Neutral l i p i d s 25 50 1,250 
2- Polar L i p i d s 25 50 1,250 
3- Isoprenoids 150 5 750 
4- Carotenoids 10 25 250 
5- Unsaponifiable 

compounds 
Subtotal >210 >3,500 

1- Glycoproteins 
2- Glycopeptides 
3- Proteins 
4- Peptides 60 40 
5- Amino Acids ) 

Amines ) 6-
Amino Acids ) 
Amines ) 

7- Nucleotides ) 
8- Nucleotide S 

sugars < 35 40 
9- Nucleotide J 

sugaramine < 
10- Nucleotide J 

acetylsugaraminej 
11- Peptide bound 

40 nucleotide 12 40 
12- Nucleosides 12 40 
13- Purines and 

pyrimidines 12 25 
14- Sugars \ 
15- Sugaramine ) 50 50 16- Sugar phosphate ) 50 50 
17- Organic acids 25 
Subtotal >241 >275 

22 Grand t o t a l >451 >12,460 
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9. MABROUK Browning Reaction Products 209 

peptides i n plants consist of γ-glutamyl dipeptides along with 
some t r i p e p t i d e s , one of which i s homoglutathione 
(y-glutamylcysteinyl-g-alanine) which replaces glutathione i n 
some enzymic reactions Q ) . About t h i r t y - f i v e amino acids and 
amines occur n a t u r a l l y i n foods. D-ribose i s found i n nucleo
t i d e s , D-ribulose, D-lyxose, D-xylulose, glucose, fructose, 
sedoheptulose, and glyceraldehyde are present as phosphoric acid 
esters i n the products of carbohydrate metabolism. Fucose i s a 
constitutent of blood group substances which contain galactose 
and mannose. The presence of carbohydrate alcohols i n vegetables, 
f r u i t s and animals may be accounted for by a reduction of the 
reducing sugars, or through decarboxylation of the corresponding 
higher aldonic acids. Sorbose, glucose, sucrose, i n o s i t o l , 
mannitol, p e n t i t o l and two u n i d e n t i f i e d sugars were reported i n 
cocoa beans (4). 

Sugar acids, mono-  d i - d t r i - c a r b o x y l i  acids  keto-
hydroxy-acids as w e l l a
i n foods. While uronic acids p a r t i c i p a t e  the browning reaction, 
others might accelerate or retard the reaction. 

Non-aqueous f l a v o r precursors contribute d i r e c t l y and 
i n d i r e c t l y to food f l a v o r s . Boar meat l i p i d s contain 5-androst-
16-ene-3-one which i s responsible for noticeable undesirable 
notes (5). The c h a r a c t e r i s t i c f l a v o r s of mutton and goat meat 
are a t t r i b u t e d to the presence of odd-numbered η-fatty acids, and 
abnormal proportion of branched chain f a t t y acids (6). During 
processing of foods, l i p i d s undergo autoxidation, h y d r o l y s i s , 
dehydration, decarboxyltion, and degradation. Thermal 
degradation of neutral l i p i d s , polar l i p i d s and free f a t t y acids 
produce the following classes of compounds (7-13) : - ( l ) n - and 
i s o - a l k a n a l s , (2) alkadianals, (3) oxo-alkanals, (4) alkenals, 
(5) alkadienals, (6) aromatic aldehydes, (7) methyl ketones, 
(8) saturated and unsaturated alcohols, (9) γ- and 6- lactones, 
(10) hydrocarbons, (11) keto- and hydroxy-acids, 
(12) d i c a r b o x y l i c acids, and (13) saturated and unsaturated 
f a t t y acids, containing l e s s carbon atoms than the parent ones. 

L i p i d s i n foods vary from traces as i n cereals to 30-50% 
as i n nuts. The physical state and d i s t r i b u t i o n of l i p i d s vary 
considerably among food items. In each item l i p i d d i s t r i b u t i o n s 
a f f e c t i t s f l a v o r as i t undergoes chemical reactions and act as a 
f l a v o r components vehic l e or p a r t i t i o n i n g medium. Furthermore, 
l i p i d s have a pronounced e f f e c t upon the structure of food items. 
Fatty acids of neutral ( t r i g l y c e r i d e s ) and polar l i p i d s of beef 
and pork are tabulated i n Table I I I . 

Pork f a t contains more unsaturated f a t t y acids than beef and 
i t s l i n o l e i c acid content i s double that i n beef. Heat produced 
v o l a t i l e s i n red meat f a t s are l i s t e d i n Table IV. The presence 
of pyrazines i n the v o l a t i l e s of beef f a t i s due to the presence 
of nitrogenous compounds i n the f a t amounting to 0.1-0.2%N, 
(Kjeldhal method). These compounds might be proteins, peptides, 
amino acids, and amine moitiés i n polar l i p i d s . Such compounds 
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Table I I I 

Fatty Acids Composition of Beef and Pork L i p i d s 

T r i g l c e r i d e s Polar L i p i d s 
Beef Pork Beef Pork 

Fatty Acids % of Total Fatty Acid Content 

a.- Saturated 

b. 

d. 

Capric 0.1 0.1 - -
Laurie 0.1 0.2 - -
M y r i s t i c 2.2 1.2 2.6 2.0 
P a l m i t i c 27.5 23.9 13.2 20.0 
Stearic 

Total 46.8 37.0 31.4 33.0 

- Monounsaturated 
Tetradecenoic 1.0 - 0.9 0.2 
Pa l m i t o l e i c 4.7 7.4 2.2 2.3 
Olei c 41.3 45.3 21.2 16.2 

Total 47.0 52.6 24.3 18.8 

- Dienoic 
Tetradecenoic 0.6 - 1.3 0.6 
L i n o l e i c 4.4 8.7 20.2 27.9 
Docasadienoic - - - 0.9 

Total 5.0 8.7 21.5 29.3 

- Trienoic 
L i n o l e n i c 1.1 1.6 1.8 1.0 
Ei c o s a t r i e n o i c - - 1.9 1.6 

Total 1.1 1.6 3.7 2.6 

Tetraenoic 
Arachidonic 0.1 0.1 19.1 16.3 

Total 0.1 0.1 19.1 16.3 

Reference (14) 
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9. MABROUK Browning Reaction Products 

Table IV 
Heat Produced Carbonyls In Red Meat Fats 

V o l a t i l e Compounds Pork Beef Lamb 
ALKANALS 
Ethanal(Acetaldehyde) 10 9a, 10 
n-Propanal 10 9a, 10 
n-Pentanal 7 8 
n-Hexanal 7,10 8,9,10 10 
η-Hep tanal 7 8,9 
n-Octanal 7,10 8,9 
n-Nonanal 7,10 8,9 10 
n-Decanal 7 8,9 
n-Undecanal 7 
n-Dodecanal 7 

METHYL-ALKANALS 
Methylpropanal 9a 
Me thylbutanal 7 8,9a 

ALKANEDIAL 
Ethanedial(Glyoxal) 9a 

OXOALKANAL 
2-0xopropanal(Pyruvaldehyde) 9a 

2-ALKENAL 
2t-Butenal(Crotonal) 9a 
2t-Heptenal 7 8,9 
2t-0ctenal 7,10 8,9 
2t-Nonenal 7,10 8,9 10 
2t-Decenal 7,10 8,9 10 
2t-Undecenal 10 8 10 

2,4-Alkadienal 
2,4-Heptadienal 10 
2,4-Nonadienal 10 
2,4-Decadienal 10 8,10 

2-ALKAN0NE 
Acetone 10 
2-Butanone 9a 
2-Decanone 7 7 
2-Undecanone 7 
2-Tridecanone 8 
2-Pentadecanone 8 
2-Hep tadecanone 8 
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Table IV (cont'd) 

Heat Produced Carbonyls i n Red Meat Fats 

V o l a t i l e Compounds Pork Beef Lamb 

HYDROXY-2-ALKANONE 
3-Hydroxy-2-butanone(acetoin) 9a 

PYRAZINE 
2,5-Dimethyl-
2-Ethyl-
2-Ethyl-3,6-dimethyl-
2-Ethyl-5-methyl-
2,3,5-Trimethyl-

8 
8 
8 
8 
8 

Reference (7,8,9,10) 
"a 1 1 designates heating  nitroge  atmosphere,

degrade during heating and produce ammmonia and basic compounds. 
When ammonia, amino acids and degraded nitrogenous compounds 
react with α-dicarbonyls produced from l i p i d o x i d a t i o n , 
pyrazines are formed. 

Cooked chicken f l a v o r concentrate (13) contained the 
following aldehydes; 3c-nonenal; 4c-decenal; 2t,4c-decatrienal; 
2t,5c-undecadienal; 2t-dodecenal; 2t,4c-docadienal; 2t,6c- and 
2t,6t-dodecadienal 2 t - t r i d e c e n a l ; 2t,4c-tridecandienal; 
2 t , 4 c , 7 c - t r i d e c a t r i e n a l ; and 2t,4c-tetradecadienal. Three 
of these aldehydes: 4c-decenal; 2t,6c-dodecadienal; and 
2t, 4 c , 7 c - t r i d e c a t r i e n a l are t y p i c a l breakdown of arachidonic 
a c i d , and to a major extent also 2t,5c-undecadienal. These 
aldehydes play an important r o l e i n cooked chicken f l a v o r v i a 
the browning reaction. 2,4-Decadienal which i s considered to 
be a key compound of chicken aroma, was found i n the v o l a t i l e s 
of cooked chicken (15,16). 2,4-Heptadienal; 2,4-nonadienal and 
2,4-decadienal were i d e n t i f i e d i n heated pork f a t (10) and 
heated beef f a t (8,10). Dicarbonyls, d i e n a l s , t r i e n a l s undergo 
amino-carbonyl reactions, r e s u l t i n g probably i n the formation 
of meaty f l a v o r notes i n s p e c i f i c proportions c h a r a c t e r i s t i c 
of each species. Although t h e i r y i e l d i s small i n comparison 
with monocarbonyls, t h e i r high r e a c t i v i t i e s are responsible for 
t h i e r important r o l e i n f l a v o r production. 

The complexity of food f l a v o r precursors i s manifested by 
the number of compounds estimated i n each class of compounds 
and by the possible t o t a l number i n a si n g l e raw food. The 
possible number of f l a v o r components produced per one compound 
of f l a v o r precursor i s estimated i n the range 10-150, but i s 
reduced to 5-40 to eliminate compounds that might be produced 
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9. MABROUK Browning Reaction Products 213 

by more than one precursor and to account f o r v a r i a t i o n s i n 
processing methods. One hundred compounds were i d e n t i f i e d i n 
thermal degradation products of glucose (17,18,19): aldehydes 
ketones, aromatics, furans, oxygenated furans, n o n - v o l a t i l e s . 
Sugars react with ammonia at temperatures ranging from 20 to 
260°C., to produce h e t e r o c y c l i c compounds : substituted imidazoles, 
substituted pyrazines, substituted piperazines, pyridine and 
substituted pyridines(20). At 0-120°C., a-dicarbonyls 
(2,3-butadione, ethanedial " g l y o x a l " , 2-oxopropanal 
"pyruvaldehyde 1 1, and α-hydroxycarbonyl "glycolaldehyde" react 
with ammonia i n presence of formaldehyde to give substituted 
imidazoles. Dipeptides react with sugars e i t h e r as an e n t i t y 
or as amino acids produced by hydrolysis during processing. In 
the f i r s t case, one compound i s formed, pyrazinone (21), i n the 
second case numerous f l a v o r compounds are produced from the 
reaction of the two amino acids with sugar. The r e a c t i v i t y of 
dipeptides towards reactio
higher than that of amin
i s very b i t t e r , the product of i t s reaction with glyoxal has an 
astringent, a l i t t l e sour and l a t e r a mild taste. Some products 
from the browning reaction and p y r o l y s i s of f l a v o r precursors 
react with ammonia and hydrogen s u l f i d e , thus increasing the 
number of f l a v o r components produced from food precursors. The 
molecular structure of the amino acid influences the f l a v o r notes 
i n the food. For example, thiophenes are reported i n the v o l a 
t i l e s produced from the p y r o l y s i s of cysteine or from i t s 
reaction with glucose or pyruvaldehyde (22,24) but were absent 
i n the case of cystine (23,24). 

Hundreds of compounds have been i d e n t i f i e d i n the v o l a t i l e 
f l a v o r components of processed foods. Hydrocarbons, alcohols, 
ethers, aldehydes, ketones, acids, acid anhydrides, esters, 
aromatic, lactones, pyrones, furans, p y r i d i n e s , p y r r o l e s , 
n-alkylpyrrole-2-aldehydes, pyrazines, s u l f i d e s , d i s u l f i d e s , 
t h i o l s , thiophenes, t h i a z o l e s , t r i t h i o l a n e s , t h i a l d i n e ...etc. 
Each compound has a c h a r a c t e r i s t i c note and a s p e c i f i c threshold 
which makes i t s contribution to food f l a v o r unique. But none of 
the i n d i v i d u a l compounds were reported to completely produce the 
c h a r a c t e r i s t i c f l a v o r of the processed food. This indicates that 
the food f l a v o r s are of mixed f l a v o r notes of numerous compounds, 
while others are necessary f o r i t s s y n e r g i s t i c e f f e c t , others 
exert a background of modifying e f f e c t . 

Browning reaction has become a major topic of food research 
because of i t s relevance to the desirable and undesirable changes 
( f l a v o r , c o l o r , texture, and n u t r i t i v e value) occurring i n foods 
during processing and storage. During the Second World War and i t s 
post era, research on food d e t e r i o r a t i o n due to nonenzymic 
browning received considerable attention due to the problems 
r e s u l t i n g from the necessity to prepare dehydrated foods and 
food concentrates which had to be stored under t r o p i c a l conditions 
without serious d e t e r i o r a t i o n . 
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The purpose of t h i s paper i s to review the numerous papers 
published on f l a v o r s , tastes and odors r e s u l t i n g from the 
browning reaction. Investigations of model systems which have 
been observed under laboratory conditions are considered and 
t h e i r possible s i g n i f i c a n c e i n basic and i n d u s t r i a l processes 
w i l l be discussed. Speculation on the possible c o r r e l a t i o n 
between model system r e s u l t s and s p e c i f i c processed food items 
w i l l be presented. Results of recent work i n our laboratory on 
fl a v o r notes developed upon heating ribose with various amino 
acids w i l l be discussed. 

The numerous purely chemical papers are considered to be 
outside the scope of t h i s paper. The reader i s referred to 
several reviews on the subject (25-30). Comprehensive reviews 
on nonenzymic browning i n r e l a t i o n to s p e c i f i c food problems 
had been published (31,32,33). 

As f l a v o r productio
complicated reactions du
chemists concentrated t h e i r research e f f o r t s on simpler systems 
to understand the reactions involved and t h e i r products. 

Amino Acids-Sugars Model Systems 

Model system studies of the reaction between single amino 
acids and n a t u r a l l y occurring substances capable of reacting with 
them has furnished valuable information leading toward an under
standing of food f l a v o r s . The w e l l known Strecker degradation 
of α-amino acids, Schonberg and Moubacher (25), has been used as 
the c e n t r a l r e a c t i o n around which other amino compound degradation 
systems may be oriented. In t h i s r eaction α-amino acids are 
deaminated and decarboxylated by s p e c i f i c carbonyl compounds or 
others to y i e l d aldehydes and ketones containing one carbon atom 
l e s s . 3-amino acids also undergo oxidative deamination and 
decarboxylation to a ketone with one l e s s carbon atom; e.g., 
3-amino-n-butyric acid produces 2-propanone, which also r e s u l t s 
rrom the Strecker degradation of α-amino-isobutyric aci d . Organic 
d i - and t r i c a r b o n y l s are not the only oxidants e f f e c t i v e i n 
Strecker degradations. Hydrogen peroxide i n presence of ferrous 
s u l f a t e degrade α-amino acids at room temperature ; f o r example 
glycine y i e l d s formaldehyde. The co-oxidation of s u l f u r -
containing amino acids i n an auto-oxidizing l i p i d system indicates 
that l i p i d peroxides act as oxidants (34). The r e s u l t i n g carbonyl 
compounds from amino acids through Strecker degradation participate 
i n the formation of desirable c h a r a c t e r i s t i c f l a v o r s during 
processing or undersirable ones responsible f o r f l a v o r d e t e r i o r a 
t i o n during storage. 

Flavors and odors given by amino acids and sugars i n d i l u t e 
aqueous solutions at d i f f e r e n t temperatures has been the subject 
of intensive studies by various researchers. Tables V and VI 
summarize the de s c r i p t i v e aroma evolved from reacting carbonyl 
compounds with amino acids at 100, and 120/180°C., res p e c t i v e l y 
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(35-41). The aroma produced by the i n t e r a c t i o n of sugars and 
amino acids ranged from pleasant to objectionable. The molecular 
structure of sugar influences the r e s u l t i n g aroma of the products 
of i t s reaction with the amino acid. While a pleasant caramel 
sweet aroma developed upon reacting phenylalanine with maltose, 
an unpleasant caramel aroma developed with fructose, and a 
hyacinth aroma i n case of dihydroxyacetone. While the aroma of 
methionine-sugar browning product was reminiscent of a pleasant 
baked potato i n presence of dihydroxyacetone, aroma notes of 
overcooked potatoes developed with glucose. In presence of a 
reducing disaccharide (maltose), overcooked cabbage aroma was 
noticed and an unpleasant burnt wood aroma developed i n presence 
of non-reducing disaccharide (sucrose). P r o l i n e , v a l i n e and 
isoleu c i n e i n presence of glucose gave a pleasant bakery 
aroma (41). Keeney and Day (42) studied the character odor of 
the products of Strecker Degradation of amino acids using i s a t i n 
as the oxidant (Table V I I )

Table VII 

Aroma of Strecker Degradation Products of α-Amino Acids 
with I s a t i n (Diketodihydroindole) 

Amino Acids Aldehyde 
Sensory Description 

Keeney & Day(42) Others(43.44) 
α-Alanine 

Valine 

Leucine 

Isoleucine 

Norleucine 

Phenyl
alanine 

Glutamic 
Cystine 

acetaldehyde 

2- methy1-
propanal 

3- methyl-
butanal 

2-methyl-
butanal 

pentanal 

phenylacet-
aldehyde 

methional 

malty 

apple 

malty 

malty-apple 

flower 

v i o l e t s 

b a c t e r i a l agar 
cheesy-brothy 

reminiscent of wine, 
coffee(43) 
fruity,banana-like (4 3) 
green,pungent 
sweet(44) 
fruity,peach-like(43) 
burnt,green,sickly(44) 
burnt,sickly(44) 

s l i g h t l y f r u i t y , h e r b 
aceous , n u t - l i k e (43) 
burnt-green(44) 
hyacinth odor,resenfole 
benzaldehyde i n 
taste(43) 

References (42,43,44) 

There i s some agreement and disagreement between the sensory notes 
stated i n Tables V and V I I , which may be a t t r i b u t e d to v a r i a t i o n s 
i n the concentration of the reactants and lack of agreement on 
desc r i p t i o n of sensory notes. The discrepancies can be resolved, 
by a c a r e f u l consideration of the s p e c i f i c conditions of the 
reaction. I t i s possible that both the nature and extent of the 
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r e a c t i o n v a r y w i d e l y w i t h the p r i n c i p a l v a r i a b l e s 
(concentration, temperature, heating period, s p e c i f i c reactants). 
Unfortunately, many of the papers i n s u f f i c i e n t l y define the 
experimental conditions f o r an adequate evaluation of the 
r e s u l t s . The d e s c r i p t i o n of odor and taste notes of a product 
or a compound v a r i e s according to i t s concentration, the media 
used f o r evaluation( water, p a r a f f i n o i l , skim milk.. .etc ) > and 
the sensory evaluator. 

The data i n Table VI in d i c a t e that the aromas developed 
when sugars and amino acids were heating at 120 and 180°C, were 
quite d i f f e r e n t from those produced at 100°C. Noticeable 
differences e x i s t between aroma notes developed at 120°C and 
180°C, t h i s may be a t t r i b u t e d to sugar degradation notes which 
become noticeable i n the system heated at 135*C and above. 

A l l a l i p h a t i c compounds containing primary or secondary 
amine group react i n brownin
depending upon the molecula
reactants (amino acids, carbonyl compounds) i n the browning 
reaction had been reported i n the l i t e r a t u r e as : 

a. i n t e n s i t y of color developed, 
b. amount of carbonyl compounds determined by GC or 

as dinitrophenylhydrazones. 
c. percent loss of reactants (one reactant or both). 

I t i s very hard to compare r e s u l t s reported i n the l i t e r a t u r e , 
as there are various v a r i a b l e s i n f l u e n c i n g the data. Concentra
t i o n of reactants, r a t i o of amine compound to sugar or carbonyl, 
reaction i n buffer or water, molarity and type of buffer used, 
pH of bu f f e r , duration of reaction. Rate of carbonyl compounds 
formation w i l l be the c r i t e r i o n used f o r r e a c t i v i t y except 
i n few occasions where the percent l o s s of one of the reactants 
or both w i l l be referred to i n the manuscript. 

Rooney et a l (£5) reported that the rate of carbonyl 
formation varied with the molecular structure of sugar. Xylose 
was most reactive as i t produced the greatest quantity of 
carbonyls, followed by glucose, then maltose. In the presence 
of these sugars isoleucine was more reactive than phenylalanine. 
In a study on the Strecker degradation of valine-carbonyl, 
d i a c e t y l showed the greatest r e a c t i v i t y followed by sorbose> 
arabinose>xylose>fructose>glucose>sucrose>rhamnose, Self(46). 
The number of v o l a t i l e carbonyls produced by the reaction of 
glucose and glutamic at pH 5.0,6.5 and 8.0 at 100°C was almost 
equal. When these systems were heated at 180°C, the number of 
v o l a t i l e s was greater and increased more d r a s t i c a l l y as pH 
increased to a l k a l i n i t y (36). The amount of aldehydes produced 
from mixtures of 0.01M amino acid and 0.1M glucose i n water was 
far below those produced i n 0.01M phosphate buffer at pH6.5, 
which i n turn was f a r below the amount obtained at pH 7.5. The 
addit i o n of phosphate buffer increased the amount of aldehydes 
produced s i g n i g i c a n t l y . The amount of aldehyde produced i s also 
influenced by the chain length of the acid. In general, 
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straingt chain amino acids produced more aldehydes than branched 
chain amino acids of the same number of carbon atoms (k6). 

Alanine, valine, serine, glutamic, glutamine, methionine, 
taurine, h i s t i d i n e , creatine, c i t r u l l i n e , carnosine, cystine, 
systeine, aspartic, asparagine, leucine, isoleucine, tyrosine, 
phenylalinine, tryptophan, α-aminobutyric, proline, ornithine, 
2-pyrrolidone - 5-carboxylic, threonine, glycine, l y s i n e , arginine, 
cysteine were i d e n t i f i e d i n aqueous red meat flavor precursors 
(Vf). Ribose was also reported as the major sugar. Flavor evalu
ation of the browning reaction products of these amino acids and 
ribose were undertaken. 0.1M solution of each amino acid was pre
pared by dissolving the amino acid i n 0.05M S^rensen phosphate 
buffer and readjusting the pH by the addition of monopotassium or 
dipotassium phosphate. 0.1M ribose solution was prepared i n the 
same buffer. Ten ml of amino acid and 10ml of ribose solutions 
were pipetted i n 50ml glas
with 2k/kO glass j o i n t
weighed d i r e c t l y i n reaction vessels, and 10ml buffer added. To 
study the effect of heating on flavor of amino acids in absence 
of ribose, 10ml buffer were pipetted i n glass ampoules and flasks 
along with the amino acid. The ampoules were sealed after evacu
ation, and heated for one hour at l80°C. The flasks were heated 
i n glycerol bath at 100°C, after f i t t i n g with condensors. After 
the heating period, the flasks and the ampoules were removed, 
cooled i n wet i c e , and the contents transferred to v i a l s and kept 
at -10°C. A l l experiments were run i n t r i p l i c a t e s . In absence 
of ribose, while sulfur containing amino acids solutions produced 
sulfury notes upon heating, none of the others developed any 
flavor notes. Table VIII l i s t s the s t r i k i n g flavor notes produced 
by heating various amino acids-ribose solutions at 100° and l80°C. 

Table VIII 

Flavor Notes Produced by Heating Amino Acid-Ribose 
AT 100°C and l80°C 

Amino Acid Flavor Description 
180°C 100°C 

Alanine 
Valine 
Serine 
Glutamic 

very mild caramel 
s i c k l y sweet 
sweet b o u i l l i o n 
brothy, s l i g h t l y 
sweet, lingering 
i n mouth 

sulfury, savory 
sulfury, rotten egg 
pleasant toffee 

sweet burnt caramelized sugar 
penetrating burnt chocolate 
burnt sugar 
roasted meat 

Methionine 
Cysteine 
Taurine 

crust of roast meat 
sulfury, spicy meat 
si c k l y , sweet, burnt caramel 
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Table V I I I (cont'd) 

Flavor Notes Produced by Heating Amino Acid-Ribose 
At 100°C and 180°C 

Amino Acid Flavor Description 
100°C 180°C 

Tryptophan o i l y aromatic, o i l y aromatic, 
sugar sweet naphththalene 

Phenylalanine sharp flower flowery with aromatic and 
caramel notes, undersirable 

H i s t i d i n e s a l t y , s l i g h t l y pleasant s l i g h t l y burnt 
b i t t e r
toffee 

Creatine s l i g h t l y s a l t y s l i g h t l y sweet caramel 
Tyrosine s l i g h t caramel custard s l i g h t l y burnt sugar 
Leucine b i t t e r almond toasted bread 
Aspartic bread crumb caramelized bread crust 
Cystine hard b o i l e d egg meaty with H2S note 

yolk 
Glutamine caramel with butterscotch 

burnt sugar note 
Asparagine desirable burnt creamy butterscotch 

sugar sugar 
a-Aminob u t y r i c undersirable maple 

burnt sugar 
γ-Aminobuturic burnt sugar maple 
3-Aminobutyric custard maple 
Arginine burnt sugar buttery, burnt sugar 
Ornithine bread crumb bread-like 
P r o l i n e bread crumb cracker, toast 
Cysteic undersirable, meaty, sul f u r y 

s u l f u r y 
2-Pyrrolidone brothy meaty, pleasant 

-5-carboxylic 
Isoleucine aromatic, burnt cheese 

undesirable 
Glycine caramel, f a i n t burnt sugar 
Lysine custard bread 
Homocystine canned milk scorched bo i l e d milk 
Threonine custard weak burnt custard 
C i t r u l l i n e t o f f e e - l i k e meaty 
Carnosine buttery-toffee meaty 
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The previous discussion covered Strecker degradation of 
amino acids sugar aqueous sol u t i o n s . A l i m i t e d number of i n v e s t i 
gations were c a r r i e d out on the nature of the browning reaction at 
high temperature, i . e . low temperature p y r o l y s i s ana at low 
moisture content. Rohan and coworkers had provided an extensive 
research on model systems simulating cocoa nib roasting i n absence 
of l i p i d . Amino acids and sugars were responsible f o r chocolate 
f l a v o r development (48,49,50,51). While the degradation of 
amino acids i n cocoa beans during roasting was incomplete, 
the degrading agent, reducing sugar was completely destroyed. 

In a study on model systems prepared from s i n g l e amino 
acid and glucose i n molar r a t i o 2:1, approximating the composition 
of s h e l l ~ f r e e cocoa beans, Rohan and Stewart (52) reported that 
amino acid destruction from heating was temperature dependent 
and p r a c t i c a l l y ceased a f t e r one hour. Sugar destruction 
contintued at a rate dependen
the end of the experimen

Table IX 

Destruction of Amino Acids and Ρeducing Sugars on Heating 
Chocolate Aroma Precursor Extract 

Heating Destruction Percent 
°C Min. Amino Acids Red. Sugars Total Sugars Aroma 

50 30 6.2 
50 60 8.9 27.0 
50 120 8.9 41.1 

100 30 18.8 27.5 35.8 Cocoa 
100 60 29.6 56.6 79.6 Cocoa 
100 120 30.9 81.4 22.8 Cocoa 
120 30 43.0 84.1 38.9 Cocoa 
120 60 54.4 100 79.2 Cocoa 
120 120 54.4 93.5 91.2 Cocoa 
150 10 58.8 Cocoa 
150 30 81.7 Cocoa 
150 60 85.4 
150 120 85.1 

Reference (52) journal of Food Science 

The f a i l u r e of amino acid degradation to go to completion 
and the r e l a t i o n between maximal destruction and temperature 
might be a t t r i b u t e d to the f a c t that i n d i v i d u a l amino acids 
reacted at d i f f e r e n t rates at d i f f e r e n t temperatures. For 
example c e r t a i n amino acids, leucine, arginine, methionine, 
and l y s i n e showed l i t t l e or no detectable reaction at 100°C a f t e r 
one hour, while others were reactive at t h i s temperature(Table X). 
At higher temperatures, rate of amino acid degradation was 
measurable and proportional to the temperature of the reaction. 

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



224 FOOD TASTE CHEMISTRY 

The e f f e c t of increasing temperature on the amount of amino 
acid destroyed i n one hour was noticeably greater at temperatures 
above 140°C than below 120°C. Between 120° and 140 eC,,increase 
i n reaction temperature had l e s s marked e f f e c t on the reaction 
due to changes i n the phy s i c a l condition of the reaction mixture. 
At about 150°C. glucose melts and , as i t might be expected, i t s 
mixture with amino acids would begin to melt at lower temperature. 

Table X 

Destruction of Amino Acids A f t e r Heating With Glucose at 
Dif f e r e n t Temperatures f o r One Hour 

Temp. Destruction Percent 
°C A l PhAl Threo Glu Meth Leu Val Arg Lys 

80 
90 

100 
110 11.3 
120 24.3 
130 33.4 
135 
140 44.8 
150 76.9 

13.9 2.0 
21.0 22.9 
22.2 41.2 
23.2 42.2 
32.0 59.4 

90.0 
59.8 

23.1 
28.8 28.5 
26.2 40.5 
39.0 44.3 

50.9 51.9 
62.1 

23.1 
10.5 26.2 
19.5 28.2 
27.2 30.2 
39.9 42.5 

51.5 

1.0 4.5 
14.5 19.5 
29.0 28.0 
33.8 30.2 
40.0 44.5 

Reference (52) Journal of Food Science 

Table XI indicates that the degree of degradation was 
influenced by the molecular structure of the amino acid. At 
120°C the rate of destruction of amino acids by class was i n 
the following order: s u l f u r - c o n t a i n i n g , hydroxy>acidic>neutral, 
basic,aromatic. 

Table XI 
Degradation of Amino Compounds A f t e r Heating f o r One 

Hour i n Presence of Glucose 
Class of Amino Compounds Percent Degradation a t ^ 

120 135 150 
Neutral 

a- n-Alkyl 20-28 40 45 
b*- i s o - a l k y l 42.5 — 

Hydroxy 42 90 — 

Aromatic 23 — 60 
A c i d i c 36 — 51 
Sulfur-containing 41 — 52 
Basic 20-29 40-45 — 

Reference (,52) 
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Moisture content of the reaction mixture influenced the 
degradation of amino acids, Rohan and Stewart (52) reported 
that chocolate precursor aroma extracts when heated i n the 
dry state f o r one hour at 100°C, l o s t 30% of the amino acids 
by degradation. When very l i g h t l y moistened the amino acids 
degradation dropped to 9% under the same reaction conditions. 
When the reaction mixture was wetted with an equal weight of 
water, no amino acid degradation was noticed. Cocoa beans 
moisture content averaged 5 to 6 % which might be s u f f i c i e n t 
to i n h i b i t browning rea c t i o n at lower temperatures, thus i n 
the e a r l y stages of roasting the removal of moisture i s 
important. 

Roasting cocoa beans r e s u l t s i n the production of v o l a t i l e 
and n o n - v o l a t i l e compounds which contribute to the t o t a l f l a v o r 
complex. 5-Methyl-2-phenyl-2-hexenal, which exhibited a deep 
b i t t e r p ersistant coco
f r a c t i o n (53). I t was
condensation of phenylacetaldehyde and isovaleraldehyde with 
the subsequent loss of water. The two aldehydes were the 
p r i n c i p a l products of Strecker degradation products of phenyla
lanine and leucine, respectively. Non-volatiles contained 
diketopiperazines (dipeptide anhydride) which i n t e r a c t with 
theobromine and develop the t y p i c a l b i t t e r n e s s of cocoa (54). 
Theobromine has a r e l a t i v e l y stable m e t a l l i c b i t t e r n e s s , but 
cocoa b i t t e r n e s s i s r a p i d l y noticed and disappears quickly. 
While cocoa bitterness i s f e l t i n the whole mouth, theobromine 
i s recognized by the hind part of the tongue. Furthermore, 
cocoa bitterness i s more intense than that of concentrated 
aqueous s o l u t i o n of theobromine. The following diketopiperazines 
had been i d e n t i f i e d as the components responsible for cocoa 
b i t t e r n e s s : - cyclo(-Pro-Leu-), cyclo(-Val-Phe-), cyclo(-Pro-Phe-), 
cyclo(-Pro-Gly-) , cy c l o ( - A l a - V a l - ) , cyclo(-Ala-Gly-) , cyclo-
(Ala-Phe-), cyclo(-Phe-Gly-), cyclo(-Pro-Asn-), and cyclo-
(-Asn-Phe-). Those containing phenylalanine exhibited b i t t e r n e s s 
resembling that of theobromine. Diketopiperazines have stronger 
bitterness than the corresponding dipeptides or i t s two 
i n d i v i d u a l amino acids. They develop upon heating proteins to 
temperature above 100°C Kato et a l (55) reported that roasting 
serine at 280°C f for 30 min under slow nitrogen stream, resulted 
i n the production of 2,5-diketo-3,6-dimethylpiperazine, which 
upon a l k a l i n e hydrolysis produced the dipeptide alanylalanine. A 
b i t t e r peptide, cyclo(-L-Leu-L-Trp-), was i s o l a t e d from casein 
enzymic digest (J>6). The formation of cyclo (-Pro-Leu-) i n aged 
sake i s responsible for i t s b i t t e r n e s s (57)· Recently, f i v e 
b i t t e r L-proline-containing diketopiperazines were reported i n 
roasted malt (210°C) used i n dark beer brewing. These compounds 
and t h e i r approximate " b i t t e r threshold % values" i n aqueous 
solutions were: cyclo(-L-Phe-L-Pro-),0.1; cyclo((-L-Leu-L-Pro) , 
0.05; cyclo(-L-Pro-L-Pro-),0.1; cyclo(-L-Val-L-Pro-),0.1; and 
cyclo(-L-Ile-L-Pro-),0.05. The authors concluded that these 
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diketopiperazines did not contribute d i r e c t l y to beer bi t t e r n e s s 
and questioned t h e i r r o l e i n i n f l u e n c i n g the taste of the product 
(58). 

More than 300 compounds had been i d e n t i f i e d i n cocoa 
v o l a t i l e s , 10% of which were carbonyl compounds (59,60). 
Acetaldehyde, 2-methylpropanal, 3-methylbutanal, 2-methylbutanal, 
phenylacetaldhyde and propanal were products of Strecker 
degradation of alanine, v a l i n e , leucine, i s o l e u c i n e , phenyl-
acetaldehyde, and α-aminobutyric a c i d , r e s p e c t i v e l y . Eckey (61) 
reported that raw cocoa beans contain about 50-55% f a t s , which 
consisted of p a l m i t i c (26.2%), s t e a r i c (34.4%), o l e i c (37.3%), 
and l i n o l e i c (2.1%) acids. During roasting cocoa beans these 
acids were oxidized and the following carbonyl compounds might be 
produced:- o l e i c : 2-propenal, butanal, valeraldehyde, hexanal, 
heptanal, octanal, nonanal, decanal, and 2-alkenals of C3 to C - Q . 
L i n o l e i c : ethanal, propanal
C3 to C 1 Q, 2,4-alkadienal
and hexen-l,6-dial. Carbonyl compounds play a major r o l e i n 
the formation of cocoa f l a v o r components. 

Another example of food i n which the browning reaction 
occurs at near anhydrous condition i s coffee. Coffee beans 
are usually roasted at temperatures ranging from 180° to 260°C. 
for s p e c i f i c period to obtain the desired degree of roasting 
( l i g h t , medium, and dark). P r o t e i n , sucrose, and chlorogenic 
acid were the compounds d r a s t i c a l l y destroyed i n coffee beans 
upon roasting, Table XII "the data i n t h i s table were not 
corrected f o r dry weight loss which varied from 2 to 5%"(62). 

Table XII Composition of Green and Roasted Coffee 

Percent, Dry Basis 
Constituent Green Roasted 

Hemicelluloses 23.0 24.0 
Cellu l o s e 12.7 13.2 
L i g n i n 5.6 5.8 
Fat 11.4 11.9 
Caffeine 1.2 1.3 
Sucrose 7.3 0.3 
Chlorogenic acid 7.6 3.5 
Protein(Based on nonalkaloid 

nitrogen) 11.6 3.1 
T r i g o n e l l i n e 1.1 0.7 
Reducing sugars 0.7 0.5 
Unknown 14.0 31.7 

Total 100.0 100.00 
Reference (62) 

Journal of Agricultural and Food Chemistry 
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The degree of roasting influenced the magnitude of 
degradation of sucrose, the major sugar present i n coffee, 
Table X I I I . 

Table X I I I 
E f f e c t of Roasting On Sucrose Content In Coffee 

(Percent Dry Basis) 

Colombian Santos 
Sucrose 
Content % Loss 

Sucrose 
Content % Loss 

Green 4.59 5.47 
Light Roast 0.45 90.20 0.68 87.57 
Medium Roast 0.17 96.30 0.27 95.06 
Dark Roast 0.06 98.69 0.10 98.17 

Reference (62) 

Feldman et a l (62) found no noticeable changes i n the 
contents of the following amino acids i n roasted coffee beans 
proteins: alanine, glutamic, g l y c i n e , i s o l e u c i n e , leucine, 
phenylalanine, p r o l i n e , tyrosine, and v a l i n e . These findings 
are i n agreement with those reported by Underwood and Deatherage 
(63). Table XIV showed the degree of destruction of amino acids 
i n coffee bean a f t e r roasting. I t i s quite obvious that the 
magnitude of nonenzymic browning of amino acids was influenced 
by i t s molecular structure and degree of roasting. 

Coffee o i l contains about 47% l i n o l e i c , 8% o l e i c , 1% hexa-
decenoic, 32% p a l m i t i c , 8% s t e a r i c , and 5% behenic and longer 
chain f a t t y acids (64). As l i n o l e i c a c id i s the major unsaturated 
f a t t y acid i n coffee o i l , i t s major oxidation products 2,4-
alkadienals and hexen-1,6-dial would play a major r o l e i n 
v o l a t i l e production. Green coffee beans contain 50 to 60% 
carbohydrates: 18% nonhydrolyzable c e l l u l o s e , 13% hydrolyzable 
c e l l u l o s e , 13% starches and pectins e a s i l y s o l u b l i z e d , and 
9-12% soluble carbohydrates of which sucrose i s the major 
component. Raffinose and stachyose are the t r i - and t e t r a -
saccharides reported i n robusta coffee beans. Arabinogalactan 
and galactomannon are the water-soluble polysaccharides 
reported i n coffee beans (62). The above mentioned carbohydrates, 
amino acids, l i p i d s along with other f l a v o r precursors produce 
several hundreds of v o l a t i l e and n o n v o l a t il e compounds through 
d i f f e r e n t reactions during roasting. Molecular structures, 
q u a n t i t i e s , and r a t i o s of these compounds influence coffee 
f l a v o r . The v a r i e t y of coffee as w e l l as the degree of roasting 
exert c h a r a c t e r i s t i c f l a v o r s . The molecular structure of 
carbonyls influence the type of pryazine formed. While 
r e f l u x i n g rhamnose (100g) and ammonia (28%; 40ml) i n water (100g) 
produced methyl- and ethyl-substituted pyrazines, glucose and 
ammonia reaction resulted i n formation of methyl-substituted 
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pyrazines only (53). The fl a v o r s of the products of cysteine-
glucose and cysteine-pyruvaldehyde i n anhydrous condition 
at d i f f e r e n t temperatures 80-190°C. are l i s t e d i n Table XV (24). 
Five-mM cysteine+5-mM glucose or pyruvaldehyde reacted at 
di f f e r e n t temperatures for 5 minutes and then evaluated by 
fl a v o r panel. 

Table XV 

Flavors Produced by Cysteine-glucose And 
Cysteine-pyruvaldehyde at D i f f e r e n t Temperatures 

Flavor Description, at °C. 
Reactants 

80° 100° 130° 160° 190° 

Cysteine Japanese 
& r i c e 

Pyruvalde- cracker 
hyde weak. 

Reference (24) 

cracker 
with 
sesame
l i k e . 

Japanese Sweet 
r i c e sesame, 
cracker burnt, 
with 
sesame
l i k e . 

Agricultural and Biological Chemistry 

Cysteine no odor no odor Japanese 
& r i c e 

Glucose cracker 
with 
seasame-
l i k e , 
sweet. 

Pyruvaldehyde i s a l i q u i d at room temperature and b o i l s at 
72°C, thus when cysteine-pyruvaldehyde mixture was heated at 80°C, 
the components are i n s o l u t i o n and f l a v o r notes reminiscent of 
Japanese r i c e cracker developed. As reaction temperatures 
increased gradually other f l a v o r notes developed. In the case of 
cysteine-glucose system, no reaction took place u n t i l the reaction 
temperature reached 130°C. The fl a v o r of cysteine-glucose was 
comparable to that of cysteine-pyruvaldehde at 160°C, with one 
exception, the glucose system had a sweet note. As temperature 
increased the f l a v o r impression of both systems increased i n 
s i m i l a r i t y . The v o l a t i l e compounds produced at 160°C i n the 
presence of pyruvaldehyde were d i f f e r e n t from those i n presence 
of glucose. While th i a z o l e and thazolines were absent i n the 
v o l a t i l e s of cysteine-glucose, cysteine-pyruvaldehyde 
v o l a t i l e s were devoid of pyridines, p i c o l i n e s and furans (24). 
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Food flavors consist of numerous compounds, none of which 
alone i s characteristic of s p e c i f i c food. Classes of compounds 
which emcompass food flavors are:- hydrocarbons (a l i p h a t i c , a l i -
c y c l i c , aromatic); carbonyls (aldehydes, ketones); carboxylic 
acids, esters, imides, anhydrides; alcohols, phenols, ethers; 
alkylamines, alkylimines; aliphatic sulfur compounds ( t h i o l s , 
mono-, d i - and t r i - s u l f i d e s ) ; nitrogen heterocyclics (pyrroles, 
pyrazines, pyridines); sulfur heterocylics (thiophenes, thiazoles, 
t r i t h i o l a n e , t h i a l i d i n e ) ; and oxygen-heterocyclics (lactone, 
pyrone, furan). Discussion w i l l be limited to s t r i k i n g develop
ments i n heterocyclics. 

Heterocyclic Compounds 

During browning reaction i n foods, heterocyclic compounds of 
known f i v e - and six-membered ring systems containing one or more 
atoms than carbon as rin
encompass several classe
characteristic organoleptic notes, i . e . toasted, bread-like, 
roasted, brothy, mushroom-like, nutty, ... etc., or undesirable 
notes, e.g. peppery ammoniacal, obnoxious, ... etc. The nomen
clatures and the molecular formulas of heterocyclic compounds 
that most frequently encountered i n food v o l a t i l e s are given i n 
Figures 1 and 2. 

Nitrogen-heterocyclic 

Pyrrole and pyrrole derivatives. The chemical and b i o l o g i c a l 
value of pyrrole and i t s derivatives cannot be overemphasized, 
natural pigments, heme, chlorophyll, b i l e pigments and enzymes 
l i k e cytochromes, contain pyrrole nucleus. Also, many alkaloids, 
proline and hydroxyproline contain the reduced pyrrole ring 
(pyrrolidine). Pyrrole and i t s derivatives are found among the 
products of the browning reaction products i n processed foods. 
Alkylpyrroles have intense petroleum-like odor, but they give 
sweet, s l i g h t l y burnt aroma on extreme d i l u t i o n . On the other 
hand acylpyrroles have characteristic sweet smoky, and a l i t t l e 
medicine-like odor (65). Although a l k y l - and acyl- pyrroles do 
not exhibit favorable aroma l i k e tne desirable roasty aroma of 
pyrazines, they may play an important role i n the characteristic 
roasty flavor of processed foods. In anhydrous condition, N-
acetonylpyrrole, which had a bread-like aroma was isolated from 
the roasting products of proline-glucose, hydroxyproline-glucose, 
and pyrrolidine-pyruvaldehyde (66). 1-Pyrroline which exhibited 
an amine l i k e or corn-like odor was the product of Strecker degra
dation of proline-, and ornithione-sugar or- polycarbonyl reagents 
i n aqueous solutions ( 6 j ) . 2-Pyrrolealdehyde, 2-acetylpyrrole, 
2-propionylpyrrole, N-methyl-2-pyrrolealdehyde, N-methyl-2-acetyl 
pyrrole, 5-methyl-2-pyrrolealdehyde, N-methyl-5-methyl-2-pyrrole-

In Food Taste Chemistry; Boudreau, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



9. MABROUK Browning Reaction Products 231 

ο ο o /r-N 

Ο 
Η Η Η Η 

pyrrole pyrrolidine 2,3-dihydropyrrole imidazole 
(azole) (azolidine) (2,3-dihydroazole) (1,3-diazole) 

ο Ο S-S 0 
thiophene tetrahydro- trithiolane thiazole 
(thiole) thiophene (1,3-thiazole) 

(thiolane) 

Q Q o 
furan tetrahydro- 2,5-dihydro- oxazole 

(oxole) furan furan (1,3-oxazole) 
(oxolone) 2,5-dihydroxole 

f 
Η 

3H-pyrazole 
(3H-I,2-diazole) 

isoxazole 

Figure 1. Fwe-membered ring heterocyclics 

O O G O 0 
pyridine 
(azine) 
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perhydroazine 

pyridazine 
(1,2-diazine) 

pyrimidine 
(1,3-diazine) 

pyrazine 
(1,4-diazine) 

S S ΗΝ NH 

1,2,6- 1,3,5- 1,3,5- 1,3,5-
trithiane trithione dithiazine thiadiazine 

0 0 
0 0 

t-pyran y-pyran a-pyrone y-pyrone 

S S 9 9 

1,3,5- 1,3,5-
oxadithiane dioxathiane 

Figure 2. Six-membered ring heterocyclics 
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aldehyde were i d e n t i f i e d i n the p y r r o l i c fraction of coffee 
v o l a t i l e constituents (68, 69) . N- ethylpyrrole-2-aldehyde and 
5-methylpyrrole-2-aldehyde are two of the eighteen compounds re
ported i n stored dehydrated orange juice crystals due to nonenzy-
mic browning (JO). The type of pyrrole derivatives produced de
pended on reaction temperature, i t s duration, i t s condition, i . e . , 
anhydrous, aqueous, or alcoholic; pH of the media, and molecular 
structure of reactants. While, N-alkylpyrrole-2-aldehydes were 
produced upon heating D-xylose and alkylamine or amino acid i n 
neutral aqueous or methanolic solutions at 55 100°C; the corre
sponding 5-methyl derivatives of N-substituted pyrrole-2-aldehydes 
were formed i n the presence of L-rhamnose (71, 72). Odor of the 
products were: N-methylpyrrole-2-aldehyde (formed from D-xylose 
and methylamine) cinnamonaldehyde-like, N-n butylpyrrole - 2-alde-
hyde (a product of butylamine-xylose); and l-n-butyl -5-methyl-
pyrrole-2-aldehyde (rhamnos d butylamin  interaction  product) 
xylene-like. 2-Formylpyrrol-l-yl-alky
the products of the browning  xylos  alkylamine
or amino acids i n aqueous solutions (73). N-substituted -5-(hydro-
xymethyl)-pyrrole-2-aldenydes were formed from the reaction of the 
aldohexose "glucose" and alkylamines or amino acids containing 
primary amino group at 70 to 100°C, i n neutralized aqueous, 
methanolic or ethanolic solutions. The resulting compounds were 
considerably unstable and had no odor i n the pure state but devel
oped roasted aroma with browning (jh). Upon roasting glucose and 
several alkyl-n-amino acid (glycine, α-alanine, α-amino-n-butyric, 
valine, leucine, α-amino-n-caproic) at 200-250°C i n two components 
systems; 2 - 5 1-hydroxy-methyl - 2'-formylpyrrol-l^yl) alkanoic acid 
lactones were formed as the main v o l a t i l e products (75)· The 
aroma description of the prepared lactone derivatives were: pro
pionic acid lactone (from α-alanine and glucose) caramel and a 
l i t t l e scorching; isobutyric acid lactone (α-amino-n-butyric and 
glucose) maple and strong sweet; i s o v a l e r i c acid lactone (valine 
and glucose) and isocarproic acid lactone (leucine and glucose) 
miso, soy sauce and a chocolate-like. The y i e l d of propionic acid 
lactone after heating an equimolar mixture of 0.01 mole of glucose 
and α-alanine at 150, 200, and 250°C were: 

Temperature, °C Heating period, min. Y i e l d , unmoles 

250 1 h2 
250 5 3 - h 
200 3 50 
200 5 6 
150 5 16* 

It i s quite obvious from the above data that the propionic acid 
lactone disappeared during the reaction for longer periods and at 
higher temperatures. 2-(5 1-hydroxymmethyl -2 f-formylpyrrol -1 1-yl) 
-3-methylbutanoate, and 2 , - ( 5 f-hydroxymethyl - 2 f-formyl-
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pyrrol-l f-yl ) - 3-methylbutanoic acid lactone were i d e n t i f i e d i n the 
products of the browning reaction of glucose and valine i n aqueous 
solution at 65°C for three weeks (76). Reducing disaccharides 
(lactose, maltose and melibiose) reacted with alkylamine i n 
aqueous solutions of pH 6 . 5 , to form l-alkyl-5-hydroxymethylpyr-
role-2-aldehyde (77)· N-Alkyl - 2-acylpyrroles and aliphatic a l d i -
mines were the products of the reaction between f u r f u r a l and i t s 
homologs with α-amino acids (78). Reactions of f u r f u r a l and 2-
acetylfuran with glycine and valine produced a small amount of the 
corresponding acylalkylpyrroles which had pleasant aromas remini
scent of benzaldehyde. The resulting considerable amount of a l i 
phatic aldimines from the reaction of f u r f u r a l with valine and 
leucine possessed a strong odor from b i t i n g and unpleasant to mild 
and food-like. Nine alkylpyrroles, three acylpyrroles, three 
alkylpyrrole - 2-aldehydes, three furfurylpyrrole, eight alkylpyra-
zines, and one oxazolin  i d e n t i f i e d i  th  v o l a t i l  flavorou
products of roasting DL-alanin
i n nitrogen atmosphere (79) y  compound
the reaction products of model systems had been isolated from 
roasted and cooked foods. For example, pyrrole, 1-methylpyrrole, 
2-methylpyrrole, 1-formylpyrrole, 2-foriLylpyrrole, l-formyl - 2 -
methylpyrrole, 2-fοrmyl-1-methylpyrrole, 2-fοrmyl-1-methylpyrrole, 
2-formyl-5-methylpyrrole, 2-formyl-l-ethylpyrrole, 1-acetylpyr-
r o l e , 2-acetylpyrrole, 1 -furfurylpyrrole, 2-propionylpyrrole, 2-
formyl - 1 -furfurylpyrrole were reported i n roasted peanut (8θ). 
Roasted f i l b e r t s v o l a t i l e s contained 1-methylpyrrole, 2-pentylpyr-
r o l e , 2-isobutylpyrrole, and 2-penrylpyrridine ( 8 l ) . 

Pyridine and i t s derivatives. The most unique pyridine d e r i 
vative isolated from processed food i s l , ^ , 5 5 6-tetrahydro - 2-ace-
topyridine. This compound was prepared by roasting proline and 
dihydroxyacetone at 92°C i n presence of sodium b i s u l f a t e , and ex
hibited a strong odor reminiscent of freshly backed soda crackers 
(J32). 2-Ethylpyridine and 2-pentylpyridine were reported i n 
v o l a t i l e flavor components of shallow f r i e d (83). Pyridine, 2-
methylpyridine, 3-methylpyridine, 2-ethylpyridine, 3-ethylpyri-
dine, 5-ethyl -2-methylpyridine, 2-butylpyridine, 2-acetylpyridine, 
2- pentylpyridine, 2-hexylpyridine, 3-pentylpyridine, 5-methyl-2-
pentylpyridine, and 5-ethyl - 2-pentylpyridine were i d e n t i f i e d i n 
the v o l a t i l e s of roasted lamb fat (Qh). 2 ,5-Dimethylpyridine and 
3,5-dimethylpyridine were tentatively i d e n t i f i e d i n roasted lamb 
fat v o l a t i l e s . The odor threshold of 2-pentylpyridine was 0 .5-0.7 
parts per 1 0 9 parts of water. The dilute solution of 2-pentylpy
ridine has a fatty or tallow-like odor. The authors attribute the 
unacceptance of lamb by some consumers to the high content of 
alkylpyridines i n roasted lamb. While pyridine derivatives have 
burnt, heavy f r u i t y odors (JB5 ) ; pyridine has a disagreeable char
a c t e r i s t i c odor and sharp taste; and piperidine has a peppery 
ammoniacal odor (06). Pyridine, α-picoline (2-methylpyridine), 
3- picoline (^-methylpyridine), and U-ethylpyridine were i d e n t i f i e d 
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i n coffee aroma (87). 

Pyrazines. In the t h i r t i e s , the attention on pyrazines was 
focused on i t s i n d u s t r i a l role i n dyes, photographic emulsions and 
chemotherapy. Its importance i n l i f e processes was indicated i n 
i t s derivative, vitamin B 2 ( r i b o f l a v i n , 6 , 7 -dimethyl-9-(l f-D-
r i b i t y l isoalloxazine). Later,in the midsixties, i t was i d e n t i f i e d 
i n foods and i t s contributions to the unique flavor and aroma of 
raw and processed foods attracted the attention of flavor chemista 
Pyrazine derivatives contribute to the roasting, toasting, nutty, 
chocolaty, coffee, earthy, caramel, maple-like, bread-like, 
and b e l l pepper notes i n foods. The reader i s referred to the 
reviews on Krems and Spoerri (88) on the chemistry of pyrazines, 
and the review of pyrazines i n foods by Maga and Sizer (89, 90.)· 
Table XVI summaries sensory description and threshold of selected 
pyrazines. 

Oxygen Heterocyclics. During heat processing, sugars degrade 
to aldehydes and ketones which might react with amino compounds 
forming caramelized sugar flavors. Cyclic diketones, pyrones, and 
furan derivatives are examples of the products of this reaction. 
Table XVII gives the organoleptic description of selected com
pounds. U-Hydroxy-2,5-dimethyl(2H)-furanone has intense fragrant 
caramel note described as burnt sweet taste (TO ), burnt pineapple 
( l O l ) , beef broth (lOO), strawberry preserve (103), nutty sweet 
aroma of almonds (lOU), and major contributor to sponge cake 
flavor (105). Seven terms were used to describe the organoleptic 
note of one compound. The question arises, what was the concen
t r a t i o n and media used for evaluation? Change i n concentration 
alone can be quite s u f f i c i e n t to a l t e r the character of the flavor 
or odor note. For example, trimethylamine-air mixtures only smell 
fishy over a narrow range of dilutions (1:1,500-1:8,000), with a 
maximum at about ( 1 : 6 , 0 0 0 ) , also ammonia at a d i l u t i o n of about 
(1:2,000) smells fishy (106). Hodge and Moser (107) reported that 
inspite of the fact that the aromas of pure maltol, ethyl maltol, 
isomaltol, and h-hydroxy-2,5-dimethyl-3(2H)-furanone vary s i g n i f i 
cantly from each other, panelists description was caramel or burnt 
sugar. The f r u i t y caramel aroma of isomaltol i s weaker than that 
of 4-hydroxy-2,5-dimethyl-3(2H)-furanone (108). Our sensory vo
cabulary should be adequate to express the impact of flavor, odor, 
taste notes components. This could be achieved by the p a r t i c i p a 
tion of food chemist, organic chemist, sensory analyst and flavor-
i s t . Soy sauce (Shoyu) contains tautomers U-hydroxy-2-ethyl-5-
ethyl-3(2H)-furanone and U-hydroxy-5-ethyl-2-methyl-3(2H)-furanone 
(about 3:2 ratio) which has sweet odor similar to that of short 
cake (109). The same tautomers were synthesized and described as 
possessing the flavor of cooked f r u i t s (103). Maltol, isomaltol 
and 2-methyl-5-hydroxy-6-ethyl-a-pyrone are contributors to the 
characteristic aroma of molasses (110). 
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Table XVII 

Oxygen Heterocyclic Compounds 

Compound Sensory Description 

Fur an 

Furfury1 alcohol 

5-methyl-2-furfural 

Maltol (3-hydroxy-2-
methyl-pyrone) 

Isomaltol 

N-Furfuryl pyrrole 

^-hydroxy-5-methy1-
3(2H)-Furanone 

2,5-Dimethyl-U-hydroxy-
3(2H)-Furanone 

Spicy, smoky, s l i g h t l y cinnamon
l i k e odor (98). 

Sweet bread-like, caramel-like 
taste (98_). 

Sharp grape (98) · 

Pleasing strong f r u i t s y fresh 
bread (99)» 

Fruity caramel, fresh bread odor, 
overtone medicinal grassy (99)» 

Green hay-like aroma (98). 

Beef broth (lOO) burning sweet 
taste (JO), burnt pineapple (101). 

Odor of roasted chicory roots 
(102). 

References (98 - 102). 

Sulfur Heterocyclics. Sulfur containing compounds ( t h i o l s , 
thiophenes, thiazoles, ... etc.) play a major role i n the flavor 
of raw and processed foods. These compounds have characteristic 
flavor notes and the flavor thresholds are mostly low. Several 
reviews ( i l l , 112, 113) demonstrate the important role of sulfur 
compounds i n food flavors. Organoleptic properties of these com
pounds may be pleasant, strong nut-like odor of i+-methyl-5-
vinylthiazole which i s present i n cocoa (ilk); objectionable p y r i -
dine-like odor of thiazole (115.); quinoline-like odor of benzothia-
zole ( l l 6 ); strong tomato l e a f - l i k e odor of isobutylthiazole (ill); 
and bread crust flavor of acetyl-2-thiazoline ( l l 8 ). A mixture of 
oxazoles, thiazoles, thiazolines, imidazoles, t r i t h i o l a n e s and 
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9. MABROUK Browning Reaction Products 239 

dithianes which had a meaty flavor was obtained from a model sys
tem consisting of α-dicarbonyls, ethanal, hydrogen sulfide and 
ammonia (119)« Unsaturated aldehydes react with hydrogen sulfide 
and t h i o l s to give mainly addition products to the carbon-carbon 
double bond (120). The nomenclature of the resulting compounds 
and t h e i r organoleptic descriptions are given i n Table XVIII. 
Thiols, thiophenes, thiazoles, sulfides and furans were i d e n t i f i e d 
in the v o l a t i l e s of heating glucose, hydrogen s u l f i d e , and ammonia 
at 100°C for two hours (121). These v o l a t i l e s gave a roast beef
l i k e aroma. Complex mixtures of mercapto-substituted furans and 
thiophene derivatives, which were reminiscent of roast meat were 
produced upon heating t-hydroxy-5 methyl-3(2H)-furanone and i t s 
thio analog with hydrogen sul f i d e (122). 

L i p i d Browning. 

L i p i d browning reaction
groups (provided by sugars o  suga  degradatio  products and those 
resulting from unsaturated fatty acids oxidation) and the free 
amino groups present i n phospholipids have been recognized as 
potent causes of undesirable flavor, color and texture changes i n 
dehydrated foods (123). Phosphatidyl ethanolamine, phoshatidyl 
serine, ethanolamine and serine plasmalogens contain free amino 
groups which can undergo l i p i d browning reactions. Phospolipids 
are usually r i c h i n highly unsaturated fatty acids i n comparison 
with neutral l i p i d s , thus they are good sources of carbonyls. 
Also, the primary amine moitiés of polar l i p i d s catalyze the aldol 
condensation of Ci^-Cie aldehydes resulting from plasmalogen 
hydrolysis, thus forming a ,3-unsaturated aldehydes (12k). Phos
phatidyl ethanolamine reacted with propanal and n-hexanal forming 
phosphatidyl l - ( 2-hydroxyethyl) - 2 -ethyl-3 , 5 -dimethyl pyridinium, 
and phosphatidyl-l - ( 2-hydroxyethyl ) - 2-hexyl - 3 , 5-dipentyl p y r i d i 
nium, respectively (125). The peridinium ring i s formed by the 
reaction between one mole of amino-N of phosphatidyl ethanolamine 
and three moles of n-alkanals. The same reaction took place i n 
the synthesis of substituted pyridines by condensation of carbonyl 
compounds with ammonia (126, 127)· 

Abstract 

In processed foods, non-enzymic browning reaction is the major 
source of its desirable flavors. Flavors of the products of this 
reaction depend upon: the molecular structure of nitrogenous com
pounds (amines, amino acids, peptides, glycopeptides, proteins, 
. . . etc.); aldoses, ketoses, non-reducing, deoxy sugars, sugar 
acids, ... etc.); heating temperature; duration of the reaction; 
initial hydrogen ion concentration, moisture content, and the 
media of the reaction (alcoholic, aqueous, or anhydrous). The 
ratio of the nitrogenous compound to sugar or carbonyl compound 
has great effect on the flavor notes. Comparison betwen browning 
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reaction products and rate of degradation of reactants under anhy
drous condition, aqueous and alcoholic media was discussed. 
Flavor notes of products of amino compounds-sugars reaction were 
reviewed with emphasis on amino-ribose system. Meat-like flavor 
was imparted by browning reaction products of carnosine-, citrul
line-, histidine-, glutamic-, 2-pyrrolidone-5-carboxylic-, 
methionine-, cysteine-, cysteic-, and taurine-ribose. Recent 
advancements in nitrogen-, oxygen- and sulfur hetercyclics and 
lipid browning were presented. 
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Concluding Remarks 

MITSUO NAMIKI 

Department of Food Science and Technology, Nagoya University, 
Chikusa-ku, Nagoya, Japan 

Dear friends, we ar
unique Symposium with suc
this symposium, I would like to say a few words to close this 
session on taste. Since this symposium is held in the Joint 
Chemical Congress of ACS and CSJ, I hope you will allow me to talk 
a little while about my rather mixed up ideas on taste by using 
Japanese language. 

Figure I shows how we write "Symposium on the Taste of Foods" 
in Japanese. The first example is simply the phonetic translitera
tion of the word Symposium written in "Katakana", a kind of 
Japanese traditional script. The next two Chinese characters are 
pronounced "shokuhin" and mean "food", the last character is "aji" 
which means "taste" or "flavor", our common interest. The 
character between them is "no" in "Hiragana", another kind of 
Japanese traditional script, and means "of". 

As you see, the Japanese language uses three kinds of s c r i p t s 
with the words completely reversed from the arrangement found i n 
European languages. So I hope you might have some sympathetic 
fe e l i n g s for our Japanese s c i e n t i s t s here, including myself. 

Anyway, l e t me t e l l you how I did my l i t t l e a n a l y t i c a l work 
on these words. Since Chinese i s p i c t u r e w r i t i n g , the character 
for " a j i " can be separated in t o two components. The l e f t one i s 
simply a square, meaning mouth. The other h a l f i s considered to 
be phonetically equivalent to "mi" or " b i " which means "beauty" 
or "goodness". Therefore the composition of the character f o r 
" a j i " i n dicates that taste i s p r i m a r i l y "good to mouth", namely, 
palatable, d e l i c i o u s , and tasty. In t h i s sense, I h e a r t i l y agree 
with Dr. Boudreau who wisely pointed out that "umami" should be 
counted as a basic taste. 

The Chinese character f o r "umami", as shown i n t h i s f i g u r e , 
has i t s o r i g i n i n "a spoon and mouth", namely a good taste 
e l i c i t e d by eating a d e l i c i o u s soup. As Dr. Yamaguchi stated, 
t h i s taste "umami" i s known to be a t t r i b u t e d to mainly two f a c t o r s , 
MSG and nucleotides. I t happens that the use of both of these 
factors as f l a v o r i n g agents was originated by Japanese s c i e n t i s t s ; 
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MSG by Dr. Kikunae Ikeda>who was once the president of the Chemical 
Society of Japan, and nucleotides by Dr. Kodama, Dr. Kuninaka and 
others. Dr. Kuninaka 1s f i n d i n g that a small amount of nucleotide 
enhanced remarkably the "umami" of MSG has been of i n t e r e s t to the 
world, e s p e c i a l l y to the food industry. Here i t i s i n t e r e s t i n g to 
note that i n the Japanese language the word "umami" sometimes means 
"unexpected p r o f i t " which j u s t f i t s t h i s case. I might add that 
manufacture of these f l a v o r i n g agents has developed into a b i g 
fermentation industry, which was developed mainly by the e f f o r t s 
of the a g r i c u l t u r a l chemists of Japan. 

The umami tas t e , however, i s not always caused by j u s t these 
two agents, rather i t i s e l i c i t e d by a w e l l harmonized mixture of 
various food constituents, such as amino acids, peptides, nucleo
t i d e s , organic acids, and inorganic ions. This f a c t i s c l e a r l y 
demonstrated by the studies of Dr. Konosu on the t y p i c a l umami of 
seafoods, and by Dr. Mori on the taste of soy sauce. 

Speaking of the mixtur
Japanese people have a goo
have seen i n the Japanese l e t t e r s , the Japanese people are them
selves a w e l l homogenized mixture both i n c u l t u r a l and ethnic 
aspects. Their food habits are t y p i c a l l y omnivorous. Moreover, 
owing to the varying climate and a marine i s l a n d country, the food 
i s abundant i n kind, varying from raw f i s h to various d e l i c i o u s 
fermentation products as shoyu, miso and, e s p e c i a l l y , sake. 

Here, I must c a l l a t t e n t i o n to the reports by Dr. Solms and 
Dr. Mabrouk who informed us that the umami substances were 
developed and increased by cooking and processing of foods. I t i s 
these types of studies combined with a sophisticated psycophysics 
which w i l l help us better understand food f l a v o r . 

Now, I f e e l I have dwelt too long on the subject of "umami", 
but the word "umami" i n Japanese language sometimes means "sweet
ness". As to the sweeteners, i t i s no wonder that such a great 
deal of work has been done on new sweeteners of natural and 
a r t i f i c i a l o r i g i n . U n t i l now, such work has been a kind of h i t 
and miss business. Therefore, the l a s t h a l f of the day was 
devoted to understanding some of the s t r u c t u r a l features of 
molecules that determine t h e i r taste properties. Based on the 
advanced stereo-chemical studies on a large number of sweet and 
b i t t e r compounds by Dr. A r i y o s h i , Dr. B e l i t z and Dr. Ney, our 
understanding of the molecular properties of c e r t a i n taste 
compounds has advanced markedly. 

Noticeable also i s an increase i n our understanding of the 
chemical properties of amino acids, peptides and s i m i l a r nitrogen 
compounds, since as we saw i n the f i r s t h a l f of the symposium, 
they are primary f l a v o r components i n many foods. 

At t h i s point, I would l i k e to i n d i c a t e that taste chemistry 
i s e s s e n t i a l l y s o l u t i o n chemistry. I t i s therefore e s p e c i a l l y 
s i g n i f i c a n t that the b i t t e r n e s s of many compounds can be d i r e c t l y 
r e l a t e d to the hydrophobic properties of the molecules. The sour 
sensation has also been shown to be r e l a t e d to the Br^nsted a c i d 
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properties of the molecules. Thus, both sour and b i t t e r tastes 
can be shown to be related to the s o l u t i o n properties of the 
molecules. In the f i n a l a n a l y s i s , that which stimulates i s a 
molecular complex of the a c t i v e molecule and water. Solution 
chemistry i s i n as p r i m i t i v e a state as i s taste chemistry and 
they must develop together. 

On another important taste, pungency, Dr. Govindarajan said 
i n h i s paper that t h i s sensation must be measured to accurately 
describe the f l a v o r of c e r t a i n foods. He has also suggested a 
re l a t i o n s h i p between taste and chemical structure as has already 
been done i n the cases of other tastes. 

Largely untouched by t h i s symposium, but possibly present i n 
the minds of many, i s the n u t r i t i o n a l s i g n i f i c a n c e of taste. What 
i s the exact r e l a t i o n s h i p between taste and n u t r i t i o n ? I f we cook 
foods to produce f l a v o r f u l compounds, what i s the n u t r i t i o n a l 
s i g n i f i c a n c e of these compounds? These and many other questions 
await answers. 

In ending these f i n a ,
happy to learn d i r e c t l y that the e f f o r t s of s c i e n t i s t s a l l over 
the world are r e s u l t i n g i n a steady progress i n t h i s d i f f i c u l t 
f i e l d , and are contributing to the welfare of men by appealing to 
t h e i r most fundamental and peaceful desires of eating good things. 
I believe t h i s occasion w i l l be an important milestone i n the 
development of t h i s research. 

F i n a l l y , I would l i k e to extend my hearty thanks to the 
speakers for performing so w e l l , the audience f o r being so 
at t e n t i v e and to Dr. Boudreau for h i s great e f f o r t s i n organizing 
t h i s symposium. 

Thank you. 

RECEIVED August 16, 1979. 
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A 
Acids, Br0nsted 17 
Acylpyrroles 230 
Agricultural revolution 22 
Alanine 143,190,201 
L-Alanine 121 
Abalone (Haliotis gigantea discus)

taste-active components in 188-19
Aldehydes 212,220 
Aliphatic compounds 220 
2-Alkanones 117 
Alkyl-n-amino acid 232 
Alkylpyridines 233 
Alkylpyrroles 230 
Alkyl-ureas, open chain 117 
Allium 80 
Allyl isothiocyanates 80 
Amanita phaloides mushroom 4 
American Spice Trade Association 

(ASTA) 57,73 
Amides, open chain 117 
Amides, taste of 118* 
Amines, taste of 119t 
Amino acids 94,175-184 

aromas from heating glucose with .. 218f 
bitter taste of 99f 
composition 149-169 
degradation 223 
effect of heating on flavor of 221 
free 190 

in crab extracts 194,195/ 
and nucleotides of boiled 

potatoes 177f 
in prawns 190,193 

general structure of sweet 134/ 
in green and roasted coffee, 

composition of 228f 
on heating, destruction of 223f 
after heating with glucose, 

destruction of 224£ 
hydrophobicity of 105f, 178 
interaction of sugars and 219 
in lobsters, free 190,193 
quality and intensity of taste of ΙΟΟί 
residue, hydrophobocity of 149-173 
residues of a peptide 149-173 
-ribose solutions, flavor produced 

by heating 221f-222f 
in scombroid fish, free 

Amino acids (continued) 
side chains, hydrophobic action 

of 149-169 
structures of 110/ 
-sugars model systems 214 
sweet taste of 95f, 96f 
tast f lOlf  105f  106f 

a-Amino acids, aroma of Strecker 
degradation products of 219t 

a-Amino acids, Strecker degradation 
of 214 

L-a-Amino acids 33 
sweet dipeptide esters of 97 

1-Amino acids 153 
taste of 154f 

1- Amino cycloalkane-l-carboxylic 
acids 109 

taste of 107* 
2- Aminobenzoic acid 115 
2-Aminocarboxylic acids 121 
2-Aminonorbornan-carboxylic acid, 

bicyclic 109 
Aminoalonic acid 140,142 
Aminobenzenes, taste of 113i 
Amino compounds, aromas from 

reactions of carbonyl and 215f-217i 
Ammonia 54 
AMP 189,193,194,201 
5'-AMP 175-184 
Animal proetins 93-131 
Aniline 115 
Animal cells, peptides in 205-245 
Arginine 189,201 
Armoracia lapathiofolia (horseradish) 80 
Aroma 53-92, 219 

from heating glucose with amino 
acids 218f 

of lactones 232 
from reactions of carbonyl and 

amino compounds 2l5#-217i 
of Strecker degradation products 

of α-amino acids 219£ 
Asparagine 155 
Aspartame 

conformational analyses of 145 
projection formulas of isomers of .... 141/ 
stereoisomers of 140 
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Aspartic acid 175-184 
L-Aspartic acid, sweet dipeptide 

esters of 97 
Aspartyl 

dipeptide esters 133 
sweet-tasting 140,142 
D-valine-containing 142 

peptides, taste of 136*-137* 
tripeptide esters 142 

α-D-Aspartyl dipeptide esters 140 
^L-Aspartyl dipeptide esters 140 
ASTA ( American Spice Trade 

Association ) 57 
Astringenecy 16, 53-92,178 
Azacycloalkanes 117 

bitter I l l 

Β 
Bavarian cream, effect of suga

flavor of 48
Bavarian cream, sucrose contents of .. 47 
Beef 

broth on flavor of beef consomme, 
effects of MSG and 45/ 

consommé 43 
effects of MSG and beef broth 

on flavor of 45/ 
effect of NaCl on flavor of 46/ 

lipids 209 
fatty acids composition of 210* 

Beer bitterness 225-226 
Benzenes, diamine 115 
Benzoic acid(s) 115,125 

taste of 114* 
Bicyclic 2-aminonorbornan-carboxylic 

acid 109 
Binding site, hydrophobic 139,143,145 
Bipolar hydrophobic compounds 117 
Bitter 

azacycloalaknes I l l 
compounds 139 

in rectangular coordinates 120/ 
structure and taste relationship 93-128 

cycloalkanones I l l 
dipeptides 153* 
lactams I l l 
lactones I l l 

peptides 
from <*8i-casein 160/ 
from β-casein 161/ 
from peptic soya protein 

hydrolysates 159* 
receptor, sweet- 125,127/ 
sensation 14,17 
soybean protein hydrolysates 162 
taste 13-128 

of amino acids 99* 
of cacao 93-131 

Bitter (continued) 
taste (continued) 

of cod muscle 185-203 
of ketones 116/ 
threshold values for 109 

tripeptides 153* 
Bitterness 

beer 225-226 
calculation of 158 
of cocoa 225 
of diglycerides 166* 
of glycerol and derivatives 167* 
of hydroxy acids 165* 
of lipids 165 
of monoglycerides 166* 
of peptides 149-169 

influence of chain length on the .. 162 
of phosphatides 166* 
Q-values for 149-169 

threshold values of dipeptides .163-166 
threshold values of tripeptides ...163-166 

Bivalves, taste of 188 
Boar meat lipids 209 
Br0nsted acids 17 
Browning, lipid 239 
Browning reaction products, flavor 

of 205-240 

C 
Cacao, bitter taste of 93-131 
Capsaicin 55,56,61,86 
Capsaicinoids 58, 61, 83 

in capsicum, estimation of 63 
of capsicum extracts, total 66/ 
natural 62* 
and related synthetic compounds .. 64* 
synthetic 63* 

Capsicum (chillies) 61-65 
estimation of capsaicinoids in 63 
extract, silylated 66/ 
extracts, total capsaicinoids of 66/ 
pungency of 57, 61* 
pungency stimulants of 62* 

Carbonyl 
and amino compounds, aromas from 

reactions of 215*-217* 
formation 220 
in red meat fats, heat produced 211*-212* 

o8i-Casein 159 
bitter peptides from 160/ 

^-Casein 159 
bitter peptides from 161/ 

Chavicine 67 
Chemoreceptors 4, 55 
Chemoreceptor systems, oral 13 
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Chicken egg 1 
Chillies ( see Capsicum ) 
Chionoecetes opilio (snow crab) .193-201 
Chicken flavor concentrate, cooked .... 212 
Chloride ions 201 
Chocolate precursors aroma extracts .. 225 
Clam, hard ( Meretrix lusoria ) 188 
Clam, short-necked ( Tapes japonica ) 188 
Cloves 79 
eugenol in 60 

CMP 194,201 
Cocoa 
beans 223 

roasting 225 
bitterness of 225 
flavor components 226 

Cod muscle, bitter taste of 185-203 
Coffee 
beans 226 
composition of amino acids i

green and roasted 228
composition of green and roasted .. 226i 
effect of roasting on sucrose content 

in 227f 
oil 227 

Corbicula (Corhiculaleana) 
Crab 

extracts 
free amino acids in 195/ 
inorganic components in 198/ 
organic acids in 197/ 
nitrogenous components in 196/ 
sugars in 197/ 

meats, free amino acid composi
tion of the 194 

snow (Chionoecetes opilio) 193-201 
taste-active components in 193-201 
taste, model of 200/, 201 

Cranial ganglia 4 
Crustaceans, taste of 190,193 
Cyclamate 93-131 
Cyclic compounds, taste of 112f 
Cycloalkaneulfamates, sweet I l l 
Cycloalkanesulfamates, taste of 112f 
Cycloalkanones 117 

bitter I l l 
Cysteine 

-flucose, flavors produced by 229i 
-pyruvaldehyde, flavors produced 

by 229* 
-pyruvaldehyde mixture 229 

D 
2,4-Decadienal 212 
Decanal—starch complexes, formation 

of 181,182/ 
Diamine benzenes 115 
Diglycerides, bitterness of 166i 

Diglycerides, taste properties of 165 
Dihydrocapsaicin 61 
Diketopiperazines ( dipeptide an

hydride) 225 
2,5-Dioxopiperazines 93-131 
Dipeptide(s) 149-173,213 
anhydride (diketopiperazines) 225 
bitter 152f-153f 
bitterness threshold values of 163-166 
esters 140,143 

of L-amino malonic acid, sweet .. 97 
of L-aspartic acid, sweet 97 
aspartyl 133 

0-L 140 
sweet 142 

-tasting 140 
D-valine-containing 142 

structures of sweet 98/ 
taste of 135 

taste of 103f 
of isomeric 15l£ 

Disagreeable sensations 16 
Disodium 
5'-guanylate (GMP) 33 
inosinate 187 
5'-inosinate (IMP) 33,175-203 
synergistic effect between MSG and 37 
umami substances related to 34i 

Ε 
Ecosystem, natural nutritional 1 

alterations in 19 
Egg, chicken 1 
Egg flavor compounds 18 
Eikosapeptides 157 
Enzymatic hydrolysates 159 
molecular weights of 163f 
tastes of 163i 

Enzymatic protein hydrolysis 93-131 
Enzymes 

nucleotide attacking 178 
RNA-degrading 178,179f 

Eopsetta jordani (petrale sole) 186 
Epiglottis 4 
Esophagus 4 
Esters 

aspartyl tripeptide 142 
dipeptide 140,143 

aspartyl 133 
β-L-aspartyl 140 
sweet 

of L-amino malonic acid 97 
of L-aspartic acid 97 
aspartyl 140,142 

taste of 135 
D-valine-containing aspartyl 142 
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Esters (continued) 
open chain 117 
taste of 118* 
tripeptide 143 

Eugenol 79 
in cloves 60 

F 
Fatty acids 209 

composition of beef lipids 210* 
composition of pork lipids 210* 
hydroxylated 165 

Fat(s) 
heat produced carbonyls in red 

meat 211*-212* 
pork 209 
red meat 209 

Fermentation 19 
Fischer projection formula 13
Fish 

flavor 18 
free amino acids in scombroid 186* 
muscles, extractive components 

of 185-203 
scombroid 186 
taste of 185-201 
taste-active components in 185-203 

Flavor(s) 53-92 
-active nucleotides 154 
of amino acids, effect of heating on 221 
of bavarian cream, effect of sugar 

on 48/ 
of beef consommé, effects of MSG 

and beef broth on 45/ 
of beef consommé, effect of NaCl on 46/ 
of browning reaction products .205-240 
components 

cocoa 226 
food flavor precursors and 208* 

of processed foods, volatile 213 
compounds, egg 18 
compounds produced by heating ... 22 
concentrate, cooked chicken 212 
fish 18 
food 230 
of foods, effects of umami sub

stances on 41 
fruit 18 
intensifies 153 
meat 18 
milk 18 
precursors 

aqueous 205-245 
red meat 221 

and flavor components, food 208* 
food 205-245 

non-aqueous 209 
produced 

Flavor(s) (continued) 
produced (continued) 

by cysteine-glucose 229* 
by cysteine-pyruvaldehyde 229* 
by heating amino acid-ribose 

solutions 221*-222* 
profile of MSG 43 
profile test, evaluation sheet for 44/ 
vegetable 18 

Food(s) 
effects of MSG on 43 
effects of umami substances on 

flavors of 41 
flavors 230 

precursors 205-245 
and flavor components 208* 

major taste active compounds in ... 20* 
processing 205-245 
pungent components in 60 

toxic 4 
(uncooked), taste of 21* 
volatile flavor components of 

processed 213 
Foodstuffs, roasted 13-131 
Free nerve endings 4, 55 
Fructose 178 
Fruit flavor 18 
Fungiform papillae systems 14 

G 

Ganglion(a) 
cranial 4 
geniculate 

neurons 9 
system 6 
taste systems, mammalian 12* 

trigeminal 4 
systems 16 

Gelatinization of starch 181 
Geniculate ganglion 

neurons 9 
system 6 
taste systems, mammalian 12* 

Ginger (Zingiber officianale) 73-79 
Ginger oleoresins 79* 
Gingerol(s) 74,83,86 

homologs of 76/-77/ 
Glossophoryngeal nerve 13 
Glucose 178,194 

with amino acids, aromas from 
heating 218* 

destruction of amino acids after 
heating with 224* 

thermal degradation products of .... 213 
Glutamate 153 
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Glutamic acid 155,175-203 
γ-Glutamyl dipeptides 209 
Glycerol and derivatives, bitterness of 167* 
Glycine 143,189,190,193, 201 

betaine 189,190,201 
free 190 

Glycoalkaloid content 178 
Glycogen 189 
Glycoproteins 205-245 
GMP (disodium 5'-guanylate) 33,201 
Goat meat 209 
Gust 36 
Gustatory modality 54 

H 

Haliotis gigantea discus ( abalone ) .... 189 
Heptapeptide 156 
Heterocyclic s ) 

compounds 230-23
oxygen 238* 

5- membered ring 22, 231/ 
6- membered ring 22, 231/ 
nitrogen 230 
oxygen 234 
sulfur 239 

Histidine 186-187 
inosinate 187 

Homocapsaicin 62 
Homodihydrocapsaicin 62 
Horseradish ( Armoracia fopathio-

folia) 80 
volatile isothiocyanates in 87 

Human taste sensations 15* 
Hydrolysates 

bitter soybean protein 162 
enzymatic 159 

tastes of 163* 
molecular weights of 163* 
peptic Zein 159 

Hydrophobic 
amino acids 178 

action of side chains 149-173 
binding site 139,143,145 
compounds, bipolar 117 
compounds, monopolar ( electro-

philic) 121 
interactions 149-173,150/ 
structure, monopolar 117 

Hydrophobicity 
of amino acid residue 149-173 
of a peptide 149-173 
of sugars 168 

Hydroxy acids, bitterness of 165* 
4-Hydroxy-2,5-dimethyl( 2H )-

furanone 234 
Hydroxybenzenes, taste of 113* 
2-Hydroxybenzoic acid 115 

D-L-2-Hydroxycarbonic acids, sweet 
taste of 96* 

Hypoxanthine 185-186 

I 
[MP (see Disodium 5'-inosinate) 
inclusion complexes 181 
indian Standards Institution 60 
[norganic components in crab extracts 198/ 
inorganic ions 194 
inosinate, disodium 187 
[nosinate, histidine 187 
nosine 185-203 
invertebrates 18 

muscle of marine 189 
[sochavicine 67 
isothiocyanates 80-81 

4-methylthio-3-butenyl
in mustard, volatile 87 
2-phenylethyl 80 

Κ 
Katsuwobushi (skipjack) 187 
Ketones 117 

bitter taste of 116/ 
phenylalkyl 74 

L 
Lachrymatory compound 82 
Lactams 117 

bitter I l l 
Lactic acid 194 
Lactones 14,117 

aroma of 232 
bitter I l l 

Larynx 4 
Leucine(s) 158 

isomeric 97 
Linoleic acid 209 
Lipids 209 

of beef 209 
fatty acids composition of 210* 

bitterness of 165 
boar meat 209 
browning 239 
of pork 209 

fatty acids composition 210* 
L. kensaki 190 
Lobsters, free amino acids in 190,193 
Lobsters, muscle extracts of 192/ 
Loligo chinensis 190 
Lysine 153 
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M 
Mammalian geniculate ganglion 

taste systems I2t 
Marine invertebrates, muscle of 189 
Meat 

fats, heat-produced carbonyls in 
red 211f-212f 

fats, red 209 
flavor 18 

precursors, aqueous red 221 
Meretrix lusoria (hard clam) 188 
Metallic sensation 16 
4-Methylthio-3-butenyl-isothio-

cyanate 80 
Milk flavor 18 
Molecular theories of sweet tastes 133 
Monellin 14 
Monoglycerides, bitterness of 166i 
Monoglycerides, taste propertie
Monopolar ( electrophilic )

phobic compounds 12
Monopolar hydrophobic structure 117 
Monosodium L-glutamate 

(MSG) 14,33,189 
and beef broth on flavor of beef 

consommé, effects of 45/ 
detection threshold for 35 
flavor profile of 43 
on foods, effects of 43 
and IMP, synergistic effect between 37 
-like taste (umami) 187 
umami substances related to 33 

MSG (see Monosodium L-glutamate) 
Mushroom (Amanita phaloides) 4 
Mustard(s) 79 

volatile isothiocyanates in 87 
Mutton 209 

L-Norleucine 121 
Nucleotide(s) 193-194 

attacking enzymes 178 
of potatoes, free amino acids 

and 177i, 179* 
flavor-active 154 

3'-Nucleotides from potato tissue, 
formation of ISOt 

5'-Nucleotides 175-184 
Nutritional ecosystem, natural 1 

alterations in 19 

Ο 
Odor threshold, pyrazines sensory 

description and 235f-237f 
Oleoresins 78 

ginger 79f 
Olfactory modality 54 

Ommastrephes  pacificus
Omission test 189,194 
Onion, crushed 87 
Open chain 

alkyl-ureas 117 
amides 117 
esters 117 

Oral 
cavity 4 
chemoreceptor systems 13 
sensations 13 

Organic acids 194 
in crab extracts 197/ 
in shellfish 177-187 

Oxacycloalkanes 117 
Oxygen heterocyclic ( s ) 234 
compounds 238f 

Ν 
NaCl on flavor of beef consommé, 

effect of ' 46/ 
Nerve endings, free 4, 55 
Nerve, glossopharyngeal 13 
Neural complex, receptor 4 
Neural pulse 6 
Neurons, geniculate ganglion 9 
Neurons, peripheral sensory 4 
Neurophysiological correlates of 

sensation 16 
Nitrobenzenes 125 

taste of 114f 
Nitrobenzoic acids 115 
Nitrogen heterocyclics 230-234 
Nitrogenous compounds 209 

in the muscle extract of squids 191f 
Nitrogenous components in crab 

extracts 196/ 
Nordihydrocapsaicin 62 

Ρ 
Palatability 47 

and umami, relationship between .. 47 
of squids 190 

Palate, soft 4 
Papillae 4 

foliate 4 
fungiform 4, 6 
systems 14 

vallate 4 
Penaeus japonicus (prawn) 190 
Pepper (Piper nigrum) 67-73 

piperine analogs in 71t 
and their pungency, piperine con

tent of world varieties of 73i 
pungency stimulants in 70 

Peptide(s) 97 
amino acid residues of a 149—173 
in animal cells 205-245 
bitter 
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Peptides (continued) 
bitter (continued) 

from β-casein 161/ 
from a8l-casein 160/ 
from peptic soya protein 

hydrolysates 159* 
bitterness of 149-169 
hydrophobicity of 105,149-173 
influence of chain length on the 162 
in plants 209 
sweet 133 

chemistry of 133-146 
general structure of 134/ 

taste of 102* 
aspartyl 136*-137* 

threonine-containing 140 
Petrale sole (Eopsetta jordani) 186 
Pharynx 4 
Phenol(s) 111,125 
Phenylalkyl ketones 7
2-Phenylethyl isothiocyanate 8
Phosphate ions 201 
Phosphatides, bitterness of 166t 
Phosphatides, taste properties of 165 
Phosphodiesterase 1 178 
Physicochemical parameters 82 
Piperanine 70 
Piperettine 69 
Piperic acid 67 
Piperidides 67 
Piperidines, substituted 117 
Piperidines, taste of 119* 
Piperin 86 
Piperine 56, 67, 83 

analogs in pepper 71* 
content and pungency, correlation 

of 72/ 
content of world varieties of pepper 

and their pungency 73* 
and isomers 69* 

Piper nigrum (pepper) 67-73 
Piperylin 70 
Plants, peptides in 209 
Pleasant sensation 14 
Polyphenols 16 
Polyphosphates 155 
Pork, lipids of 209 

fatty acids composition of 210* 
Potassium ions 201 
Potato (es) 

composition of 176* 
free amino acids and nucleotides 

of 177*, 179* 
products, texture of 181 
RNA-degrading enzymes in raw 

extract from 179* 
starch 181 
taste components of 175-183 

Potato (es) (continued) 
tissue, formation of 3'-nucleotides 

from 180* 
tissue, formation of 5'-nucleotides 

from 180* 
Prawn(s) 

Pandalus borealis 193 
Penaeus japonicus 190 
free amino acids in 190,193 
muscle extracts of 192/ 

Proline 153 
Propanol-S-oxide 54 
trans ( + ) -S- ( 1-Propenyl ) -L-cysteine 

sulfoxide 82 
1-Propenyl sulfenic acid 82 
Proteins 205-245 

animal 93-131 
with high Q-values 162 

hydrolysates,  soybea
hydrolysis, enzymatic 93-131 
with low Q-values 162 
vegetable 93-131 

Proteolysis 94 
Psychophysics of taste systems 13 
Pungency 53-88 

of capsicum(s) 57,61* 
correlation of piperine content and 72/ 
of natural stimulants and related 

synthetics, structure and 84*-86 
piperine content of world varieties 

of pepper and their 73* 
stimulants 83 

of capsicum 62* 
in pepper 70 

in vegetables 80 
Pungent components in food 60 
Pungent sensation 16 
Purines 205-245 
Pyrazine(s) 209,227,234 

sensory description and odor 
threshold 235* 

Pyridine(s) 
and derivatives 233 
substituted 117 
taste of 119* 

Pyrrole and derivatives 230-233 
Pyruvaldehyde 229 

Q 

Q-values 
for bitterness 149-169 
proteins with high 162 
proteins with low 162 

Quaternary ammonium bases 194 
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R 
Radish, vegetable (Raphanus sativus) 80 
Receptor neural complex 4 
Receptor site 145 

for sweet taste 143,146/ 
Receptor, sweet-bitter 125,127/ 
Riboflavin, 6,7-dimethyl-9-( l'-D-ribi-

tyl isoalloxazine) (vitamin B2) .... 234 
Ribonucleic acid 175-184 
5'-Ribonucleotides 33 
Ribose 221 

solutions, flavor produced by heat
ing amino acid- 221t-222t 

RNA-degrading enzymes 178 
in raw extract from potatoes 179i 

S 

Saccharine 93-13
Saccharose 17
Salts 

bitterness of 168f, 169f 
ionic diameter of 168 
solubility of 168 

Salty sensation 14 
Scales, taste intensity 35 
Scombroid fish 186 

free amino acids in 186£ 
Scoville heat units 57,71 
Semantic Differential 41 
Sensation 

astringent 16 
bitter 14,17 
disagreeable 16 
human taste 15f 
metallic 16 
neurophysiological correlates of 16 
oral 13 
pleasant 14 
pungent 16 
salty 14 
sour 14,17 
sweet 14,17 
taste 13 
tactile 16 
temperature 16 
umami 14 

Sensory 
description and odor threshold 

pyrazines 235f-237f 
evaluation of food 56 
neurons, peripheral 4 
systems, chemical 1 

Sepia esculenta 190 
Sepoiteusthis lessoniana 190 
Sergestes lucens ( shrimp ) 193 
Serine 190 
Shallengerger-Kier postulate 88 

Shellfish, organic acids in 187 
Shellfish taste 18,185-201 
Shogaol 74,87 

homologs of 76/, 77/ 
Shrimp (Sergestes lucens) 193 
Skipjack (Katsuwobushi) 187 
Sodium chloride 43 
Sodium ions 201 
Sour sensation 14,17 
Soybean protein hydrolysates, bitter .. 162 
Spartial barrier model 140,142 
Spices 79 
Spinach, oligopeptides from 157t 
Squids 

nitrogenous compounds in the 
muscle extract of 19 It 

palatability of 190 
taste-active components in 190 

Starch 181 

gelatinization of 181 
potato 181 

Stereoisomers of aspartame 140 
Stereoisomerism and taste, relation

ships between 140 
Stimulants, pungency 83 
Stimulants and related synthetics, 

structure and pungency of 
natural 84f-86 

Strecker degradation of α-amino acids 214 
aroma of 219f 
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