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Abstract Effect of gamma irradiation (0.25 to 1.0kGy) on
antioxidant properties of ber fruit was studied. Antioxidant
properties of ber fruits were determined by Scavenging DPPH
radical activity, reducing power assay, super oxide anion
radical activity, TBARS, total phenolic content and total fla-
vonoid content. Gamma irradiation treatment up to 1.0kGy
elevated the Scavenging DPPH radical activity (9 %), super
oxide anion radical activity (26 %) and total flavonoid content
(208 %) compared to fresh ber fruit. On the other hand it
brought down the reducing power activity (65 %) and total
phenolic content (18 %) as compared to raw fruit. The
TBARS activity statistically increased upon irradiation of
ber fruit. It indicated that total antioxidant activity decreased
as TBARS value increased. Therefore 0.25 to 0.5kGy is better
dose to retain the natural antioxidant in fruit.

Keywords Ber fruit - gamma irradiation - antioxidant
properties - TBARS
Introduction

Ber (Zizyphus mauritiana) is a tropical and subtropical fruit
native to the northern hemisphere. It belongs to the genus
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Ziziphus of the family Rhamnaceae and order Rhamnales.
There are two major domesticated jujubes, Z. mauritiana
Lam. (Indian jujube or ber) and Z. jujuba Mill (Chinese or
common jujube) (Azam Azam-Ali et al. 2001; Zhang et al.
2009). It is one of the most ancient and underutilized fruits of
India. It is popularly called the king of arid zone fruits
(Yamadagni 1985; Shoba and Bharati 2007). The area under
cultivation with this fruit is 8.7 lakh ha with an annual
production of 8.9 lakh tones in India (Bolada et al. 2012).
About 125 varieties of ber are available in India. A few of
these varieties are known for taste, size, amount of pulp and
higher yields. The cultivars Umran, Kathapal and Gola are
the most promising varieties of ber in North India (Azam-Ali
et al. 2001).

Ber fruits are highly nutritious, rich in ascorbic acid and
contain fairly good amount of vitamin A and B, minerals like
calcium, phosphorus and iron. (Yamadagni 1985; Shoba and
Bharati 2007). It is also rich in carotenes and phenolics includ-
ing caffeic acid, p-hydroxybenzoic acid, ferulic acid and p-
coumaric acid. (Tanmay et al. 2011). Indian Ber contain good
source of ascorbic acid and total phenolics ranging from 19.54
t0 99.49 mg/100 g and 172 to 328.6 mg GAE/100 g respec-
tively (Koley et al. 2011). The average antioxidant activities
were 1.6-6.33 and 1.22-5.49 ymol TE/g as the CUPRAC and
FRAP assays, respectively (Krishna and Parashar 2012).

The storage life of ber fruits is extremely short. At ambient
temperature a shelf-life of 2—4 days is common. Due to the
surplus of fruits in the local markets during peak season, a
substantial quantity goes to waste, resulting in heavy posthar-
vest losses. Therefore proper postharvest management of ber
fruits is required (Sunil et al. 2011).

Radiation preservation of ber fruits is one post-harvest strat-
egy that may help to delay post-harvest ripening and senescence
and thereby reduce losses and extend the shelf life of fruits
(Azam-Alj, et al. 2001). Irradiation at 0.25 kGy and 0.75 kGy
caused a significant decrease in ascorbic acid content at the end
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of storage (30 days at 12°C). Radiation along with hot water
blanching and calcium chloride treatments were suitable for
extending the shelf-life and quality of ber fruits (Srijaya et al.
2012). Physiological loss in weight (PLW) and rotting were
lowest in fruits treated with UV radiation for 6 h + PBZ
5 ppm during 12 days of storage (Amit et al. 2003).

Ber fruit is rich in antioxidants, requires minimum crop
management skills and also available at low cost. Despite being
rich in nutrients, it is underutilized and seasonal fruit. So far
only nutrient composition (Azam-Ali et al. 2001; Rathore 2009;
Koley et al. 2011), antioxidant activity have been studied by
some researchers (Koley et al. 2011; Krishna and Parashar
2012; Sunil et al. 2011) and many studies have focused on
the effect of irradiation on post-harvest ripening and senescence
of ber fruits but not on the antioxidant properties in ber. If data is
available on the effect of irradiation on natural antioxidants in
the fruit, it can be utilized to promote processing, thereby
increasing the utilization, shelf life and consumption.
Therefore, our aim of research work is to evaluate the effect
of gamma irradiation on antioxidant properties of Ber fruit.

Material and methods
Procurement of raw materials

Mature ripe (yellowish-green color) ber fruits were procured
from the local market and the cultivar was identified by the
Taxonomy experts of the College of Horticulture,
Rajendranagar, Hyderabad. They identified the cultivar as
Gola. Ber fruits were packed into polyethylene bags and sub-
jected to irradiation treatments at dose of 0.25 kGy for 15 min,
0.50 kGy for 30 min, and 0.75 kGy for 45 min and 1.00 kGy
for 60 min at room temperature 32 to 35° C in gamma irradi-
ation unit ANGRAU, Rajendranagar, Hyderabad. After irradi-
ation of ber fruits were used to antioxidant analysis.

Sample preparation

Extract was prepared from 50 g irradiated fruit and fresh fruit
separately by using mixture of equal quantity of acetone
methanoland water (250 ml). The extract was centrifuged at
10,000 rpm for 15 min. The resulting supernatant was collect-
ed and the pellet re-extracted and the supernatants were
pooled together. The filtered extract was used for analysis of
Scavenging DPPH radicals, Reducing power, Superoxide an-
ion radical scavenging activity, total phenolic compounds and
total flavonoid content.

Scavenging DPPH radicals (Dorman et al. 2004)

The free radical scavenging capacity of the extracts was
determined using 1,1-diphenyl-2-picryl-hydrazil (DPPH).

@ Springer

2 ml of methanol solution of DPPH radical in the concentra-
tion of 0.05 mg/ml and 1 ml of extract were placed in cuvettes.
The mixture was shaken vigorously and allowed to stand at
room temperature for 30 min. Then the absorbance was mea-
sured at 517 nm against methanol as blank in spectrophotom-
eter. The DPPH free radical concentration was calculated
using the following equation:

DPPH scavenging effect(%) = (Ag—A;/Ao) x 100

Where, A, was the absorbance of the negative control or
blank and A | was the absorbance of reaction mixture or
standards.

Reducing power (Oyaizu 1986)

One ml of extract were mixed with 2.5 ml of phosphate buffer
(0.2 M, pH 6.6) and potassium ferricyanide [K3;Fe(CN)g]
(2.5 ml, 1 %). The mixtures were incubated at 50 °C for
20 min. Then trichloroacetic acid (10 %, 2.5 ml) was added
to the mixture and centrifuged. Finally, the upper layer
(2.5 ml) was mixed with distilled water (2.5 ml) and FeCl;
(0.5 ml; 0.1 %). The absorbance of solution was measured at
700 nm in spectrophotometer. Blank was prepared with all the
reaction mixture, indicated that the reducing power is
increased.

Superoxide anion radical scavenging activity (Nishimiki et al.
1972)

0.1 ml of extracts was mixed with 1 ml nitro blue tetrazolium
(NBT) solution (156 uM in 0.1 M phosphate buffer, pH 7.4)
and 1 ml NADH (Nicotinamide Adenine Dinucleotide) solu-
tion (468 uM in 0.1 M phosphate buffer, pH 7.4). The reaction
was started by adding 100 uL of phenazine methosulphate
(PMS) solution (60 uM in 0.1 M phosphate buffer, pH 7.4).
The mixture was incubated at room temperature for 5 min and
the absorbance was measured at 560 nm in spectrophotometer
against blank samples.

The following formula was used to calculate the percentage
inhibition of superoxide anion generation

Superoxide anion scavenging activity(%) = (A¢—A;1/Ag) x 100

Where A, is the absorbance of the negative control
consisting of all the reaction agents except the extract); A; is
the absorbance of reaction mixture or standards.

Total phenolic compounds
Total soluble phenolic compounds in the ber fruit extract

were determined with Folin-Ciocalteu reagent according to
the method of Slinkard (Slinkard and Singleton 1997) using
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pyrocatechol as a standard phenolic compound. Briefly, 1 ml
of the extract was diluted with 46 ml of distilled water. Then,
one milliliter of Folin Ciocalteu reagent was added and the
mixture was stirred vigorously. 3 ml of Na,CO3 (2 %) was
added after 3 min and then was allowed to stand for 2 h with
intermittent shaking. After that, absorbance was measured at
760 nm in spectrophotometer against blank consisting of all
the reaction agents except the extract. The total phenol con-
tent in the extract was determined as microgram of PE ac-
cording to the equation that was obtained from standard
pyrocatechol graph as

Absorbance = 0.0021 x total phenols[ug pyrocatechol equivalent]—0.0092

Total flavonoid content

The total flavonoid content was determined using the Dowd
method (Meda et al. 2005). Two ml of the extract solution was
mixed with 2 ml of 2 % aluminiumtrichloride (AICl;) in
methanol. The mixture was incubated for 10 min at room
temperature and the absorbance was measured at 415 nm in
spectrophotometer against blank samples. The total concen-
tration of flavonoids in the extracts was determined as micro-
gram of RE (rutin equivalent) according to the formula that
was obtained from standard rutin graph as

Absorbance = 0.0144 X total flavonoid[ug rutin equivalent] + 0.0556

TBARS (Thiobarbituric acid reactive substances) method
(Nikols et al. 1994)

This method selected for calculating the total antioxidant
activity of ber fruit.

Sample preparation

One gram irradiated ber fruit was homogenized in a motor and
pestle with 10 ml of 0.1 M phosphate buffer (pH 7.8) and one
percent of 0.05 M EDTA and centrifuged at 4,000 rpm for
15 min at 5°C. The clear supernatant extract was used for
analysis. The reaction mixture contained 2.3 g aliquot of
sample, coconut oil (0.24 ml) in phosphate buffer (0.26) ml,
0.1 M, pH 7.8), ferrous sulphate (0.05 mM), ascorbic acid
(0.4 mM), potassium hydrogenpthalate 100 mM, pH 6.0)
BHT (Butylatedhydroxytoulene) (25 mM in 5 ml hexane) in
a final volume of 2.4 ml. Content of the tube were incubated
for 30 min at 37°C. TCA (Trichloro acetic acid) (0.75 ml,
20 %) was added and centrifuged at 10,000 rpm for 30 min at
4°C, followed by addition of TBA (Thiobarbituric acid)
(0.5% in 0.1 N NaOH). Distilled water was added to equalize

the final volume to 3.24 ml. This was heated at 95°C in water
bath for 30 min followed by immediate cooling in ice pack for
5 min. Finally the reaction mixture was submitted to read the
absorbance at 532 nm against TBA.

Statistical analysis

The results obtained were subjected to statistical analysis with
the window STAT programme. To determine the statistical
significance of antioxidant activity, Analysis of Variance
(ANOVA) technique was used. Pearson’s bivariate correlation
test was used to calculate correlation coefficients between the
content of total phenolic, total flavonoid content, Scavenging
DPPH radical activity, reducing power and superoxide anion
radical scavenging activity.

Results and discussion

The results of scavenging DPPH radicals of studied ber fruits
are summarized in the table 1. Ber fruits were subjected to
irradiation at various dosages 0.25, 0.5, 0.75 and 1.0 kGy. It
was observed that at higher dose (0.50, 0.75, 1.0 kGy) the free
radical activity significantly (p>0.05) increased (80.88+0.49,
82.15+0.56 to 85.77+0.34 % inhibition) where as at low dose
(0.25 kGy) of irradiation there was no significant (p>0.05)
increase in the free radical activity (78.57+£0.42 to 78.97 1+
0.35 % inhibition) as compared to raw fruit. Radiation treat-
ments have been shown to either increase or decrease the
antioxidant content of fresh plant produce, which is dependent
on the dose delivered, exposure time and the raw material
used. The enhanced antioxidant capacity/activity of a plant
after irradiation is mainly attributed either to increased en-
zyme activity (e.g., phenylalanine ammonialyase and peroxi-
dase activity) or to the increased extractability from the tissues
(Althoman et al. 2009). An increase in free radical content was
also observed in nine aromatic spices (basil, bird pepper, black
pepper, cinnamon, nutmeg, oregano, parsley, rosemary, and
sage) at 10 kGy dose (Calucci et al. 2003).

Reducing power assay

Reducing power assay measures the electron-donating capac-
ity of an antioxidant. The reduction of the ferric ion (Fe*" to
ferrous ion (Fe*") is measured by the intensity of the resultant
blue-green solution which absorbs at 700 nm and an increased
absorbance is indicative of higher reducing power (Nagendran
et al. 2005). The results of reducing power activity of studied
ber fruits are depicted in the table 1. The reducing power
activity of irradiated ber fruits showed significance (p>0.05)
declined from 0.25, 0.50, 0.75 and 1.0 kGy (1.82+0.07, 1.68
+0.01, 1.50+0.00 and 1.20+0.06 absorbance) respectively as
compared to raw fruit. Gamma irradiation at 5 and 30 kGy
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Table 1 Antioxidant Activity of Gamma irradiated Ber fruit

TREATMENTS DPPH]1 RP2 SOA3 TBARS4 TP5 TF6

Raw fruit 78.574+0.16 3.51%+0.05 74.004+2.00 232.84°+3.06 94.70°+0.27 7.48°+0.01

0.25 kGy 78.979+0.42 1.82°+0.07 76.899+3.08 381.869+4.72 58.51°+1.20 15.429+0.04
0.5 kGy 80.88°+0.64 1.68°+£0.01 81.69°+1.93 454.90°+9.45 67.879+0.27 17.99°+0.08

0.75 kGy 82.49°+0.22 1.504+0.00 86.04°+1.60 540.20°+2.24 73.27°40.73 20.12°+0.04
1.0 kGy 85.78*+0.35 1.20°+0.06 93.33%+0.00 620.59°+6.40 77.08°+1.37 23.11%+0.11

Values are represented in Mean = SD at 5 %Significant level

*DPPH - 1, 1-diphenyl-2-picryl-hydrazil, activity is expressed in % inhibition. S.Ed-0.302231,CD 0.74323°

® RP- Reducing power expressed in absorbance, SEd-0.03102, CD-0.07153°

°TBARS-SEd-4.52555, CD 10.43589°¢

9SOA - super oxide anion scavenging activity is expressed in %. SEd-1.81525,CD-4.18596°
® TPand ° TF-total phenolics is expressed in pig pyrocatechol. SEd-0.80269, CD-1.85101° and total flavonoid is expressed in pg rutin. SEd 0.05490,CD-

0.12661°

cause a decrease in reducing power activity of black pepper
(Suhaj et al. 2006) whereas the same dose of irradiation did
not affect the reducing power activity in Zinger and Clove
(Suhaj and Horvathova 2007). It indicates that irradiation
either increase reducing power activity or remains the same.
The decrease of reducing power activity may be due to de-
crease in reductones (ascorbic acid). A study by Srijaya et al.
(2012) reported irradiation at 0.25 kGy and 0.75 kGy caused a
significant decrease in ascorbic acid content by the end of
storage (30 days at 12°C) of ber ftuits.

Super oxide anion radical scavenging activity

Numerous biological reactions generate superoxide radical
scavenging activity which is a highly toxic species although
they cannot directly initiate lipid peroxidation, super oxide
anion radical are potential precursor of damaging oxygen
species and thus the study of superoxide anion radical is
important. In the PMS/NADH-NBT system, superoxide anion
derived from dissolved oxygen by PMS/NADH coupling
reaction reduces NBT (Anand et al. 2007). The decrease of
absorbance at 560 nm with antioxidants thus indicates the
consumption of superoxide anion in the reaction mixture
(Gulcin 2004). Increased dose of gamma irradiation from
0.25, 0.50, 0.75 and 1.0 kGy of ber fruits reported significant
(»>0.05) increment in super oxide anion radical scavenging
activity as given in the table 1. A study by Helaly and Hanan
(2011) reported freshly isolated protoplast of salinized and
non salinized lemon shoots were subjected to gamma irradia-
tion. The activities of SOD (Super Oxide Dismutase), CAT
(Catalase), POX (Peroxidase) and GR (Glutothione
Reductase) were increased in irradiated shoots compared with
non-irradiated under salinized and non-salinized condition. It
was found that, irradiated shoots had a higher hereditary and
induced capability under salt stress which provide to it a better
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protection from oxidative and cellular damage caused by
NaCl salinity. Ber is also known for its ability to withstand
adverse conditions, such as salinity, drought and water log-
ging (Bolada et al. 2012).

Thio barbituric acid reactive substances

MDA (Malondialdehyde) and other aldehydes have been
identified as products of lipid peroxidation that reacts with
TBA to give a pink colored species that absorbs at 532 nm.
TBARS was originally developed in 1958 for testing rancidity
due to oxidized lipids in food materials (Devasagayam et al.
2003). The per cent TBARS and MDA are inversely propor-
tional to antioxidant activity i.e., with increase of TBARS
content, there will be decrease in antioxidant activity of fruit.
The results of TBARS of studied ber fruits are represented in
the table 1. Irradiation with 0.25 to 1.0 kGy of ber fruits
showed a significant (p>0.05) increase (381.86+4.72 % to
620.594+6.40 %) in TBARS activity as compared to raw fruit.
It indicates that, total antioxidant activity of fruit has decreased
as increased dose of irradiation. Study by Beltagi et al. (2011)
reported high dose irradiation cause oxidative burst (MDA,
H,0,, O ) in rosemary callus cells.

Total phenolic content

The antioxidant activity of phenolic compounds is mainly
attributed to their redox actions, neutralizing free radicals,
quenching singlet and triplet oxygen, or decomposing
peroxides.

The results of total phenolic content and flaonoid content of
investigated ber fruits are summarized in table 1. The total
phenolic content of fresh fruit was found to be 94.7+0.27 (ug
of PE). Irradiation significantly (»p>0.05) brought down the
phenolic content (58.51+1.2 to 77.08+1.37) in ber fruits as
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compared to control. Ber is rich in carotenes and phenolics
including caffeic acid, p-hydroxybenzoic acid, ferulic acid and
p-coumaric acid (Tanmay et al. 2011) and predominate flavo-
noid is naringenin (Ayaz et al. 2011). Gamma irradiation cause
a very strong decrease of ferulic acid, p-coumaric acid, rutin
and naringenin concentration. A study by Michaela et al.
(2005) repored gamma-irradiation reduced the concentration
of the phenolic compounds markedly in tomato samples.
Higher doses (0 to 20Gy) of gamma irradiation positively
enhanced secondary products accumulation of total phenols
and total flavonoids in rosemary callus culture (Beltagi et al.
2011). As dose of irradiation increases, the total phenolic
content also increases due to alterations in cellular compounds
at high temperatures or due to the decomposition of some
insoluble phenolic compounds. This can explain the increase
of total phenolic compounds at high dose of irradiation
(Villavicencio et al. 2000).

Total flavonoids content

The protective effect of flavonoids is due to several mecha-
nisms such as free radicals trapping, enzymes inhibition and
metallic ions chelation. These properties depend on the struc-
ture of the flavonoids and the degree of substitution and
saturation. Fruits and vegetables are rich source of flavonoids
(Ioannou and Ghoul 2012).

The results of total flavonoid content of ber fruits has
increased upon irradiation at 0.25 to 1.0 kGy as compared to
raw fruit as shown in the table 1. Gamma radiation can
interacts with atoms and molecules to create free radicals in
cells that are able to modify important components of plant
cells. These radicals have been demonstrated to affect the
morphology, anatomy, biochemistry and physiology of plants,
depending on the irradiation dosage. The effects consist of
changes in the plant cellular structure and metabolism, e.g.,
dilation of thylakoid membranes, change in photosynthesis,
modulation of the antioxidative system and enhancement of
phenolic compounds (Sina et al., 2011). A study by Khatun
et al. (2012) revealed that the total flavonoids content in-
creased significantly with increasing dose of radiation in bitter
gourd as compared to control sample. The increase in total

Table 2 Pearson’s correlation coefficients of antioxidant activities of ber
fruits upon irradiation (0.25, 0.5, 0.75, 1.0 kGy) treatment

'DPPH RP ’SOD “Tp >TF
'DPPH 1
RP -0.73 1
3S0D 0.99° -0.79 1
“Tp -0.03" 0.70 —0.13" 1
>TF 0.87° -0.97° 0.91° —-0.51" 1

Ns non significant, *-Significant (p>0.05), **-Significant (»p>0.01)

flavonoid can be attributed to the phenylalanine
ammonialyase activity, which is one of the key enzymes in
the synthesis of phenolic compounds in plant tissue.

The results of correlation of antioxidants activity in ber
fruits upon irradiation (0.25, 0.50, 0.75 and 1.0 kGy) are
presented in table 2. Scavenging DPPH radical activity was
strongly correlated with the total favonoid content and super
oxide anion radical activity in irradiated ber fruits. It was
observed that the reducing power activity of irradiated ber
fruit was negatively correlated (»=—0.97) with total flavonoid
content. Therefore irradiation dose increased the DPPH activ-
ity as well as total flavonoid content in fruit.

Conclusion

Ber fruits are rich in ascorbic acid content, as well as phenolics
and flavonoids. Irradiation treatment cause strong increase in
flavonoid content and superoxide anion radical activity,
DPPH radical activity but slight reduction of total phenolics
and reducing power activity. Total antioxidant activity
(TBARS) of irradiated fruit has decreased 64 to167% com-
pare to raw fruit at 0.25 to 1.0 kGy. The per cent TBARS and
MDA are inversely proportional to antioxidant activity i.e.,
with increase of TBARS content, there will be decrease in
antioxidant activity of fruit. Therefore 0.25 to 0.5 kGy is better
dose to retain the natural antioxidant in ber fruit.
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