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N THE PRESENT study, the effect of different doses of gamma irradiation (1, 3, 5 and 7kGy)

on the hygienic quality (microbial and sensory properties) as well as antioxidant parameters
in beef meat and liver were investigated. The microbial reduction increases as the dose level
of irradiation increases. Sensory examination revealed that there were no significant changes
between irradiated and non-irradiated groups in color, odor and texture. Results showed that
the changes in protein profile depended on radiation dose while the total protein content was
stable. In addition, irradiation treatment reduced the activity of the antioxidant enzymes as well

as glutathione content.

It could be concluded that the use of gamma irradiation in low doses improves the hygienic

quality of beef meat and liver without changing its chemical parameters while oxidative stress

and enzymatic and non-enzymatic antioxidants are affected in a dose-dependent manner.

It is highly recommended that gamma irradiation (3kGy) in low doses could be used to

improve the hygienic quality of liver and meat.

Keywords: Beef-meat, Beef-liver, y-rays, Sensory-evaluation, Amino-acids, Oxidative-stress,

Antioxidant-enzymes.

Introduction

Irradiation has been widely used in food industry
as preservation technology, and irradiated
foodstuffs are approved in many countries.
Nutritive values and physiochemical properties
of irradiated foodstuffs could be preserved much
longer than those of non-irradiated foodstuffs.
Meat irradiation is recognized as a safe and
effective method to attain meat preservation. The
use of high-energy gamma rays or accelerated
electrons to irradiate fresh meat may extend
shelf-life and inhibit proliferation of pathogenic
bacteria. Therefore, there have been attempts to
utilize irradiation not only for food safety, but also

for technological purposes. Consumers demand
high quality, nutritious, fresh appearance and
convenient meat with natural flavor and taste. The
alteration in composition as a result of irradiation
depends on the dose of irradiation, storage
temperature and packaging conditions (Galati
et al., 2019). Although, irradiation can provide
pathogen-free raw materials, its application in
meat production may be hindered by its known
adverse effects on quality characteristics of fresh
or processed meats resulting in the possibility
of color changes, lipid oxidation and off-odor
generation (Derakhshan et al., 2018).

Irradiation is known to produce a characteristic
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aroma as well as alters meat flavor, changes color,
and increase oxidative changes that significantly
affect consumer acceptance, but when irradiation is
used in combination with freezing, the irradiation
doses can be reduced through synergistic action
without affecting the product quality. It has been
pointed out that irradiation doses ranging from 5
to 10kGy would control the growth of pathogenic
and spoilage bacteria on meat and meat products
(Kawasaki et al., 2019).

Antioxidant enzymes; glutathione peroxidase
(GPx), superoxide dismutase (SOD), catalase
(CAT) as well as numerous non-enzymatic
molecules reduce glutathione (GSH), albumin,
uric acid, vitamins (E, A and C) participate in
protecting muscle cells of live animals and meat
(Brewer, 2009). Therefore, the objective of the
present study is to determine the effects of different
doses of y-rays on microbial quality, sensory
characteristics, chemical composition, amino acid
analysis, lipid peroxidation and enzymatic and
non-enzymatic antioxidants of beef meat and liver.

Materials and Methods

Sample preparation, storage and irradiation

Beef liver and meat slices were purchased
from retail markets at Cairo Governorate. Meat
and liver slices were divided into 5 groups. The
1** group served as control. The other 4 groups
were irradiated at 1, 3, 5 and 7kGy. Each group
was packaged individually in a polyethylene bag
and put in the refrigerator (5+1°C) until analysis.
5 packages for each treatment were analyzed.
The irradiation process was carried out using the
Russian Medical Sterilizing CM-20 Gamma cell
located at the NCRRT, Nasr City, Cairo, Egypt.
The source was giving a dose rate of 2.4kGy/ hour
at the time of the experiment. Samples were kept
cold during irradiation.

Microbiological evaluation

Ten grams of each sample were homogenized
with 90ml of 1% sterile buffered peptone water for
Imin using stomacher (Lab-blender 400Seward.
Serial No. 30469 type BA 7021, UK) to provide
dilution 10!, then tenfold decimal serial dilutions
up to 107 were prepared. Aerobic bacterial count
was carried out on a standard plate count agar at
35°C for 48h according to Cakicia et al. (2015).

Amino acids determination
Dried and defatted samples were weighed
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in screw-capped tubes (50- 100mg) and 5ml of
6.0N HCL were added. The hydrolysis tubes were
attached to a system, which allows the connection
of nitrogen and vacuum lines without disturbing
the sample. The tubes were placed in an oven at
110°C for 24h (Cambero et al., 2012). The tubes
were then opened and the contents of each tube
were filtered and evaporated until dryness in a
rotary evaporator. A suitable volume of sodium
citrate buffer pH 2.2 was added to dissolve the
contents of each dried film of the hydrolyzed
sample followed by ultrafiltration using 0.2pm
membrane filter (Cheng et al., 2011). All analyses
were performed using a high performance amino
acid analyzer Biochrom 20 (Auto sample version)
Pharmacia Biotch at the NCRRT. The data of
each chromatogram was analyzed utilizing EZ
Chrom™ chromatography data system tutorial
and user’s Guide-version 6.7.

Sensory examination

The test was conducted to detect whether
the radiation-induced changes in odor, color and
texture of the irradiated samples immediately
after irradiation. Non-irradiated samples were
used as control. Nine panelists conducted the
5-points hedonic scale: 1= Very poor, 2= Poor, 3=
Common, 4= Good, 5= Very good (Descalzo et
al., 2005).

Biochemical analysis

Samples preparation for biochemical analysis

The irradiated beef meat and liver tissues
and the control samples were weighed, minced
and homogenized (10% w/v) separately in ice-
cold 1.15% KCI-0.01mol/l sodium, potassium
phosphate buffer (pH 7.4) in a Homogenizer
type MNW-302, Poland. The homogenate was
centrifuged at 18,000xg for 20 minutes at 4°C,
and the resultant supernatants were stored at
-80°C for different enzyme assays.

Enzymatic and non-enzymatic assays

Thiobarbituric ~ acid-reactive  substances
(TBARS) and reduced glutathione (GSH) contents
were measured in Beef meat and liver homogenate
using the method of Ohkawa et al. (1979) and
Ellman (1959), respectively. The glutathione
peroxidase (GPx), superoxide dismutase (SOD)
and catalase (CAT) activities were analyzed
according to the methods described by Hafeman
et al. (1974), Misra & Fridovich (1972), Sinha
(1972) and Habig et al. (1974), respectively. The
protein content of the liver was determined by
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following the method described by Lowry et al.
(1951).

Statistical analysis

Whole experiment was conducted 5-times
and data were analyzed according to Snecdecor
& Cochran (1989). Statistical significance of the
difference in values of control and treated samples
was calculated by (F) test at 5% significance
level. Data of the present study were statistically
analyzed using Duncan’s Multiple Range Test
(SAS, 1986).

Results

Microbiological evaluation

The results of microbiological analysis showed
that log the mean of Total Aerobic Bacterial Count
(TBC) of irradiated samples at 1, 3, 5 and 7kGy
were gradually decreasing with the irradiation
dose (Fig. 1). At an irradiation dose of 3kGy, the
colonies were not detected and all samples were
maintained acceptable microbiologically.
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Fig. 1. Effect of irradiation dose on log mean total
bacterial count in beef meat and liver.

Protein breakdown was irradiation dose-
dependent. Tables 1 and 2 showed the changes
in the different amino acids. The mean value of
some amino acids increased with increasing the
dose of irradiation e.g. Methionine and Cystine in
beef meat slices and Isoleucine and Methionine
in liver slices. While others decrease e.g. Proline,
Alanine, Histidine and Lysine in beef meat slices
and Cysteine and Leucine in liver slices, but
still the content of the total amino acids was not
affected by irradiation.

Sensory evaluation
Irradiation of liver and meat slices showed no

significant change in color and all samples were
accepted by the panelists (Fig. 2, 3 and 4).

Lipid Peroxidation and Glutathione Content

Data of TBARS measured in beef meat
and liver are presented in Fig. 5. A significant
increase (P< 0.05) in TBARS concentrations
was observed in beef meat and liver exposed to
different irradiation doses (0, 1, 3, 5 and 7kGy).
The content of TBARS increased from an initial
value of 0.57 to 0.83pug MDA /g meat and 0.83 to
1.19ug MDA /g liver after irradiation at a dose of
7kGy, respectively.

In the present study, a significant dose-
dependent decrease (P< 0.05) was observed in
GSH-content of beef meat and liver exposed to
irradiation doses as compared to the control tissues
(Fig. 6). The percentage of the decrease in GSH-
content were 16.5, 26, 28 and 34% in beef meet
and 10, 21, 27, 38% in beef liver, respectively.

Antioxidant enzyme activities

Data concerning the antioxidant enzyme
activities in beef meat and liver are presented in
Fig. 7-10. A significant reduction (P< 0.05) in
the activity of the measured antioxidant enzymes
(SOD, CAT, GPx and GST) associated with the
increase in irradiation dose was observed.

Discussion

Microbiological evaluation

The results of microbiological analysis showed
that log the mean TBC of irradiated samples at 1,
3, 5 and 7kGy were gradually decreased with the
irradiation dose and were lower than the controls
(Fig. 1). After irradiation at 3 kGy, all samples
maintained acceptable total bacterial count.
Similar findings were also reported by Park & Ha
(2019). The irradiated groups remained within
the permissible limits (>10°) approved by the
Egyptian Organization for Standardization (EOS-
1972/2005, 2005).

Amino acid determination

The change in the content of different amino
acids could be overcome by decreasing the
temperature of the product during irradiation.
Most chemical changes in irradiated meat are
associated with free radical reactions, and the
resultant sulfur compounds could be controlled
by using appropriate packaging methods
(Derakhshan et al., 2018).
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TABLE 1. The changes in the different amino acids of irradiated beef meat slices

Peak

Concentration (mg/g)

No. Amino acid Control 1kGy 3kGy 5kGy 7kGy
1 Aspartic 5.6=+1.1a 59+1.2a 55+1.1a 56=+1.1a 55+09a
2 Threonine 5.6£0.6a 5.8+0.7a 53+0.4a 5.8+0.5a 5.6+0.6a
3 Serine 4.6+ 1.2a 4.6=+1.1a 53+1.8a 4.6+0.8a 4.5+0.9a
4 Glutamic 6.7+ 1.1a 6.4+12a 8.7+2.1a 6.9 +0.8a 6.3+0.7a
5 Proline 1.2+0.4a 1.5+ 0.8b 1.0+ 0.1b 0.2+ 0.05b 0.3 +0.04b
6 Glycine 4.1+0.8a 4.2+0.9a 48<x1.1a 4.1£0.8a 44=+1.2a
7 Alanine 4.4+0.8a 35+0.8a 3.0+0.2a 3.5+0.7a 3.7+0.1a
8 Cystine 1.4+04a 2.0+£0.3b 6.7+2.5b 34+1.3b 2.6 £1.1b
9 Valine 5.1+£04a 5.1+0.3a 53+0.5a 49+0.1a 52+04a
10 Methionine 3.3+0.5a 49+0.2b 4.1+0.2b 4.0+0.2b 3.5+0.1b
11 Isoleucine 6.0 +0.5a 6.1 +£0.6a 6.6+ 1.1a 6.4+ 0.9a 6.5+ 1.0a
12 Leucine 209+ 1.9a 20.5+ 1.5a 18.9 +0.5a 19.4 +0.6a 20.6 = 1.5a
13 Tyrosine 4.9+0.2a 5.0+03a 5.3+0.6a 5.1+£0.5a 52+0.4a
14 Phenylalanine 5.8+0.6a 5.7+0.5a 59+0.8a 6.0+0.7a 64+1.1a
15 Histidine 6.6 +£0.3a 42+0.2b 34+0.1b 33+0.1b 3.0£0.1b
16 Lysine 11.1+0.1b 9.7+ 0.2b 9.4+0.1b 9.1+0.2b 9.0+ 0.2b
17 Arginine 59+0.3a 6.1 £0.5a 6.2+0.6a 6.3+0.7a 6.2+0.8a
Means + S.D.
a,b Different superscript letters indicate significant differences between control and irradiated samples at P<0.05.
TABLE 2. The changes in the different amino acids of irradiated beef liver slices
Peak . . Concentration (mg/g)
No. Amino acid Control 1kGy 3kGy 5kGy 7kGy
1 Aspartic 5.1+0.1a 52+0.2a 53=+0.1a 49+0.1a 53+0.2a
2 Threonine 52+0.2a 4.8+0.1a 49+0.3a 4.8+0.2a 4.8+0.1a
3 Serine 54+0.2a 54+0.2a 5.0+0.1a 5.6+0.4a 53+0.2a
4 Glutamic 6.7+ 1.2a 6.7+ 1.2a 6.4+0.9a 6.3+£0.8a 6.4+0.9a
5 Proline 1.1£0.1a 1.2+0.2a 1.3+£0.3a 1.2+0.2a 09+0.1a
6 Glycine 39+0.2a 3.8+0.1a 4.0+0.3a 3.9+0.2a 3.8+0.1a
7 Alanine 4.7+0.1a 4.8+0.2a 49+0.3a 49+0.3a 47+0.1a
8 Cystine 79+0.1a 5.5+0.1b 54+0.2b 5.3+0.2b 5.1+ 0.3b
9 Valine 5.2+0.6a 4.8+0.3a 52+0.5a 54+0.9a 4.8+04a
10 Methionine 1.3+0.2a 2.2+0.1b 3.5+£0.2b 4.1£0.3b 6.2+1.1b
11 Isoleucine 35+0.1a 4.6 £0.2b 53+0.4b 6.2+0.8b 8.4+ 1.3b
12 Leucine 26.1 £0.3a 22.6 +£0.5b 20.1 +£0.2b 19.4+0.1b 16.6 £ 0.1b
13 Tyrosine 2.3+0.3a 2.9 +0.6a 3.0+0.82a 2.6 +0.5a 33+1.1a
14 Phenylalanine 4.6+0.2a 53+0.9a 6.3+ 1.6a 5.0+0.7a 59+1.4a
15 Histidine 9.4+0.6a 9.3+0.4a 8.7+0.1a 8.8+0.1a 9.1+0.4a
16 Lysine 9.6+1.1a 10.8 +2.3a 8.6+0.1a 9.5+0.9a 8.5+0.1a
17 Arginine 4.8+0.1a 4.6+0.8a 4.2+0.4a 49+1.1a 5.0+ 1.4a
- Means £+ S.D.

- a,b Different superscript letters indicate significant differences between control and irradiated samples at P<0.05.
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Fig. 2. Effect of irradiation dose on the texture of

beef liver and meat [1= Very poor, 2= Poor, 3=
Common. 4= Good and 5= Very good].
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Fig. 3. Effect of irradiation dose on the color of
beef liver and meat [1= Very poor, 2= Poor, 3=
Common. 4= Good and 5= Very good].
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Fig. 4. Effect of irradiation dose on the odor of
beef liver and meat [1= Very poor, 2= Poor, 3=
Common. 4= Good and 5= Very good].
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Fig. 5. Effect of different gamma irradiation doses
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Fig. 7.

on the level of thiobarbituric acid reactive
substances (TBARS) in beef meat and liver
[Values are expressed as means = S.E.M.; n=5 for
each treatment group. Mean values not sharing
common letters (a, b, ¢, d) were significantly
different (P<0.05)].

mMeat W Liver
a
a
b b .
[ ¢ . c
I I I I d
0kGy 1 kGy 3kGy 5kGy TkGy

Effect of different gamma irradiation doses
on reduced glutathione content (GSH) in
beef meat and liver [Values are expressed as
means + S.E.M.; n= 5 for each treatment group.
Mean values not sharing common letters (a, b, ¢,
d) were significantly different (P<0.05)].
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Effect of different gamma irradiation doses
on superoxide dismutase (SOD) activity in
beef meat and liver[Values are expressed as
means £ S.E.M.; n= 5 for each treatment group.

Mean values not sharing common letters (a, b, c,
d) were significantly different (P<0.05)].
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Fig. 8. Effect of different gamma irradiation doses
on catalase (CAT) activity in beef meat and
liver [Values are expressed as means = S.E.M.;
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n= 5 for each treatment group. Mean values
not sharing common letters (a, b, ¢, d) were
significantly different (P<0.05)].
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Fig. 9. Effect of different gamma irradiation doses
on glutathione peroxidase (GPx) activity in
beef meat and liver [Values are expressed as
means £ S.E.M.; n=5 for each treatment group.
Mean values not sharing common letters (a, b, c,
d) were significantly different (P<0.05)].
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Fig. 10. Effect of different gamma irradiation doses
on glutathione S-transferase (GST) activity
beef meat and liver [Values are expressed as
means + S.E.M.; n=5 for each treatment group.
Mean values not sharing common letters (a, b, c,
d) were significantly different (P<0.05)].
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Tables 1 and 2 show that the mean of some
amino acid increased, e.g. Methionine and
Cystine in beef meat slices and Isoleucine and
Methionine in liver slices. While others decrease,
e.g. Proline, Alanine, Histidine and Lysine in
beef meat slices and Cystine and Leucine in liver
slices, but still the content of total amino acids
was not affected by irradiation. It was found that
irradiated liposomes containing “sulfur amino
acids” produced similar odor characteristics to the
irradiated meat, indicating that sulfur amino acids
are mainly responsible for irradiation odor and
that side chains of amino acids were susceptible
to radiolysis degradation (de Souza et al., 2019).
Also, Kim et al. (2011) showed that the odor
characteristic of the irradiated sulfur-containing
amino acid have similar odor characteristics to
those of the irradiated meat. Methionine and
cysteine were the major sulfur-containing amino
acids among meat components, but methionine
was responsible for more than 99% of the total
sulfur compounds produced by irradiation (Park
et al., 2010). Furthermore, Kumar et al., (2012)
indicated that the side chain of methionine was
highly susceptible to radiolysis degradation. The
increase of sulfur amino acids in the irradiated
beef is one of the important factors that can be
considered in the irradiation process.

Free radicals generated from the radiolysis
of water, such as hydroxyl radicals, hydrated
electrons and hydrogen ion (Maleknia & Downard,
2019), attack food components (proteins, amino
acids, lipids, etc.), and lead to an increased rate
of lipid oxidation. These free radicals appear in
aqueous systems and also in meat because over
75% of muscle cells are composed of water and
surrounded by lipid bilayers (Wang et al., 2019).

Sensory evaluation

Irradiation of liver and meat slices showed
no significant change in color and all samples
were accepted by the panelists (Fig. 2, 3, 4).
Derakhshan et al. (2018) reported that irradiation
doses up to 3 kGy had no significant effect on
the sensory properties of meat. Also, irradiation
at 1 and 3kGy had negligible effects on sensory
attributes of ready-to-eat meats (Cambero et al.,
2012). Furthermore, the results of An et al. (2017)
showed that irradiation up to 1-4.5kGy was useful
inreducing bacterial populations without affecting
the sensory characteristics of smoked duck meat.

Meat color is distinguished by consumers as
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indicative of freshness against meat that turned
to brown in color (Dutra et al., 2017). Sensory
panelists confirmed that the odor intensity
of sulfur-compounds was much stronger and
stringent than that of other compounds; also
volatiles from lipids accounted for only a small
part of the irradiation odor and the contents of
sulfur compounds and its specific odor intensity
were irradiation dose-dependent (Nam et al.,
2011).

Lipid peroxidation and glutathione content

Data of the TBARS measured in beef meat
and liver are presented in Fig. 5. A significant
increase (P< 0.05) in TBARS concentrations
was observed in beef meat and liver exposed to
different irradiation doses (0, 1, 3, 5 and 7kGy).
Irradiated samples had relatively higher TBARS
values than the control. In agreement with Li et al.
(2017), irradiation and refrigeration storage at 4°C
of the fresh pork significantly increased TBARS
with increasing the dose of irradiation. This
increase could be attributed to the direct effect of
gamma radiation on amino acids leading to the
formation of small amount of amines (Al-Bachir,
2016) and/or on the volatile sulphur compounds,
which produced from the radiolytic degradation
of the side chains of sulphur-containing amino
acids (Colovic et al., 2018). Also, ipid oxidation
was promoted by irradiation and the oxidative
stability of meat depends on the balance between
antioxidants and pro-oxidants and the content of
oxidation substrates including polyunsaturated
fatty acids, cholesterol, proteins and pigments (Li
etal., 2017).

In the present study, a significant dose-
dependent decrease (P< 0.05) was observed in
GSH content of beef meat and liver exposed to
irradiation doses as compared to control tissues
(Fig. 6). GSH redox cycles serve as a crucial
component of cellular antioxidant defenses
and they are essential for the tissues to protect
themselves against the reactive oxygen species
(ROS) damage. They participate in the elimination
of ROS, acting both as a non-enzymatic oxygen
radical scavenger and as a substrate for various
enzymes such as GPx (Tsukamoto et al., 2002).
Several studies have demonstrated that a shortage
of sulthydryl groups brings about the cells/tissues
at risk of oxidative damage (Nasr et al., 2016).
The antioxidant property of GSH is due to the
thiol group of cysteine. The observed decrease in
GSH-content and GPx activity in irradiated meat

and liver may be due to enhanced free radical
production as evidenced by increased TBARS
(Cardenia et al., 2015).

Antioxidant enzyme activities

Data concerning the antioxidant enzyme
activities in beef meat and liver are presented in
Fig. 7-10. A significant reduction (P< 0.05) in
the activity of the measured antioxidant enzymes
(GPx, GST, SOD and CAT) associated with the
increase in the irradiation dose was observed.

Oxidative stress resulting from increased
production of free radicals and ROS, and/or a
decrease in antioxidant defense, leads to damage
of biological macromolecules and disruption
of normal metabolism and physiology (EI-
Demerdash et al., 2016). In the current study, the
significant decrease in the antioxidant enzyme
activities of beef meat and liver proved the failure
of antioxidant defense system to overcome the
influx of ROS generated by irradiation.

As aresult of this work, it is recommended that
the application of gamma radiation to beef meat
and liver induced significant reduction in TBC
in a dose-dependent manner; irradiation at 3kGy
was sufficient to reduce TBC to non-detectable
levels. The results indicated that treatment with
gamma radiation 1, 3, 5 and 7kGy had no adverse
effect on its chemical composition; the total
amino acids content of the non-irradiated beef
was similar to the irradiated samples. On the other
hand, gamma-radiation induced oxidative damage
and caused a disturbance in antioxidant defense
system in a dose-dependent manner.

Acknowledgments: The authors are thankful
to their colleagues at Health Radiation
Research Department for providing laboratory
conveniences, and members of the National
Center for Radiation Research and Technology
(NCRRT), Atomic Energy Authority for
providing the necessary irradiation facilities. This
work was conducted in the NCRRT, Egypt. Also,
the authors would like to thank Prof. Dr. Hisham
M. Swailam for his thoughtful reviews of this
manuscript and continuous guidance, technical
and scientific assistance.

References

Al-Bachir, M. (2016) Evaluation the effect of gamma
irradiation on microbial, chemical and sensorial

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



242 WAFAA S. MOHAMED et al.

properties of peanut (Arachis hypogaea L.)
seeds. Acta Sci Pol Technol Aliment. 15(2), 171-
179.

An, K.A., Arshad, M.S., Jo, Y., Chung, N., Kwon,
J.H. (2017) E-beam irradiation for improving
the microbiological quality of smoked duck
meat with minimum effects on physicochemical
properties during storage. J Food Sci. 82(4), 865-
872.

Brewer, M.S. (2009) Irradiation effects on meat flavor:
A review. Meat Sci. 81, 1-14.

Cakicia, N., Aksua, M.1., Erdemira, E. (2015) A survey
of the physico-chemical and microbiological
quality of different pastirma types: A dry-cured
meat product. CyTA J Food, 13(2), 196-203.

Cambero, M.I., Cabeza, M.C., Escudero, R., Manzano,
S., Garcia Marquez, 1., Velasco, R., Ordéiiez,
J.A., (2012) Sanitation of selected ready-to-cat
intermediate-moisture foods of animal origin by
E-beam irradiation. Foodborne Pathog Dis. 9(7),
594-599.

Cardenia, V., Massimini, M., Poerio, A., Venturini,
M.C., Rodriguez-Estrada, M.T., Vecchia,
P., Lercker, G. (2015) Effect of dietary
supplementation on lipid photooxidation in beef
meat, during storage under commercial retail
conditions. Meat Sci. 105, 126-135.

Cheng, A., Wan, F., Xu, T., Du, F., Wang, W., Zhu, Q.
(2011) Effect of irradiation and storage time on
lipid oxidation of chilled pork. Rad Phys. Chem.
80(3), 475-480.

Colovic, M.B., Vasic, V.M., Djuric, D.M., Krstic,
D.Z. (2018) Sulphur-containing amino acids:
Protective role against free radicals and heavy
metals. Curr Med Chem. 25(3), 324-335.

de Souza, H.B., da Costa Henry, F., Martins, M.L.L.,
Quirino, C.R. de Azevedo Maia Junior, J.,
Santos Janior, A.C., de Oliveira, T.C., de Jesus,
E.F.O. (2019) Irradiation of reduced-sodium
uncooked lamb sausage: Antimicrobial efficacy
and physicochemical impact. Braz. J. Microbiol.
50(1), 231-235.

Derakhshan, Z., Oliveri Conti, G., Heydari, A., Hosseini,

M.S., Mohajeri, F.A., Gheisari, H., Kargar, S.,
Karimi E., Ferrante, M. (2018) Survey on the

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)

effects of electron beam irradiation on chemical
quality and sensory properties on quail meat.
Food Chem. Toxicol. 112, 416-420.

Descalzo, A.M., Insani, E.M., Biolatto, A., Sancho,
A.M., Garcia, P.T., Pensel, N.A., Josifovich, J.A.
(2005) Influence of pasture or grain-based diets
supplemented with vitamin E on antioxidant/
oxidative balance of Argentine beef. Meat Sci.
70(1), 35-44.

Dutra, M.P., Cardoso, G.P., Fontes, P.R., Silva, D.R.G.,
Pereira, M.T., Ramos,A.L.S., Ramos, E.M.
(2017) Combined effects of gamma radiation
doses and sodium nitrite content on the lipid
oxidation and color of mortadella. Food Chem.
237, 232-239.

El-Demerdash, F.M., Abbady, E.A., Baghdadi,
H.H. (2016) Oxidative stress modulation by
Rosmarinus officinalis in creosote-induced
hepatotoxicity. Environ. Toxicol. 31(1), 85-92.

Ellman, G.L. (1959) Tissue sulthydryl groups. Arch.
Biochem. Biophys. 82(1), 70-77.

EOS. (2005) Egyptian Organization for Standardization.
Meat, 1694/2005.

Galati, A., Tulone, A., Moavero, P., Crescimanno,
M. (1019) Consumer interest in information
regarding novel food technologies in Italy: The
case of irradiated foods. Food Res. Int. 119, 291-
296.

Habig, W.H., Pabst, M.J., Jakoby, W.B. (1974)
Glutathione S-transferases. The first enzymatic
step in mercapturic acid formation. J. Bio. Chem.
249, 7130-7139.

Hafeman, D.G., Sunde, R.A., Hoekstra, W.G. (1974)
Effect of dietary selenium on erythrocyte and
liver glutathione peroxidase in the rat. J. Nut.
104, 580-587.

Kawasaki, S., Saito, M., Mochida, M., Noviyanti, F.,
Seito, H., Todoriki, S. (2019) Inactivation of
Escherichia coli O157 and Salmonella enteritidis
in raw beef liver by gamma irradiation. Food
Microbiol. 78, 110-113.

Kim, L., Yang, M., Cheorun, J., Ahn, D.U., Kang, S.N.
(2011) Effect of gamma-irradiation on trans fatty
acid, free amino acid and sensory evaluation



EFFECT OF GAMMA-RADIATION ON HYGIENIC.... 243

of dry-fermented sausage. Korean J. Food Sci.
Anim. Resour. 31(4), 580-587.

Kumar, R., George, G., Johnsy, Rajamanickam R.,
Lakshmana, J.H., Tamilselvan, K., Nataraju, S.,
Nadanasabapathi, S. (2012) Effect of gamma
irradiation and retort processing on microbial,
chemical and sensory quality of ready-to-eat
(RTE) chicken pulav. Int. Food Res. J. 20(4),
1579-1584.

Li, C, He, L., Jin, G., Ma, S., Wu, W., Gai, L. (2017)
Effect of different irradiation dose treatment
on the lipid oxidation, instrumental color and
volatiles of fresh pork and their changes during
storage. Meat Sci. 128, 68-76.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall,
R.J. (1951) Protein measurement with the Folin
Phenol Reagent. J. Bio. Chem. 193(1), 265-275.

Maleknia, S.D., Downard, K.M. (2019) Protein
footprinting ~ with  radical probe mass
spectrometry- two decades of achievement.
Protein Pept, Lett. 26(1), 4-15.

Misra, H.P., Fridovich, 1. (1972) The role of superoxide
anion in the autoxidation of epinephrine and a
simple assay for superoxide dismutase. J. Bio.
Chem. 247(10), 3170-3175.

Nam, K.C., Lee, E.J., Ahn, D.U., Kwon, J.H. (2011)
Dose-dependent changes of chemical attributes
in irradiated sausages. Meat Sci. 88(1), 184-188.

Nasr, H.M., El-Demerdash, F.M., El-Nagar, W.A.
(2016) Neuro and renal toxicity induced by
chlorpyrifos and abamectin in rats. Toxicity of

insecticide mixture. Environ Sci. Pollut. Res. Int.
23(2), 1852-1859.

Ohkawa, H., Ohishi, N., Yagi, K. (1979) Assay for lipid
peroxides in animal tissues by thiobarbituric acid
reaction. Anal. Biochem. 95(2), 351-358.

Park, J.G.,Yoon, Y., Park J.N., Han, L.J., Song, B.S.,
Kim, J.H., Kim, W.G., Hwang, H.J., Han, S.B.,
Lee, J.W. (2010) Effects of gamma irradiation
and electron beam irradiation on quality, sensory,
and bacterial populations in beef sausage patties.
Meat Sci. 85(2), 368-372.

Park, J.S., Ha, JW. (2019) X-ray irradiation
inactivation of Escherichia coli O157:H7,
Salmonella enterica Serovar Typhimurium, and
Listeria monocytogenes on sliced cheese and its
bactericidal mechanisms. Int. J. Food Microbiol.
289, 127-133.

Sinha, A.K. (1972) Colorimetric assay of catalase.
Anal. Biochem. 47(2), 389-394.

Snecdecor, G.W., Cochran, W.G. (1989) "Statistical
Methods", 8" ed, Wiley-Blackwell, 503p.

Tsukamoto, M., Tampo, Y., Sawada, M., Yonaha,
M. (2002) Paraquat induced oxidative stress
and dysfunction of the glutathione redox cycle
in pulmonary microvascular endothelial cells.
Toxicol. Appl. Pharmacol. 178(2), 82-92.

Wang, Z., He, Z., Emara, A.M., Gan, X., Li, H. (2019)
Effects of malondialdehyde as a byproduct of
lipid oxidation on protein oxidation in rabbit
meat. Food Chem. 288, 405-412.

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



244

WAFAA S. MOHAMED et al.

(o8 BB Baliaall cilay 331 g Axisal) alaal g dauall 3agad) o Lala dadi il
Sisl) 459 pal

Dasd) ) Guad dagde (DG padl) dakald (@) hlA Llla g (Daana L sld g

Ay el Ay 3 A8l 2 - g Lt L sl S5 5 & sal gl Sl - Aol dpanall gl and)

kll\.m“)dn (......3(3) ( pan _é\ﬁd\ )AS _u\jaa.“ daia &g RVEAC)] ¢ ypan _SJAG” - pal a.udn 29 .=
e A ) CA Y s s gaall g Wlall il Sl agaa Al

Al sasall e (oashS 7 65 3 o] Lol dadil (g diline cile o 8l Al )0 5 il all o2a 3
2S5 aalll ag jie 8 5auSD Baliadl) ciley 31 yulee (el QIS (puall s 3 s ySuall pailiasl))
e

iy ol Gl Ao ja Hlaie 8 aanilly Jai i g pall i g Jalas 8yl of i) < el
ey 1Y) bl it Lals daily Alalaad) de sanall of W ALYy o) KU 05 ) (o sine
Joaal) ¢y sl glall G 5 50 3aliadll

@R 2SI 5 anll) g sl Fpaall 53 gall (e Gy Lala Aalil (40 Fumiiiie Cile ja aladia) :AaDIAl
3208 labiaall 5 3auSY) Lo grca luld S Lty AiliasSll julaall Cluld 8 juad Sigas 50
Lals dnil de ja laie il A daa 350 aad) 5 daa 33

A AT 5 o sall Aaall 53 sadl Gy Lalas dxl (e Auaiiie e ja aladin) a5l

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



