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Abstract

POIANA, M. A., D. MOIGRADEAN and E. ALEXA, 2010. Influence of  home-scale freezing and storage
on antioxidant properties and color quality of different garden fruits. Bulg. J. Agric. Sci., 16: 163-171

The goal of this study is to investigate the influence of home freezing and storage at -18°C up to 10 months on
the antioxidant properties and color indices of selected fruits species: strawberry (Fragaria ananassa), sweet
cherry (Prunus avium L.) and  sour cherry (Prunus cerasus L.). Samples were extracted and subjected to
analyses for total phenolics content, total monomeric anthocyanins, vitamin C, antioxidant activity and color
indices. The content of total phenolics was analyzed by Folin-Ciocalteu colorimetric method, total anthocyanins
were evaluated using pH-differential method, vitamin C content by 2,6-dichlorophenolindophenol method, antioxi-
dant activity using FRAP assay and color indices of extracts by bisulphite bleaching method. Sour cherries
contain the highest amounts of polyphenols, anthocyanins and antioxidant activity among the investigated fruits
species. The highest content of vitamin C was found in the fresh strawberries. After freezing, small losses were
recorded for investigated bioactive compounds and color indices of fruits, because the home-freezing is a non
destroyed preservation method. The storage up to 4 months did not significantly affect the bioactive compounds
and color indices of investigated fruits. After a period of 10 months storage, phenolics content in frozen fruits
decreased up to 28-47% of the initial value; the total anthocyanins is preserved in proportion of 80-91% of the
initial value, the vitamin C content is kept at 62-76% of the initial value. By home-scale freezing and storage for
10 months, the smallest losses of antioxidant activity were recorded for sour cherries and the biggest for straw-
berries.
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Introduction

It is widely accepted that the consumption of anti-
oxidant-rich fruits, among which are found the variet-
ies taken to study (strawberry, sweet and sour cherry),
might play an important role in the maintenance of
health and in prevention of some diseases (inflamma-

tion, cardiovascular disease, cancer and aging-related
disorders). These health benefits are mainly ascribed
to phytochemicals such as vitamin C and polyphenolics
(Kähkönen al. 2001; Chaovanalikit and Wrolstad,
2004; Beattie et al., 2005). The perishable nature of
these seasonal fruits limits the beneficial effects on
human health. Freezing has been considered as the
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simplest and natural method, successfully employed
for the long-term preservation of many fruits, provid-
ing a significantly extended shelf life. Today frozen fruits
constitute a large and important food group. The qual-
ity demanded in frozen fruit products is mostly based
on the intended use of the product. If the fruit is to be
eaten without any further processing after thawing,
texture characteristics are more important when com-
pared to use as a raw material in other industries.
Freezing seems to be one of the oldest and most
widely used methods of fruit preservation, which al-
lows preservation of taste, texture, and nutritional
value in fruit better than any other method.

As a method of long-term preservation for fruits,
freezing is generally regarded as superior to canning
and dehydration, with respect to retention in sensory
attributes and nutritive properties. Following the freez-
ing operation, frozen fruits are maintained in frozen
storage, which is also an important step in the quality
retention of these products (Fellows, 1998; Arthey,
1993). In frozen fruit place changes in antioxidant
content and color as a result of oxidation-reduction
reactions occurring in fruits. The chemical, biochemi-
cal and physical reactions may not completely stop
during frozen storage, so the rates of these reactions
can differ according to the storage period and tem-
perature. These reactions can be accelerated in an
increase in the storage temperature (i.e. opening of
the freezer door frequently). If the fruits is not packed
with a water vapor and oxygen proof material, the ice
crystals on the surface of the fruitse may be replaced
by air, hence on the surfaces which directly contacts
with oxygen, leading to oxidation of susceptible mol-
ecules like ascorbic acid (Blando et al., 2004; Sahari
et al., 2004). Home freezing is one of the simplest
and least time-consuming ways to fruits and vegetable
preserve, but the long-them frozen storage might af-
fect the content of bioactive compounds, color qual-
ity and antioxidant properties of frozen products
(Cordenunsi et al., 2005; Nursal Tosun and Yücecan,
2007). These changes will be influenced by: the initial
quality of the fruits, raw material processing prior to
freezing, freezing methods, storage conditions (tem-
perature and relative humidity), storage time of frozen

fruits and quality of container (Ancos et al., 2000;
Gonzalez et al., 2003).

During the last decade, there has been a consider-
able interest to prepare and store frozen fruits at home.
Freezing of strawberries, sweet and sour cherries will
increase flexibility for consumers by extending the
length of time in which fruits are available. The vast
majority of the literature on frozen fruits involves the
experimental layout to determine the effects of vari-
ous factors on the product quality, but no attention
has been given to the effect of both home scales freezing
and storing on the retention of antioxidants in different
fruits. Because in Romania, garden fruits are very
popular and often consumed raw or processed by
freezing, the goal of this study was to explore to what
extent home-freezing and frozen storage period af-
fects the retention of antioxidant properties and
bioactive compounds in selected fruit species.

Materials and Methods

Samples. Strawberry (Fragaria ananassa),
sweet cherry (Prunus avium L.) and sour cherry
(Prunus cerasus L.) were harvested in 2008 at ma-
turity from their natural habitats in the Timis country
(Romania). After harvesting, selected fruit varieties
were refrigerate (3-5°C for 12 h), then washed,
drained and frozen using a home type freezer
(Gorenje). Before freezing, sweet and sour cherries
were destemmed and pitted. The frozen samples were
stored in closed plastic boxes and kept in the same
freezer (-18°C) for 10 months. The samples were
analyzed fresh (initial state - I), after freezing (0-F),
and during storage in frozen state, after 2, 4, 6, 8 and
10 months, respective: II-F, IV-F, VI-F, VIII-F and
X-F.

For total anthocyanins, total polyphenols, vitamin
C and antioxidant activity determination, three repli-
cates of fruits extracts were prepared according to
Kalt et al. (1999). Before the analysis, the frozen fruits
were thawed in refrigerator (3-5°C) for 6 h. Fruits
extracts for anthocyanins analysis were obtained by
grinding berries (~5 g) in 95% (v/v) ethanol (20 mL)
acidified with HCl (0.1 %, v/v) for 2 min. The mixture

164 M. A. Poiana, D. Moigradean and E. Alexa



-5

0

5

10

15

20

25

30

0 II IV VI VIII X
Storage time, months

(%
)

strawberry
sweet cherry
sour cherry

0

10

20

30

40

50

0 II IV VI VIII X

Storage time, months

(%
)

strawberry
sweet cherry
sour cherry

0

10

20

30

40

50

0 II IV VI VIII X

Storage time, months

(%
)

strawberry
sweet cherry
sour cherry

0

10

20

30

40

50

0 II IV VI VIII X
Storage time, months

(%
)

strawberry
sweet cherry
sour cherry

was stored at room temperature in the dark for 16 h
and then filtered. The extracts for phenolics and vita-
min C analysis were obtained by grinding fruits (~5 g)
in hot 95% (v/v) ethanol (10 mL) for 2 min. The solu-
tion was filtered. The extraction of the residue was
repeated twice following above mentioned procedure.
Three extracts were combined. The extracts for anti-
oxidant activity determination were obtained by grind-
ing fruits (~20 g) in 95% (v/v) ethanol (20 mL) acidi-
fied with HCl (0.1%). After 60 min the solution was
filtered. The residue was extracted again. The extracts
were combined and diluted to volume of 50 mL with
methanol acidified with HCl (0.1%).

The total phenolic content was analyzed spec-
trophotometrically using an adapted Folin-Ciocalteu
colorimetric assay described by Singleton et al. (1999).

The calibration curve was prepared using gallic acid
equivalents. The samples were incubated for 2 h in
the dark at room temperature prior to measuring the
absorbance reading at 750 nm using the UV-VIS spec-
trophotometer (Analytic Jena Specord 205). Quanti-
fication of the data was calculated based on the cali-
bration curve generated using gallic acid as the stan-
dard and the results was expressed as mg of gallic
acid equivalents (GAE) per 100 g of fresh weight of
edible part of fruits.

The total monomeric anthocyanins content
of fruits extracts were determined by the pH-differ-
ential method in accord with Giusti and Wrolstad
(2001). Samples were diluted to the appropriate con-
centration with 0.025 M potassium chloride buffer
(pH=1.0) and 0.4 M sodium acetate buffer (pH=4.5).

a b

Fig. 1. The losses of antioxidant activity (a), total phenolics (b), vitamin C (c)
and total anthocyanins content (d) during storage of frozen fruits
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The absorbance was measured with the UV-VIS
spectrophotometer using 1 cm path length disposable
cells at 520 nm and 700 nm after 15 min of incubation
at room temperature. The content of total anthocya-
nins was expressed as mg of cyandin-3-glucoside
equivalents per 100 g of fresh weight. Percent of poly-
meric color contents of these samples were deter-
mined using the bisulfite bleaching method (Giusti and
Wrolstad, 2001).

Vitamin C (VC) was measured by titration with
a 2,6-dichlorophenolindophenol sodium salt solution
and chloroform was used for intensely colored ex-
tracts (AOAC, 1990)..

FRAP (ferric reducing antioxidant power) as-
say. The FRAP assay was conducted according to
Benzie and Strain (1996). The FRAP method con-
sists in the reduction of Fe+3 ions to Fe+2, which in
turn form a blue-coloured complex with 2,4,6-
tripirydylo-s-triazine (TPTZ). This reduction is moni-
tored by measuring the absorption change at 595 nm.
The intensity of the colour is dependent on the anti-
oxidant concentration. Results were expressed as
mmol of Fe2+ equivalents per kg of fresh weight of
edible part of fruits.

Statistical analysis. All determinations were per-
formed in 3 replications and the results were recalcu-
lated into the fresh weight of the raw material. All val-

ues were expressed as means of triplicate ± standard
deviation. Statistical analysis was done using the
Student’s test. The results were considered significant
only if the p value was less than 0.05.

Results and Discussions

The antioxidant activity, vitamin C, total phenolic
and  free anthocyanins content in fresh fruits, after
home-freezing and during storage up to 10 months
were showed in the Tables 1-3. In our study, the static
home-freezing of the fruits, lead to loss of 8-12% of
vitamin C identified in fresh fruit; losses for the
polyphenols content were in the range 3.5-7.5% of
the value found in fresh fruit, respectively 6.5-12%
for antioxidant capacity. For investigated fruit only slight
increases of anthocyanins of 1.61-2.92% were found
immediately after freezing. It is most probable that the
anthocyanins in frozen fruit become more easily ex-
tractable. This might be due to degradation of cell
structures in fruits. In Figure 1 are presented the losses
of bioactive compounds (vitamin C, polyphenols and
total monomeric anthocyanins) and antioxidant activ-
ity during the storage time. It was found that the anti-
oxidant compounds in frozen storage fruit has been
decreasing. In the first 4 months of storage, has been
a deterioration of antioxidants to a lesser extent by

Fig. 2. Influence of freezing and frozen storage time on the percent of polymeric
color of frozen fruits
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25%. At a longer storage the bioactive compounds
degradation rate was accelerated. Degree of deterio-
ration for monitored compounds is according to fruits
variety and storage period. Total phenolics content
has a special importance in evaluating of the antioxi-
dant quality of fruits.

At the end of frozen storage period, total pheno-
lics amount decrease up 32.49% from the initial val-
ues registered for fresh sour cherries, 34.39% for
sweet cherries and greatest losses (38.45%) were
reach for strawberries. Among the investigated fruits,
the biggest vitamin C content was recorded for straw-
berries (45.61 mg •100-1 g FW). The long storage time
affect the vitamin C content: after 4 months the losses
were 16-18% while after 10 months the losses reach
38-49%. The lowest loss of vitamin C content was
obtained for the sour cherries (38%) and the largest,
of 49%, was recorded for strawberries. It can be
concluded that the effect of storage in frozen state for
a period of more than 4-6 months significantly affect
ascorbic acid concentration in investigated fruits. These
findings are in agreement with results of other studies
on this topic (Sahari et al., 2004; Cordenunsi et al.,
2005; Ancos et al., 2000).

In accordance with the opinion of some authors
(Fellows, 1988; Ancos et al., 2000; Gonzalez et al.,
2003), significant decrease in the investigated com-
pounds was due to water content in non-frozen state.

Activity and enzymatic reaction rate reached maxi-
mum values in the layers of liquid water in frozen fruits.
Perhaps, this phenomenon contributes to the modifi-
cation of chemical compounds, including biologically
active substances. In frozen products the enzymatic
reactions are slow, but not completely blocked. In
general, the activity of enzymes in frozen fruits is linked
to the presence of non-frozen water. At a tempera-
ture of -18°C in frozen fruits water content represent
approximately 89% of global water of fruits. Liquid
water in these products will be 11%. At a tempera-
ture of -30°C frozen water in fruits will be 91% of
total fruit water, and liquid water content will be 9%.

Following studies by other authors (Arthey, 1993;
Barbosa-Canovas et al., 2005) found that during stor-
age of frozen products, the amount of ice in the sys-
tem generally remains constant for any given tempera-
ture, where the number of ice crystals decreases due
to increase in average crystal size. Fluctuations in stor-
age temperature and temperature gradient within the
product cause moisture migration, relocating the wa-
ter within the product and undesirable recristalization
which may afect texture and general quality of frozen
products. During slow freezing of fruits in domestic
system is formed large ice crystals leading to destruc-
tion of cell walls (Fellows, 1998). By thawing, hydro-
philic colloids from cells can not rehydration to its ini-
tial state before freezing and cause heavy losses of
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Total Antioxidant
anthocyanins, activity,

mg/100g mM Fe2+/kg
I 45.61±1.64 31.86±2.85 177.43±12.52 24.37±1.07
0-F 40.27±1.29 32.79±3.06 168.38±13.06 21.49±1.18
II-F 37.82±1.72 31.44±2.77 157.12±11.37 20.62±1.71
IV-F 35.08±1.67 30.28±2.44 148.28±10.21 18.79±1.52
VI-F 32.46±1.90 28.16±2.27 135.9±9.27 16.21±1.45
VIII-F 28.55±1.32 26.14±1.97 121.16±8.35 14.87±1.23
X-F 23.12±1.15 23.87±2.29 109.212±6.73 14.22±1.12
Results are presented as mean value of 3 replications ± standard deviation

Table 1
Effect of freezing and frozen storage time on bioactive compounds and antioxidant 
activity of strawberry

Strawberry Vitamin C, 
mg/100g

Total phenolics, 
mg GAE/100g



cell juice and default of meaningful amounts of nutri-
ents. Consequently, the texture of these products is
generally much softer after thawing when compared
to non-frozen products. It is usually recommended
that frozen fruits be served before they are completely
thawed, since in the partially thawed state the effect
of freezing on the fruit tissue is less noticeable.

Home-scale freezing occurs at -18 ... -20° C and
lasts about 80 hours. In this period, the compounds
susceptible to oxidation suffer damages. This explains
the loss of bioactive compounds recorded by domestic
freezing of investigated fruits.

It was found that storage of frozen fruit 4 months

has been slow anthocyanins degradation (less than 5%),
losses in these compounds after 6 months are below
6.5% for both sweet and sour cherries and 12% for
strawberries. After 10 months have seen an acceler-
ated degradation of anthocyanins, so that losses were
12.05% for sour cherries, 15.10% for sweet cherries
and 25.08% for strawberries. These data are in agree-
ment with the results obtained by other authors (Blando
et al., 2000; Chaovanalikit and  Wrolstad, 2004;
Sahari et al., 2004) that show that a period of 4-6
months of freezing does not cause significant loss of
anthocyanins content. These results are of particular
interest because the monomeric anthocyanins repre-
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Total Antioxidant
anthocyanins, activity,

mg/100g mM Fe2+/kg
I 9.16±0.78 49.92±3.04 105.12±5.07 13.46±1.09
0-F 8.21±0.72 51.23±3.51 97.23±3.67 12.1±0.89
II-F 7.62±0.69 49.41±3.09 91.12±4.03 11.52±0.88
IV-F 7.14±0.75 48.09±3.47 85.31±3.58 10.87±1.15
VI-F 6.85±0.62 46.67±2.25 77.3±2.48 10.25±0.94
VIII-F 6.28±0.71 44.82±3.53 73.24±3.11 9.51±0.85
X-F 5.32±0.49 42.38±3.15 68.97±2.49 8.32±0.97
Results are presented as mean value of 3 replications ± standard deviation

Effect of freezing and frozen storage time on bioactive compounds and antioxidant 
activity of sweet cherry

Table 2 

Sweet cherry Vitamin C, 
mg/100g

Total phenolics, 
mg GAE/100g

Total Antioxidant
anthocyanins, activity,

mg/100g mM Fe2+/kg
I 28.23±1.94 93.15±4.87 301.35±16.19 43.11±3.21
0-F 26.04±1.83 94.65±3.65 291±13.64 40.22±2.73
II-F 25.1±1.70 92.61±5.21 265.43±12.83 38.7±3.14
IV-F 23.08±1.87 89.14±4.09 246.13±12.18 36.51±2.84
VI-F 21.71±1.16 88.03±4.84 234.14±11.39 35.05±2.57
VIII-F 19.83±1.34 85.71±4.12 219.3±14.36 32.28±2.18
X-F 17.54±1.47 81.93±3.67 203.44±12.87 28.07±1.93
Results are presented as mean value of 3 replications ± standard deviation

Effect of freezing and frozen storage time on bioactive compounds and antioxidant 
activity of sour cherry

Table 3

Vitamin C, 
mg/100g

Total phenolics, 
mg GAE/100gSour cherry



senting approximately 25% of the total antioxidant
capacity of fruits (Gonzalez et al., 2003).

Antioxidant activity decreased during the frozen
storage of fruits. In the first 4 months of storage was a
relatively small decrease in antioxidant capacity, which
was followed by a significant decline in the following
months. By the storage for 10 months, can be noticed
a decrease of antioxidant capacity up to 35% of initial
value corresponding fresh fruit for sour cherries, up
to 38% for sweet cherries and up approximately 42%
for strawberries. Also, at the end of 4 months of fro-
zen storage the losses of antioxidant activity of sour
cherries was less 15% of values recorded for fresh
fruit, for sweet cherries approximately 19%, while the
losses in antioxidant activity for strawberries were
23%.

Because the fruit color is an appealing character-
istic to consumers based on data presented in Table 4
and Figure 2 we can see that the storage time affects
the color quality of investigated fruits. The effect of
frozen storage time on color quality of fruits was quan-
tified by measuring of color density, polymeric color
index and percent of polymeric color. The color den-
sity showed a similar trend over storage time: de-
creased due to destroy of monomeric anthocyanins
and increase in polymeric color. After 10 months of
frozen storage, for strawberries the color density was
decreased by 25% of thee initial value, and for both
sweet and sour cherries have declined by 16-19%.

In the case of fresh fruits, the percent of polymeric
color is in the range 9-11%. By freezing, the degree
of pigments degradation is affected in a very small
extent (less than 2%). During long-term frozen stor-
age of fruits at -18°C there was a relative increase in
the percent of polymeric color. These changes are in
agreement with the results of other authors (Rommel
et al., 1992; Skrede et al., 2000; Yuksel and Koka,
2008) and are explained by the fact that the mono-
meric anthocyanins turn into polymeric anthocyanins
with different molecular mass.

On the basis of these results, it can be observed
the gradual conversion of monomeric anthocyanins to
polymeric form. For frozen strawberries, the percent-
age of polymeric color becomes significantly after 10
months of storage (26.52%). The obtained results
reveal the fact that after 10 months of storage color
stability of frozen sweet and sour cherries was better
than the frozen strawberries.

Conclusions

Bioactive compounds content is affected to a small
degree by the home-freezing process. Long-term
frozen storage had a significant impact on the
bioactive compounds and color stability of fruits, de-
pending on the fruit variety and storage time. The qual-
ity of frozen fruits is affected by oxidative degradation
of bioactive compounds. The results of this study in-

I 0-F II-F IV-F VI-F VIII-F X-F

Strawberry 6.17 6.2 6.03 5.67 5.3 4.86 4.6
Sweet cherry 7.87 7.92 7.73 7.4 6.92 6.58 6.13
Sour cherry 9.48 9.57 9.39 9.12 8.63 8.25 7.69

Strawberry 0.68 0.79 0.91 1.01 1.03 1.12 1.22
Sweet cherry 0.81 0.88 0.93 0.97 1.03 1.09 1.12
Sour cherry 0.89 0.98 1.05 1.11 1.17 1.2 1.24

Color density index

Polymeric color index

Effect of freezing and frozen storage time on the color indices of frozen fruits
Table 4

Fruits
Frozen
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dicate that in the case of home-scale freezing, after 4
months of frozen storage the losses of bioactive com-
pounds were within acceptable limits for all analyzed
fruit varieties. In the first 4 months of frozen fruits stor-
age was a slight decrease in bioactive compounds
content, after which the rate of degradation has in-
creased.

The highest degree of these compounds degrada-
tion was recorded after 10 months of frozen storage.
Investigated fruits can be presented in the following
order depending on the antioxidant characteristics:
sour cherry>sweet cherry>strawberry. The highest
degree of antioxidant compounds stability during fro-
zen fruits storage was registered for sour cherries. After
10 months of storage total phenolics amount de-
creased up to 38% of initial value for strawberries.
The strawberries color is very sensitive to long-term
frozen storage: after 10 months of storage is lost ap-
proximately 25% of initial content of total anthocya-
nins, while the percent of polymeric color increased
from 11.02% (initial value) to 26.52%. During freez-
ing and storage at -18°C over a long period, color
stability of sweet and sour cherries was better than
the strawberries. The home-scale freezing process can
be used to assurance the retention of various nutrients
that are naturally present in fruits. In a storage tem-
perature of -18°C, we can appreciated that the stor-
age life of frozen fruits, packed in plastic boxes for 4-
6 months as optimal to minimize loss of color and
bioactive compounds content.

References

AOAC, 1990. Vitamin C (ascorbic acid) in vitamin
preparations and juices. In K. Helrich (Ed.). Offi-
cial Methods of Analysis. 15th edn. AOAC, Inc.,
Arlington, VA, pp. 1058.

Ancos, B., E. M. Gonzalez and M. P. Cano, 2000.
Ellagic acid, vitamin C, and total phenolic contents
and radical scavenging capacity affected by freez-
ing and frozen storage in raspberry fruit. J. Agric.
Food Chem., 48: 4565-4570.

Arthey, D., 1993. Freezing of vegetables and fruits.
In: Frozen Food Technology (Ed. by C.P.

Mallett), Chapman and Hall, London, UK, pp.
237-269.

Barbosa-Canovas, G. V., B. Altunakar and D. J.
Mejía-Lorio, 2005. Freezing of fruits and veg-
etables: an agri-business alternative for rural and
semi-rural areas, Food and agriculture organization
of the United Nations, Rome, pp. 43-50.

Beattie,  J., A. Crozier and G. Duthie, 2005. Po-
tential health benefits of fruits. Curr. Nutr. Food
Sci., 1: 71-86.

Benzie, I. F. F. and L. Strain, 1996. Ferric reducing
ability of plasma (FRAP) as a measure of antioxi-
dant power: The FRAP assay. Anal. Biochem.,
239: 70-76.

Blando, F., C. Gerardi, I. Nicoletti, 2004. Sour
Cherry (Prunus cerasus L.) Anthocyanins as in-
gredients for functional foods.  J. Biomed.
Biotechnol., 5: 253-258.

Chaovanalikit, A. and R. E. Wrolstad, 2004. An-
thocyanin and polyphenolic composition of fresh and
processed cherries. J. Food Sci.,  69 (1): 73-83.

Cordenunsi, B. R., M. I. Genovese, J. R. Oliveira
Do Nascimento, N. M. A. Hassimotto, R. J.
Dos Santos and F. M. Lajolo, 2005. Effects of
temperature on the chemical composition and anti-
oxidant activity of three strawberry cultivars. Food
Chem., 91: 113-121.

Fellows, P. J., 1988. Freezing. In: Food Processing
Technology, Principles and Practice,  Ellis
Horwood, Chichester, England, pp. 375-400.

Gonzalez, E. M., B. De Ancos and M. P. Cano,
2003. Relation between bioactive compounds and
free radical-scavenging capacity in berry fruits dur-
ing frozen storage. J. Sci. Food Agric., 83: 722-
726.

Giusti, M. M. and R. E. Wrolstad, 2001. Unit F1.2:
Anthocyanins. Characterization and measurement
with UV-visible spectroscopy. In: Wrolstad R. Edi-
tor. Current Protocols in Food Analytical Chem-
istry. New York: John Wiley & Sons, pp. 1-13.

Kalt, W., C. F. Forney, A. Martin and R. L. Prior,
1999. Antioxidant capacity, vitamin C, phenolics and
anthocyanins after fresh storage of small fruits. J.
Agric. Food Chem., 47: 4638-4644.

170 M. A. Poiana, D. Moigradean and E. Alexa



Kähkönen, M., A. Hopla and M. Heinonen, 2001.
Berry phenolics and their antioxidant activity. J.
Agric. Food Chem., 49: 4076-4082.

Nursal Tosun, B. and S. Yucecan, 2007. Influence
of home freezing and storage on vitamin C con-
tents of some vegetables. Pakistan Journal of Nu-
trition, 6 (5): 472-477.

Rommel, A.,  R. E. Wrolstad and D. A.
Heatherbell, 1992. Blackberry juice and wine: Ef-
fect of processing and storage effects on antho-
cyanin composition, color and appearance. J. Food
Sci., 57: 385-391.

Sahari, M. A., F. Mohsen Boostani and H. E.
Zohreh, 2004. Effect of low temperature on the

ascorbic acid content and quality characteristics of
frozen strawberry. Food Chem., 86: 357-363.

Singleton, V. L., R. Orthofer and R. M. Lamuela-
Raventos, 1999. Analysis of total phenols and other
oxidation substrates and antioxidants by means of
Folin-Ciocalteu reagent. Methods in Enzymolo-
logy,  299: 152-178.

Skrede, G., R. E. Wrolstad and R. W. Durst, 2000.
Changes in anthocyanins and polyphenolics during
juice processing of highbush blueberries (Vaccinium
corymbosum L.). J. Food Sci.,  65: 357-364.

Yuksel, S. and I. Koka, 2008. Color stability of black-
berry nectars during storage. J. Food Technol., 6
(4): 166-169.

Received January, 12, 2010; accepted for printing March, 4, 2010.

171Influence of  Home-Scale Freezing and Storage on Antioxidant Properties...


