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Post-harvested blackberry, raspberry and strawberry fruits were immediately treated with
1% and 2% calcium chloride by immersion at 20 + 1°C for 2.5 min and kept for 8 days at
0 + 0.5°C and relative humidity (RH) 90 + 5%. The application of calcium did not
significantly effect on total titratable acidity, pH and total soluble solids. Maximum
weight lost was observed for untreated berries and minimum lost was observed for fruits
treated with 2% calcium chloride. After storage, ascorbic acid content was significantly
higher in samples of blackberry, raspberry and strawberry fruits subjected to 2% calcium
chloride dip. Treatment of blackberry, raspberry and strawberry fruits with calcium
chloride had a positive effect on retention of total polyphenols content during the storage
period. Depletion of antioxidant capacity of untreated fresh blackberry fruits during 8
days cold storage was 25%; raspberries and strawberries - 34 and 26 % respectively.
Whereas depletion of antioxidant activity in the 2% calcium chloride treated samples of
these fruits was 8, 22 and 11% respectively. In case of storage of untreated blackberry
fruits content of cyanidin-3-O-monoglucoside decreased by 6.33 mg per 100 g of fruit.
While, in fruit samples treated with 1 and 2% calcium chloride content of cyanidin-3-O-
monoglucoside decreased by 32.06 and 11.35 mg per 100 g of fruit, respectively. Content
of pelargonidin 3-O- monoglucoside increased by 2.29 mg per 100 g of the untreated
blackberry fruits and by 26.87 and 8.45 mg per 100 g of fruits treated with 1 and 2%
calcium chloride respectively. Change of content of cyanidin 3-O- (6 - p — coumaroyl -
glucoside) in blackberry fruits was not statistically significant.

Introduction

Blackberry (Rubus fruticosus, cv. Chester), Raspberry
(Rubus idaeus L. cv. Killarney) and Strawberry (Fragaria
X ananassa. cv. Red Dream) fruits belongs to the Rubus
genus in the Rosacea family. They are widely grown in
Georgia and its consumption annually increases
throughout the world. Berries are excellent sources of
phytochemicals that are believed to have significant
biological activity. Berry containing elevated levels of
bioactive compounds (Skrovankova et al., 2015;
Halvorsen et al., 2002; De Souza et al., 2014; Slatnar et
al.,, 2012; Namiesnik et al., 2014; Diaconeasa et al.,
2015), are attracting considerable attention due to their
potential to lower the risk of chronic diseases and their
associated huge healthcare costs (Beattie et al., 2005;
Karlund et al., 2014; Pantelidis et al., 2007). Phenolics
may contribute to this protective effect. Berries are very
rich in health-promoting phytochemicals (Fortalezas et
al, 2010). Many of these phytochemicals have
antioxidant activity and may help protect cells against the
oxidative damage caused by free radicals. (Wada et al.,
2002; Prior et al., 2003; Ichiyanagi et al., 2004; Zheng et
al., 2003; Panico et al., 2009). Berry can be used in the

development of functional foods with the objective of
enhancing health conditions (Potter et al., 2007). Different
berries and berry phenolics possess considerable
antimicrobial effects against, e.g. Salmonella and
Staphylococcus (Puupponen-Pimia et al., 2005; Burdulis
et al., 2009).

However, berries are also highly perishable fruits due
to their soft texture, high softening rate and high
sensitivity to fungal attack. Quality declines rapidly after
harvest, which must be done at full maturity, and storage
life may be less than a week (Wills et al., 1998). This
problem may be overcome with calcium chloride
application (Astuti et al., 2013). The involvement of Ca in
the regulation of fruit ripening is well established
(Ferguson, 1984; Aghdam et al., 2012; Poovaiah, 1986).
Calcium contributes in improving the rigidity of cell
walls; retard tissue softening also reduces the accessibility
of cell wall degrading enzymes to their substrates
(Vicente et al., 2009). Moreover, calcium is considered to
be an important mineral element that regulates fruit
quality, specifically, maintenance of fruit firmness (Lurie
et al., 2009, Machado et al., 2008). Effect of calcium
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treatment on quality of fruits, has been investigated
intensively (Garsia et al., 2001), but there is a lack of
information about effect of calcium treatment on berry
fruits. The objective of the present study was to
investigate the effect of calcium treatment of blackberry,
raspberry and strawberry fruits on the retaining ascorbic
acid, anthocyanins, total polyphenols as well as other
general quality parameters during storage period.

Material and Methods

Chemicals

Ascorbic acid and Potassium dihydrogen phosphate
were purchased from Sigma - Aldrich (Steinheim,
Germany), TPTZ — 2 — 4 — 6 - Tris (2 - pyridyl) — s -
triazine (Sigma - Aldrich, Switzerland), Folin - ciocalteu
Reagent (Appli Chem, Germany), hydrochloric acid,
formic acid and phosphoric acid were provided by Merck
(Darm-stadt, Germany), Sodium carbonate was purchased
from Chem Cruz (Chem Cruz Biochemicals, USA), Ethyl
acetate and methanol (Sigma - Aldrich Steinheim,
Germany) were HPLC grade. All other reagents were
commercially available at the local market and were of
analytical grades.

Sample Collection

Berry fruits were harvested in the middle summer in
eastern part of Georgia. After harvesting average samples
of fruits were treated with 0%, 1% or 2% calcium
chloride solution at 20 + 1°'C temperature with exposure
time of 2.5 min. The treated samples were stored for 8
days in refrigerator at 0 + 0.5°C and 90 + 5% RH.

Sample Preparation

Preparation of sample for ascorbic acid determination
by HPLC (Varian — Prostar - 500, USA, detector - UV
varian Prostar, Australia, column - 250 mm x 4.6 mm, dp
= 5 um, Symmetry, Waters, Ireland) method was done
according to Koyuncu et al. (2010). Briefly, sample (10 g)
was extracted in 10 mL water adjusted to pH 1.5 with 10
mL phosphoric acid-water (2%, v/v). The extracts were
filtered through filter paper 45 pm (Whatman, UK). Then,
1.5 mL buffer (0.01 M KH,PQ,, pH 8.0) was added to 1.5
mL sample extract, 1 mL (vitamin - C) of preferred
mixtures were loaded on to C 18 cartridges (Agilent,
Bond Elut, USA). After loading, 3.0 mL water adjusted to
pH 1.5 with 2.0 mL phosphoric acid-water (2%, v/v) were
passed through the cartridges.

Samples for antioxidant analysis were prepared
according to Rodriguez - Saona et al. (2001). About 40 g
of berries were cryogenically milled in liquid nitrogen.
Chilled test tubes were filled with milled fruit powder and
weighed (5 g), and then the powder was extracted with
acetone (200 mL).The acetone was removed under
vacuum in a rotary evaporator at < 30°C and then 250 mL,
70% methanol was added to the powder. Total methanol
extract was examined for antioxidant activity. Samples for
anthocyanin analyses by High performance liquid
chromatography, HPLC (Varian — Prostar - 500, USA,
detector - UV varian Prostar, Australia, column — S 250 x

4.6, Agilent, Microsorb — 100 - 5, The Netherlands) were
prepared according to Prior et al. (2012). Berries (40 g)
were homogenized in methanol/water/formic acid in a
ratio of 60: 37: 3 (v/v/v), kept overnight (14 h) at 3 — 5°C
and later filtered by filter 45 pm (Whatman, UK) through
a Buchner funnel under vacuum. The filtrates were
centrifuged (4000 X g, 15min, 21°C) The supernatant was
concentrated under vacuum in a rotary evaporator at <
30°C to total evaporation of the methanol. An aliquot (2.0
mL) of the aqueous phase was carefully deposited onto a
C - 18 cartridge (Agilent, Bond Elut, USA). sugars and
more polar substances were removed by passing 2.0 mL
of ultrapure water through the cartridge. polyphenols were
removed by passing 2.0 mL of ethyl acetate and finally
anthocyanin pigments were eluted with 10 mL of
methanol. 10 mL deionized (DI) water was added to the
methanol extract and then the methanol was removed
under vacuum in a rotary evaporator at < 30°C.

Measures and Covariates

Titratable acidity: Titratable acidity (TA) was
determined by titration with 0.1 N NaOH to a pink color
using 1% phenolphthalein as indicator and expressed as g
100 g * citric acid, Morris et al. (1985).

Total Soluble Solids: Total Soluble Solids (TSS) was
measured by digital refractometer (WYA — 2 S China)
according to ‘Brix reading.

Determination of pH: pH level of the berry fruits was
measured using a pH-meter at 20°C (Tosun et al., 2008).

Determination of vitamin C: Determination of vitamin
C was performed by HPLC method as described by
Koyuncu et al. (2010). The columns used were 250 mm X
4.6 mm, dp = 5 um (Symmetry, Waters, Ireland), The
mobile phases were water adjusted to pH 3.0 with
phosphoric acid. The UV detector (Varian pro Star,
Australia) was set at 215 nm. Quantitation was based on
the peak area measurement. For HPLC (Varian-Prostar -
500, USA), 20 uL of the sample were injected.

Determination of total anthocyanins: Anthocyanin
quantitation was performed by the pH differential method
of Giusti et al. (2001). Samples were diluted 1 : 150 in pH
1.0 and pH 4.5 buffers, and then measured at 520 and 700
nm in UV - Visible spectrophotometer (A & E Lab Co
LTD, UK). It was based on a cyanidin 3 - glucoside molar
extinction coefficient of 26,900 AE/mol and a molecular
weight of 449.2 g/mol. Resultant values were expressed in
terms of mg of anthocyanins 100 g of fresh fruit.

Determination of total phenolics: Determination of
Total Phenolics (TPC) was performed by Bond et al.
(2003). As aliquot of 1.0 mL of diluted sample extract
was vortexed with 10 mL DI water and 1.0 mL Folin-
Ciocalteau reagent, and a 1.0 mL deionized water was
used as control. After equilibration at room temperature
for 8 min, the solutions were mixed with 4 mL of 7.5%
(w/v) Na,COs; The samples and standards (Gallic acid
dilute working standard solutions: 10 - 50 pgmL™) were
equilibrated at room temperature for 60 minutes. The
absorbance of the samples and standards were measured
spectrophotometrically (UV/Vis spectrophotometer, A&E
Lab Co LTD, UK) at 765 nm, with a 10 mm path length
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cell. TPC was calculated as mg of gallic acid equivalents
per 100 g fresh weight of sample.

Determination of individual anthocyanins by HPLC:
Determination of Anthocyanins by HPLC Analyses was
performed by a Varian — Prostar - 500 series liquid
chromatograph. Separation was achieved on a C18, 150
mm X 4.6 mm column. Solvents used were: (A) Aqueous
Trifluoroacetic acid (TFA) 0.1%, and (B) Methanol
100%, establishing the following gradient: isocratic 6% B
for 5 min, 30% B over 10 min, isocratic 50% B for 15
min, 60% B over 5 min, and 6% B over 10 min, using a
flow rate of 0.4 mL min™, using 518 nm wavelength, and
a mass spectrometer (MS, Varian-prostar-500, USA)
connected to the HPLC system. The Mass Spectrometer
(MS) was equipped with an Electro Spray lonization
(ESI) source and an ion trap mass analyzer. Spectra were
recorded in positive ion mode 3500 volts. Quantification
of anthocyanins content was carried out according to
chromatographic peaks at 518 nm wavelength.

FRAP assay: The antioxidant capacity was
determined following the procedure described by Benzie
et al. (1996) with modifications. The FRAP reagent was
freshly prepared by adding 10 mM 2,4,6-tripyridyl-s-
triazine (TPTZ) (dissolved in 40 mM of HCI), 20 mM of
FeCl; in water and 300 mM of acetate buffer (pH 3.6) in
the ratio of 1:1:10. The FRAP reagent was warmed to
37°C for 15 minutes. Then, 100 pL of sample was added
to 3.0 mL reagent blank. The absorbance was recorded at
593 nm. The reaction was monitored for 4 min. FRAP
values of samples were compared to that of ascorbic acid
and expressed as vitamin C equivalents per 100 g of fresh
fruits.

Statistical Analysis

The data represents the mean of three replicates +
standard deviation (SD). Data were subjected to the t -
test. All calculations were performed with Microsoft
Excel (Version 4, statistical functions, Microsoft Corp.,
Redmond, WA, USA).

Results and discussion

Quality parameters such as weight loss, vitamin C
content, total polyphenols and total anthocyanins, as well
as main individual anthocyanins were monitored at the
initial sampling and after 8 days of storage at 0°C. After 8
- 10 days most fruits became molded and damaged and
the storage was discontinued.

Weight Loss

Fruit weight loss is associated with respiration and
moisture evaporation through the skin. Table 1 shows
weight loss during cold storage (0°C and 90 + 5% RH).
All samples of blackberries demonstrated practically
insignificant loss of weight during storage.

The data in Table 1 shows that during storage (0°C
and 90 + 5% RH) raspberry fruits lost from 5.3 up to 16%
weight depending on calcium treatment. Maximum lost
was observed for untreated fruits (16%) and minimum
lost was observed for fruits treated with 2% calcium

chloride (5.3%). Similarly, untreated strawberry fruits lost
maximum weight (8.5%) and treated with 2% calcium
chloride — only 4.1%, that is more than two times less
than untreated fruits. The lower weight loss in samples
treated with calcium chloride dip may be due to increased
water holding by formation of calcium pectate hydrogel
and delay in dehydration process. (Lester et al., 1999)

TA

TA changed from 1.00 £ 0.05 to 0.90 = 0.05 equally
for all the samples of blackberries during storage period.
The TA of untreated raspberries and strawberries
decreased from 2.34 = 0.05 to 1.71 £ 0.02 and from 0.81
+ 0.03 to 0.70 £ 0.03 respectively in days of storage.
Application of calcium chloride did not significantly
influence this parameter (Table 2).

Initial TSS

TSS content of blackberry fruit was 12.5 £ 0.5 After 8
days of storage. TSS increased up to 12.90 = 0.07 in the
untreated sample of blackberries (Table 2). After 8 days
storage TSS decreased to 11.60 £ 0.66 and 11.50 = 0.10
in the treated samples with 1% and 2% calcium chloride
respectively, probably because of respiration process. The
initial TSS content was 11.00 = 0.08 and 8.55 + 0.15 for
raspberry and strawberry fruits respectively. After 8 days
storage TSS decreased to 10.22 £ 0.06, 9.60 + 0.05 and
9.65 + 0.12 in raspberry fruits treated with 0, 1 and 2%
calcium chloride respectively and to 7.00 = 0.17, 6.57 +
0.08 and 6.35 + 0.04 in strawberry fruits treated with 0, 1
and 2% calcium chloride respectively (Table 2).

The decrease of TSS in 1% and 2% calcium chloride
also might be due to the fact that more concentration of
calcium chloride formed a thin layer on the surface of
fruit  which  delayed degradation process of
polysacharides. The increase in TSS in blackberry fruit is
attributed to the dehydration process and to the enzymatic
conversion of higher polysacharides such as starches and
pectins into simple sugars (Hussain et al., 2008).

pH Value
Changes in pH values of fruits during storage period
were not statistically significant (Table 2).

Vitamin C Content

Ascorbic acid is an important nutrient and is very
sensitive to degradation due to its oxidation compared to
other nutrients during food processing and storage
(Veltman et al., 2000). There was no significant change in
ascorbic acid content during 8 days of storage period in
blackberry fruits untreated with calcium chloride (Table
2). This may be due very short period of storage (8 days)
which is insufficient to the oxidation process of ascorbic
acid in darkness. Whereas, samples treated with 1% and
2% calcium chloride showed increased ascorbic acid
content by 15.7 and 37.5% respectively. The increasing of
ascorbic acid content during storage may be due to the
continuing process of biosynthesis of vitamin C, which
seems to be a physiological response of the fruit cells on
some damages caused by calcium chloride treatment.
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Such increasing in ascorbic acid content in post harvested
apples was reported by Poovaiah, (1986). Initial content
of ascorbic acid in raspberry and strawberry was 23.87 +
0.35 and 45.17 £ 0.24 mg per 100 g of fruits. Eight days
of storage resulted in oxidative degradation of ascorbic
acid down to 12.98+0.12 (54 %) and 27.35 = 0.35 (77%)
mg per 100 g of untreated raspberry and strawberry fruits
respectively. After storage, ascorbic acid content was
significantly (P<0.05) higher in samples of raspberry and
strawberry fruits subjected to 2% calcium chloride dip. In
the strawberry fruits this difference was even more: 27.35
+ 0.35 mg/100g in the untreated fruits and 34.68 + 0.42
mg/100g in the 2% calcium chloride treated fruits (Table
2).

These results showed that CaCl, treatments had a
significant effect on retaining ascorbic acid content in
raspberry and strawberry fruits. This might be because
higher concentrations of CaCl, delayed the rapid
oxidation of ascorbic acid in the samples.

TPC and Antioxidant Potential

Berry fruits are good source of polyphenolics
(Hassimotto et al., 2008). Table 3 shows that treatment of
blackberry, raspberry and strawberry fruits with calcium
chloride had a positive effect on retaining polyphenols
during storage period. Effect of calcium treatment was
statistically significant between untreated and treated with

1 and 2% calcium chloride fruits (P<0.05). This might be
because the addition of calcium chloride to berries
strengthened the cell wall, enhanced the formation of egg
box structure and minimized syneresis/leaching of water
soluble compounds such as polyphenols. Also, calcium
chloride treatment decreases polyphenol oxidase (PPO)
activity (Tomas-Barberan et al., 1997) and by such way
prevents polyphenols oxidation. TPC and antioxidant
potential are well correlated in most cases (Balik et al.
2008). In our study reduction in polyphenols content of
untreated sample of blackberries by 13.6% reflected in
reduction of antioxidant potential by 25% (Table 3). In
the samples treated with 1% and 2% calcium chloride
reduction of polyphenols content by 12.4 and 7.5%
caused reduction of antioxidant potential by 15.6 and
8.7% respectively. Calcium chloride treatment had
positive effect on retaining antioxidant potential in both
fruits samples of raspberries and strawberries. 66 and 74
% of antioxidant potential was retained in the untreated
samples of raspberry and strawberry respectively.
Whereas, in the treated samples maximum antioxidant
potential was retained up to 78 and 89% in raspberry and
strawberry  fruits. Correlation coefficient between
polyphenolics content and antioxidant activity was
between 0.91 and 0.95, which is not high probably
because presence of ascorbic acid and its contribution to
the antioxidant potential.

Table 1 Effect of calcium chloride treatment on weight loss of berries after storage (at 0 + 0.5°C, RH 90 + 5%)

Berry Treatments % Initial weight g Weight after storage Weight loss %
calcium chloride (8 days) g.
0 34.79 +£0.10 34.46+0.14 0.93+0.01
Blackberry 1 44.01+0.21 43.64+0.74° 0.84+0.02"
2 43.06+0.45 42.75+0.25" 0.71+0.02°
0 14.22+0.14 11.92+0.01 16.000.05
Raspberry 1 11.7120.05 10.64+£0.07° 9.10+0.02°
2 12.48+0.02 11.81+0.03° 5.30+0.02°
0 18.90+0.10 17.29+0.08 8.50+0.02
Strawberry 1 21.01+0.12 19.74+0.14° 6.00+0.01"
2 19.55+0.17 18.75+0.10° 4.10+0.05°

The data represents the mean of three replicates + SD; a - difference between test and control samples is not statistically significant. b - difference

between test and control samples is statistically significant

Table 2 Effect of calcium chloride treatment on quality parameters of berries after storage (at 0 + 0.5°C, RH 90 + 5%)

Storage Treatments % 0 0 Vitamin-C

Berry period (days) calcium chloride TSS % pH TA% mg x100g™*

0 fresh 12.50+0.50 3.70+£0.02  1.00+0.05 31.20+0.15

Blackberr 8 0 12.90+0.07°  3.69£0.01  0.92+0.02°  31.10+0.69%
y 8 1 11.60+0.66 3.70£0.02  0.93+0.05°  36.10+0.66°

8 2 11.50+0.10°  3.70£0.04  0.90+0.05°  42.90+0.10°

0 fresh 11.00+0.08 2.45+£0.01  2.34+0.05 23.87+0.35

Raspberr 8 0 10.22+0.06°  2.45+0.00  1.71+0.08°  12.98+0.12°
poerry 8 1 9.60£0.05°  2.45+0.06  1.76+0.02°  14.96+0.25"

8 2 9.65+0.12° 2.44+0.02  1.77£0.02°  17.05+0.31°

0 fresh 8.55+0.15 3.50+0.02  0.81+0.02 45.17+0.24

Strawberr 8 0 7.00+0.17° 3.510.00  0.72+0.03°  27.35+0.35"
y 8 1 6.57+0.08° 3.50+0.02  0.67+0.02°  29.85+0.17°

8 2 6.35+0.04° 3.50+0.00  0.67+0.04°  34.68+0.42°

The data represents the mean of three replicates + SD; a - difference between test and control samples is not statistically significant. b - difference

between test and control samples is statistically significant
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Table 3 Effect of calcium chloride treatments on TPC, monomeric anthocyanin content and FRAP of berries after
storage (at 0 = 0.5°C, RH 90 + 5%)

Berry Storage period Tre_atments % TPC mlg Mon_omeric . FR_AP mg equivaleqts
(days) Calcium chloride 100g° anthocyanins mg100g vitamin-C x 100g°

0 fresh 177.12+0.85 128.58+2.53 335.23+3.56

Blackberry 8 0 152.94i0.342 122.60+1.45° 251.40+2.15°
8 1 155.14+0.44 124.20+2.78% 283.00+4.237

8 2 163.93+1.03° 125.36£1.65° 306.00+3.20°

0 fresh 116.01+1.25 33.34+0.52 220.00+3.56

Raspberr 8 0 105.58+2.41° 23.35+0.42° 146.63+4.23°
y 8 1 113.38+2.20° 29.26 +0.15P 173.72+3.65°

8 2 109.98+1.65° 27.88+0.71° 167.70+4.82°

0 fresh 152.94+2 .45 63.87+0.51 413.10+3.52

Strawberry 8 0 130.60ﬂ:2.752 49.29:&1.422 357.19:&2.752
8 1 136.13+3.85 52.17+0.98 368.75+4.32

8 2 145.37+3.15° 54.34+1.05° 306.08+4.95°

The data represents the mean of three replicates + SD; a - difference between test and control samples is not statistically significant. b - difference

between test and control samples is statistically significant
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Figure 1 Changes in content of individual anthocyanins during storage period in blackberry fruit

Anthocyanin Content

The most important polyphenols of strawberries and
raspberries are anthocyanins and the main anthocyanin of
strawberries is pelargonidin 3—O-monoglucoside and the
main anthocyanin of raspberries and blackberries are
cyanidin-3-O-monoglucoside. The data in Table 3 shows
that total anthocyanins in untreated sample of raspberry
were reduced by 30%, whereas in the 1% and 2% calcium
treated samples total anthocyanins reduced by 12 and
15%, respectively. For the strawberry fruits reduction of
anthocyanins in the untreated sample was 23%, whereas
in the 1 and 2% calcium treated strawberry samples total
anthocyanins reduction was 19 and 15.5% respectively.

Figure 1 shows changes in anthocyanin contents after
8 days storage period in blackberry fruit. As shown, total
anthocyanins in untreated sample reduced by 4.5%,
whereas in the 1 and 2% calcium treated samples total
anthocyanins reduced only by 3.3 and 2.5% respectively.
The difference was statistically significant between

untreated and treated with 2% calcium chloride fruits
(P<0.05).

Our research showed that content of cyanidine — 3 - O
-monoglucoside decreased by 6.33, 32.06 and 11.35 mg
per 100 g of fruit in case of storage of untreated, treated
with 1 and 2% calcium chloride respectively. Whereas,
content of pelargonidin 3 — O - monoglucoside increased
respectively by 2.29, 26.87 and 8.45 mg per 100 g fruits
(Figure 1). This may be because pectin binds
anthocyanins, some more tightly than others, more tightly
at different pH values (Lin et al., 2016). The addition of
calcium changes these bindings and results in changes of
individual anthocyanins content.

Change of content of Cyanidin 3 — O - (6 — p —
coumaroyl - glucoside) was not statistically significant.

Unfortunately, authors were unable to identify
changes in individual anthocyanins of strawberry and
raspberry fruits because of unavailability respective
samples of the main individual anthocyanins of these
fruits.
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Conclusion

e The application of calcium did not significantly effect
on the whole of characteristics of qualities, such as
TA, pH and TSS. Though, treatment with 2%
calcium chloride had a slight influence on the taste of
fruits. In order to retain quality and good taste of the
fruits during cold storage, it is recommended to treat
berry fruits with 1% calcium chloride.

e The berry fruits treated with calcium (1 and 2%) by
immersion increased their ascorbic acid content.

e TPC and antioxidant potential in stored fruit was
higher if treated with calcium chloride. Calcium
chloride treatment also had positive effect on the
retaining process of monomeric anthocyanins during
storage. Calcium chloride dip is a practical way to
extend shelf life and nutritional quality of
blackberries, raspberries and strawberries during
chilled storage.

e The application of calcium changed content of
individual anthocyanins of blackberries because their
binding to pectin compounds.
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