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Abstract

The aim of the current study clarifies the effect of food irradiation as a preservation method on
microbiological analysis and growth performance as well as genetic processes of Clariasgaripinus by
estimating chromosomal aberration test in somatic cells and compare it with the effect of other food
preservations such as preservation by freezing and preservation by thermal treatment on food. The results
indicate that 25 and 35 kGy doses of gamma irradiation showed there were no growth in the total viable
(mesophilic aerobic) plate counts and increased the shelf-life of samples compared with other preservation
methods which used. There were no significant differences between irradiated and non-irradiated sample
ingrowth Parameters. Higher dose of gamma irradiation was apparent that there were a significant (P < 0.05)

decrease of the value of chromosomalaberrations.
Keywords: irradiation, food biosafety.
Introduction

Food irradiation is a preservation process of
exposing food to high energy rays to improve product
safety and shelf life. It could be used to replace
chemical preservatives as well as thermal treatment. It
is considered as cold pasteurization of food and
currently permitted in 35 countries worldwide for 40
different food products. Irradiation can be used to
reduce the number of pathogens and so increase food
safety, reduce the number of spoilage organisms,
leading to an extension in shelf-life and a reduction in
waste, due to spoilage. Irradiation can Kkill
microorganisms, insects and parasites and this is a
fundamental reason for applying the technology to
improve the safety and quality of many foods and food
products (Patterson 2005). The food industry is
focused on manufacturing long-shelflife ready-to-eat
(RTE) products in domestic portions from processed
blocks (Cabeza et al., 2009; Gil-Diaz et al., 2009).
Irradiation, as a method of meat products preservation,
has excellent potential in the elimination of
pathogenic and spoilage microorganisms from meat
and meat products (Mayer- Miebach et al., 2005;
Badr, 2004; Satin, 2002). One of the major concerns
in irradiation meat and meat products, however, is its
effects on meat and meat products quality, mainly
because of free radical reaction resulting in the
possibility of color change, lipid oxidation and odor
generation, and consumer response to these quality
changes are quite negative (Du et al., 2002). There is
abundant literature on the effects of ionizing radiation
on meat (Sweet etal., 2006; 2005), meat products
(Chouliara et al., 2006), and prepared meals (Irawati
et al., 2007).

Material and Methods

1- Experimental model

Catfish, Clarias garipinus was used as the
experimental animal model in this study. The fish
were obtained from the Arab fisheries hatchery, Abu-
Hammad, Sharkia Governorate, Egypt and transferred
to the genetic and biotechnology lab, Faculty of
Agriculture Benha University.

2- Experimental Design and facilities

A one-way experiment was designed to study the
main effect of different methods of preservation of
meat product on growth performance, feed utilization
and chromosome aberration of Catfish. The
experimental design was outlined in Table 1. Prior to
beginning of the experiment, fish were acclimatized to
the experimental conditions and fed commercial diet
(30% protein) twice daily to apparent satiation by
hand for 15 days. After the acclimatization, the
experimental fish were distributed randomly into the
experimental plastic tanks. A set of 420 fish of Clarias
garipinus average initial weight of (4.01 +0. 06 @)
were used in this trail. Thirty-five fish were randomly
stocked into each tank with two replications for each
treatment. De-chlorinated public utility water was
supplied to each aquarium housed within an
artificially illuminated room. About one-third of water
volume in each tank was daily replaced by aerated
fresh water after removing the accumulated excreta.
During the 90-days experimental period, triplicate
groups of catfish were hand-fed with twice daily at
09:00 am and 3:00 pm. The first time fed on artificial
diet and the second-time fish fed on preservation of
meat product.
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Table 1. Experimental design of the present study

Treatment, T.

Artificial diet (4% biomass)

Meat product (0.5% biomass)

T1 Control Twice daily

T2 Frozen product Twice daily
T3 Heat product Twice daily
T4 Radiation 25 product Twice daily
T5 Radiation 35 product Twice daily

Once daily
Once daily
Once daily
Once daily
Once daily

3- Water quality for Aquaculture

Water temperature was recorded daily at 1.00 pm
using a mercury thermometer. Dissolved oxygen (DO)
was measured at 07.00 am using Y'SI model 56 oxygen
meter (YSI Company, Yellow Springs Instrument,
Yellow Springs, Ohio, USA). Total ammonia and
nitrite were measured twice weekly using a DREL,
2000 spectrophotometer (Hash Company, Loveland,
CO, USA). A pH was estimated on morning by using
a pH meter (Model HANNA instruments HI 2210). All
tested water quality criteria (temperature, pH value,
Dissolved oxygen (DO) and total amonia) were suitable
and within the acceptable limits for rearing catfish. (Boyd,
1990).

4- Diet preparation

The basal practical diet was formulated to contain
approximately 2899 % crude protein and16.10 Kj/Kg
diet'Metabolizable energy, which has been shown to be
sufficient to support the optimal growth of Clarias garipinus.
Soybean meal contributed the major portion of dietary protein,
with the rest ingredients coming from local market (fish meal,
corn gluten, yellow com and wheat bran). All dry ingredients
were thoroughly mixed with soybean oil, and vitamins and
minerals mixture, and then passing the mixed feed through a
laboratory pellet mill (2-mm die) , and stored at —20 °C until
used.

5- Preparation the samples
5.1. Preparation of frozen Food

Samples were stored in deep freezer at -18°c for
two weeks, as in industrial methods, Samples were
kept at -18 °c until used.

5.2. Preparation of heat treatment Food

Samples were cooked by autoclave at 121°¢ for 20
min, as in industrial methods, after autoclaving the
samples were transported to the laboratory and were
stored at room temperature until used.

5.3. Preparation of Irradiated Food

Samples were subjected at ambient temperature to
gamma irradiation from Co-60 source at National
Center for Radiation Research and Technology at
Nasr City, Cairo. The facility used was Gamma
Chamber 400 a Co-60 facility of India. The applied
dose was 25and 35 kGy delivered at a dose rate of
5.212 kGy/h as calibrated using small pieces of the
radio chromic film (MeLaughlin et al., 1985), at the
time of experimentation. After irradiation, the samples

were transported to the laboratory and were stored at
room temperature until used.

6- Microbiological analysis

The samples were prepared for microbiological
examination according to ICMSF (1996). All samples
were examined for Total colony count (TCC); Total
Mold and Yeast count; Coliform count and total
Staphylococcus count/g, according to American
public health Association (APHA, 1992 and 2001).

7- Growth performance and feed utilization
parameters

Records of live body weight (g) was measured in
all fish for each tank and registered every 14 days (two
weeks) during the experimental period. Growth
performance parameters were measured by using the
following equations:

7.1. Weight Gain: Weight gain was determined
between the final weight and initial weight of
experimental fish. Weight gain = Final weight -
Initial weight.

7.2. Specific Growth Rate: It is the percentage rate
of change in the logarithmic body weight and
was computed.

SGR = [( Ln final weight - Ln initial weight) / Time

(days)]x100

7.3. Survival rate: at the end of the experiment, water
in all ponds was drained and fish were counted. The
number of fingerlings at the start and end of the
experiment was used to calculate percentage survival
rate (SR %).

8- Chromosomal preparation

Chromosomal preparation of kidney tissues were
carried out according to the method described by (Al-
Sabti, 1983) with some modification: In brief: the
anterior kidney from each fish were excised and cut
into fine particles in 5-7 ml of RBMI medium and 0.2
ml of 0.05 colchicine were added to each tube in vitro.
Cultures were incubated at 37-38 °C for 1 h then the
cells were centrifuged at 1000 rpm for 10 min and
resuspended in prewarmed (37°C) hypotonic solution
(KCI 0.5 %) for 30 min at 37°C. The sample were
centrifuged and fixed in cold mixture of 1:3 glacial
acetic acid and methyl alcohol. Two changes of the
same fixative were applied with centrifugation and
removal of the supernatant fluid each time then the
sediment were suspended in a small amount of the
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fixative. The slides were produced by the
conventional method and stained with Giemsa stain.
Chromosome analysis were carried out in one hundred
metaphase spreads for each fish.

Statistical analysis

All data were analyzed by using the software SAS,
version 6.03 (Statistical Analysis System 1993). One-
way analysis of variance (One-way ANOVA) was
used to determine whether significant variation
existed between the treatments. When overall
differences were found, differences between means
were tested by Duncan (1955) new multiple range
test. One way ANOVA was used for analyzing the
individual effects of these treatments. All differences
were considered significant at P<0.05 and the results
are presented as means with pooled standard error of
the mean).

Results and Discussion

Microbiological analysis.

The results presented in table (2) showed
microbiological load for untreated and treated samples
which exposed to different food preservation methods
such as freezing, thermal treatment and irradiation
treatment ( using doses 25 kGy and 35 kGy) before
treatment, after treatment directly and after two weeks
from the treatment time. The statistical analysis of the
data demonstrated that there were no significantly
different in bacterial growth count between all the
samples before treatment. However, the samples in the
treatment T3, T4 and Ts showed that no growth (not

detected) after treatment directly and after two weeks
from treatment. However, there were significantly (P
< 0.05) decreased the total (mesophilic aerobic) plate
microorganism counts (TPCs), Total mould count
(TMC), Staphylococci and E. coli with the increase of
storage period in the treatment T,. Al-Bachir, 2013
indicated that irradiation with 4 or 6 kGy and storage
under refrigeration (5 °C) reduced the total
microorganisms count and increased the shelf-life of
ground beef (Mohamed et al., 2011), Sheesh Tawoq
(Al- Bachir, 2010), Chicken Kabab (Al-Bachir et al.,
2010), corned beef (Sallam et al., 2000), chicken
vegetable and chicken sweet corn soup (Irawati et al.,
2007), mutton shammi Kababs and pork salami
(Sweet et al., 2005), Sausage production (Chouliara
et al., 2006), Borak (Al-Bachir, 2007), luncheon meat
(Al-Bachir, 2005), and Camel meat (Al-Bachir and
Zeino, 2009). Shewan, 1975 recommended that the
microbial limit as 1-106 CFU/g of fish flesh for
tropical fishes. Hence, TBC values in the present
investigation suggest that the irradiated samples
remain acceptable after 90 days at -20°C. In case of
total mould count (TMC) it was found that the
population increased with the increase of storage
period. Kawser, et al., (2009) showed that at the
beginning of the storage period bacterial growths were
affected by the radiation. The initial bacterial load of
control was maximum (1.3x104 cfu/g) followed by 3
kGy irradiated fishes (2x102 cfu/g).At 5 and 8 kGy
radiation the samples were completely sterilized
resulting no bacterial growth. At days 90, this value
increased as 2.1x105cfu/g in control sample stored at
-20°C, 2.3x104cfu/g in 3KGy, 6.7x103cfu/g in 5 kGy
and 3.5x103cfu/g in 8 kGy sample stored at -20°C.

Table 2. Microbiological analysis forproduct of meat exposed to different food preservation methods.

Treatments  Yeast Total count  Staph. E. coil
T: 4.883 cd 6.767 d 4.390 bc 2.420d
T 4.847d 6.807 cd 4.397 bc 2.330 f
Before treatment T3 4.907 bc 6.897 b 4.410 bc 2.393 e
T, 4.890 bcd 6.830 C 4447 b 2.437c
Ts 4.940b 6.917 b 4.297 ¢ 2507 b
T1 5.883 a 7.767 a 4.690 a 3.420 a
T 3.810f 6.347 e 3.040 e 22279
Aftegitrr:;tlyme”t' T 0.0000 h 0.0000 h 000009 0.0000]
T, 0.0000 h 0.0000 h 0.0000 g 0.0000 j
Ts 0.0000 h 0.0000 h 0.0000 g 0.0000 J
Ty 3.883 e 5.767 f 4.123d 2.220 h
Two weeks after T, 2.677g 4743 g 2.860 f 1.940 i _
treatment T3 0.0000 h 0.0000 h 0.0000 g 0.0000 j
T4 0.0000 h 0.0000 h 0.0000 g 0.0000 j
Ts 0.0000 h 0.0000 h 0.0000 g 0.0000 j

Means followed by different letters in each column are significantly (p<0.05) different.
Tz control, T2 samples exposed to freezing as a food preservation methods, T3 samples exposed to thermal treatment as a food
preservation methods, T4 samples exposed to irradiation using 25 kGy as a food preservation methods and Ts samples exposed

to irradiation using 35 kGy as a food preservation methods.
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Growth Parameters
Live Body weight

The results presented in table (3) showed average
live Body weight (g) from 1% to 8™ weeks for catfish
fed on Diet (control) and product of meat exposed to
different food preservation methods.the data indicated
that catfish fed on diet, product of meat stored under
freezing and other which fed on product of meat
exposed to heat treatment had no significantly
(p<0.05) different, during the experimental period 8
weeks. The groups of catfish which fed on product of
meat exposed to irradiation (25kGy and 35kGy) had
lower body weight than those fed diet (control), during

the experimental period 8 weeks. Chaubey, et al.,
(1999) found that the feeding studies with diets
containing irradiated (at a dose of 30 kGy) paprika
have shown no deleterious effects in rats with regard
to growth. Irawati and Sani (2012) reported that
average changing in Body Weightof rats showed an
increase after feeding of the irradiated ethnic foods.
After feeding, the animals seemed to be healthy and
have better movement and no leftover of food found
in the cage. Bayoumi (2005) noticed that the
irradiation treatment up to 20 kGy of raw Lentil and
Cow Pea produced increasing in live body weight of
rats as a compared with those receiving raw samples.

Table 3. Body weight (g) of Catfish fed on product of meat exposed to different food preservation methods

Treatments Initial 2 weeks 4 weeks 6 weeks 8 weeks
T1 (Control) 4.00 6.50 12.40a 15.47a 18.14a
T2 Frozen product 4.10 6.49 12.49a 15.64a 17.58a
T3 Thermal treatment 3.98 6.45 12.45a 14.87a 17.62a
T 4 Radiation 25 product 4.10 5.52 9.51b 10.05a 12.42a
Ts Radiation 35 product 4.10 5.55 9.56h 10.20b 11.85h
Standard error (SE) 0.01 0.06 0.07 0.04 0.14

Means followed by different letters in each column are significantly (p<0.05) different.

Weight gain.

Table (4) presented that change in body weight
gain of catfish fed artificial diet and product of meat
exposed to different food preservation methods. Data
of this table demonstrate that during the experimental
period (0-4week) the groups of catfish fed on product
of meat exposed to irradiation (25kGy and 35kGy)
have significantly lower in WG of compared with
other treatment group. Also, there was no significant
different in body weight gain between control group
and groups of catfish fed on product of meat exposed
to freezing and heat treatment. During the
experimental period (4-6week) the body WG of
catfish groups fed on product of meat exposed to
irradiation (25kGy and 35kGy) of gamma irradiation
and heat treatment were significantly (p<0.05) lower

than those of the control. During the experimental
period (6-8week). There was no significantly different
in body weight gain between control group and groups
of catfish fed on product of meat exposed to heat
treatment and irradiation treatment at 25kGy. The
groups of catfish fed on product of meat exposed to
irradiation treatment at 35kGy and freezing treatment
had significantly (lower body weight gain) compared
with control group. Bayoumi (2005) found that the
irradiation treatment up to 20 kGy of raw lentil and
cow pea improved the total body weight gain
compared with raw sample. Also, El-Niely, (2001)
obtained that the radiation processing improved the
total body weight gain when rats fed rats irradiated
peanut kernels diets at dose levels 5, 7.5 and 10 kGy.

Table 4. Weight gain of Catfish fed on product of meat exposed to different food preservation methods

Treatments 0-2 week 2-4 week 4 — 6 week 6 - 8 weeks
T1 (Control) 2.50a 5.90a 3.07a 2.67a
T, Frozen product 2.39a 6.00a 3.15a 1.94b
T3 Thermal product 2.47a 6.00a 2.42b 2.75a
T4 Radiation 25 product 1.42b 3.99b 0.54c 2.37
Ts Radiation 35 product 1.45b 4.01b 0.64c 1.65
Standard error (SE) 0.01 0.06 0.07 0.04

Means followed by different letters in each column are significantly (p<0.05) different.

Specific growth rate
As described in Table (5), average values of SGR
ranged between 5.52 to 6.50 for the all experimental

period (0-8 weeks) and the differences between fish
groups attributed to the feeding of product of meat
exposed to heat treatment were not significant.
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Table 5. Specific growth rate of Catfish fed on product of meat exposed to different food preservation methods

Treatments 0-2 week 2-4 week 4 — 6 week 6 - 8 weeks
T1 (Control) 0.81 1.08 0.37 0.27
T2 Freezing treatment 0.77 1.09 0.37 0.19
T3 Thermal treatment 0.80 1.10 0.30 0.28

T 4 Radiation treatment 25 kGy 0.50 0.91 0.90 0.35
T5 Radiation treatment 35 kGy 0.50 0.91 0.11 0.25
Standard error (SE) 0.01 0.06 0.07 0.04

Means followed by different letters in each column are significantly (p<0.05) different.

Survival rate of Catfish There was no significantly different (p<0.05) during

The results presented in table (6) showed average the experimental period 8 weeks. Irawati and Sani
survivalrate of catfish fed on artificial diet and product (2012) reported that no death animals were found after
of meat exposed to different food preservation feeding both on unirradiated and irradiated
methods, during the experimental period (0 - 8 week). conventional feeds.

Table 6. Survival rate of Catfish fed on product of meat exposed to different food preservation methods

Treatments 2 weeks 4 weeks 6 weeks 8 weeks
T1 (Control) 100.00a 97.50a 95.50a 92.00a
T2 Freezing treatment 97.50b 95.00b 95.00a 92.50a
T3 Thermal treatment 100.00a 97.50a 92.50b 92.50a
T 4 Radiation treatment 25 kGy 97.50b 95.00b 92.50b 92.50a
T5 Radiation treatment 35 kGy 95.00b 92.50c 90.00c 90.00b
Standard error (SE) 1.02 1.12 1.01 0.92
Means followed by different letters in each column are significantly (p<0.05) different.
Chromosomal aberration. and T3 were no significant (P< 0.05) compared with
The presented results in table (7) showed that the control.  Also, data showed a significant (P <
average values of different types of chromosomal 0.05)decrease of the value of aberrations in treatment

aberrations in head kidney of Clarias gariepinus. high T4 and Ts. In spite of, chromosomal abnormalities
percentage of chromosomal abnormalities in head which formed in chromatid deletions and End to end
kidney cells of Clarias gariepinus were observed associations showed no significantly (P< 0.05)
clearly in the form of centromeric attenuation, different. Chaubey, et al., (1999) studied genetic
chromatid breaks, chromatid gaps, chromatid toxicological for somatic and germinal effects in
deletions, centric fusion,End to end associations and salted, dried and irradiated (2.0 kGy) tnackerel and
fragmentation. The current results revealed that the showed no evidence of any induced chromosomal
values of different types of chromosomal aberration in aberrations in mice.

head kidney cells of Clarias gariepinus in treatmentT,

Table 7. Structural aberration (deletion, fragments, ring, centromeric attenuation, end, brake and gab) of Catfish
fed on product of meat exposed to different food preservation methods
Structural aberrations

Treatments Deletion  Fragments Ring Centrorr_]enc End Brake Gab
attenuation

T (Control) 4.00 6.50 12.40 15.47a 400 650  12.40

T2 Thermal 1 6.49 12.49 15.64a 410 649  12.49

treatment

T3 Heat treatment 3.98 6.45 12.45 14.87a 398 645 1245

T 4 Radiation

treatment 25 KGy 4.10 5.52 9.51 10.05b 410 552 951

T5 Radiation

treatment 35 kGy 4.10 5.55 9.56 10.20b 410 555 956

Standard error (SE) 0.01 0.06 0.07 0.04 001 006 0.07

Means followed by different letters in each column are significantly (p<0.05) different
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Conclusion

Preservation using thermal treatment and
preservation by gamma Irradiation at doses 25 and 35
kGy can be effective to control microorganisms in soy
sauces beef, compared with preservation by freezing
which decreased the total (mesophilic aerobic) plate
microorganism counts (TPCs), total Mould count
(TMC), Staphylococci and E.coli with the increase of
storage period and extending their refrigerated shelf-
life for more than 8 weeks. The obtained results that
feeding studies on soy sauces beef (as a meat product)
exposed to gamma irradiated at 25 kGy and 35 kGy as
a method of food preservation on Clariasgaripinus,
respectively did not show any abnormalities ingrowth
performance, feed utilization and chromosomal
aberration of the observed Clariasgaripinus, in
comparison to the other used food preservation
methods such as preservation using thermal treatment
and preservation by freezing.
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