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ABSTRACT

Chemical and nutritional changes were studied in 
osmotic and non-osmotic peaches dried in a greenhouse solar 
energy collector, in its adjacent tunnel, and in a control 
forced-air oven. A sharp decrease in the moisture contents 
of dehydrated fruits and a general increase in their solid 
quantities were noted. Osmotic dried peaches showed higher 
levels of total sugar than non-osmotic dried samples. An 
overall decrease in acid content was noticed. The lower 
acidity level of osmotic dried fruits in comparison to non- 
osmotic was probably a result of the leaching action of 
syrup during osmotic dehydration. The levels of sulfur 
dioxide were too low to protect ascorbic acid and g-carotene 
from oxidation. Osmotic dehydration was not superior to 
non-osmotic dehydration processing in retention of the nu
trients g-carotene and ascorbic acid and tunnel dried 
peaches were superior in this regard to greenhouse 
dehydrated samples.
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CHAPTER 1

INTRODUCTION

Generally foods are processed commercially for one 
of the following reasons: (1) to extend the shelf-life of
the processed form, (2) to alter the characteristics of the 
products, (3) to separate components from the complex mix
ture of biochemicals, and (4) to improve the nutritional 
characteristics of the processed food.

In the special case of processing fruits and veg
etables to extend the shelf-life, several methods of drying 
are available; it is the responsibility of the food pro
cessor to choose the most appropriate one. Until recently 
the two most important bases for evaluation of adequacy of 
a processing method were the cost of the method and the 
quality of the product. More recently, two additional 
bases which have also been considered are energy utiliza
tion and waste generation (Lund 1979).

Because of the rising fossil fuel costs, solar en
ergy dehydration will be of increasing importance in the 
production of dried fruits. According to the United States 
Department of Energy, solar energy will certainly cover 50 
percent of the energy requirement within agriculture by the
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year 2000 (ERDA 1975). Experiments currently underway at 
The University of Arizona have shown that collection of 
energy by greenhouse can be efficiently used for drying of 
peaches and apples (Price et al. 1979).

Also of interest is the dehydration of fruits by 
osmosis. This method, used in the past for the drying of 
fruits and vegetables, consists of removing water from the 
aqueous hypotonic solution of a fruit or vegetable by plac
ing it in a hypertonic solution of sugar. By itself, this 
method necessitates a low capital investment; however, it 
should be associated with another means of dehydration to 
lower the moisture level so that food is stable against 
enzymatic, microbial and chemical deterioration. Vacuum 
drying has been used in association with odmotic dehydra
tion in a method called osmovac (Ponting 1966, 1973). This 
two-step method of drying is cheaper than freeze-drying but 
more expensive than vacuum-drying.

In an effort to produce dried fruits at less cost, 
Price et al. (1979) have modified Ponting's osmovac process 
by substituting a less expensive drying method: solar en
ergy greenhouse dehydration for the vacuum drying (second 
step). However, to ascertain the superiority of osmotic 
solar energy greenhouse dehydration over other methods of 
drying a second criteria should be used in addition to the



cost factor: quality evaluation of these dried fruits
should be performed.

Thus, the purpose of this thesis is to study the 
chemical and nutritional changes between osmotic and non- 
osmotic peaches dried in a greenhouse solar energy collec
tor and in its adjacent tunnel, and in a control forced-air 
oven. To meet this objective, analysis of moisture, sugars, 
titratable acidity, ascorbic acid, g-carotene and sulfur 
dioxide were run on the above dried peaches.



CHAPTER 2

LITERATURE REVIEW

Importance of Chemical Analyses 
In general, the evaluation of thermal processing 

(i.e., solar greenhouse dehydration) with regard to quality 
factors can be done on two bases. First, nutrient reten
tion of some thermolabile nutrients such as ascorbic acid 
and 3-carotene can be used as a criteria for the adequacy 
of a processing method. Second, color, texture and flavor 
deterioration can be used to evaluate a processing method. 
Lund (1979) showed that the temperature dependence of the 
destruction reactions of nutrients are quite similar to 
those of color, texture and flavor deterioration reactions.

The chemical analyses utilized are important not 
only as indicators of the adequacy of the solar greenhouse 
dehydration process but also because they concern chemicals 
which may affect the organoleptic properties and the nutri
ent content of peaches. When Souty and Andre (1975) re
viewed the chemical composition of ripe peaches they found 
a moisture range of 80 to 90%. Moisture is important in 
peaches not only as the most abundant nutrient but also be 
cause of its function in the chemical, microbiological and
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5
enzymatic reactions which occur in both fresh and dried 
peaches.

The 'sugar content of peaches was also determined.
By weight in fresh fruits, sugars are second after moisture. 
In addition to their nutritional and organoleptic values, 
they have an important role in the development of brown 
pigments during dehydration.

The third analysis done was the measure of free 
acidity (titratable acidity). Joslyn (1970) reports three 
main functions of food acidity. Acids reduce the sweetness 
and increase the tartness of foods in which they occur, and 
in this way influence palatability. Acids also influence 
the nutritive value of many fruits by playing a significant 
role in the maintenance of acid-base balance in the body. 
Finally, organic acids in food influence flavor, brightness 
of color, stability and keeping quality.

3-carotene and ascorbic acid analyses can be used 
to evaluate the adequacy of the solar-greenhouse and 
forced-air oven drying as methods of dehydration of fruits. 
However, the physiological functions of vitamin C and $- 
carotene have been known for years (Joslyn 1970). Ascorbic 
acid has an antiscorbutic activity and vitamin A is active 
in the cure of rickets and xerophthalmia of the eye. In 
addition, when added to foodstuffs, vitamin C protects



lipid material and fat-soluble nutrients such as vitamin A 
from oxidation.

Sulfur dioxide is not naturally found in fruits 
and vegetables; however, when added to food it protects 
ascorbic acid and 3-carotene from oxidation. Moreover, 
sulfuring prevents color changes and enzymatic browning, 
repels insects, and kills microorganisms.(Frazier and 
Westhoff 1978).

All of.the analyses carried out concern chemicals 
which affect the nutritive value or the organoleptic prop
erties of the experimentally dried fruits. As mentioned 
earlier, measurement of either 3-carotene or ascorbic acid 
can be used as a criterion for the evaluation of the effic 
iency of a food processing method with regard to product 
quality. Therefore, the results of the analyses can be 
used to determine the adequacy of the solar energy green
house drying process as a method of fruit dehydration. 
However, these results depend not only on the effects of 
moisture removal on product quality, but also on the fac
tors affecting the quality of raw fruits and vegetables 
and on the effects of food preparation on vegetable food
stuff quality.
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Factors Affecting the Quality of 

Raw Fruits and Vegetables
There are three categories of factors which affect 

the quality of raw fruits and vegetables: (1) genetic fac
tors, (2) agricultural practices, and (3) harvesting and 
handling of foodstuffs.

The concern for nutrient content has caused plant 
breeders to consider the improvement of nutrient content 
through genetic manipulation. Research on tomato showed 
that the content of 3-carotene can be increased some 30 
times through genetic manipulation. The studies of 
Schroder, Satterfield and Holmes (1942), Sweeney, Chapman 
and Hepner (1970) and Souty artd Andre (1975) have shown 
some appreciable varietal differences in the content of 
ascorbic acid, 3-carotene, sugars and acids of peaches.
This suggests the .possibility of developing high nutrient 
peaches through genetic manipulation. However, much re
search is necessary before knowledge can be made available 
to enable plant breeders to develop varieties more nutri
tious than those currently in use (Baker 1975).

In addition to genetic factors, agricultural prac
tices --through environmental factors, soil fertility and 
fertilization and cultural treatment, and maturity of plant 
food--can affect the quality of raw food of plant origin. 
Several environmental factors such as light, temperature
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and season of the year have been reported to affect the 
nutrient content of food of plant origin (Somers and Kelly 
1957, Sweeney et al. 1970, Farrow, Kemper.and Chin 1979).

The literature relating to the effects of soil 
fertility and fertilizers upon the nutrient content of 
plants is voluminous and generally contradictory. The few. 
carefully controlled experiments indicate that fertilizers 
increase the crop yield, often dramatically. On the other 
hand, the effects on nutrient content are usually insignif
icant (Harris 1975).

Research has proved that maturity of fruit can 
also affect the quality of raw vegetable food. Among some 
other observations a noticeable increase in ascorbic acid 
with the maturation of peaches is shown in Table 1. In 
addition, Souty and Andre (1975) found an increase in mal- 
ate and a decrease in citrate during the ripening of 
peaches.

It has been shown that the quality of raw food of 
plant origin is affected not only by genetic factors but 
also by agricultural practices. The following study will 
deal with the third category of factors which might change 
the quality of plant foodstuffs: harvesting and handling.

An important prerequisite for the maintenance of 
good quality is the avoidance of mechanical injury. Damage 
not only causes structural and physiological disorganization



Table 1. Relation of Ascorbic Acid Content to Ripeness of Peaches.

No of
Ascorbic Acid Content (mg/lOOg)

Variety Peaches Hard Firm Ripe Soft

Early Wheeler 28 4 . 05 ± . 251 5.35 +

\—1 t—1 7.36 + .661 8.28 + 1.601
Golden Jubilee 23 3.78 + .69 4.25 + .29 6.13 + ,28 7.71 + .52
Elberta 22 4.39 ± .12 4.45 + .00 5.25 + .29 —- — — —
Hiley Belle . 21 6.84 ± .12 8.56 ± . 61 12.86 + 1.67 14.05 + .77
Mayflower 20 ------- — — — 4.59 ± .40 5.34 + .26 5.57 ± .63
Early Rose 20 5.31 ± .76 5.36 ± .50 7.18 ± .52 - -- —  —  —

Carman 14 — -- ’-- 6.06 + .29 8.82 ± .66 10.53 + .00
Augbert 8 5.36 + .12 4.55 ± .09 3.84 + .11 — — — —  — —

"*"Mean and standard deviation Source: Schroder et al. (1942)
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of the tissues but greatly facilitates the entry of 
microorganisms which cause spoilage. In the intact fruit 
oxidative destruction of ascorbic acid by enzymes (ascorbic 
acid oxidase, phenolase, cytochrome oxidase and peroxidase) 
is controlled; only when cellular disorganization occurs as 
a result of mechanical damage do these oxidative enzymes 
become operative. In addition, the loss of carotenoids by 
a lipoxidase-like enzyme occurs in vegetal foodstuffs only 
if tissues have been damaged (Krochta and Feinberg 1975). 
The quality of unprocessed plant foodstuffs can also be 
altered by improper storage conditions. Storage temper
ature, humidity, time and in some cases light directly af
fect the shelf life and the nutritional value of fresh 
foods (Erdman 1979).

In short, genetic factors, agricultural practices, 
and harvesting and handling of food affect the quality of 
raw fruits and vegetables. In addition, food preparation, 
can modify the nutritional quality of unprocessed plant 
foodstuffs.

Effects of Food Preparation on the 
Quality of Fruits and Vegetables

There are three important factors in food process
ing which have an effect on ultimate quality: first, the
effects of trimming, washing and soaking, and chopping; 
second the effects of treatment with preservatives such as
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sulfites, ascorbic acid and sorbic acid; and last, the 
effect of blanching.

When food of plant origin is trimmed, a consider
able amount of plant tissue may be lost; 12 percent of 
refuse loss has been reported for peaches (Lachance 1975) . 
Generally, the nutrient losses exceed the weight losses be
cause these nutrients are usually found in higher concen
trations in the outer layers of seeds, tubers, roots and 
fruits. Schroder et al. (.1942) found that the skin of 
peaches contains the highest quantity of ascorbic acid.

Preliminary washing and soaking of vegetables and 
fruits before processing permit the extraction of water- 
soluble constituents such as ascorbic acid and B vitamins. 
These extraction losses are generally insignificant. On 
the other hand, the loss of nutrients during the washing of 
cereal grains during processing may be considerable. As 
much as 60 percent niacin and 60 percent thiamin were lost 
when raw-milled rice was washed (Lachance 1975) .

Most food of plant origin require some type of pro
cessing to reduce them to cooking, eating or processing 
size. The harshness of the process can vary from cutting 
into large slices to a fine puree. All procedures damage 
and rupture cells to some degree and expose the contents 
for nutrient destruction, by oxidation or by allowing the
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cellular contents to be easily leached into soaking or 
cooking water (Erdman 1979).

Dehydrated foods are normally treated with one or 
more chemicals for preservative purposes. Food is treated 
with, sulfites to protect against losses of ascorbic acid 
and 3-carotene by oxidation. This is possible because of 
the antioxidant property of sulfites (Bolin and Stanfford 
1974). In addition, sulfuring prevents color changes and 
enzymatic browning, repels insects and also kills micro
organisms (Frazier and Westhoff 1978). However, the dele
terious effect of sulfites on thiamine and flavor has been 
known for many years.

Ascorbic acid may be added to food to enhance its 
nutritional values or to protect vitamin A and essential 
fatty acids from oxidation. In effect, ascorbic acid con
verts Fê "*" to Fê ~*~ and Cû ~*~ to a lower oxidative state and

o_l_ 2 +as a result protects against Fe and Cu --promoted reac
tions (Cort et al. 1975).

Sorbic acid and its sodium and potassium s.alts are 
widely used to inhibit molds and yeasts in a wide variety 
of food applications. The activity of sorbic acid increas
es as the pH decreases, indicating that the undissociated 
form is more inhibitory than the dissociated form. The 
antimycotic action of sorbic acid appears to arise because
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molds are unable to metabolize the a-unsaturated diene 
system of its aliphatic chain (Frazier and Westhoff 1978).

Blanching is a heat process frequently applied to 
tissue systems prior to freezing, drying or canning. The 
objectives of blanching depend on the subsequent treatment 
of the foodstuffs. Blanching prior to drying is used pri
marily to inactivate enzymes which would contribute to un
desirable changes in color, flavor, or nutritive value 
during storage. The effect of various methods of accom
plishing the objectives of blanching on nutrients can be 
assessed by considering thermal, leaching, and oxidative 
losses (Lund 1975). The two traditional methods of blanch
ing use either hot water or steam as the heat transfer 
medium and the primary difference between these two pro
cesses with respect to nutrient retention is the extent of 
leaching. As expected for blanching with hot water the loss 
of water soluble vitamins increases with contact time. The 
fat-soluble vitamins are relatively unaffected. Steam 
blanching results in greater retention of water-soluble 
nutrients than water blanching (Lund 1975).

In conclusion, it appears that the preparation of 
foods of plant origin, prior to processing, affects the nu
trient content of these foods. Trimming, washing, soaking, 
chopping, blanching and treating with chemicals account for 
these changes in nutritive value.
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Effects of Water Removal and Storage on 
the Quality of Fruits and Vegetables

The removal of water from prepared foodstuffs may 
also affect their quality. This review is divided in 
three parts: (1) some methods of fruit dehydration, (2)
chemical kinetics of dehydration and the notion of water 
activity, (3) finally, nutrient losses during drying and 
storage.

The three methods of fruit dehydration which were 
used in this experiment (osmotic, solar energy, and forced- 
air dehydration) are reviewed here. Osmotic dehydration 
has been used at various times in the past (Baber 1873,
Gore 1910; Tinklepaugh 1912). This drying method consists 
of removing water from the aqueous hypotonic solution of a 
fruit by placing it in a hypertonic solution of sugar or 
other hypertonic solutions. Water diffuses through the 
fruit membrane from the fruit to the sugar solution until an 
equilibrium concentration is reached. Afterwards, conven- . 
tional methods of drying are used to make a variety of 
fruit products.

There are several advantages in using osmotic dehy
dration. Sugar is a very effective inhibitor of polyphenol 
oxidase, the enzyme which catalyses oxidative browning of 
many cut fruits. The use of sugar or syrup as the osmotic 
drying agent prevents much of the loss of fresh fruit flavor



15
commonly found with, ordinary air or vacuum drying methods.
As water is removed by osmosis, some of the fruit acid is 
removed along with it. Meanwhile, a small amount of sugar 
penetrates the cut fruit. This higher sugar/acid ratio is 
important in giving the product its pleasant flavor charac
teristics. This is particularly true in osmotic vacuum- 
dried fruits (osmovac fruits).

There are some disadvantages in using osmotic dehy
dration. First, osmotic freeze-dried fruit pieces are too 
sour because all of the acid stays in the fruit and becomes 
highly concentrated. Second, osmotic air-dried fruits are 
unstable during storage without further treatment since 
their moisture content is in the intermediate range (10-20%). 
At this moisture level, enzymes are active and cause slow 
deterioration of color and flavor. Furthermore, non-enzymic 
browning is quite rapid at this moisture content in un
treated fruit. Therefore, the osmotic-air-dried fruits 
must be treated with sulfur dioxide or held at low temper
ature for preservation. The third disadvantage in the use 
of sugar or syrup as a drying means is the possibility of 
producing dried fruits which are too sweet. Finally, the 
cost of osmotic drying, coupled with air or vacuum drying 
is more expensive than the latter alone (Ponting 1973).

In a review of the optimum operating conditions of 
osmotic dehydration, Ponting (1973) mentioned that
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concentrations of sucrose, invert or corn sugar should be 
between 65 and 85% preferably as high as 75%. The syrup 
should be kept at 120°F (49°C) and circulated around fruit 
pieces during osmosis until 30 to 50 percent of the weight
is removed. The optimum syrup temperature to reduce vis -

S 'cosity of syrup and time of osmosis without deleterious 
effects on flavor is 120PF (49°C). Syrup should be circu
lated around the pieces of fruit in order to prevent local
ized areas of dilution by extracted water. Rates of dehy
dration of unstirred syrup mixtures are usually much slower 
than those of stirred mixtures. Ponting (1973) also found 
the necessity of denaturating polyphenol oxidase'by 'addi- . 
tional blanching or sulfuring of fruit. During osmotic 
dehydration, sugar inhibits the browning enzyme but does not 
inactivate it; furthermore, the temperature during the fol
lowing drying process are not high enough to inactivate it. 
Enzymatic activities then continue in the dehydrated fruit.

Successful dehydration of apples (Dixon 1976, Pont
ing 1966), pineapple and papaya (Nanjundaswamy et al. 1978) 
and some other fruits by osmotic methods have been reported.

Solar energy dehydration is prehistoric in nature.
As a method of food preservation it is still used largely 
unchanged from ancient times in many parts of the world. In 
this method of dehydration, the heat necessary to evaporate 
water from food is supplied by solar energy. The big
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problem with, sun drying is its dependence on uncontrolled 
weather conditions. Consequently, sun dried products are 
not usually uniform nor of high quality. However, sun dry
ing is far less expensive than other dehydration processes 
(Desrosier and Desrosier 1977). Because of the rising 
fossil fuel costs substantial research to improve the ef
ficiency of sun. drying is underway. Price et al (1979) 
have used greenhouse solar energy collectors as means of 
dehydration of fruits. There is no doubt that greenhouse 
solar energy dehydration will play a more important role in 
the future since solar energy will probably supply 50 per
cent of the energy requirement within agriculture by the 
year 2000 (ERDA 1975).

Forced-air oven dehydration involves the passage of 
heated air with controlled relative humidity over the food 
to be dried. Various devices are used for controlling air 
circulation and for the recirculation of air in some pro
cesses. This method of dehydration is extensively reviewed 
by several authors (Van Arsdel, Copley and Morgan 1973).

Chemical kinetics and the concept of water activity 
are. important in consideration of the effects of water re
moval and storage on the quality of plant foodstuffs. Chem
ical kinetics of dehydration and storage of foodstuffs can 
allow processors to predict quality factor retention (i.e., 
ascorbic acid or g-carotene) and shelf life during storage.
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Since the loss of nutritive value is usually the 
destruction of a single chemical compound, this loss can 
be described by a single monomolecular reaction as seen in 
Equation 1:

A ---- ^----  B (1)
where compound A reacts to form compound B with a reaction 
rate constant, K. If Equation 1 applies to the loss of nu
trient A then the rate of that loss can be described by 
Equation 2:

-  -  K [ A ]  ( 2 )

where d[A]/dt is the rate of loss of nutrient A, K is the 
reaction rate constant and [A] is the concentration of A. 
The reaction rate constant is related to temperature by 
Equation 3:

V
K = Ko e" RT (3)

where Kq is a constant, E^ is the activation energy of the 
reaction, R is the gas constant equal to 1.968 cal per gram 
mole °K, and T is the absolute temperature.

If the reaction rate constant is a true constant 
and the only change in the concentration of A is due to 
chemical reaction, the extent of the loss of A can be found 
by integrating Equation 2 to Equation 4:
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- In = Kt (4)

where [A ] = [A] initially.

Many food reactions can be described by Equation 4 
when the limitations above are observed. However, Labuza 
(1980) mentioned that the reaction rate constant may not be 
a true constant because of the variation in activation en
ergy due to the effects of both moisture content and water 
activity. In addition, Equation 3 shows that K is temper
ature dependent; therefore, it cannot be a true constant 
during dehydration processes and storage. Research has 
shown that during dehydration and storage of foodstuffs, 
the loss of nutrients or other quality factors is a complex 
process which, involves not only chemical reactions but also 
temperature, moisture centent, water activity, activation 
energy and reaction order (Karel 1979). Consequently, it 
is almost impossible to predict nutrient retention and 
shelf-life of dried products by using the above model de
veloped by Bluestein and Labuza (1975). Models which take 
into account all of the factors responsible for quality 
changes during dehydration and storage of plant foods are 
being developed (Labuza 1980).

As stated earlier, the purpose of dehydration is to 
control the water by either removing water or binding it 
such, that the food becomes stable to both chemical and



microbial deterioration. The state in which water is found 
during drying has a significant effect on the loss of nu
trients. The thermodynamic parameter which describes the

■>

state of water in food is the water activity: it is the
ratio of the vapor pressure of water in food divided by the 
vapor pressure of pure water at the same temperature (Labuza 
1980). It can also be defined as the relative humidity in 
equilibrium with a food divided by 100 (Rockland and Nishi 
1980). Figure 1 shows the relation of water activity to 
the moisture content within a food. Of importance is the 
B.E.T. monolayer, a water activity value comprised between
0.2 and 0.3 (Bluestein and Labuza 1975). B.E.T. stands for 
Brunauer-Emmett-Tetler, early investigators in dehydration 
studies (Braunauer, Emmett and Tetler 1938).

Above this water activity value, water behaves as a 
solvent which dilutes solutes, mobilizes them and allows 
them to react with, the aqueous environment. As the mois
ture content and water activity decrease from the natural 
value, as would happen in drying, several important effects 
occur. First, the aqueous solution becomes more concentra
ted, and according to Equation 2, the reaction rate in
creases. This leads to the.acceleration of losses of 
nutrients as the moisture level or water activity is lowered. 
This later effect affects water-soluble vitamins mostly and 
vitamin C particularly. This conclusion holds when nutrients
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are degraded by a first order chemical reaction. Non- 
enzymatic unimolecular reactions are likely to be first 
order. Bimolecular reactions are not likely to be first 
order reactions (Bluestein and Labuza 1975).

The second effect of decreasing moisture and water 
activity of food is the increase in viscosity; therefore, 
the diffusion of components in the aqueous phase may become 
more difficult. This would decrease reaction rates. How
ever, the catalytic effect of metals which are no longer 
hydrated in dried foods may be increased. In this case the 
destruction of unsaturated lipids and some oil-soluble 
vitamins such as provitamin A will be speeded. In addition,
Labuza (1971) reported that water may act as a free radical
quencher; consequently its removal during drying may acti
vate the degradation of some nutrients. When all liquid 
water has been removed from food, reactions which proceed 
in water cease. This usually occurs at the BET monolayer.

The loss of nutrients usually occurs to some degree 
during the removal of water and storage of plant foodstuffs. 
In this study only the losses of ascorbic acid and (3-
carotene are reviewed. The retention of these two nutrients
are used to evaluate the efficiency of food process methods 
(i.e., dehydration) with regard to product quality.

Considerable information has been collected con
cerning the loss of ascorbic acid in dried foods. Washing
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blanching and other pretreatment covered elsewhere account 
for part of the losses which ranged from 10 to 50 percent 
during dehydration (Bluestein and Labuza 19 75) . In pro
cessed foods the most significant losses result from chem
ical degradation. In foods which are particularly high in 
ascorbic acid, such as fruit products, loss is usually as
sociated with non-enzymatic browning (Tannenbaum 1979). 
Labuza (1972) showed that the reaction of degradation of 
ascorbic acid during drying is very sensitive to water ac
tivity. This relationship is shown in Figure 2. At low 
water activity, ascorbic acid is relatively stable. How
ever, it is rapidly destroyed at high water activity. In 
addition, the reaction is very sensitive to the processing 
temperature; the loss of ascorbic acid increases rapidly 
with increasing temperatures. The degradation of ascorbic 
acid tends to be first order, but in some systems it has 
been reported that it may be zero order (Karel 1979). The 
retention of ascorbic acid during drying depends on the 
dehydration method used (Tannenbaum 1979). This is illus
trated in Figure 3 for peas processed by air and- freeze 
drying techniques. It is apparent that the leaching loss 
during heating far exceeds losses during other process 
steps. This observation applies to most water-soluble nu
trients.
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Figure 2

o Orange juice crysta 
•  Sucrose solution

2
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WATER ACTIVITY

Relation between Water Activity and Rate of 
Destruction of Ascorbic Acid. -- from Labuza 
1972.
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Figure 3. Retention of Ascorbic Acid in Processed 
Peas. -- from Tannenbaum (1979).
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The destruction of vitamin A follows a completely 

different mechanism from that of ascorbic acid. All infor
mation suggests that lipid oxidation is the mechanism of 
destruction of vitamin A (Bender 1978). In addition some 
thermal degradation of provitamin A occurs during drying.
The major loss of 3-carotene and other fat-soluble vitamins 
in dehydration and storage is probably due to the interac
tion of peroxides and free radicals with vitamins.

Peroxides and free radicals are formed during the 
oxidation of lipids. The degradation of 3-carotene depends 
on temperature and access of oxygen, and is promoted by 
light, traces of iron and copper. Martinez and Labuza 
(1968) found that the loss of 3-carotene could be a first- 
order reaction. These authors also found that the degrada
tion of provitamin A during drying was dependent upon the 
type of food and the method of dehydration.

The information available concerning the effects of 
the removal of moisture and storage on the quality of fruits 
and vegetables indicates that degradation of ascorbic acid 
and 3-carotene proceeds by different mechanisms. Additional 
research is needed in the prediction of the quality and 
shelf life of dried products with regard to retention of 
nutrients.

It has been well established that nutritional qual
ity factors of raw fruits and vegetables may be



detrimentally affected by agricultural practices and 
preprocessing food preparations. However, the treatment 
of plant food with ascorbic and sorbic acids and sulfites 
enhances their nutritional value and protects them against 
chemical, enzymatic or microbial deterioration. It also 
appears that dehydration and storage dramatically affect 
the nutrient content of plant food in general, and vitamin 
C and provitamin A in particular. More research is needed 
to predict the quality and shelf life of dried products 
with regard to ascorbic acid and 3-carotene retention.



CHAPTER 3

MATERIALS AND METHODS

Preparation and Dehydration of 
Autumn Gem Peaches

The experimental Autumn Gem peaches were purchased 
from Cox Produce Company in Tucson, Arizona. The prepara
tion and dehydration of these peaches are shown in Figure
4. All the chemicals used in the preparation and process
ing, and chemical analyses of dried samples were analytical 
reagent grade with the exception of the sucrose which was 
a granulated food store product. After washing, wedging 
and pitting, the peaches were soaked for one minute in a 
solution of 0.5 % ascorbic acid, 0.5% sorbic acid and 4% 
sodium metabisulfite. Then, one-half of fruit cuts were 
immersed for six hours in a solution of 67% sucrose at 
24°C. These were designated as the osmotic fruits. After 
draining off of the sucrose syrup and a brief rinse with 
water, the partially dehydrated osmotic peaches were packed 
in Lady Lee plastic bags and stored overnight at 1°C. The 
non-osmotic peach halves were blanched in boiling water for 
one minute before packaging and storage.

The drying of the two categories of peaches was 
performed in three different units. Fruits were placed in

28
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Tunnel

Washing

Greenhouse

Washing
Wedging
Pitting

FRESH PEACHES

Forced Air Oven

Non-Osmotic
Drying

Sucrose:
° 67%
° 6 hoursBlanching:

° Hot water 
• 1 minute

Soaking:
° 0.5% Sorbate 
° 0.5% Ascorbate 
° 4 % Na Metabi

sulfite

Figure 4. Flowsheet of the Processing of Osmotic and 
Non-Osmotic Dried Peaches
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a greenhouse which had been modified for fruit dehydration. 
The first set was placed inside the greenhouse in direct 
sunlight. A second set was placed in a tunnel which uti
lized heat collected by the greenhouse for dehydration.
Both of the above sets had air circulated across them. A 
third set of fruits was dehydrated in a forced-air oven 
(Micro-Tek Instruments Incorporated, Chicago, 111.). De
tails concerning the engineering part of the solar energy 
greenhouse and tunnel dehydration are given by Price et al. 
(1979). After dehydration, the products were canned in tin 
plate containers purchased from Continental Can Company, 
Cuhady, California. A Dixie Canner (Dixie Canner Corpora
tion, Athens, Georgia) was used for the canning operation. 
The canned products were stored at 1°C until analysis was 
completed. In general analyses were completed within three 
months, however completion of analysis of sugar required up 
to six months.

Methods of Analyses

Moisture, Sulfur Dioxide and 
g-Carotene Analysis

The analytical methods used were AOAC (1975) pro
cedures: moisture, 22.031; sulfur dioxide, 20.109; and
g-carotene, 43.014.



Titratable Acidity Analysis
The extraction of titratable acids was performed 

according to the method of Simandle et al. (1966). A 
modification of the procedure of Sweeney et al. (1970) was
used to titrate the extracted acids: 0.IN sodium hydroxide
was used instead of 0.01N.

Sugar Analysis
The extraction of sugars was performed according

to a modification of the method developed by Kline, Fernan-
/

dez - Flores and Johnson (1970) 20 g of dried peaches were
used instead of 300 g. Reducing and non-reducing sugars 
were measured using a modification of the AOAC (1975) gas - 
chromatography method of determination of carbohydrates in 
juices (22.093). The following changes or additions were 
made: two milliliters of an aqueous solution of 20mg/ml
was used as internal standard. Standard curves of fruc
tose, glucose, sorbitol and sucrose were prepared by plot
ting R in ordinate and the corresponding quantity of a 
standard sugar in abscissa. R, the relative response factor 
is defined as follows:

p = Peak height of a sugar 
Peak height of inositol

(Figures 5, 6 and 7)
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Figure 6

Figure 7

20161280 4
R E T E N T I O N  T I M E  (min)

GLC Pattern of Standard Sugars. -- 1 = Fructose, 
2 = a-D-glucose, 3 = Sorbitol, 4 = 3-D-glucose,
5 = Internal standard, 6 = Sucrose.

o 124 8 16 20
R E T E N T I O N  T I M E  (min)

GLC Pattern of Non-osmotic Tunnel Dried Peaches. 
-- 1 = Fructose, 2 = a-D-glucose, 3 = Sorbitol,
4 = g-D-glucose, 5 = Internal standard,
6 = Sucrose.
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Ascorbic Acid Analysis

A variant of Ralls (1975) turbidimetric method was 
developed and used in the determination of ascorbic, acid in 
fresh and dried fruits.

Materials. The materials used in Ascorbid Acid 
Analysis were:

1. L-Ascorbic acid, Baker Chemical Co., Phillipsburg, 
N. J.

2. Sorvall Omni-Mixer, Newtown, Connecticut.
3. 25 and 100 ml Pyrex volumetric flasks, Scientific 

Products, Phoenix, Az.
4. 3% metaphosphoric acid, Matheson Coleman and Bell 

Manufacturing Chemists, Los Angeles, Ca.
5. Selenium dioxide, Sargent Welch Scientific Co., 

Skokie, 111.
6. 37% hydrochloric acid, Baker Chemical Co., 

Phillipsburg, N. J,
7. Selenium acid regent: solution of 1 g of selenium

dioxide, 80 ml of water and 20 ml of 37% hydro
chloric acid.

8. Bausch and Lomb Spectronic 20 spectrophotometer, 
Rochester, N. Y.

9. 500 ml Pyrex vacuum flasks, Scientific Products, 
Phoenix, Az.
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10. Deionized water.
11. Universal Model UV International Centrifuge,

Needham Hts., Mass.

Preparation of Standard Curves. A basic solution 
of 1.0 mg/ml was prepared by dissolving 100 mg of ascorbic 
a:cid with deionized water in a 100 ml volumetric flask and 
diluting to volume. Then, four standard solutions and a 
blank were prepared as shown on Table 2. Standard solution 
1, 2, 3 and 4 contained 0.5, 1.0, 1.5, and 2.0 ml, respect
ively, of the basic solution of 1.0 mg/ml of ascorbic acid. 
In addition, 25 ml of 3% metaphosphoric acid and 10 ml of 
selenium acid reagent were added in each one of the four 
100 ml volumetric flasks containing the standard solutions 
of vitamin C. After 5-15 minutes, these standard solutions 
were diluted to 100 ml with deionized water. The same pro
cedure was used in the preparation of the blank solution 
with the vitamin C standard solution omitted. The optical 
density of the reddish suspension formed in each standard 
solution flask was measured in the Spectronic 20 (Bausch 
and Lomb, Rochester, N.Y.) at 425 run. Thereafter, a stan
dard curve of ascorbic acid was elaborated by plotting the 
absorbance of the vitamin C standard solutions versus the 
corresponding concentrations (Figure 8).
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Table 2. Preparation of Standard Solution of Ascorbic Acid

Standard
solution
number

Vitamin C 
• Standard 
solution 

(ml)
Metaphosphoric 

acid, 3%
(ml).

Selenium 
acid 
reagent 
^ (ml)

Deionized
water

0.5

25

1.0

25

1.5

25

4

2.0

25

Blank

25

10 10 10 10 10

Dilution to 100 ml after 5-15 min.
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Measurement of Ascorbic Acid in Fresh and Dried 

Peaches. Ten grams of dried peaches were soaked in 100 ml 
of 37= metaphosphoric acid for thirty minutes. Then, the 
fruits were ground with a Sorval Omni Mixer (Sorval Co., 
Newton, Conn.) for three minutes. The material was rinsed 
with 25 ml of 3% metaphosphoric acid which were added to 
the peach slurry. Tn the case of fresh peaches, 25 g of 
fruit was blended with 25 ml of 3% metaphosphoric acid.
Then, both fresh and dried peaches slurries were centri
fuged for thirty minutes at 2,000 rpm. The volume of super
natants was measured after filtration under vacuum. In the 
analysis of vitamin C in dried peaches, 5 ml of filtrate,
5 ml of deionized water and 2 ml of selenium acid reagent 
were added in that order in a 25 ml volumetric flask. After 
five to fifteen minutes the solution was diluted to 25 ml 
with deionized water. The optical density was measured at 
425 nm. In the determination of ascorbic acid in fresh 
peaches 10 ml of filtrate was used since the level of 
vitamin C in 5 ml was too low to be measured.



CHAPTER 4

RESULTS AND DISCUSSION

The purpose of this thesis was to study the 
chemical and nutritional changes in osmotic and non-osmotic 
peaches dried in a greenhouse solar energy collector, in 
its adjacent tunnel, and in a control forced-air oven, To 
meet this objective, moisture, sugars, titratable acidity, 
ascorbic acid, 3-carotene and free sulfur dioxide were 
determined on the above dried peaches.

The effectiveness of the water removal is shown in 
Table 3. From a level of 86,81% in fresh fruits, the mois
ture levels dropped to between 9.43 and 12.76% in dried 
peaches. In non-osmotic dried products, dehydration by 
either solar energy or forced-air oven was responsible for 
this lowering of moisture content. Both sucrose and solar 
energy or forced-air dehydration accounted for the loss of 
moisture in osmotic dried peaches. Although there was no 
significant difference between the moisture levels of 
osmotic and non-osmotic peaches dried under the same con
ditions, the moisture levels of osmotic solar energy dried 
fruits were lower than those of their non-osmotic dried 
counterparts. These differences, seen in Table 3, suggest

39



Table 3. Moisture and Solid Contents of Fresh and Dried
Peaches

Samples
Moisture

7=
Solids

%

Solid
Increase*

%

Fresh Peaches 86..81 + 0.. 21b 13.,19 ± 0.,21b - ---
NO GH 11..22 + 0.,16 88:,03 + 0..16 74.,83
0 GH 11..04 + 0.,43 88..96 + 0..43 75.,77

NO TU 12..76 + 0., 11 87.,24 + 0 ..11 74.,05
0 TU 11. 00Oh + 0.,17 88.,02 + 0..17 74..83

NO FA 9..43 + 0.,15 90.,57 + 0..15 77.,38
0 FA 9..91 + 0.,07 90.,09 ± 0..07 76.,9

* 7. solid increase - - . L S ^ r S t
Mean and standard deviation 
NO GH = Non-osmotic greenhouse dried peaches 
0 GH = Osmotic greenhouse dried peaches 

NO TU = Non-osmotic tunnel dried peaches 
0 TU = Osmotic tunnel dried peaches 

NO FA = Non-osmotic forced-air oven dried peaches 
0 FA = Osmotic forced-air oven dried peaches
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that osmotic solar energy dehydration was slightly more 
effective than non-osmotic dehydration. Gutierrez-Medina 
(1980) found no significant difference between the osmotic 
and non-osmotic greenhouse drying times.

As the moisture level decreased by contract the 
solid content increased in fruits during the dehydration 
process. This increase ranged between 75.05 and 77.38%.
The difference between increases of solids of osmotic and 
non-osmotic peaches were not significant. The percent in
crease of solids in osmotic solar energy dried peaches was 
higher than that of non-osmotic dried peaches. This dif
ference may be explained by a sugar uptake during osmotic 
dehydration. A 4 to 8% increase in total sugar was report
ed by Nanjundaswamy et al. (1978) in osmovac pineapple, 
banana, and papaya. In contract to other dried samples, 
the moisture content of osmotic forced-air oven dried peach
es (9.91%) was higher than that of its non-osmotic dried 
counterpart (9.43%). This was probably due to a non-uniform 
drying of peaches among the shelves of the oven. In addi
tion, the moisture contents of the oven dried fruits were 
the lowest in this experiment. The visual estimation of 
the drying of peaches may have accounted for this 
observation.

The levels of residual sulfur dioxide in dried 
fruits are shown in Table 4. Even though a formal
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Table 4. Free Sulfur Dioxide Levels of Dried Peaches

Sample SO2 (ppm)

NO GH 5
0 GH 6

NO TU 4
0 TU 4

NO FA 4
0 FA 4

NO GH: Non-osmotic greenhouse dried peaches
0 GH: Osmotic greenhouse dried peaches

NO TU: Non-osmotic tunnel dried peaches
0 TU: Osmotic tunnel dried peaches

NO FA: Non-osmotic forced-air oven dried peaches
0 FA: Osmotic forced-air oven dried peaches



organoleptic evaluation of the dried peaches was not made, 
it was found that the levels of free sulfur dioxide (4-6 
ppm) were low enough that the flavor and taste of the dried 
fruit were not affected; however, the development of brown 
pigments during storage at 1°C suggests that the quantity 
of free sulfur dioxide was not high enough to inactivate 
polyphenol oxidase. In other studies it was found that 575, 
562 and 545 ppm of sulfur dioxide were necessary to protect 
the flavor, taste and color of osmovac pineapple, apple and 
papaya (Nanjundaswamy et al., 1978). The quantities of 
sulfur dioxide of the experimental dried peaches were far 
below 2000-4000 ppm which are the usual levels of sulfur 
dioxide in dried peaches (Woodruff and Luh, 1975). The 
time of soaking of fresh autumn gem peaches in the dipping 
solution which contained 4% sodium metabisulfite was not 
long enough to allow accumulation of higher quantities of 
sulfur dioxide in fresh fruits.

Data on the changes in titratable acidity during 
dehydration of peaches are presented in Table 5. This table 
indicates that there is a considerable decrease in acid con
tent of all the samples during dehydration. In effect, the 
range of the acid loss was between 14 and 47%. It also ap
pears that the decrease in acidity was higher in the osmotic 
than the non-osmotic fruits dried under the same conditions.



Table 5. Titratable Acidity in Fresh and Dried Peaches

Samples
Acidity (DWB)

%
Decrease

%

Fresh peaches 2.1 ---

NO GH 1.1 47
0 GH 1.0 52

NO TU 1.5 28
0 TU 1.3 38

NO FA 1.8 14
0 FA 1.5 28

DWB: Dry weigh basis
Acidity in Acidity in

% decrease - 100 x
NO GH = Non-osmotic greenhouse dried peaches 
0 GH = Osmotic greenhouse dried peaches 

NO TU = Non-osmotic tunnel dried peaches 
0 TU = Osmotic tunnel dried peaches 

NO FA = Non-osmotic forced-air oven dried peaches 
0 FA = Osmotic forced-air oven dried peaches



45
In other words, the loss of acidity in osmotic greenhouse 
dried fruits was higher than that of non-osmotic ones; 
similarly, the decrease of acidity of osmotic tunnel dried 
fruits is higher than that of their non-osmotic dried 
counterparts. This observation was also verified for 
forced-air oven dried fruits. This finding has been report
ed in the literature. In a chemical evaluation of some os
motic vacuum dried apple cuts, Dixon (1976) reported a 32% 
total loss of acid. He attributed 29% of this total loss 
to the leaching effect of syrup. In addition, Nanjundawasmy 
et al. (1978) found that most of the 71% loss of acid of 
osmovac dried- pineapple occurred during osmotic treatment 
with marginal loss during further air dehydration. Conse
quently, the lower acidity content of osmotic dried fruits 
in comparison to non-osmotic can be a result of the leaching 
action of syrup during osmotic treatment.

From Table 5 it also appears that the decrease of 
acid was more intense in greenhouse than in tunnel dried 
peaches. This can be explained by the fact that the extent 
of dehydration of greenhouse peaches was greater than that 
of tunnel peaches. Consequently, more organic acid would 
be removed along with water in greenhouse than in tunnel 
dehydration. This hypothesis suggests that forced-air dried 
peaches (with the lowest content of water) must have the 
lowest quantity of acid. This was not the case in our
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experiment. It was found that forced-air oven dried 
peaches had the highest quantity of acid. Increase of 
acidity may have been due to the fermentation of sugars 
during the five days dehydration of peaches in the oven.
In commercial dehydration, fruits are dried between 4-8 
hours at 70°C (Nanjundawasmy et'al., 1978).

The data in Table 6 represent the results of the 
analysis of vitamin C of fresh and dried peaches. The re
tention of ascorbic acid in the dried samples could not be 
established since the fresh Autumn Gem peaches were dipped 
in.a solution containing 0.5 percent vitamin C. However, 
some observations can be drawn from Table 6. First, the 
vitamin C content of any non-osmotic dried sample was high
er than that of its corresponding osmotic dried counterpart. 
For instance, 3,8 and 3,7 mg of ascorbic acid respectively 
were found in non-osmotic and osmotic greenhouse dried 
peaches. These results may have been due to the additional 
loss of ascorbic acid in osmotic dried peaches by leaching 
by the sucrose syrup. From Table 6, it also appears that 
the quantities of vitamin C retained in tunnel dried peaches 
were higher than those of greenhouse dried peaches. The 
destruction of vitamin C in greenhouse dried fruits was 
probably triggered by the action of sunlight; whereas the 
vitamin C of tunnel dried peaches was less affected since
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Table 6. Ascorbic Acid Content of Fresh and Dried Peaches

Ascorbic Acid 
Samples (mg/100g DM)

Fresh peaches 7.9 ±

CN
NO GH 3.8 ± 1.4
0 GH 3.7 ± 0.8

NO TU 6.4 ± 3.3
0 TU 4.6 + 1.2

NO FA 5.1 + 0.2
0 FA 4.2 + 1.7

Mean and standard deviation 
NO GH = Non-osmotic greenhouse dried peaches 
0 GH = Osmotic greenhouse dried peaches 

NO TU = Non-osmotic tunnel dried peaches 
0 TU = Osmotic tunnel dried peaches 

NO FA = Non-osmotic forced-air oven dried peaches 
0 FA = Osmotic forced-air oven dried peaches
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it was protected from direct sunlight. Finally, any 
comparison between any oven-dried poduct nutrient and the 
similar nutrient of tunnel or greenhouse dehydration should 
be made with extreme caution since the characteristics of 
the oven used did not meet those of commercial forced-air 
ovens.

The results of the sugar analysis are presented in 
Table 7. It is evident that there was some sugar uptake 
during the osmotic dehydration process. In effect, any 
osmotic dried sample gives a higher content of total sugar 
when compared to its corresponding non-osmotic counterpart. 
The total sugar content of osmotic greenhouse dried peaches 
was 6.92% higher than the total sugar content of non-osmotic 
greenhouse dried peaches; the total sugar of osmotic tunnel 
dried peaches was 35.78% higher than that of non-osmotic 
tunnel dried peaches; finally, the total sugar of osmotic 
oven-dried fruits was 25.52% higher than that of non-osmotic 
oven-dried peaches. The differences between the sucrose 
content of osmotic and non-osmotic dried fruits is not sig
nificant. Consequently, there must have been some intense 
hydrolysis of the absorbed sucrose. This is evidenced by 
higher quantities of fructose and glucose in osmotic than 
in non-osmotic identically dried fruits. The percentage of 
22.00 and 12.03 for fructose and glucose respectively in 
osmotic tunnel dried peaches were higher than the 12.95 and



Table 7. Sugar Content of Osmotic and Non-osmotic Dried Peaches3-

Fructose Glucose Sucrose Sorbitol
Total
Sugar

Increase0 
of osmotic 
total sugar

Samples % 7o % % % %

NO GH 12.84 8.22 26.36 8.44 47.42 ---

0 GH 15.74 9.33 25.63 9.44 50.70 6.92
NO TU 12.95 8.07 26.58 8.52 47.60 ---

0 TU 22.00 12.03 30.60 10.20 64.63 35.78
NO FA 15.22 9.66 24.53 7.72 49.41 — — —
0 FA 22.84 14.99 24.20 11.81 62.02 25.52

i All the results are expressed on the dry matter basis.
Sorbitol is not comprised in total sugar. 

cThe increase of osmotic total sugar of dried fruit 
A = inn v Osmotic total sugar A - Non-osmotic total sugar A 

~~ Non-osmotic total sugar A

VO
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8.07 which, was seen for fructose and glucose in non-osmotic 
tunnel dried peaches. From Table 7, it also appears that 
the total sugar value of osmotic greenhouse dried peaches 
(50:70%) was lower than those of osmotic tunnel (64.63%) 
and osmotic forced air oven dried peaches (62.02%). This 
difference may have been caused by some browning loss of 
sugar during the dehydration and storage of osmotic green
house dried peaches. In fact, after six months of storage 
at 1°C, all the dried fruits showed some deterioration of 
color due to development of brown pigments; however, the 
color of osmotic greenhouse samples was darker than that of 
the other dried fruits. Colors of respective fruits im
mediately after dehydration were just the opposite. The 
browning during storage may have been due to the action of 
polyphenol oxidase in the psmotically treated fruits which 
were not blanched, and browning may have been accelerated 
by the highest levels of reducing sugars which were found 
(Table 7).

Results of analysis of search for g-carotene are 
presented in Table 8. The initial value of g-carotene in 
fresh peaches was very low (2 ,.4 mg) and the destruction of 
provitamin A during dehydration decreased levels even fur
ther (less than 13% retention) in all samples. Watt and 
Merrill (1963) reported a value of 7,3 mg of g-carotene 
per 100 g of dry matter of several other yellow-fleshed
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Table 8. Provitamin A Content of Fresh and Dried Peaches

Sample
3-Carotene 
(mg/100 g DM)

Retention of 
3-carotenea

%

Fresh peaches 2.4 ± o o o

NO GH 0.2 ± 0.0 8
0 GH b —

NO TU 0.3 + 0.1 12
0 TU 0.2 + 0.1 8

NO FA 0.2 + 0.1 8
0 FA b - — —

I  * retention - 100 x gf
The quantities of 3-carotene were too low to be measured 
cMean and standard deviation.
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varieties. Oxidative losses which occur during the 
processing and storage of fruit may also be an explanation 
for this low retention of g-carotene in this experiment.
From Table 8 it also appears that provitamin A retentions 
were lower in osmotic than in non-osmotic identically 
dried fruits. The g-carotene levels of osmotic greenhouse 
and oven-dried peaches were too low to be measurable. These 
higher losses of provitamin A in osmotic over non-osmotic 
might have been caused by leaching during the osmotic pro
cessing of these fruits. Similar losses were found in ti- 
tratable acid of osmovac products (Dixon, 1976; Ponting, 
1973). These authors did not analyse g-carotene.

The retentions of g-carotene in tunnel dried samples 
are also shown to be higher than those of greenhouse dehy
drated peaches in Table 8. In effect, the oxidative loss 
of provitamin A was activated in greenhouse dried fruits by 
the action of direct sunlight, whereas, this loss was 
moderate in tunnel dried peaches since they were dried in 
the dark. As mentioned earlier, the Micro Tek oven (Micro 
Tek Instruments Inc., Chicago, 111.) used was below the 
standards of commercial ovens; consequently, no comparison 
between the oven control dried fruits and the. other dehy
drated products will be made.



CHAPTER 5

CONCLUSION

When fresh Autumn Gem peaches were compared with 
the same peaches after dehydration a sharp decrease in the 
moisture contents of dehydrated fruits and a general in
crease in their solid quantities were noted. The increase 
of solids in osmotic dried fruits was slightly higher than 
that of the corresponding non-osmotic dried sample solids. 
This was probably due to some sucrose uptake. The result 
of the analysis of sugar clearly demonstrates this idea: 
osmotic dried peaches were 6.92 to 35.78% higher in total 
sugar than non-osmotic dried samples.

The quantities of glucose and fructose of osmotic 
dried fruits were higher than those of non-osmotic dried 
samples while the levels of sucrose were not significantly 
different between these two categories of dried peaches. 
This may have been a result of hydrolysis of sucrose under 
the acidic conditions during soaking. .Because of the low 
levels of sulfur dioxide (4-6 ppm) as compared to the quan
tities usually used in dried peaches (2000-4000 ppm), 
enzymatic activity was likely to occur in these dried

53
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peaches. The hydrolysis of the absorbed osmotic sucrose 
might have also happened by enzymatic means.

Our findings on the analysis of titratable acidity 
are in agreement with some earlier research. An overall 
decrease in acid content was seen in the experimentally 
dried peaches. The lower acidity of osmotic dried fruits 
in comparison to non-osmotic was probably a result of the 
leaching action of syrup during osmotic dehydration.

Tne analyses of vitamin C and 3-carotene are of 
importance in this study since their retentions must be 
used to evaluate the effectiveness of osmotic versus non- 
osmotic solar energy dried peaches. Two observations can 
be made from the results of these analyses. First, the 
retentions of vitamin C and 3-carotene in non-osmotic dried 
peaches were higher than those in osmotic dried peaches.
This difference in provitamin A and vitamin C retentions 
can be attributed to the syrup leaching loss in osmotic sam
ples during osmotic treatment. Second, the retentions of 
ascorbic acid and 3-carotene of tunnel dried peaches are 
higher than those of greenhouse dried samples. In effect, 
oxidative loss and light degradation were accelerated in 
the greenhouse dried samples by the action of direct sun
light on fruit cuts, whereas the tunnel dried peaches were 
protected from the sun. In conclusion, it appears that



osmotic dehydration was not superior to the non-osmotic 
dehydration process in retention of the nutrients 3-caro
tene and ascorbic acid and that tunnel dried peaches are 
superior in this regard to greenhouse dehydrated ones.
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