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Initially the total antioxidant activity, the total flavonoid contents, the total
phenolic contents and the ascorbic acid were measured in fresh fruits. Then samples for
freezing and vacuum freeze-drying were frozen what led to a decrease in total antioxidant
activity by 11% (persimmon) - 28% (kiwi fruit), a reduction of total phenolic and total
flavonoid contents for about 10% and the content of ascorbic acid decreases by 8% (kiwi
fruit) - 30% (apple). The remaining frozen purees were subjected to vacuum freeze-drying
at the temperature plus 25-27 ºC and a chamber pressure of 80 Pa in the primary drying
and the temperature plus 38-40 ºC and a chamber pressure of 80 Pa at the secondary
drying. The total antioxidant activity of freeze dried samples in comparison with fresh
fruit decreased by 20% (persimmon) - 50-55% (apple), the total content of flavonoids and
phenolic compounds decreased by 20-30%, reduction of the ascorbic acid ranged from 2329% (apple and persimmon) to 55% (pear). The other part was subjected to convective
drying and as a result the total antioxidant activity decreased by 46% (persimmon) to
68% (pear and apple), the total content of flavonoid contents compounds decreased by
42% (apple, kiwi, persimmon) - 56% (pear). The total content of phenolic compounds in
all samples decreased by 40-45% and the content of ascorbic acid reduced by 45-55%. The
study results demonstrated that the antioxidant properties of the fruits studied in the
following order: fresh fruit> frozen fruit> freeze-dried fruit> convective dried fruit.

Keywords: Total antioxidant activity, total phenolic contents, total flavonoid contents,
sensorial analyses, apples, pears, kiwi, persimmon, coulometry, freeze-drying.

Plant foods are becoming more
important in the diet of populations worldwide.
Studies have demonstrated that fruits and
vegetables are a rich source of natural
antioxidants (AO), which prevent the
development of cardiovascular diseases, cancer
and other diseases (Albarracin et al., 2012; Kabir
et al., 2015; Fiedor et al., 2014; Kundu et al.,
2014; Parashar et al., 2014; Zhao, 2009).
Antioxidants have significant health benefits
hence there has been tremendous interest in the
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quantitative content of AO in foods. The AO levels
in foods vary greatly and depend mainly on the
storage technology used for fruits and vegetables
from field to fork (Oancea et al., 2014). One
important aspect of storage technology is the need
to preserve foods so as to extend their shelf-life
(Allaith et al., 2012; Adamczak et al., 2009;
Quintero Ruiz et al., 2014; Shofian et al. 2011;
Wiset et al., 2012). Convective hot-air drying is
a traditional and widely used method for
conserving plant materials. Goncalves et al.
(2005) studied the levels of phenol compounds
and antioxidant activity of two varieties of fresh
and sun-dried pears (S. Bartolomeu and S.
Amendoa) and showed that both pear varieties had
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lower AO levels after drying in the sun compared
with the fresh fruits.
At the present frozen storage at
temperatures below zero degrees or freezing
followed by frozen storage at low temperatures
are competing options (Mullen et al., 2002;
Sikora et al, 2012). Mullen et al. (2002)
investigated the effects of freezing and storage
on the phenolics, ellagitannins, flavonoids, and
antioxidant capacity of red raspberries and
concluded that the antioxidant capacity of the
fresh fruit and the levels of vitamin C and phenolic
were not affected by freezing.
Recently vacuum freeze-drying has
become more widely used (Marques et al., 2010;
Beh et al., 2012; Semenov, 2012). This
technology may ensure the preservation of the
native properties of fruits and vegetables for 2-3
years in unregulated temperature conditions when
combined with high quality packaging. Beh et al.
(2012) conducted a comparative analysis of the
antioxidant activity and total phenol compound
levels of freeze-dried commercial and fresh fruit
juices (apple, lime, guava, mango, orange) and
demonstrated the potential value of commercial
fruit juice as a replacement for fresh fruit. The
authors noted that only commercial mango and
orange juices were able to retain antioxidant
activity and total phenolic content similar to that
of the fresh fruit. Marques et al. (2010) studied
the hydrophilic and lipophilic antioxidant activity
in fresh, frozen and freeze-dried strawberries and
showed that the mean TAA based on dry weight
was significantly higher for fresh strawberries
than for freeze-dried, frozen and jam.
The aim of this work was to compare the
effects of several traditional and modern
preservation methods (freezing, vacuum freezedrying and convective drying) on the antioxidant
activity of the most popular different kinds of fruit
(apples, pears, persimmons and kiwis).
MATERIALS AND METHODS
Sample preparation
The samples were fresh, frozen, freezedried and convective dried fruits - apple fruit
(Malus pumila “Antonovka”), pear fruit (Pyrus
communis), kiwi fruit (Actinidia chinensis) and
persimmon fruit (Diospyros kaki). All fruits were

rinsed under running tap water and blotted dry with
paper tissue. Samples of each fruit type were then
peeled and pureed and divided into four equal
portions which were prepared as fresh, frozen,
convective dried, freeze dried fruit samples and
used as described below.
Convective drying
Fruit purees were put on trays in layers;
thickness 10 ± 2 mm. Convective drying was
achieved by blowing a stream of hot air with air
velocity 1.5-2 m/s at atmospheric pressure across
the fruit purees. The temperature of the air was
initially 70-85°C and 50-55°C at the final.
Temperature was controlled using thermocouples
located close to the dried samples so that the
temperature of fruit purees did not exceed 50°C
at any time during drying. On an industrial scale,
this process usually takes place in tunnel drying
equipment. The accuracy of the temperature gauge
was 0.1°C. This allowed the product temperature
to be controlled within ±1°C. The total duration
of the drying process was 5-6 h. The final
moisture content of the dried fruit was 18-20%.
Freezing
Fruits purees were frozen at -20°C under
conditions of forced convection in a freezer for
10-12 h. At the end of the freezing stage, frozen
samples were taken and the AOA levels
determined. The remaining frozen purees were
subjected to vacuum freeze-drying.
Vacuum freeze-drying
For vacuum freeze-drying, trays with
frozen purees were placed in a lab scale freeze
dryer (Semenov, 2012), and treated as follows.
Primary drying was carried out at a temperature
of 25-27°C and a chamber pressure of 80 Pa.
Secondary drying was carried out at a temperature
of 38-40°C and a chamber pressure of 80 Pa. The
total duration of the drying cycle was 12 - 14 h.
The final moisture content of the freeze dried fruit
purees was 1.5-2.5%.
Preparation of fruit extracts
Fresh, frozen and dried samples of fruit
purees were prepared in order to determine their
respective antioxidant activities, total ûavonoid
contents and total phenolic compounds. Fruit
puree samples (0.2g) were placed in conical flasks
(50mL), 35mL ethanol was added to each flask,
and the mixture was centrifuged for 1h at 3600g.
All solutions were then filtered through
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0.45microns filters into separate volumetric
flasks (50mL), the filters were washed three
times, each time with 3.0 ml ethanol, and each
filtrate plus respective 9 ml of washings were
combined in fresh volumetric flasks (50mL). The
volume was adjusted to the mark with ethanol.
Prepared extracts (aliquots – 1ml from each
preparation) were used for the measurement of
the antioxidant activity and total flavonoid
contents. Prepaired extracts (aliquots – 0.25ml
from each preparation) were used for the
measurement of the total phenolic compounds.
Measurement of antioxidant activity
Evaluation of the antioxidant activity was
performed by coulometric titration with
electrogenerated bromine using an EKSPERT 006
coulometric analyzer (EkoniksEkspert, Moscow)
with glassy carbon electrodes (Chukicheva et al.,
2010). The reference (anode of was 2.3 cm2 in
area) and the auxiliary (cathode) electrodes were
glassy carbon rods of 3mm in diameter; needlelike platinum electrodes were the indicators; 0.2M
potassium bromide in 0.1M sulphuric acid was
the supporting electrolyte; the operating current
was 5.27mA, the auxiliary current was 0.79mA;
the level of measurement was 300mV, the level
of reduction was 500mV. The cathode and anode
compartments were separated by a semi
permeable membrane.
The supporting electrolyte (30mL) was
placed into a coulometric cell, then reference,
auxiliary, and indicator electrodes were dipped
into the electrolyte. The cell was placed on a
magnetic stirrer to maintain constant stirring
throughout the experiment. The coulometric
analyzer was operated as per the manufacturer’s
instructions. The antioxidant content of the
samples was calculated according to Faraday’s
law using the built-in software. Each sample was
analyzed five times and the average value
calculated.
Total phenolic contents
A colorimetric assay using the Folin–
Ciocalteu reagent was employed (Zin et al.,
2006). A 0.25ml aliquot of the extract solution
was mixed with 0.25 ml of Folin–Ciocalteu
reagent (previously diluted with water 1:1 v/v) 0.5
ml of saturated sodium carbonate (Na 2 CO 3 )
solution and 4 ml of water. The mixture was then
allowed to stand at room temperature for 25 min,
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followed by centrifugation at 5000 rpm for 10
min. Absorbance of the supernatant was then
measured at 725 nm. With the calculation from
gallic acid standard curve, the results were
expressed in milligram of gallic acid per 1 gram
dry weight (mg GAE/g DW).
Total flavonoid contents
Total flavonoids were determined by the
method of Zhishen et al. (1999). One-milliliter
aliquot of each extract solution were placed in
10mL volumetric flasks containing 5mL of
distilled water. Then, 0.3mL of 5% sodium nitrite
was added; after 5 min, 0.3mL of 10% aluminum
chloride was added. After 6 min, 2mL of 1 m
NaOH was added and diluted to the ûnal volume
with distilled water. Immediately, absorbance was
measured at 510 nm using a spectrophotometer
(Model Spekord M40; Carl Zeiss Industrielle
Messtechnik GmbH, Germany). Total flavonoids
were calculated from a catechin standard curve,
the results were expressed in milligram of
catechin per 1 gram dry weight (mg CA/g DW).
Ascorbic acid analysis
Vitamin C concentration was determined
in the samples using methods of AOAC (2000)
(Method 967.21)
Sensorial analyses
Sensory acceptances acceptability of
fruit purees were done determined usingwith a
panel of 9 non-experts panelists (5 males and 4
females from Moscow State University of Food
Pproduction). The panel consisted of It was
requested the participation of healthy adult
volunteers (from 18 to 50 years old) who were
declared consumers of apples’s consumers, pear’s
consumers, persimmon’s consumers and, kiwi’s
consumers and, had that did not present any
reaction concerning the consumption of the same
and the same ones manifested its consent no
allergies to these fruits.
Fresh purees were used as standards. The
sensorial analysis included colour; smell; flavour;
texture and overall acceptance. Panellists
evaluated each attribute using a five-point scale
compared with fresh purees. Sample of frozen
puree were lift the freeze, sample of drying puree
were recovered. About 50 ml of each puree type
were given individually to the panellists. A three
digit code was used to identify the individual
samples. Mineral water was used to wash the oral
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cavity between tastings.
Statistical analysis
The results are presented as the values ±
standard deviation (SD). Tukey's test (P < 0.05)
(Bower, 2009) was used to detect signiûcant
diûerences between treatments. P-values below
0.05 were considered significant.
RESULTS AND DISCUSSION
Drying conditions
Typical kinetic curves of changes in
weight loss during convective drying and freezedrying is presented in Fig. 1. As can be seen from
the figure the total duration of the process for
convective drying was 5-6 hours to achieve final
moisture content in puree 18-20%. During
convective drying the main part of moisture
migrated quickly for 3-4 hours, and the rest of
the process was necessary to achieve the optimum
moisture content of the order of 15-20%.
Freeze drying is characterized by a much
lower intensity rate of removal water then
convective drying. During primary drying, the
sample dries as a discrete boundary (the
sublimation interface), which recedes through the

sample from surface to base as drying progresses.
The freeze-drying front can be observed as a
discrete boundary that moves through the frozen
sample to form an increasingly deeper layer of
dried sample above the frozen sample. Heat is
conducted from the shelf through the sample base
and the frozen sample layer to the freeze-drying
front where ice is converted into water vapour.
By the end of the drying process the material has
a porous structure formed by the removal of ice
from micro- and macro capillaries. The
dehydrated, freeze-dried samples prepared for
eating in 5-10 minutes (rehydration time) and
freeze dried products can be stored for 1-2 years
without deterioration due to their low final
moisture
Antioxidant activity
The antioxidant contents of various fruit
purees measured by coulometry are shown in Fig.
2.
These results show that the antioxidant
content of all the samples was between 1 and 6.2
mg/g dry weight. Data from the coulometric
titrations showed that the antioxidant activity of
frozen fruit purees decreased in all cases
compared to the fresh control samples (Fig 2.)

Table 1. Sensorial analysis; colour, smell, flavour, texture and acceptance
Fruit puree

Kiwi
Fresh
Frozen
Freeze-dried
Convective dried
Persimmon
Fresh
Frozen
Freeze-dried
Convective dried
Pear
Fresh
Frozen
Freeze-dried
Convective dried
Apple
Fresh
Frozen
Freeze-dried
Convective dried

Attribute
Colour

Smell

Flavour

Texture

Overall acceptance

5.0
4.8
4.8
3.2

5.0
4.2
4.7
3.9

5.0
4.5
4.0
3.5

5.0
4.6
4.5
3.0

5.0
4.4
4.0
3.8

5.0
4.5
4.6
3.1

5.0
4.4
4.2
2.8

5.0
4.5
4.1
3.6

5.0
4.3
4.0
3.9

5.0
4.4
4.1
3.5

5.0
4.3
4.0
3.9

5.0
4.5
4.1
3.9

5.0
4.1
3.9
3.6

5.0
4.6
4.5
4.1

5.0
4.5
4.3
3.9

5.0
4.6
4.4
4.0

5.0
4.4
4.0
3.4

5.0
4.5
4.1
3.1

5.0
4.4
4.3
3.2

5.0
4.5
4.4
3.8
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Fig. 1. Weight loss (%) in fruit puree during convective drying and freeze - drying

Fig. 2. Antioxidant activity of fresh, frozen, freeze-dried and convective fruit purees

Fig. 3. Average content of total phenolic compounds in fresh fruit puree,
after freezing, vacuum freeze-drying and convective drying
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The difference in antioxidant content between the
samples treated using the various processes
showed the same results for each fruit type.
Simply the antioxidant levels decreased in the
order fresh fruit>frozen>freeze-dried>
convective dried.
The lowest decrease in antioxidant
content was shown to occur after freezing.
Freezing is associated with decreasing the
temperature of a sample to its cryoscopic
temperature. The characteristic cryoscopic
temperatures of plant products lie between -0.5
and -2.5°C. The isothermal process of converting
the liquid phase into ice occurs after the
cryoscopic temperature has been reached. There
are irreversible changes in plant cell membrane

structures during freezing and, consequently,
there is a decrease in the water holding capacity,
especially in pulpy plant products (Semenov,
2013). At first, the crystallization process takes
place in the intercellular spaces: the liquid phase
with a low binding energy freezes most readily,
this process leads to an increase in the content of
electrolytes with low freezing points. As a result,
the difference in the concentration of electrolytes
inside and outside the cell decreases sharply
releasing enzymes, acids and other cell
substances. The local changes in pH and
conductivity appear at different points throughout
the frozen object, destroying vitamins and other
active components (Walkowiak-Tomczak, 2007).
The level of damage caused by the

Fig. 4. Average content of total flavonoid in fresh fruit puree,
after freezing, vacuum freeze-drying and convective drying

Fig. 5. Average content of ascorbic acid in fresh fruit puree,
after freezing, vacuum freeze-drying and convective drying
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formation of ice crystals during freezing depends
on the freezing rate, and the final temperature of
the frozen fruit, their variety and size. Decreases
in the AOA of fruit purees after freezing are
related to the processes described above.
The greatest decrease in antioxidant
activity in fruit purees was observed after
convective drying. Convective drying is associated
with prolonged contact with air, especially
oxygen, which leads to damage to, and oxidation
of, thermolabile components (polyphenols,
bioflavonoids, volatiles substances, enzymes).
This damage is exacerbated by the effects of
temperature. Furthermore, the evaporation of
moisture leads to the destruction of water-soluble
vitamins, which provide a large proportion of the
antioxidant activity hence the antioxidant activity
decreases after this process. This decrease in
antioxidant activity is consistent with ûndings of
Asami et al., (2003), who compared the effects
of three common processing treatments
(freezing, freeze-drying, and air-drying) on the
total phenol and vitamin C content of samples of
marionberry (blackberry and raspberry hybrid),
strawberries and corn and reported the highest
levels of total phenol compounds were
consistently found in the extracts of frozen
samples, followed by freeze-dried and then airdried. Alfaro et al. (2014) found that freeze dried
murtilla retained a higher total polyphenol and
anthocyanin content than fruit dried by convective
hot-air drying.
Results from this study are in agreement
with the results of other studies. Tsai et al., (2007)
compared the antioxidant activity of methanolic
extracts of fresh juice, rind and freeze-dried flesh
of Citrus maxima (“Pomelo” or “pummelo”), and
found that the extracts obtained after freezedrying retained only 20-40% of the AOA
compared with fresh fruit. Orak et al., (2012)
compared the antioxidant activity of strawberries
and grapes freeze-dried and heat-dried and showed
that freeze-drying preserves antioxidant activity
better than thermal drying. Vinson et al., (2005)
in experiments, in vitro and in vivo, showed that
freeze-dried fruits such as apricots, cranberries,
dates, figs, grapes and plums had lower total
polyphenolic levels on a dry weight basis
compared to fresh fruit. Jung et al., (2005)
reported if fresh fruits are not available, freeze-
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dried persimmon can be successfully used
because fresh and dried persimmon possess high
levels of bioactive compounds and have a high
antioxidant potential.
Novakovic et al., (2011) investigated the
influence of different drying treatments
(convective drying (air-drying), osmotic drying
and freeze-drying) on the antioxidant activity and
phenol content of raspberries. The results showed
the superiority of freeze-drying; convective drying
caused slight changes whilst osmotic dehydration
caused a significant decrease in phenolic
compounds and antioxidant activity.
Total phenolic contents
The initial value for the fruit puree
before drying was 5.2mg of GAE per 1 g dry
weight (apple puree), 0.8mg of GAE per 1 g dry
weight (pear puree), 2.6mg of GAE per 1 g dry
weight (persimmon puree) and 6.5mg of GAE per
1 g dry weight (kiwi puree). The contents of total
phenolic after freezing, vacuum freeze-drying and
convective drying are presented in Fig. 3.
Freezing leads to the highest retention of phenolic
compounds (89-92%). Total phenolic compounds
reduced to 18 – 25% of that of the fresh fruit in
all fruit purees after vacuum freeze-drying.
Reductions after convective drying were
substantial (40-45%).
Total flavonoid contents
Figure 4 shows the effect of freezing and
drying methods on the total flavonoids content.
The initial value for the fruit puree before drying
was 2.5mg of CE/g dry weight (apple), 0.74mg
of CE/g dry weight (pear), 7.5mg of CE/g dry
weight (persimmon) and 2.6mg of CE/g dry
weight (kiwi). Reductions in the content of total
flavonoids compounds showed a similar pattern
to the reductions of the average content of total
phenolic compounds. The content of flavonoid
compounds in the samples dried by vacuum
freeze-drying amounted to 5.6 mg CE/g dry
weight (persimmon), 1.8-1.9 mg CE/g dry weight
(apple and kiwi) and 0.6 mg CE/g dry weight
(pear), which was higher than in the convectivedried samples, but lower than in the samples
subjected to freezing. Compared to fresh fruit,
the greatest change in total flavonoids content was
found in the convective fruit puree.
Ascorbic acid analysis
Figure 5 presents the ascorbic acid
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content determined for fresh, frozen, freezedried and convective fruit puree. The fresh kiwi
puree showed higher ascorbic acid content
(3.27mg/g dry weight) than fresh persimmon
puree (0.7mg/g dry weight), fresh apple puree
(0.34mg/g dry weight) and fresh pear puree
(0.1mg/g dry weight). Frozen kiwi puree was found
to have a significantly (p < 0.05) higher ascorbic
acid content (2.78 mg/g dry weight) compared to
persimmon (0.61mg/g dry weight), apple
(0.28mg/g dry weight) and pear (0.08mg/g dry
weight).
In freeze-dried fruit puree the content
of ascorbic acid amounted to 2.1mg/g dry weight
(kiwi), 0.5mg/g dry weight (persimmon), 0.2mg/
g dry weight (apple) and 0.07 mg/g dry weight
(pear), which also was higher than in the
convective-dried samples, but lower than in the
freezing samples.
Sensorial analyses
Sensorial analyses are shown in Table 1.
Rehydrated fruit purees after freezing and freezedrying had highest quality. It is noted that
panellists evaluated fruit purees after freezing and
freeze-drying approximately the same. As
expected, samples after convective drying had
significantly change attributes. Thus, convective
fruit puree has lowest points.

is connected with high- energy use and expensive
equipment.
Equipment for freeze-drying is more
difficult to use and more expensive than other
storage technologies. The level of energy used is
higher but freeze-dried products are high quality
and preserve their useful properties in unregulated
temperature conditions for a long time. Therefore,
for higher cost raw materials, the preferred
system for extended storage is freeze-drying
Vacuum freeze-drying is becoming more
commonly used to obtain high-quality dry fruits.
There is a tendency to increase the consumption
of high quality products, so these are all reasons
to forecast an increase in the scale of production
of this type of product.

CONCLUSION
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