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A

FIELD experiment was performed to study the effect of gamma irradiation (0.0, 50 and
100Gy) on growth parameters and bioactive compounds of different parts of eggplant.
All growth parameters studied showed an increase when using a dose of 50Gy gamma rays.
Also, 50Gy increased total phenolic contents (2.140, 4.039 and 2.965mg/g DW) for pulp, peel
and whole fruits, respectively. A dose level at 50Gy increased flavonoid contents (0.835, 4.301
and 3.166mg/g DW) for pulp, peel and whole fruits, respectively. Moreover, tannin contents
increased at a dose of 50Gy to (5.853, 7.94 and 7.79mg/g DW) for pulp, peel and whole
fruits respectively; the highest contents were detected in peels followed by the whole fruits
and the pulps. The DPPH radical scavenging activity of eggplant extracts varies according
to the plant part. The antioxidant activity in the whole fruit was less than the peel and pulp
while the highest antioxidant activity was in the peel. Otherwise, the amino acid and total
soluble protein contents were higher in pulp in all treatments. Phenyl alanine ammonia-lyase
(PAL) enzyme and polyphenol oxidase enzyme showed increases in their activities as gamma
radiation increased to 50Gy, while increasing irradiation dose level to 100Gy reduces both
enzyme activities. FT-IR showed the appearance and disappearance of function group in
control and irradiated plants. Meanwhile, the results confirmed the presence of C-H stretching
phenol (1020cm-1), alkane C-H blending (1450cm-1) and O-H stretching, lipid at (1450cm-1),
and carbohydrate amino acids (3940.39cm-1) in eggplant plants different parts control and
irradiated.
Keywords: Gamma irradiation, Eggplant, Bioactive compounds, Fourier Transform Infrared
(FTIR) spectroscopy.

Introduction
Eggplant (Solanumm elongena L.) is considered
one of the most important and popular vegetable
crop in Egypt, while in many other tropical and
sub-tropical countries, it is considered as national
diet. Eggplant fruits have high contents of
carbohydrates, proteins and some minerals such
as Ca, Mg, and P with a high content of minerals
(El-Nemr et al., 2012) and have low calories
(25kcal/100g). The world production of eggplant
is about 50 million tons annually, and hence, it
becomes the fifth most economically important
solanaceous crop after potato, tomato, pepper and
tobacco (Taher et al., 2017). The most common
producing countries are China (28.4 million tons;
57% of world’s total), India (13.4 million tons;
27% of world’s total), Egypt (1.2 million tons),
Turkey (0.82 million tons), and Iran (0.75 million
tons).

Eggplant acquires its quality from its violet
surface without defects, and absence of seed
(Cantwell & Suslow, 2009). Moreover, loss
of cellular compartmentalization accelerates
browning by increasing peroxide levels and
oxygen partial pressure within the tissues, and
by releasing phenolics found in the vacuoles,
which are oxidized by polyphenol oxidases and
peroxidases (Concelin et al., 2004). Polyphenols
have received a great concern because of their
strong powerful antioxidant properties. Also, they
exist at a high concentration in many fruits and
vegetables. Many researchers have confirmed
that consuming fruits and vegetables which have
high contents of polyphenols reduces the risk
of coronary heart diseases, neurodegenerative
diseases and certain forms of cancers (Hung et al.,
2004), and acts as hepatoprotective (Akanitapichat
et al., 2010), anti-inflammatory (Han et al., 2003)
and antiallergic (Lee et al., 2001). The medicinal
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properties of Solanum melongena plant leaves
are derived from its chemical constituents and
its antioxidant property which are attributed to
flavonoids. The terpenes (steroids) make it useful
for bronchitis and also analgesic property is
because of the alkaloids (Shrivastava et al., 2012).
The whole eggplant fruits are one of the top ten
vegetables in terms of oxygen radical absorbance
capacity and antioxidant activity of entire fruits of
eggplant was examined by various assays (Hanson
et al., 2006), some researchers examined the skin
(Azevedo et al., 2007) while others examined the
pulp (Singh et al., 2009). Gamma rays are one type
of ionizing radiation which reacts with atoms or
molecules to produce free radicals in cells. These
radicals can change essential constituents of plant
cells. Gamma irradiation mostly influences the plant
growth by alteration in production via cytology,
biochemistry, physiology and morphogenetic of
the cells (Rahimi & Bahrani, 2011). Some studies
confirmed preventive effects of greater exposure
of gamma rays, while low doses of gamma rays
stimulate seed germination of Pinus kesiya Gord,
P. wallichiana, and Botanica orientalis (Thapa
& Jacks, 1999). Moreover, the stimulating effects
of gamma irradiation were recorded to raise the
flavonoid, alkaloid, phenolic compound, and
antioxidant activity (Kim et al., 2006).
The relatively low doses of ionizing radiation
on plant appeared in accelerating cell proliferation,
germination rate, cell growth, enzyme activity,
stress resistance and crop yields (El-Beltagi et al.,
2011 b). The aim of this study is to investigate
the effect of gamma irradiation on growth and
bioactive compounds of eggplant different parts.
Materials and Methods
Chemicals
All reagents were obtained from Sigma–
Aldrich S.p.A. (Milan, Italy) and had a high degree
of purity (purity> 97%).
Materials
In this study, eggplant seeds (EW7676) long
type, deep purple were provided from Suez Canal
Trade and Agricultural Company Cairo-Egypt.
Irradiation treatments
Seeds were divided into three groups; control
and irradiated at dose levels 50 and 100Gy at dose
rate 0.688rad/sec from Cs137.
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Non-irradiated and irradiated eggplant seeds
were counted and put in petri dishes to calculate
germination percentage.
One hundred of eggplant seeds were sown in
pots (7cm) containing three seeds each and 1:1
mixture of peat and perlite. After three weeks,
plants were transferred to the soil to reach fruit
stage. After 70 days from transferring to soil,
four plants per replicate were randomly chosen
to measure the growth parameters including plant
height (cm), root length (cm), fruit length (cm),
fruit diameter (cm), fresh and dry weight (gm). A
complete randomized block design (CRBD) with
three replicates was used.
Lypholization
The eggplant fruits were separated into pulp,
peel and whole fruit, weighed, chopped and
homogenized under liquid nitrogen and weighed
at a portion of 50-100g and then, lyophilized for
48hr (Virtis model 10-324), finally the dry weight
was determined . The samples were ground to
pass through a 0.5mm sieve and stored at -20°C
until the bioactive substances were analyzed.
Ethanolic extract
The lyophilized samples of eggplant pulp, peel
and whole fruit, (2g) were extracted with 25ml of
ethanol 80% at room temperature in the dark for
24h, followed by filtration through Whatman filter
paper No.1. The residue was re-extracted in the
same manner three times and the three filtrates
were combined (Sobhy et al., 2009) and the final
volume was concentrated to 25ml.
Total phenolic compounds
Phenolic content was measured using the
Folin-Denis reagent (Shahidi & Naczk, 1995).
Absorbance was measured at 765nm using
spectrophotomer (Jasco V-530). The results were
expressed as mg/g of gallic (GAE) equivalent of
the dry weight of the extract.
Flavonoids contents
Flavonoids content was determined in the
extracts by the aluminum chloride colorimetric
assay (Marinova et al., 2005). The absorbance
was measured against the blank at 510nm. Total
flavonoids were expressed as mg quercetin (QE)
equivalent/g dry weight of extract.
Tannins content
The content of tannins was determined
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according to a modified vanillin assay (Price et
al., 1978). Tannin fractions were dissolved in
ethanol (0.5mg/ml). To 1ml of prepared solution,
5.0ml of vanillin-HCl reagent (0.5g vanillin in
4% hydrochloric acid in methanol (v/v) was
added). Samples and controls (without vanillin)
were allowed to stand for 20min in darkness and
then, absorbance at 500nm was read. The total
tannin content was expressed as tannic acid
equivalents (mg/g dry weight of the extract).
DPPH free radical scavenging activity
The radical scavenging activity of the extracts
against 2,2- Diphenyl-1-picryl hydrazyl (DPPH)
radical was determined as described by Gulluce
et al. (2004)
Total free amino acids
Total free amino acids were determined by
the ninhydrin test, using the method outlined by
Jayeraman (1985).
Total soluble protein
Total soluble protein was estimated using
the method of Comassie Brilliant Blue G-250
according to the method of Bradford (1976).
Total soluble sugars
Total soluble sugars were determined by
Phenol-Sulfuric acid method at 488nm according
to Dubois et al. (1956).
Enzymes extraction
Different parts of eggplant (1.0gm) of each
fresh sample were homogenized in 100mM
chilled sodium phosphate buffer (pH 7.0)
containing 0.1mM EDTA and 1% polyvinyl
pyrrolidone (PVP) (w/v) at 4ºC. The extraction
ratio was 4.0ml buffer for each one gram of
samples. The homogenate was centrifuged at
15.000×g for 15min at 4ºC. Supernatant was
used to measure the activities of phenylalanine
ammonia-lyase (PAL) and polyphenol oxidase
enzymes.
Assay of phenylalanine ammonia-lyase (PAL)
activity
The activity of phenylalanine ammonia–
lays was measured as the rate of conversion of
L-phenylalanine to trans- cinnamic acid (He et
al., 2001). The assay reaction mixture consists
of 100µl crude enzyme extract and 900µl of 6
µmol L-Phenylalanine in 500mM Tris- HCl
buffer (pH 8.5). The mixture was incubated
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at 37ºC for 1hr, the enzymatic reaction was
stopped with 0.1ml 6N HCl. The absorbance was
measured by spectrophotometer at 290nm. The
produced amount of trans-cinnamic acid formed
was calculated using its extinction coefficient of
9630M-1cm-1. The enzyme activity was expressed
as unit min-1 mg-1 protein.
Polyphenol oxidase
The activity of polyphenol oxidase (PPO)
was assayed (Oktay et al., 1995). The reaction
mixture consisted of 600µl catechol (0.1M)
and 100µl enzyme extract and was completed
to 3.0ml with 0.1M phosphate buffer pH 7.
The absorbance was registered at 420nm by
spectrophotometer. One unit of PPO activity was
defined as the amount of enzyme that causes an
increase in absorbance of 0.001min-1ml-1. The
enzyme activity was expressed as unit min-1 mg-1
protein.
Fourier transform infrared (FT-IR)
Fourier transform infrared (FT-IR) was used
to identify the characteristic functional groups
in 2.0mg of the lyophilized different parts of
eggplant. The lyophilized was measured between
4000 to 400cm-1 at a resolution of 4cm-1, using a
Bruker Vertex 70 FT-IR spectrometer equipped
with HYPERIONTM series microscope (Bruke
Optik GmbH, Ettingen, Germany).
Statistical analysis
Data were analyzed with statistical software
analysis of variance (ANOVA) and Duncan’s
multiple range method was used to compare
any significant differences between treatments.
Values were expressed as means± standard
deviations. Differences were considered
significant at P<0.05 (Duncan, 1955).
Results
Effect of gamma irradiation on vegetative growth
of eggplant
Data presented in Table 1 show the vegetative
parameters of eggplant as affected by gamma
irradiation (0.0, 50.0 and 100.0Gy). It is clear
from the results that 50Gy enhanced the growth
of eggplant in all growth parameters studied
(i.e. germination percentage, plant height, root
length, fruit length, fruit diameters, fresh weight
and dry weight) (99%, 64.5cm, 27cm, 16.89cm,
12.6cm, 65.08g and 5.4g), respectively.
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TABLE 1. Vegetative growth traits of eggplant under the effect of gamma irradiation.
Irradiation
dose level
(Gy)

Germination
%

Plant
height
(cm)

Root
length
(cm)

Fruit
length
(cm)

Fruit
diameter
(cm)

Fresh
weight of
fruit (g)

Dry
weight of
fruit (g)

Control ( 0.0)

93.5B ± 1.5

53.8B ±1.1

22B±1.2

14.01B±1.9

9.5C±1.10

44.31C±10.9

3.4B±0.9

50

99A ± 1.20

64.5A±1.3

27A±2.3

16.89A±1.7

12.6A±1.13

65.08A±9.1

5.4A±0.8

100

82.5C± 1.2

40.2C ±1.1

25A±1.6

13.10C±1.8

11.20B±1.14

57.35B±10.4

4.6A±0.7

LSD

1.68

1.3761

2.8255

0.346

0.2083

0.1142

0.9374

Means within same column followed by different letters are significantly different at P<0.05. Values are means of three replicates
(±SD).
a,b,c.

Total phenolic compounds
Effect of gamma irradiation on phenolic
compounds contents of eggplant is illustrated
in Table 2, it is clear that gamma irradiation
increased phenolic compounds and the maximum
increase was observed in peel parts of eggplants
at a dose level of 50Gy (4.039mg/g DW) followed
by whole fruits (2.965mg/g DW). The pulp of
eggplants showed the lowest phenolic content.
While increasing gamma dose level to 100Gy
showed reduction in phenolic contents in all parts
of eggplants.
Flavonoids contents
Regarding flavonoid content, it is revealed
that gamma irradiation dose level 50Gy increased
flavonoids content of eggplants. In pulp part
flavonoids contents were increased from
0.595mg/g DW for control to 0.835mg/g DW at
50Gy and decreased to 0.610mg/g DW at 100Gy
(Table 2).
Tannins content
Results shown in Table 2 illustrated that
gamma irradiation showed the same trend on
tannins contents of eggplants hence, gamma
irradiation at a dose level of 50Gy increased
tannin contents of eggplants. Whole fruit of 50Gy
irradiated eggplant showed an increase in tannins
content (7.797mg/ g DW), while at 100Gy the
whole fruit of plant gave 6.180mg/g DW.
Antioxidant activity by scavenging activity on
DPPH radical
The DPPH radical is usually used as a substrate
to evaluate the antioxidative action of antioxidants
by determining the free radical scavenging ability
of various samples (Amarowicz et al., 2004).
Table 2 shows the DPPH radical scavenging
Egypt. J. Rad. Sci. Applic. 32, No.1 (2019)

activity of eggplant extracts of different parts.
The antioxidant activity in the whole fruit was
lesser than the peel and higher than pulp while the
highest antioxidant activity was observed in the
peel (71.41, 76.40 and 73.02%) at 0.0, 50 and 100
Gy, respectively.
Total free amino acids
Table 3 shows the content of amino acids
(mg/g DW) in eggplant affected by gamma rays.
The amino acid content was clearly the highest
in the pulp in all treatments, where it was 3.11,
5.44 and 3.56mg/g DW at dose level 0.0, 50 and
100Gy, respectively. The dose of 50Gy gave the
highest amino acid contents for the different parts
(pulp, peel and whole fruit) of eggplant.
Total soluble protein
Data in Table 3 shows that total soluble
protein content in different parts of eggplant is
affected by irradiation, which was increased by
irradiation dose level of 50Gy. This dose gave
the highest contents (17.87, 16.04 and 11.61mg/g
DW) in the different parts (pulp, whole fruit and
peel, respectively).
Total soluble sugars
Results in Table 3 shows the influence of
gamma rays on the total soluble sugars contents
(mg/g DW) in different parts of eggplant. The
observed data showed that there were variable
patterns in total soluble sugars content in the
tested plant parts as affected by gamma rays. The
dose level of 50Gy increased the total soluble
sugars content in all plant parts while decreased
by increasing the dose level of 100Gy. Also, the
pulp gave the highest content of total soluble
sugars in all treatments, as it was 4.99mg/g DW at
dose of 50Gy followed by whole fruit (3.89mg/g
DW).
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TABLE 2 . Phenolic, flavonoid tannin contents (mg/g DW) and scavenging activity percentage of different parts of
eggplant as affected by gamma irradiation.
Irradiation
dose level
(Gy)
Control
(0.0 Gy)

50 Gy

100 Gy

Plant part

Phenols

Flavonoids

Tannins

Scavenging activity
(%)

Pulp

0.304I±0.884

0.595I±0.042

1.249I±0.894

52.48H±14.6

Peel

2.481D±0.105

1.438D±0.900

1.867G±0.960

71.41C±5.0

Whole fruit

0.370H±0.151

0.735G±0.532

1.712H±0.850

59.53F±4.7

Pulp

2.140E±0.302

0.835E±0.057

5.853E±0.624

59.02F±7.4

Peel

4.039A±0.470

4.301A±0.990

7.948A±0.954

76.40A±6.1

Whole fruit

2.965C±0.323

3.166C±0.892

7.797B±0.907

66.99D±8.0

Pulp

0.652 ±0.990

0.610 ±0.490

4.943 ±0.748

56.89G±7.8

Peel

3.641B±0.783

3.656B±0.944

6.353C±0.904

73.02B±7.4

Whole fruit

1.618F±0.887

0.752F±0.840

6.180D±0.839

63.39E±8.1

0.0064

0.0117

0.0066

0.7988

G

LSD

H

F

Means within same column followed by different letters are significantly different at P<0.05. Values are means of three replicates
(±SD).
a,b,c.

TABLE 3. Effect of gamma rays on total free amino acids content, total soluble protein content and total soluble
sugars content (mg/g DW) of eggplant different parts.
Irradiation
dose level
(Gy)
Control
(0.0Gy)

50Gy

100Gy
L.S.D.

Plant part

Amino acids

Total soluble protein

Total soluble
sugar

Pulp

3.11D±0.90

15.87C±1.61

3.76C±0.77

Peel

1.24H±0.72

9.63H±1.51

1.80G±0.50

Whole fruit

2.27F±0.89

13.67E ±2.66

2.94E±0.90

Pulp

5.44A±0.62

17.87A±2.57

4.99A±1.00

Peel

2.73E±0.94

11.61F ±1.52

2.79E±0.700

Whole fruit

4.41B±0.72

16.04C ±2.33

3.89C±1.30

Pulp

3.56C±0.83

16.57B±2.42

4.70B±1.40

Peel

1.59 ±0.90

G

10.23 ±1.58

2.07F±0.80

Whole fruit

2.93DE±0.61

14.68D±1.64

3.37D±0.58

0.2048

0.3792

0.1896

G

Means within same column followed by different letters are significantly different at P<0.05. Values are means of three replicates
(±SD).
a,b,c.

Enzyme activity
Enzyme activity of different parts of eggplant
under the effect of gamma irradiation is revealed
in Fig. 1, and 2. Phenyl alanine ammonia-lyase
(PAL) and polyphenol oxidase enzymes showed
increase in the activity as gamma irradiation
increased from 0.0 to 50Gy while increasing
irradiation dose level to 100Gy reduced both
enzymes activity. Peel parts of eggplant gave the
highest activity among all studied parts.

FT-IR analysis
The FT-IR spectroscopic analysis technique
was used for estimating the pattern of organic
and inorganic complexes in plants. In the present
study, the FT-IR showed the presence of phyto
constituents in the lyophilized powder of different
parts of eggplant as affected by gamma irradiation.
The preparatory phytochemical profile (Table
4) confirmed the representative FT-IR spectra
obtained from the eggplant different parts in the
590–4000cm-1 region.
Egypt. J. Rad. Sci. Applic. 32, No.1 (2019)
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Fig. 1. Phenylalanine ammonia-lyase (PAL) enzymes activity (unit min-1 mg-1 protein) in different parts of
eggplant as affected by gamma irradiation [Different letters indicate statistically significant difference
at P≤ 0.05. Vertical bars show standard deviation (n=3).].

Fig. 2. Polyphenol oxidase enzymes activity (unit min-1 mg-1 protein) in different parts of eggplant as affected
by gamma irradiation [Different letters indicate statistically significant difference at P≤ 0.05. Vertical
bars show standard deviation (n=3].

The FT-IR analysis of eggplant different parts
revealed that bromo compound (592.20cm1)
appeared only in peel part of 50Gy treated eggplants.
Halogen–alkyl halide group (604.39-641.94cm-1)
appears in all eggplant parts while disappeared
in 100Gy irradiated samples. Nitrogenous
compounds N–H stretching (1661.16cm-1)
disappeared in peel part of eggplant irradiated
at 50Gy. Cycloalkane (2590.19) appeared in all
parts of non-irradiated and irradiated plant except
Egypt. J. Rad. Sci. Applic. 32, No.1 (2019)

for pulp part of non-irradiated plants. Otherwise
O-H stretching and carbohydrate amino acids
(3940.39cm-1) appeared in pulp part and whole
fruit of 50Gy irradiated eggplants. The obtained
data confirmed the presence of C-H stretching
phenol, – C-O-C pyranose ring (1020cm-1), lipid
at (1450cm-1), ester carboxyl-COOR (2037.492182.64) and C≡C alkyne (2831.17-2913.06cm-1)
in all eggplant parts.

1450

1659.80
----------------2053.71
2143.50
2182.94
2230.83
2305.73
2344.21
2378.31
2435.29
------2522.26

1657.10
--------1961.67
2037.49
2182.64
----------------

2590.31
2831.38
2943.19
3320.22
------3706.54
--------------

-------2831.17
2913.06
3322.19
-------3709.04
3806.58
--------

Cycloalkane- C≡C
alkyne

Polymeric hydroxyl
compound
O-H stretching
carbohydrate amino
acids

3317,24-4000.0

-------2376.45
------------2523.06

1450.45

1450.16

1415.10

1020.85
1114.01

-------------613.64
---------

peel

0.0

2590.312943.06-

1657-2500

Alkane
C-H blending
CH2 bending
vibration lipids

1020-

C-N stretching
amino –
Aldehyde
Ester carboxyl
-COOR
&Streching
-COO

1021.21
1113.59

Aromatic ring c-o
stretch
Phenol
– C-O-C Pyranose
ring
1415.23

--------------------625.53

Bromo
compoundHalogen – alkyl
halide

592-650

pulp

Function group

Wave length

3325.92
-------3707.23
----------------

2592.0
2831.74
2943.64

1657.21
--------1960.99
2033.38
2134.15
2184.78
2231.85
2304.07
2343.69
-----------------2521.90

1450.50

1414.50

1020.89
1113.46

-------604.39
------640.52

Whole fruit

3317.94
3656.93
--------3865.26
3940.39

2592.25
2831.18
2943.11

1661.25
------1961.81
2035.48
2144.56
2230.46
------------------2381.92
------------2523.01

1450.73

1415.81

1021.19
1114.42

--------------614.22
--------

pulp

3318.65
3652.86
3707.65
3817.70
-------

2586.76
2831.35
2943.27

----------------------2030.51
2154.95
2180.12
------2302.64
----2365.05
------------2524.88

1451.31

1416.19

1020.94
1114.50

592.50
--------------627.77

peel

50

1450.94

1415.14

1020.81
1114.22

--------608.22
------641.71

Whole fruit

3319.69
3656.54
3706.44
------3940.39

2592.53
2831.49
2943.36

1661.09
--------1961.84
2035.48
2143.25
2229.32
--------2307.66
-----2380.22
-----------2522.20

Irradiation dose level (Gy)

TABLE 4. FT-IR spectra (cm-1) of different part of eggplant as affected by gamma irradiation.

3319.29
3665.97
3706.11
3818.79
--------

2591.97
2831.32
2943.27

1662.01
1857.94
--------2053.61
2143.38
---------------2230.47
----2381.48
-----2437.31
2522.80

1450.74

1415.57

1020.99
1114.53

-------611.57
-----------

pulp

3317.24
3667.05
3706.66
-------------

2593.67
2831.33
2943.25

1661.43
-------1961.37
2052.53
2132.26
2144.30
2223.66
2307.12
----2380.35
-------------2522.76

1450.79

1415.66

1021.06
1114.62

-------609.68
------------

peel

100

3318.02
3667.98
3706.25
3865.72
-------

2594.91
2831.31
2943.24

1661.16
-----------2050.97
2132.18
--------2205.18
2307.15
----2380.28
-------------2522.81

1450.79

1415.79

1021.06
1114.50

--------610.01
-------641.94

Whole fruit
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Discussion
Field experiment was performed to study the
effect of gamma irradiation (0.0, 50, 100Gy) on
growth parameters and bioactive compounds of
different parts of eggplant. All the studied growth
parameters showed increase at 50Gy gamma rays
dose. Changes in the germination percentage were
found to attribute to gamma ray treatments. The
stimulating causes by gamma ray on germination
may be certified to the activation of RNA or protein
synthesis, which occurred during the early stage of
germination after seeds irradiation (Abdel-Hady
et al., 2008). Germination starts with the uptake
of water by dry seeds (Manz et al., 2005), while,
other factors, are related to plant characteristics
(e.g., species, cultivar, stage of development, tissue
architecture, and genome organization) and some
are related to radiation features (e.g., quality, dose,
duration of exposure may significantly modify
germination (Jan et al., 2012). The energy of
ionizing radiation absorbed by seeds is changed to
ROS that can present sometimes after irradiation
in the air-dry seeds. However, when water enters
to the seed, ROS become mobile and reacts rapidly
(Bailly et al., 2008). The application of 100Gy
decrease seed germination rate to 50% on all 5
eggplant genotypes studied (Arunal et al., 2010).
A high dose of gamma rays decreased germination
rate and plant survival percentage of Solanum
nigrum L. sp. villosum (Ojiewo et al., 2005).
As for phenolic contents, 50Gy increased
total phenolic contents for pulp, peel and whole
fruits. A study on ionizing radiation, showed
that an increase in the level of the total phenolic
compounds were found (Behgar et al., 2011).
Also, the application of gamma irradiation at dose
levels of 25Gy and 200Gy significantly increased
the phenolic content compared to control
ones in Pterocarpus santalinus (Akshatha &
Chandrashekar, 2013). Phenolic content increased
by increasing irradiation dose level in wheat grains
(Aly et al., 2018). On the contrary, other researcher
revealed that gamma irradiation reduced the
content of phenolic compounds in plants (Bhat &
Sridhar, 2008). The effects of ionizing irradiation
on tannins and phenolic compounds depend
mainly on dose level (De Toledo et al., 2007).
Universally, gamma radiation affect differently
on the different phenolic compounds present
in different plant materials. Gamma irradiation
can stimulate the bioactivity of irradiated plants,
depending on the modifications in the structure of
Egypt. J. Rad. Sci. Applic. 32, No.1 (2019)

different antioxidant molecules and/or breaking
some chemical bonds (Pereira et al., 2015).
Phytochemical constituents such as flavonoid,
phenol, and alkaloid have considerable effect
on fodder quality. Phytochemical measurement
showed that phenol and flavonoid contents (in
leaves) and alkaloid (in seeds) of sainfoin change
as affected by gamma irradiation (Mohajer et al.,
2014). Similar to the present results, the phenolic
acids of plant metabolites in soybean samples
increased with gamma irradiation at levels ranging
from 50 to 150Gy (Variyar et al., 2004). Eggplant
peel had a higher content of phenolic compounds,
and it was about two and four times greater than
that in eggplant pulp (Ji et al., 2011).
Flavonoids are a class of secondary plant
metabolites with significant antioxidant and
chelating properties and its antioxidant activity
depends on the structure and substitution pattern
of hydroxyl groups (Sharififar et al., 2009).
Ionizing radiation reduced flavonoids content in
chestnut, suggesting that these compounds may
be sensitive to ionizing radiation (Carocho et al.,
2012). Phenolic compounds of Ananas comosus,
after the irradiation process above 150Gy, showed
a higher tannins content, a type of polyphenol
(Silva et al., 2007).
The destructive processes of oxidation and
γ-irradiation are capable of breaking the chemical
bonds of polyphenols, thereby releasing soluble
phenols of low molecular weights, leading to an
increase of antioxidant-rich phenolics (Adamo et
al., 2004). A positive correlation between phenols
and antioxidants has also been suggested (Harrison
& Were, 2007). Gamma radiation was reported to
induce oxidative stress with overproduction of
reactive oxygen species (ROS) such as superoxide
radicals, hydroxyl radicals and hydrogen peroxide.
They react rapidly with almost all structural and
functional organic molecules, including proteins,
lipids and nucleic acids causing disturbance
of cellular metabolism (Ashraf, 2009). The
pool of free amino acids increased even at low
doses of irradiation. The increase in amino acid
concentration was attributed to the increase in
protein content, which played an important role
in DNA repair mechanism (Yu et al., 2016). The
important role of protein synthesis for resistance
of gamma rays, UV irradiation and H2O2 oxidative
stress has been demonstrated by postulating newly
synthesized proteins called “heat shock proteins”,
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which help living cells to defend against the stress
(Abo-Shady et al., 2008).
Simple organic molecules such as sugars,
free amino acids and total soluble phenols may
act as on osmoticum for the regulation of plants
osmosis under saline soil conditions. Phenolic
compounds accumulation could be a cellular
adaptive mechanism for scavenging oxygen free
radicals that were formed during stress conditions
and this free radical scavenger could be oxidized
for preventing subcellular damages (Tekam et al.,
2014). It is well known that plants under stress may
accumulate small molecular mass proteins that
could be used as a source of storage nitrogen that
could be mobilized after stress relief or removal.
Additionally, these proteins could also have a role
in osmotic adjustment (Neto et al., 2009).
The increase in PAL enzyme activity caused
by irradiation treatment could also have resulted
in an increase of total phenolics. As regulation
of PAL activity is important in modulating
phenylpropanoid biosynthesis in plants, plant
phenolics are formed through phenylpropanoid
metabolism. Similar observation has been
reported earlier in citrus peel (Oufedjikh et al.,
2000). Gamma irradiation, at different dose levels,
increased the activity of polyphenol oxidase in
garlic plants. The maximum activity was recorded
at an irradiation dose of 70Gy compared with the
control, in green onion (Jimenez et al., 2011). On
the other hand, other study indicated no significant
differences in the PPO activity after the irradiation
dose (Falguera et al., 2011).
The spectroscopic FT-IR analysis showed the
appearance and disappearance of function group
and metabolites in control and irradiated eggplant
different parts. Dalavi & Patil (2016) declared that
the absorption spectra of Solanum anguivi fresh
root extract represented the occurrence of alcohols
and phenol compounds at 3618.77cm-1, amine
and amide compounds at 3333.36cm-1, alkanes at
2940.91 and 2832.92cm-1, amino acids at 1634.38
cm-1. The same author observed peaks at 1509.99,
1445.39, 1380.78, 1273.75, 1103.08, 1017.27,
and 924.7cm-1 indicated nitro compounds,
aromatics, alcohols, carboxylic acids, esters,
ethers, alkyl halides, ketone, aliphatic amines and
ethers collectively. The metabolites screened such
as phenols, amino acids, alkaloids, carbohydrates,
amines, carboxylic acid, alkenes, proteins, sulphur
compounds, and lipids were proved to exist in
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Solanum tuberosum (Taoutaou et al., 2010). This
was correlated with the FT-IR spectroscopic
analysis in the whole plant extracts of Allium
sativum (Garlic) which revealed the presence of
phytochemicals such as alkaloids, proteins, lipids,
oils, flavanoids, gums, phenols, saponins, steroids,
tannins, and terpenoids (Nagarajan & Ramesh
Kumar, 2017). Otherwise, FT-IR analysis of the
crude powder and dry ethanolic extracts of Albizia
lebbeck leaves proved the presence of alcohols,
phenols, alkanes, carboxylic acids, aromatics,
ketones, and alkyl halides (Bobby & Wesely,
2012).
Conclusion
Gamma irradiation can be used for enhancing the
crops productivity and also increase the secondary
metabolites which have a commercial importance
and a high value. The current study revealed that
gamma irradiation at a dose level of 50Gy enhanced
the growth parameters such as germination
percentage, plant height, root length, fruit length
and fruit diameter. Likewise, this dose increased
the total phenolic, flavonoid and tannin contents
for pulp, peel and whole fruits in comparison
to the 100Gy dose level. It is worth mentioning
that the activity of phenyl alanine ammonia-lyase
(PAL) enzyme and poly phenol oxidase enzyme
increased by applying gamma irradiation dose
level of 50Gy. While increasing irradiation dose
level to 100Gy reduces both enzyme activities. The
result of the present study also showed that FTIR
spectroscopy is a valuable technique to fingerprint
and to analyze the different biomolecules in the
plants based on the peak values and functional
groups obtained. It could be concluded that low
doses of gamma irradiation have stimulating effect
on eggplants.
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التأثير المحفز الشعه جاما على المركبات النباتيه للباذنجان
امينه عبد الحميد ،نهي عيد عليوه ،محمد حسن محمد عبد المجيد
قسم المنتجات الطبيعيه  -المركز القومي لبحوث و تكنولوجيا األشعاع  -هيئة الطاقة الذرية  -القاهرة  -مصر.
يعتبر الباذنجان (اسيوي المنشأ) واحدا من الخضروات األكثر انتشارا في العالم و يعتبر المحصول الخامس من
حيث األهميه .و قد تم دراسة تاثير أشعه جاما (صفر 001 ،05 ،جراي) على النمو والقياسات الخضرية المختلفة
و كذلك المركبات الحيويه الجزاء مختلفه من ثمره الباذنجان .وقد اظهرت النتائج زياده كال من نسبه األنبات
وطول النبات وطول الجذروطول الثمره ومحيط الثمره لمستوي الجرعه  05جراي مقارنه بالكنترول و الجرعه
 001جراي ،كذلك كانت هناك زياده للمركبات الفينوليه و الفالفونيد و التانينات واألحماض األمينية الحرة
والبروتين الكلي الذائب والسكريات الكلية الذائبة والنشاط المضاد لألكسدة لألجزاء المختلفه من الثمره المعامله
بالجرعه  05جراي .كما تم تحديد النشاط األنزيمي لألجزاء المختلفه للباذنجان (القشره واللب و الثمره الكامله)
تحت تاثير اشعه جاما .كما أظهرت إنزيمات فينيل أالنين أمونيا-لياز ( )LAPوإنزيم فينول أوكسيديز زيادة في
نشاطهما مع أشعه جاما عند  05جراي في حين أن زيادة اإلشعاع إلى  001جراي قلل نشاط كال اإلنزيميين.
كما اشارت النتائج أيضا إلى أن النشاط المضاد لألكسدة يختلف تبعا للجزء المستخدم فى اإلستخالص حيث
كان النشاط المضاد لألكسدة قوى فى القشرة الحتوائها على نسبه عاليه من الفينوالت والفالفونيد و التانينات و
الصبغات الملونه مثل األنثوسيانينات وبذلك يمكن استخدامه كاضافات غذائية لزيادة نشاط مضادات األكسدة في
الغذاء .كما اظهر تحليل RI-TFظهور واختفاء عدد من المجموعات الفعاله الوظيفيه للنبات تحت تأثير األشعاع.
وأكدت النتائج ظهور مجموعه الفينول  H-Cعند (0201سم )1-و مجموعه األلكان  H-Cعند ( 0541سم)1-
ومجموعه الدهون عند ( 0541سم )1-و مجموعه األحماض األمينيه عند ( 93.0493سم )1-لألجزاء المختلفه
من الباذنجان
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