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ABSTRACT

The aim of this study was to evaluate the antioxidant capacity of thawed
frozen strawberries (Fragariaananasa) and mulberries (Morusnigra).
Both types of fruit were frozen in a freezer with a cooling rate of 1°C/min
and stored at -18°C in 1 week before thawed at ambient temperature,
cold temperature (4°C) and in a microwave oven. ANOVA, LSD test
and Principle Component Analysis (PCA) were applied to compare
the effect of thawing methods. Results showed that different thawing
methods significantly affected (P < 0.05) drip loss, vitamin C content,
total phenolic content (TPC) and antioxidant capacity of strawberries
and mulberries. The strongly negative correlation was found between the
drip loss and the remaining vitamin C as well as between the thawing
time and the antioxidant capacity of thawed fruit. Among three thawing
methods, microwave was considered as the most effective method to
retain antioxidant capacity, vitamin C and total phenolic content for

both strawberry and mulberry.
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1. Introduction

Recently, the consumption of fruits increased
because of the expanding customer’s knowledge
about their benefits (Mohammad et al., 2004).
Strawberries and mulberriesare not only favoured
by the taste but also possess high content of
ascorbic acid and bioactive phenolic compounds
(Hartmann et al., 2008; Oszmiariski et al., 2009;
Bobinaite et al., 2012). Many studies have proven
that phytochemical compounds of these berries
exhibit antioxidant capacity, thus they have a role
in prevention of many diseases such as carcino-
genic, cardiovascular and otherchronic diseases
(Hollman, 2001; Anttonen & Karjalainen, 2005;
Hartmann et al., 2008). Due tothe health promot-
ing properties, these fruits are considered as nat-
ural functional products (Bobinaite et al., 2012).

In Vietnam, strawberries and mulberries are
mostly grown at high land. Strawberries are har-
vested between December and April meanwhile
harvesting time of mulberries is from February to
March. Apart from being consumed fresh, they
are also used in processed forms such as fruit
juice, jam, concentrate or alcohol fermented juice.
However, these berries are very perishable soft
fruits and are harvested in season (Wills & Kim,
1995). Consequently, freezing is one of the most
common ways to prolong shelf life of these fresh
fruits and supply the year-round raw materials
for food industry (Mohammad et al., 2004; Bobi-
naite et al., 2012).

However, frozen fruits after thawing often face
many quality problems due to the loss of firmness,
drip loss and nutrition loss (Jeremiah, 1996; Hui,
2006). Freezing process often results in osmotic
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shrinkage and cell wall injuries which can lead to
exposure of cellular compartments to oxidizing
agents as oxygen, enzyme, light and heat (Hart-
mann et al., 2008; Oszmianski et al., 2009; Kruger
et al., 2011). Industrial quick freezing can help to
minimize damaged raw materials due to the for-
mation of small ice crystals and less migration of
water (Rhaman, 2007; Oszmianski et al., 2009).
However, quick freezing does not always bring ad-
vantages, especially if thawing is not controlled
carefully (Erickson & Hung, 1997). In quick freez-
ing, the water in food is not totally crystallized
and easy to achieve the glass state which is con-
venient for food preservation at low temperature.
But this means when thawing, a re-crystallization
can happen and leads to the devitrification which
can damage cell membranes (Lozano et al., 2000;
Rhaman, 2007).

Besides freezing, thawing method is also very
important to the quality of frozen fruit (Hui,
2006; Rhaman, 2007; Kriiger et al., 2011). Espe-
cially in developing countries, at the small scale,
most fruits are preserved in household freezers
which only attain the minimum temperature of
-18°C. In this case, thawing methods can con-
tribute more to the physicochemical properties
of final products. Normally, at low temperature,
most chemical reactions are slowed down and this
helps to limit the bio-chemical degradation of
food, but during thawing some oxidative enzymes
are re-activated at high concentration and pro-
mote these undesirable reactions (Jeremiah, 1996;
Rhaman, 2007). Some studies showed that pheno-
lic content and vitamin C are very unstable, thus
they may be reduced in quantity under thawing
conditions which leads to reduce antioxidant ca-
pacity and biological value (Garrote & Bertone,
1989; Oszmianski et al., 2009; Syamaladevi et al.,
2011). To link the effect of freezing or thawing
on the nutritional values of food products, prin-
cipal component analysis is a simple and useful
tool which was successfully applied in many pre-
vious studies (Alvarez & Canet, 2000; Soazo et
al. 2013).

There were some studies about the effects of
freezing and thawing on the quality of straw-
berries (Lindley, 1998; Holzwarth et al., 2012)
but not much with mulberries. Moreover, under-
standing about the correlation between physico-
chemical properties of berry fruits after freezing-
thawing is limited. Therefore, the aim of this
study was to investigate the effects of different

thawing methods (thawing at ambient temper-
ature, at low temperature and in a microwave)
on the physicochemical properties of frozen Viet-
namese strawberries and mulberries. Moreover,
statistical tool was also applied to build the cor-
relation between some parameters such as drip
loss, thawing time with vitamin C content, to-
tal phenolic content and antioxidant capacity of
these products.

2. Materials and Methods
2.1. Chemicals

Most chemicals used in this study included:
2,2’-aziro-bis-(3—ethylbenzo-thiazoline-6-sulfonic
acid) diammonium salt (ABTS), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), FolinCiocalteu’s phenol reagent,
methanol (99.8%), oxalic acid, acetic acid,
xylem, formaldehyde acid, potassium per-
sulphate ascorbic acid and gallic acid were
purchased from Sigma-Aldrich. The distilled
water was used in all experiments.

2.2. Freezing and thawing samples

Strawberry (Fragariaananasa) and mulberry
(Morusnigra) fruits grown at Lam Dong highland
(Lam Dong province, Vietnam) were harvested
at commercial ripeness before being frozen at -
18°C in a freezer (Sanaky, Japan) with a cooling
rate of 1°C/min. After 1 week storage, fruits were
thawed at cold temperature (4 - 7°C) in a fridge,
at ambient temperature and in a microwave oven
(NN-SM330 MYUE, Panasonic, Japan) with the
power of 184W to reach to +4°C at the core of
fruits. The temperature was recorded by a digital
thermometer (Barnant, USA). The thawing was
stopped when the temperature of fruit reached
the ambient temperature and thawing time was
recorded for all samples.

2.3. Drip loss and moisture determination

Drip losses were determined by weighing im-
mediately the exudates after thawing process
completely using an analytical balance (TE214S,
Sartorius, Germany). Moisture contents of fruits
were determined by drying sample in a dryer
(Memmert, Germany) at 105°C until the con-
stant weight. The experiments were carried out
in triplicate.
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2.4. Vitamin C content

Vitamin C content of thawed fruits was de-
termined by using 2,6-dichlorophenol indophe-
nols solution(ISO, 1984). Firstly, thawed samples
were homogenized at speed of 8000 RPM dur-
ing 20 minutes in a homogenizer (Ultra-Turrax
T25, IKA, Germany) with oxalic acid (5%, w/v
for strawberry and 2%, w/v for mulberry) and
centrifuged (EBA 20, Hettich, Germany) at 6000
RPM for 15 minutes. Next, the 5 ml of super-
natant was diluted with 5 ml of buffer pH 4
(potassium hydrogen phthalate solution), then
added an excessive amount of 2,6-dichlorophenol
indophenols and kept for 10 min. Finally, the so-
lution was added with 10 ml of xylen and then
centrifuged again. The absorbance final super-
natant was measured by using a UV-VIS spec-
trophotometer (Genesys 20, Thermo Scientific,
USA) at wavelength 500 mn to determine the re-
maining reagent. The amount of used reagent was
the difference of the amount of reagent added and
the amount of remaining reagent.

2.5. Samples preparation for measurement of
total phenolic content and antioxidant ca-
pacity

Similar to previous studies (Hartmann et al.,
2008; Holzwarth et al., 2012), 1.5 gram of thawed
fruits (including exudates) were extracted with
10 ml of 80% methanol and 0.5 ml of HCI 0.1 N
for 5 minutes using a homogenizer (Ultra-Turrax
T25, IKA, Germany) at 4°C in an ice bath. Next,
the homogenate extract was centrifuged for 15
minutes at room temperature. Finally, the super-
natant was transferred to a new tube and used
for determining the antioxidant capacity and to-
tal polyphenols content.

2.6. Total phenolic content

Total polyphenol content was determined by
using Folin-Ciocalteu reagent (FCR) (Singleton
et al., 1999). A small amount of the extract (50
pl) was mixed with 250 ul of the FCR and 450
w1l of distilled water and stand for 3 min. Next,
2 ml of a sodium carbonate 7.5% was added and
mixed. The mixture was kept in dark for 2 hours
at ambient temperature and then the absorbance
was read at 765 nm using UV-VIS spectropho-
tometer (Genesys 20, ThermoScientific, USA).
Total phenolic content was calculated from stan-

dard curves of gallic acidand was expressed in mg
of gallic acid equivalent per 100 g of fresh weight
(mg GAE/100 g F.'W).

2.7. Antioxidant capacity

Antioxidant capacity of thawed berries was
done according to the method of Thaipong et
al. (2006) with some modifications. Antioxidant
capacity was evaluated by using Trolox Equiva-
lent Antioxidant Capacity (TEAC) assay, based
on ABTS radical scavenging capacity of the an-
tioxidant molecules in berries extracts. When be-
ing reduced by the antioxidant molecules of sam-
ple, the dark green color of ABTS®** solution was
decolorized. Briefly, ABTS** was prepared by
mixing 7.4 mM ABTS with 2.6 mM potassium
persulfate (ratio 1:1, v/v) in the dark at ambi-
ent temperature for 12 hours. Before measuring,
ABTS*t solution was diluted with methanol to
an absorbance between 0.700 and 0.900. This so-
lution (2850 pl) was mixed with 150 pul of ex-
tract sample and kept in dark for 2 hours. The
absorbance was read at 734 nm using spectropho-
tometer (Genesys 20, ThermoScientific, USA).
The Trolox was used as a reference and the
antioxidant capacity of berries extract was ex-
pressed in mmol/L trolox equivalent per 100 g of
fresh weight (mMTE/100 g F.W).

2.8. Statistical analysis

All experiments were done in triplicates. Data
were reported as the mean + confidence inter-
val. Significant differences («=0.05) among treat-
ments were determined using one-way ANOVA
and LSD test. The correlation between thawing
methods and antioxidant capacity of samples was
evaluated by PCA. SPSS software (version 16,
IBM, USA) was used to run all statistical analy-
sis.

3. Results and Discussion

3.1. Thermal behavior of strawberry and mul-
berry during thawing processes

The temperature changes of berries during dif-
ferent thawing processes are presented in Figure
1. From the thermal curves, it was showed that
thawing conditions had considerable effects on
the thermal behavior of frozen fruit. With slow
thawing as in fridge, the thermal behavior of
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these fruits had three stages including two sen-
sible heating and one latent heating. The later
stage did not appear when thawing at ambi-
ent temperature. Besides, the thawing time was
also very different. At ambient temperature, the
thawing time of strawberry and mulberry were
136 minutes and 113 minutes, respectively. These
values reduced to 35 minutes (with strawberry)
and 17 minutes (with mulberry) when thawing in
fridge. When using microwave, the thawing time
decreased dramatically to 2 minutes and 0.5 min-
utes for strawberry and mulberry, respectively.
The difference of thawing time between two types
of berries mainly depends on the size of fruits.
With smaller size, mulberry required less energy
than strawberry when thawing in same condition.
Consequently, the thawing time of mulberry was
shorter than that of strawberry.

According to the Figure 1, it was clearly
showed the effects of freezing on the thermal be-
havior of both types of berry during thawing.
With slow cooling rate (approximately 1°C/min),
water in fruits was maximum crystallized before
reaching the glass state at -18°C. This helped pre-
vent the re-crystallization of water in fruits which
could appear when thawing at slow rate. Thus,
the temperature change of frozen fruits during
cool thawing was stable and there were no signs
of exothermic on thawing curves at this condi-
tion. This means that the tissue in fruits can be
better protected from the devitrification.

Effect of thawing methods on drip loss of frozen
fruit is presented Table 1 comparing the drip loss
of strawberry and mulberry when thawing in a
microwave oven, at ambient and cold tempera-
ture. It can be clearly seen that berries thawed in
a microwave oven had the least drip loss. In com-
parison with strawberry, mulberry had a great
amount of drip loss after thawing due to the dif-
ference in water content of fruits. Water content
of mulberry was higher than that of strawberry
(94.85 + 2.60% comparing to 89.11 + 2.53%),
thus mulberry may contain more free water. The
high amount of bound water in strawberry can
lead to difficulties in freezing this fruit, thus drip
loss was less after thawing. For both of berries,
thawing in cold temperature (the longest thawing
time) had the highest drip loss. This result was
probably the consequences of dehydration when
thawing. The slow freezing velocity led to the for-
mation of large ice crystals in the extracellular
space of fruits which causes tearing of cell walls,

dislocation of cell contentsafter thawing (Lind-
ley, 1998; Delgado & Rubiolo, 2005; Holzwarth,
2012). This makes cell contents lose their water-
holding capacity, thus they cannot hold their ex-
isting water inside the cells and leakage normally
occurs (Miiftiigil & Yigit, 1986). Consequently,
when frozen fruits were thawed at slow velocity,
water was lost gradually. However, if the thawing
rate is higher, cells recover structure and perhaps
absorb a part of water due to the reverse osmosis.
Briefly, the longer thawing process results in the
more drip loss.

Table 1. Drip loss (%) of Strawberry and mulberry
at different thawing methods®

Thawing methods Strawberry Mulberry
Microwave 1.254+0.11*  3.944+0.49°
Ambient a d
temperature 1.824+0.30* 15.95+0.46
Cold temperature  2.5540.05"  17.75+1.824

1Results are expressed as mean of three replicate measure-
ments + standard deviation. Values followed with different su-
perscript (vertical) were significant different (P < 0.05).

3.2. Effect of thawing method on remaining vi-
tamin C, total phenolic content and an-
tioxidant capacity

The effect of thawing methods on vitamin C
and phenolic contents of both of berries are pre-
sented in Table 2. ANOVA and LSD tests showed
that thawing methods affected significantly these
compounds. Both types of fruit thawed in mi-
crowave remained the highest vitamin content
(24.43 mg/100 g F.W for strawberry and 16.60
mg/100 g F.W for mulberry) whereas thawing
in fridge resulted in the highest loss. This result
agreed with that of Holzwarth et al. (2012) who
reported that thawing of block frozen strawberry
at 4°C for 24 hours caused the highest loss of vita-
min C (34.8%) while thawing in microwave oven
attributed only 4% of vitamin C loss. Similarly,
thawing methods affected the same tendency loss
on total polyphenol content of mulberry as vi-
tamin C losses, whereas regarding strawberry,
thawing at ambient temperature caused the high-
est loss as coup and with thawing at cold temper-
ature (Table 2).

After thawing, the content of phenolic com-
pounds remaining in strawberry ranged from 227
to 331 mg GAE/100 g F.W. Li et al. (2003) re-
ported that total polyphenol contents in 6 straw-
berry varieties grown in China stored at differ-

www.jad.hcmuaf.edu.vn

The Journal of Agriculture and Development 17(3)


http://jad.hcmuaf.edu.vn

90 Nong Lam University, Ho Chi Minh City
10.00
500 4
0.00 - = — v
A S
G { 3 —
g, [
& 5004 | |
E / -
& a0l [/ ~ _ _
= [ Ambient thawing { Strawberry)
Illu' ! Cool thawing (Strawberry)
1500 4 // — Ambient thawing (Mulberry)
ﬁ — Coal thawing (Mulberry)
-ll}l}l} T T T T T T T 1
0.00 20000 40,00 60.00 80.00 10000 12000 14000 16000
Time (min)

Figure 1. Thawing curves of strawberry and mulberry at different conditions (ambient thawing and cool

thawing).

ent temperature and duration time were between
197-377 mg GAE/g F.W. However, the value in
current studywas less than 2-5 times in compari-
son to that of 5 varieties grown at Korea, which
ranged from 959 to 2500 mg GAE/100 ¢ F.W
(Bae & Suh, 2007). Variation in content of total
polyphenol was that Bae et al. (2007) analysed
in fresh strawberry while our study evaluated to-
tal phenolic content of thawed berries which were
surely lost during thawing. Moreover, not only
cultivars but also maturity, size and analyzing
procedure could be factors contributing to the
difference of these compounds(Olsson et al., 2004;
Scalo et al., 2005; Bobinaité et al., 2012).

There was a significant difference among the
thawing methods for the antioxidant capacity of
strawberry and mulberry (Table 3). In compar-
ison with mulberry, strawberry had higher vi-
tamin C and polyphenol contents, thus the an-
tioxidant capacity of this fruit was also much
higher. The lowest antioxidant capacity was
found in berries thawed at cold temperature
(0.88 mMTE/100 g F.W for strawberry and 1.59
mMTE/100 g F.W for mulberry). Microwave
oven was also proved to be the best method to
thaw frozen strawberry but not to mulberry. Sur-

prisingly, the antioxidant capacity of mulberry
thawed in microwave oven (2.90 mMTE/100
gF.W) was lower than that thawed at ambient
temperature (3.22 mMTE/100 g F.W), although
thawing time in the oven was only 30 seconds.
Presumably, mulberry is very soft texture and
small size, with the diameter about 0.8 cm. Thus,
the degradation of antioxidant capacity was af-
fected by heating of microwave oven.

3.3. Relation between physical and chemical
properties of thawed strawberry and mul-
berry

The Principle Component Analysis (Figure 2)
showed the correlation between drip loss, thaw-
ing time with vitamin C content, total phenolic
content and antioxidant capacity of thawed fruit.
Firstly, if the amount of drip loss was higher,
the less vitamin C remained in thawed berries.
This can be explained based on the high solu-
bility of this vitamin in water. Therefore, mi-
crowave thawed fruits which have low drip loss
often have a high retention fo vitamin C content.
Secondly, thawing time seems to have consider-
able negative effect on total phenolic content and
antioxidant capacity of thawed fruit. This result
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Table 2. Vitamin C and total phenolic contents in thawed strawberry and mulberry

Fruit Thawing methods Vitamin C (mg/100gF.W) TPC (mgGAE/100gF.W)
Microwave 24.4340.46* 331.02£1.11¢
Strawberry  Ambient temperature 22.264-0.38P 227.6643.714
Cold temperature 21.004-0.48P 277.56420.90°
Microwave 16.60-£0.24 443.37£37.470
Mulberry ~ Ambient temperature 14.7940.88f 377.164+22.03
Cold temperature 9.2541.058 278.49413.92)

aJResults are expressed as mean of three replicate measurements + standard deviation. Values followed with different

superscript (vertical) were significant different (P < 0.05).

Table 3. Antioxidant capacity of thawed strawberry
and mulberry by TEAC assay (mMTE/100 gF.W)

Thawing methods Strawberry ~ Mulberry
Microwave 1.3140.01*  2.90£0.10¢
Ambient temperature 0.98+0.01>  3.2240.03¢
Cold temperature 0.884+0.01¢  1.59+0.16°

a-fResults are expressed as mean of three replicate measurements
+ standard deviation. Values followed with different superscript
(vertical) were significant different (P < 0.05).
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Figure 2. Principle Component Analysis of physical
and chemical properties of frozen fruits after thawing.

is consistent with Oszmianski et al.(2009) who
claimed that thawing frozen strawberry in mi-
crowave oven (the shortest thawing time) retain-
ing more phenolic content than thawing at 20°C
for 20 hours. It is assumed that the degradation
of anthocyanin by the activities of polyphenol ox-
idase (PPO) and peroxidase (POD) which is still

active at low temperature during long thawing
process (Cano et al., 1995; Chisari et al., 2007;
Oszmianiski et al., 2009). On the other hands, the
exposure to oxygen during thawing can attribute
to oxidation of phytochemical compounds. Con-
sequently, faster thawing method in microwave
oven is better to achieve high content of phenolic
compounds in frozen berries (Oszmianski et al.,
2009).

4. Conclusions

The study revealed that the microwave oven
was the best method for thawing frozen straw-
berry and mulberry. Interestingly, berry fruits
thawed at cold temperature (4°C) increased
drip loss and decreased vitamin C, polyphenol
contents, thus reducing antioxidant capacity of
berries. It was assumed that prolonged thaw-
ing process increased the exposure time of vita-
min C and polyphenol compounds to oxygen and
enzyme degradation. Furthermore, PCA showed
that the retention of vitamin C was correlated
to drip loss, whereas phenolic content and an-
tioxidant capacity in thawed berries depended on
thawing time. Thus, thawing regime is the impor-
tant factor to assure quality of frozen strawberry
and mulberry after thawing.
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