
Dehydrated Foods Reviewed and New Determinative Methods Described 

DEHYDRATED FOODS 

Chemical Aspects of Dried Fruits 
PAUL H. RICHERT 
Coast Laboratories, Fresno, Calif, 

Most of our knowledge of dried fruits is  based on food technology rather than chemistry 
or any of the basic sciences, although the objectives of research on dried fruits would be 
furthered by a more complete knowledge of the chemistry involved. Recent work has 
dealt largely with improving the acceptability, stability, and utilization of dried fruit. 
Acceptability has been improved by raising moisture contents to higher levels, utilizing 
new packaging materials, pasteurization, and chemical sterilization, selecting the opti- 
mum maturity of fresh fruit before drying, and improving control of drying conditions and 
use of sulfur dioxide. The nature of the browning reaction in dried fruits and the role of 
enzymes and storage temperature have been evaluated. Dried fruits, like many other 
established food products, must be presented to the customer in new forms to compete 
successfully for the consumer dollar. 

HE DRYISG OF FRUIT is one of the T oldest methods of food preservation 
known to man. The methods used for 
drying have been greatly modified in 
recent years for some fruits, but, for 
others. have not been appreciably 
changed since ancient times. Marked 
changes in color. flavor. and texture are 
characteristic of many dried fruits, com- 
pared with the fresh fruits from which 
they are derived. Outstanding exam- 
ples of dried fruits which bear little 
resemblance to the original fresh fruit 
are raisins (from unpigmented grapes), 
and prunes (from plums). 

KO significant differences in carbo- 
hydrates. protein. fiber, and ash are 
noted when the variation in moisture 
content is taken into consideration. The 
differences betu een fresh and dried 
fruits lie \zith the minor constituents. 

The changes that take place during 
drying are principally chemical. particu- 
larly if enz) matically induced reactions 
are included as chemical changes. None 
of the changes normally taking place 
during fruit drying is due to the activity 
of microorganisms. although. when dry- 
ing conditions are unsatisfactory or un- 
sound fresh fruit is dried. microbial ac- 
tivity sometimes takes place, resulting in 
unmarketable culls. 

Changes during processing or prepara- 
tion for market are relatively minor 
chemically and are due principally to 
heating, partial cooking, and adjust- 
ment of moisture content to the most 
desirable range. The final moisture 
content is determined by keeping quali- 
ties, palatability. and custom. 

Often very marked chemical changes 
take place on prolonged storage. Except 
when stored a t  temperatures near 0" C., 
dried fruits are subject to considerable 
deterioration, due almost entirely to 
nonenzymatic chemical reactions. 

Dried fruits vary in their gross composi- 
tion and in their tendency to undergo var- 
ious chemical reactions. About ten kinds 
of fruit are dried in significant quanti- 
ties to be of commercial importance. The 
methods used in drying v a r ~  considerably 
and, to a large extent. determine the 
type of reactions taking place. 

Maturity of Fruit 
The maturity of the fruit a t  the time 

of harvest determines the types of reac- 
tions that take place during drying. 
Consequently, the fruits fall into three 
classes: (1) fruit picked green and cured 
before drying. (2) fruit dried immediatelj- 
after harvesting, and (3) fruit partially 
dried before harvesting. 

Pears and apples are picked green 
for marketing fresh, and the unmarket- 
able portion is dried, after fruit is 
allowed to ripen and cure for some time. 
This curing helps in making a more uni- 
form dried product. The drying of 
these fruits is primarily a by-product 
business. Kadota figs and clingstone 
peaches are ordinarily picked for canning 
only the surplus being dried. 

Grapes, prunes, apricots. and free- 
stone peaches are picked a t  optimum 
maturity and are promptly dried. Un- 
fortunately, no lot of fruit can be picked 
so that all pieces are a t  the same stage 
of maturity. but salable dried fruit must 
have a fairly uniform appearance. The 
methods for drying fruits in this group 
have been worked out so that the varia- 
tions in maturity of the fresh fruit are 
hardly detectable in the dried product. 
.4 number of chemical reactions are in- 
volved in processes used to produce uni- 
form color. 

Figs and dates are the best examples of 
fruits that are partially dried before har- 
vesting. Figs could be picked fresh. as 
is the case with most of the Kadota figs. 
but the product is different from the 
other dried figs of commerce. Dates, 
on the other hand, are not ripe until 
partially dried on the tree. The process 
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of ripening in dates is combined with all 
the phenomena of fruit drying, such as 
cell breakdown, evaporation of moisture, 
and permeation of tissues with a sugar 
sirup. Even the crystallization of sugars 
sometimes takes place in dates before the 
fruit is ready for harvest. Prunes, also, 
are sometimes allowed to pass the stage of 
optimum maturity before harvesting. 
Where partial tree drying takes place, 
the color of the producc is darker but 
more uniform than when the fruit is 
harvested before drying begins. 

Weather conditions during this tree- 
ripening period greatly affect the rate 
of drying and definitely limit the areas 
in which these fruits can be grown. 
Enzymatic darkening and other oxida- 
tive changes take place, with the result 
that the final product is very different 
from the fresh fruit. 

Color Changes 

Color changes have had the greatest 
influence in determining the drying pro- 
cedures for each fruit. 

The green color of chlorophyll is seldom 
present in dried fruits, and it must not be 
present if the fruit is to be marketable. 
In living tissue, chlorophyll is in equilib- 
rium with its precursors and end 
products. Normally, when tissues die, 
brown colored compounds are formed. 
This is evident in fruit that is dried on 
the tree. In  apples, the green color is 
avoided by curing before drying and by 
peeling. In sun-dried raisins, the action 
of sunlight in producing the charac- 
teristic dark brown color obscures or 
destroys the green color. In  sulfured 
fruits, the sulfur dioxide: and sunlight 
bleach chlorophyll and some of the other 
pigments. In dehydrated fruits, the 
chlorophyll or its brown decomposition 
products are masked by other fruit colors, 
or in sulfured dehydrated fruits, such as 
Kadota figs, chlorophyll is bleached by 
exposure to the sun for a short time be- 
fore dehydrating. 

The anthocyanin pigments present in 
fruits are generally altered to various 
degrees, both during and after drying, 
Some anthocyanin pigments, particu- 
larly those appearing as a bloom on 
apricots and peaches, are bleached by 
the sulfur dioxide treatment. Others, 
normally present as leuco bases in the 
fresh fruit, turn red on prolonged ex- 
posure to the sun. These are considered 
undesirable in the finished product. It is 
common practice to dry fruits that are 
subject to this red coloration by exposure 
to the sun for a day or tiro, and finish 
drying in stacks or in a dehydrator. 

Anthocyanin pigments on unsulfured 
fruits generally turn brown through ox- 
idation during drying. The purple 
color in the skin of prunes is largely 
destroyed during drying, either in the 
sun or in dehydrators. The purple 
pigment of the Black Mission fig is 

exceptionally resistant to change. Al- 
though these figs are tree-dried, the color 
is hardly affected and i s  very prominent 
in the final product. For certain pur- 
poses, it would be desirable to bleach 
out this color. I t  is apparently com- 
pletely resistant to the action of sulfur 
dioxide, and can be bleached only with 
hydrogen peroxide or chlorine. 

Enzymatic browning by peroxidase 
and other oxidative enzymes occurs in 
fruit drying unless measures are taken to 
prevent it. This reaction proceeds most 
rapidly on freshly cut surfaces of fruit. 
Commerciallv, all fruits that are cut or 
sliced preparatory to drying are treated 
with sulfur dioxide after cutting and 
before drying starts. Sliced apples are 
dipped in dilute sulfur dioxide solutions 
and most other cut fruits are exposed to 
the fumes of burning sulfur for several 
hours. This effectively prevents enzy- 
matic darkening. partly through the re- 
ducing action of this chemical and partly 
because the enzymes are inactivated. 

Blanching with steam or hot water also 
inactivates enzymes, but this is not 
general commercial practice. Blanching 
frequently results in excessive tissue break- 
down and is not effective in preventing 
other oxidative reactions during drying. 

Another case of intense enzymatic 
activity takes place in the preparation 
of sun-dried raisins. The grapes are 
exposed to the direct rays of the sun im- 
mediately after picking without any 
intermediate treatment. The green 
grapes turn a reddish brown, while the 
riper ones turn a darker brown. The 
final result is a fairly uniform appearing 
product. Drying in the shade or in a 
dehydrator \Till not produce this uniform 
product. nor \rill it develop the charac- 
teristic raisin flavor. 

Nonenzymatic Browning 

Changes continue to take place after 
the dried fruit has been packed. All 
dried fruits turn brown Jvith age. Under 
normal marketing conditions, where the 
crop can be readily and promptly dis- 
posed of, no serious problem exists. 
For military use, where long storage 
periods are necessary. particularly a t  
elevated temperatures, the darkening 
problem is very serious. During the 
past 10 years. this browning of dried 
fruits has been intensively studied by a 
number of investigators. Its exact chem- 
ical nature has not bcen determined, nor 
has a satisfactory way been found to 
prevent it. However. the relationships 
of oxygen, sulfur dioxide content, storage 
temperature, and moisture content to the 
rate of browning have been determined 
for some dried fruits. Dried apricots 
darken most readily and have been stud- 
ied more than the other fruits. hfuch 
of this work on apricots was done by 
Stadtman (4).  

1. Fruit stored in the presence of oxy- 

gen darkens faster than in the absence of 
oxygen. 

2. Oxygen absorption is greater for 
fruit at the higher moisture levels. 

3. The darkening rate is greater for 
lower moisture (10%) than for the higher 
moisture levels. This indicates that oxy- 
gen absorption has less effect on darkening 
than the inhibiting effect of moisture in 
preventing the interaction of various fruit 
constituents. 

The darkening rate is directly pro- 
portional to the storage temperature. The 
rate doubles for approximately 5' C.  in- 
creases in storage temperature. 

The darkening rate is inversely pro- 
portional to the sulfur dioxide concentra- 
tion between 1000 and 8000 p . p m  

4. 

5. 

The formation of furfuraldehydes ap- 
pears to play an important role in dried 
fruit darkening. Darkening was almost 
completely checked in apricot concen- 
trates by continuous extraction with ethyl 
acetate a t  temperatures that would other- 
wise cause rapid darkening. The ethyl 
acetate extracts contained furfuraldehydes 
and possibly other unsaturated alde- 
hydes. The brown pigment is a human- 
like substance. and is probably the result 
of several reactions in Lvhich sugars, 
organic acids. and nitrogenous com- 
pounds are the principal reactants. 
Furfuraldehydes have been detected by 
their absorption spectra in all dried 
fruits which have started to darken or 
have been subjected to conditions that 
tend to cause darkening. Therefore, it 
might be assumed that the furfuralde- 
hydes are formed from the breakdown of 
sugars and that they act as catalysts for 
the formation of other brown compounds 
from sugars, organic acids, and nitrog- 
enous compounds. 

The action of sulfur 
Dioxide dioxide in retarding 

darkening seems to substantiate this 
theory with respect to dried fruits. 

Sulfur dioxide. because of its reducing 
action and its enzyme-inhibiting proper- 
ties. prevents enzymatic and other oxidiz- 
ing reactions from taking place during 
the drying of fruit. 

I t  also forms addition compounds with 
the aldehydes present in dried fruits. 
After the fruit has dried, the sulfur dioxide 
is almost completely in the form of the 
glucose addition compound. This pos- 
sibly tends to prevent the breakdown of 
sugars to furfuraldehyde and probably 
also inhibits the catalytic action of the 
furfuraldehydes in browning by the for- 
mation of furfuraldehyde-sulfite addition 
compounds. ,411 evidence points to the 
fact that sulfur dioxide retards the forma- 
tion of the dark pigments but neither 
prevents their formation nor bleaches 
them after they have been formed 

Flavor Changes 

Flavor changes in dried fruits generally 
closely follow color changes-fruits that 
undergo marked color changes during 
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drying also show marked flavor changes. 
The tree-dried fruits undergo the greatest 
flavor changes and the sulfured fruits 
the least change. 

Many of the flavor changes that occur 
during the drying of fruits are considered 
desirable; others are highly undesirable. 
Very little is known chemically about 
these flavor changes. O'Neal (3 ) ,  com- 
paring volatile reducing substances in 
fresh and dried prunes, found that glyoxal 
and acetaldehyde were present in fresh 
prunes at  optimum maturity, but could 
not be detected after drying. The dried 
prunes, however, contained crotonalde- 
hyde, which was not present in the fresh 
prunes. This formation of an unsatu- 
rated aldehyde is similar to the formation 
of furfuraldehydes in the first stages of 
deteriorative browning. 

Another flavor change that sometimes 
occurs in dried fruit soon after drying is 
the development of the undesirable 
tobaccolike or geraniumlike off-flavor. 
This has been demonstrated to be caused 
by enzymes. Chari et al. ( 7 )  dehydrated 
prunes to various moisture contents, steri- 
lized them with epoxides, and noted the 
development of this off-odor, particu- 
larly in fruit of higher moisture contents. 
To  prove further that enzymes were 
responsible, they demonstrated that by 
blanching sufficiently to inactivate per- 
oxidase and phenolase, this off-flavor 
formation was prevented. Normally, 
prunes are stored at  low moisture con- 
tents before processing. This prevents 
the off-flavor formation. The process- 
ing prior to packing is a sufficient heat 
treatment to inactivate the enzymes, so 
that this off-flavor does not develop in 
packed prunes, even though the moisture 
content may be high. 

Additional undesirable flavor changes 
occur in dried fruits in conjunction with 
the browning on storage; they are most 
pronounced in the latter stages of darken- 
ing as the products become inedible. 

The change in texture that takes place 
in the drying of fruit can hardly be con- 
strued as a chemical change, but the 
processing methods used to attain the 
desired texture result in certain chemical 
changes. Most fresh fruits contain con- 
siderable air in the intercellular tissues, 
and to attain desirable translucency, this 
air must be substantially removed. 
Sulfuring! followed by sun drying, 
achieves this successfully for pears, 
apricots, and peaches. This translu- 
cency can also be attained by blanching 
before sulfuring and drying. Economi- 
cally: the production has not proved 
feasible as yet. 

Dried figs are given their translucent 
appearance by subjecting them to a high 
temperature in retorts for a short period 
of time. This makes the skins tender, 
but results in some caramelization, and 
somewhat changes the flavor. 

Pears are sometimes dried like apples 

in the form of rings or slices, but the 
product has a tough and undesirable 
texture. The usual product is sulfured 
for prolonged periods and is then sun- 
dried to obtain the almost glassy appear- 
ance typical of the commercial product. 

Another texture factor that has an im- 
portant relationship to chemical changes 
is moisture content. The lower the 
moisture content, the tougher the tex- 
ture. Conversely, up  to a certain point, 
the higher the moisture content, the 
more appetizing and edible the fruit is. 
Unfortunately, there is a critical moisture 
content for each dried fruit, above which 
it is subject to spoilage by microorganisms. 
This critical moisture content, for some 
fruits, is below the desirable edibility 
point. Within certain limits, dried fruit 
is less subject to storage browning at  
higher moisture levels. 

Enzymatic browning, like microbial 
spoilage, is also more likely to occur a t  
the *higher moisture levels. Conse- 
quently, considerable attention has been 
directed toward the successful processing 
of dried fruits a t  higher moisture levels. 

Sulfured dried fruits are fairly resistant 
to microbial spoilage because of the pres- 
ervative action of sulfur dioxide. Al- 
though sulfur dioxide prevents or re- 
tards practically all undesirable changes 
in dried fruits, it is not accepted for use 
in all dried fruit products. 

Moisture content is not readily con- 
trolled to precise levels in sun drying or 
in the dehydrator because of the varia- 
tions in drying rate of individual pieces. 
Consequently, fruit is ordinarily dried 
to a low, safe level below that intended 
for marketing, and prior to packaging, 
the moisture level is brought up to the 
desired level. Prunes, figs, and dates 
are unsulfured fruits and, until recently. 
have been packed below 23% moisture. 
At this point they do not ferment or 
mold, but have too tough a texture to be 
directly consumed. The development 
of the technique of epoxide sterilization, 
by Mrak et al.  (5 ) ,  has made it possible 
to pack these fruits a t  moisture levels up 
to 30% or more, greatly improving their 
texture and acceptability. The epoxides 
used are ethylene and propylene oxide, 
added to the fruit a t  the time of packag- 
ing. These epoxides are volatile and 
are hydrolyzed to the corresponding 
glycols within a few days after applica- 
tion. Consequently, the treatment is a 
sterilization rather than a preservative 
treatment. No detectable changes have 
been noted in the treated fruit. 

Raisins are packed at  about 18% 
moisture, a t  which point they are fairly 
soft and can be directly consumed. This 
18% is well below the point a t  which 
microbial spoilage could occur. Recent 
investigations by Mrak ( 2 )  have demon- 
strated that raisins are more palatable 
when they contain approximately 30% 
moisture. I t  is not easy to attain this 

moisture level without altering the tex- 
ture and flavor, but it has been accom- 
plished by exposing the berries to high 
humidity a t  temperatures below 165' F. 
At higher temperatures, a cooked or 
caramelized flavor is produced. This 
product shows promise, but the problems 
of commercial production and the pre- 
vention of excessive stickiness are still 
to be solved. Chemical sterilization by 
means of expoxides can be used on these 
high-moisture raisins to prevent micro- 
bial spoilage. 

Another physical property that has 
caused trouble on dried fruits is the tend- 
ency of the sugars to crystallize on long 
storage as dextrose crystals, either as a 
fine powdery surface deposit, or as large 
granular internal crystals. The powdery 
surface sugaring frequently looks like 
mold growth and has often been mis- 
taken for it. This sugaring can be suc- 
cessfully prevented a t  the time of packing 
by heating the dried fruit after packaging 
to 130' F. and then cooling. This dis- 
solves all the crystalline dextrose present 
on the fruit and the package protects 
the fruit from seeding by air-borne par- 
ticles of dextrose. By this treatment, 
sugaring can be prevented for a year or 
more; without it, some dried fruits may 
sugar within a week or two. 

Much of the recent research on the 
browning react:on and deterioration 
problems has been instigated and spon- 
sored by the Army in the hope of pro- 
ducing less perishable products. Indus- 
trial research is directed more to the 
production of new products that are 
palatable and acceptable to the con- 
sumer. The chemical nature of reac- 
tions peculiar to dried fruits has not been 
studied intensively as yet. However, 
more is known on how to avoid un- 
desired changes than is being applied 
commercially. More :mprovements have 
been made in the preparation of dried 
fruits in the past 25 years than during all 
the previous centuries. 
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