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A B S T R A C T 
 
The focus of this study was to evaluate the effect of γ radiation and chilling on the hygienic quality 
of fresh beef meat, fatty acids content and survival of Escherichia coli as food poisoning 
microorganisms. Sixty fresh beef samples were hygienically examined, surveyed for E. coli O157: 
H7; eight samples were positive (13.3%). Sensory examination revealed that there were no 
significant changes between γ radiated (at 3 kGy) and non-irradiated groups in color, odor and 
texture. γ radiation caused slight significant effect on the chemical analysis after irradiation; there 
was no significant changes in pH values it slightly increased the amount of total volatile basic 
nitrogen (TVN), thiobarbituric acid reactive substances (TBA) and peroxide value. Fatty acids of 
irradiated chilled samples were slightly affected as compared with control samples; the irradiated 
samples had higher saturated fatty acid content (C16:0, C18:0) and lower unsaturated fatty acid 
content (C18:1, C18:2) than the non-irradiated sample. We recommend exposing meat to 3 kGy of γ 
radiation to prolong its chilling life hygienically. 
 
 

INTRODUCTION 
 

 The increased microbial load in food causes food-
borne infections, their destruction leads to a significant 
increase in the acceptable shelf life of food (Osés et al., 
2012). Data indicating trends in food-borne infectious 
intestinal disease is limited to few industrialized countries 
(CDC, 2013). The causes of diarrhoea include viruses, 
bacteria and parasites; bacterial pathogens contribute in 
60% of the food borne illnesses that lead to 
hospitalization and account for two thirds of the 
estimated number of food borne pathogens related deaths 
via beef consumption (Al-Gallas et al., 2007).  
 Escherichia coli are bacterial species that normally 
live in the intestines of people and other warm-blooded 
animals. Diarrheagenic E. coli is the main causative 
pathogens that result in endemic and epidemic diarrhoea 
(Ganguly et al., 2012). Most E. coli are harmless and 
actually are important for healthy human intestinal tract 
produce vitamin K and help to prevent colonization by 
disease-causing bacteria (Kim et al., 2012). E. coli can 
contaminate the farm, water catchments and food 
processing environment via faeces then contaminate  
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foods. E. coli O157:H7 is a potentially deadly bacterium 
that can cause dehydration, bloody diarrhoea and 
abdominal cramps (3–4 days) after exposure to the 
organism (FSIS, 2015). The presence of E. coli in meat is 
an indicator of direct or indirect contamination and lack 
of hygiene in handling and production operation of meat, 
inadequate storage and post process contamination 
(Sofos, 2014). The extent of bacterial contamination 
increase during the grinding process of meat because of 
lack in temperature controls (Müller et al., 2012). 
 Typical Gram-negative spoilage organisms are very 
sensitive to irradiation. Combinations of irradiation and 
low storage temperature can produce hygienic meat (O′ 
Bryan et al., 2008).  The alteration in lipid composition 
as a result of irradiation depends on the dose of 
irradiation, storage temperature and packaging conditions 
(Özden et al., 2007). The composition of beef is about 
18% lipids and its fatty acids content is divided into 46% 
saturated, 51% mono-unsaturated and 3% poly-
unsaturated. Some of the fatty acids found in meat play 
important roles in metabolism. Recent interest in trans 
fatty acids was sparked off by epidemiological evidence 
linking trans fatty acids to higher plasma total cholesterol 
and low-density-lipoprotein cholesterol and increased the 
incidence of coronary heart disease (Park et al., 2010). 
Taste, appearance, texture, and microbiological safety are 
required to be preserved within a foodstuff for the longest 
period of time (Zhanga, 2010). 
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 This work aimed to estimate the effect of gamma 
irradiation of fresh beef on the survival of E. coli O157: 
H7, its sensory attributes, chemical composition and fatty 
acid content.  
 

MATERIALS AND METHODS 
 
Sampling  
 Sixty fresh beef samples were collected from 
different grocery shops in Cairo and Giza governorate 
(Egypt). The samples were aseptically transferred to the 
laboratory in an icebox and were kept at 4±1°C.  
 
Irradiation process  
 The irradiation process was carried out using the 
Russian Medical Sterilizing CM-20 γ cell located at the 
National Centre for Radiation Research and Technology 
(NCRRT), Nasr City, Cairo, Egypt. The source was 
giving a dose rate of 2.4 kilo Gray kGy/hour at the time 
of experiment. Dose levels of 0, 3 and 7 kGy were used. 
The samples were kept cold during irradiation. 
 
Microbiological survey 
 Out of each sample, 25 g were inoculated into 250 
ml peptone water (enrichment broth), incubated at 37°C 
for 24 h and then, cultivated onto nutrient agar, eosin 
methylene bile agar (Kim and Bhunia, 2008) and 
MacConkey agar media and incubated for 24 h at 37°C. 
Also, 1 ml of the inoculated peptone water was 
transferred to 9 ml selenit "F" broth (pre-enrichment fluid 
media, Oxoid) and incubated at 37°C for 12-18 h. An 
inoculum was then cultured onto Salmonella - Shigella 
(S.S.) agar medium. After overnight incubation of 
MacConkey agar, a part of single typical well isolated 
lactose fermenting colonies was tested for sorbitol 
fermentation by cultivating onto sorbitol MacConkey 
agar (S.M.A.) (Oxoid), and incubated at 37°C over night. 
From sorbitol MacConkey agar, colorless or pale colonies 
were considered as non-fermenters of sorbitol and pink 
colonies as sorbitol fermenters. Non-sorbitol fermenter 
colonies on S.M.A. and non-lactose fermenter colonies 
with or without black centre on S-S media were 
examined culturally, morphologically, biochemically, as 
well as serologically. Non-sorbitol fermenting isolates 
were serotyped using E. coli antisera (polyvalent 3 and 
monovalent 0157, H7) according to Collins and Lyne 
(1976). Antisera were obtained from Denka Seiken 
Laboratory, Tokyo. Japan to serology unit, Animal 
Health Research Institute, Dokki, Giza. 
 
Polymerase chain reaction (Stacy-Phipps et al., 1995) 
 For identification of the strain E. coli O157:H7, 
genomic DNA was isolated from the cultures by 

chromosomal DNA extraction kit (Gen Jet Genomic 
DNA purification kit K0271, Fermentas), and used for 
amplification of a 350- bp segment of the shiga like toxin 
I gene (sItI) using a pair of primers specific to sItI gene 
(Trochimchuka et al., 2003). The sequence of the 
forwarded and reverse primer was  
5’- ACC TCA CTG ACG CAG TCT GTG G-3’  
(nucleotide position 508) and  
5’- TCT GCC GGA CAC ATA GAA AA-3’, 
respectively. 
 The PCR reaction mixture (total volume of 50 µl) 
was 25 µl Dream green PCR Reddy Mix (Dream Taq 
Green PCR Master Mix (2X) Fermentas Company, cat., 
No.K1080, USA.), 5 µl target DNA, 2 µl of each primers 
(containing 10 p mole/µl) and the mixture was completed 
by sterile distilled water to 50 µl PCR amplification 
conditions for yeast isolates were 5 min initial step 
followed by 35 cycles each of 94°C for 1 min, 56°C for 1 
min and 72°C for 1 min and a final extension step at 
72°C for 7 min using Gradient Thermal cycler (1000 S 
Thermal cycler Bio-Rad USA) 
 
Bacteriological examination 
 Aerobic bacterial count was carried out on standard 
plate count agar at 35°C for 48 h according to APHA 
(1992). Ten grams of each sample were homogenized 
with 90 ml of 1% sterile peptone water for 1 minute using 
stomacher (Lab-blender 400Seward. Serial No. 30469 
type BA 7021, London), to provide 10-1 dilution, then 
tenfold decimal serial dilution up to 78 were prepared. 
Aerobic bacterial count was carried out on a standard 
plate count agar at 35°C for 48 h according to FDA 
(2001a). Yeast and mold counts were performed on 
Sabouraud dextrose agar medium (Oxoid) supplemented 
with chloramphenicol (0.05mg/ml) and incubated at 25°C 
for 5 days as described by Koneman et al. (1994). 
 
Chemical evaluation 
 The pH was determined by blending the samples 
with distilled water (1:10) and the pH values of the 
suspension was evaluated by pH meter directly as the 
mean value of three measurements (El- Sheshetawy et al., 
2009). 
 Total volatile basic nitrogen (TVN) was determined 
using standard methods (AOAC, 2010). Peroxide values 
were determined according to Shantha and Decker 
(1994).  
 Thiobarbituric acid (TBA) detection of 
malonaldehyde (a common lipid peroxidation product) 
was performed in triplicates according to Tarladgis et al. 
(1960) using trichloroacetic acid 7.5% freshly prepared 
0.02M TBA solution and the absorbance of the developed 
red color was measured at wave length 538nm 
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malonaldehyde formed during lipid oxidation in fresh 
meat samples were measured and reported in units of mg 
MDA/kg sample. 
 
Lipid analysis 
 After irradiation the fatty acids of beef minced meat 
were extracted according to Scholfield et al. (1963). Then 
fatty acid analysis was conducted using Hp 6890 gas 
chromatograph instrument equipped with: HP5-5% 
phenyl methyl siloxane 25 ml; i.d.0.32µm; 0.17 µm film 
thickness. Oven temperature was 170°C for 1 min, then 
raised with a rate of 5°C/min to 190°C, hold for 1 min, 
then raised with a rate of 2°C/min to 210°C hold for 1 
min, then raised with a rate of 5°C/min to 240°C hold for 
10 min. Carrier gas: Nitrogen; Flow rate, 1.3 ml/min; 
Detector, FID, 275°C; Inj. temp, 260°C. 
 
Sensory examination  
 The samples were evaluated physically before and 
after irradiation for colour, odour and texture according 
to O′ Bryan et al. (2008).  
 
Statistical analysis 
 The experiment was conducted 3 times and the 
results were presented as means, standard deviation and 
simple error (Draper and Smith, 1998). All statistical 
procedures were computed using the Microsoft Excel 
2007 in order to compare the mean values of the 
investigated parameters.  
 

RESULTS AND DISCUSSION 
 
E. coli O157:H7 count 
 E. coli O157:H7 was isolated from 8 out of 60 
examined samples (13.3%) and the count of the organism 
was followed during 7 days of refrigeration at 4±1˚C 
(Fig. 1).  
 E.coli 0157: H7 count increased till it reached log 
4.5 in control (non-irradiated) stored samples. It was 
noticed that the counts of the organism increased as the 
storage period increased in control and γ radiated samples 
but to less extent. Li et al. (2015) reported that irradiation 
at 7 kGy controlled E. coli in refrigerated and frozen 
meat and at 3 kGy E. coli were reduced by 5 log CFU/g. 
It was noticed that the counts of the organism increased 
as the storage period increased (Fratamico and Bagi, 
2007). Irradiation at 1 kGy of beef carcasses lowered the 
hazard represented by E. coli and reduced the viability of 
two groups of non-O157 E. coli mixtures by ≤ 4.5 and ≤ 
3.9 log CFU/g (Kundua et al., 2014). Yoona et al. (2013) 
found that total bacterial and E. coli O157:H7 
populations remained unchanged during chilling storage. 
 The identification of the bacteria was confirmed by 

PCR amplification of slt1 gene which is characteristics of 
E. coli O157:H7 (Fig. 2). 
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 Fig. 1.  The effect of irradiation and storage 
at 4±1ºC for 7 days on log mean E.coli O157:H7 
count. 

 

 
 

 Fig. 2. The electrophoretic pattern of 
amplified E.coli O157:H7 PCR product by using 
pair primers specific to s1t1 gene with amplification 
of 350-bp. Lane 1, 100 bp DNA ladder. Lane 2, 
amplicon of the reference strain E. coli O157:H7. 
Lanes 3-5, positive samples. Lane 6, negative 
control reaction. 

 

 Similar results were recorded by Beutin et al. 
(2007) who stated that the combination of serotyping and 
stx genotyping was found useful for identification and for 
assignment of food- borne pathogens.  
 
Hygienic quality of fresh beef 
 Microbiological evaluation 
 Table I shows that the initial total bacterial count of 
beef meat during chilling storage at 4±1°C for 7 days was 
higher than γ radiated samples. 
 Beef meat control (non -irradiated) samples were 
rejected at the end of storage period according to EOS 
(2005) which stated that the meat product is rejected if 
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the total bacterial count exceeds 106 CFU/g. It was clear 
from the results in Table I that γ radiation at 3 and 7 KGy 
reduced the bacterial counts as they decreased 
immediately after irradiation at 3 kGy to non-detectable 
counts and post irradiation storage at 4±1ºC. The total 
mold and yeast count on day 7 in all samples irradiated at 
3 and 7 kGy was lower than the count in non-irradiated 
samples on day 0.  
 
Table I.- Changes of mean total bacterial count (TBC) 

and total yeast & mold count (TY&MC) of 
beef meat stored at 4±1°C after γ radiation. 

 
 Storage period/ day 
 Day 0 Day 3 Day 7 

    
TBC (CFU/g)    
0 5.3×105 4.1x106 7.8x107(R) 
3 <10 1.4x103 3.4x104 
7 <10 <10 3.4x102 
    
TY&MC    
0 9.1x102 5x104 9.6x107(R) 
3 <10 <10 5.4x103 
7 <10 <10 1.9x102 
    

R: Rejected  
 
 Sommers (2012) showed that microbial resistance to 
radiation usually decreases in the order: bacterial spores 
followed by yeast and molds. Gram-positive bacteria 
were less sensitive than Gram-negative bacteria. Peter et 
al. (2005) reported that doses of 5 and 10 kGy used in 
electron beam irradiation immediately eradicated the 
viable aerobic, coliform, and E. coli bacteria in all ground 
beef patties. The study revealed that irradiation (3 and 7 
kGy) and storage at low temperature had a reduction 
effect on microbial loads of beef meat samples. These 
findings indicated that food spoilage microorganisms are 
generally very susceptible to γ radiation and came in 
parallel with Yazdi and Jouki (2012). 
 
 Chemical evaluation 
 Table II shows that γ radiation at 0, 3, 7 kGy did not 
cause significant changes in pH values but there was an 
increase in TBA and peroxide values after 3 and 7 kGy of 
irradiation. 
 The pH value is considered to be an important 
factor, because of its influence on many characteristics, 
including shelf life, color, water holding capacity and 
texture of meat and products. According to the results in 
Table II there was a slight increase of pH values during 
refrigeration storage especially in non-irradiated samples. 
These results are consistent with Kim et al. (2012). Lipid 
oxidation in meat is one of the major degradative change 

responsible for loss of meat quality. It results in the 
formation of warmed off flavor, destruction of essential 
fatty acids and loss of vitamins. TBA values were 
considered as an index of lipid rancidity. γ radiation 
induced the oxidation of lipids and production of lipid 
oxides. Subsequent decomposition of the unstable lipid 
oxides produce malonaldehyde (Yoon, 2003). The effect 
of various levels of γ irradiation on TVN contents which 
is an indicator for bacterial decomposition that occurred 
and protein breakdown during storage of fresh beef 
(Table II). The results showed that irradiation caused 
slight increase in TVN as irradiation dose increased. 
Storage significantly increased the TVN for non-
irradiated samples, these results come in accordance with 
Brewer (2009).  This slight increase may be due to effect 
of proteolytic enzymes on protein with formation of 
products from protein breakdown as carbonyl group, 
ammonia, hydrogen peroxide and organic peroxide (Park 
et al., 2010). 
 
Table II.- Effect of γ radiation on deterioration criteria 

of fresh beef meat during chilling storage 
period (4±1oC).  

 
Dose  
(kGy) 

Storage period/day 
Day 0 Day 3 Day 7 

    
pH    
0 5.87 ± 0.26 5.70 ± 0.22 5.70 ± 0.24 
3 5.77 ± 0.36 5.70 ± 0.10 5.77 ± 0.15 
7 5.77 ± 0.23 5.67 ± 0.26 5.67 ± 0.26 
    

Total volatile basic nitrogen (TVN: mg/100gm) 
0 12.30±0.36 13.37±0.15 18.8±0.26 
3 12.20±0.28 13.36±0.36 14.10±0.33 
7 12.20±0.25 13.82±0.23 14.00±0.29 
    

Thiobarbituric acid (TBA: mg MD/kg meat) 
0 0.18±0.31 0.27±0.32 1.05±0.32 
3 0.20±0.28 0.30±0.21 0.52±0.22 
7 0.19±0.22 0.35±0.41 0.56±0.12 
    

Peroxide value (mEq/O2/Kg) 
0 2.90 ± 0.21 3.90 ± 0.28 8.0 ± 0.42 
3 3.10 ± 0.11 3.41± 0.12 4.80 ± 0.12 
7 3.21± 0.11 3.31± 0.22 5.20 ± 0.12 

    
(Results are expressed as Means ± S.E). 
 
 Peroxide value and TBA measurements were 
chosen as representative of primary and secondary lipid 
oxidation. Table II also revealed that there was an 
increase in the TBA and peroxide values after 3 and 7 
kGy of γ radiation; they increased with the storage time at 
refrigeration temperature but within the permissible limits 
(0.90 mg MD/kg meat) approved by the ESS-1972/2005. 
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In comparison with non-irradiated samples, similar 
results were also reported by Kumar et al. (2013).  
 
Lipid analysis 
 The fatty acids composition after different 
irradiation doses is presented in Table III. Most chemical 
changes in irradiated meat are associated with free radical 
reactions, and the resultant sulphur compounds could be 
controlled by using appropriate packaging methods and 
additive combinations which can control color, off-odor 
and lipid oxidation in irradiated raw meat during storage. 
This change may be due to a decrease in salt soluble 
protein and water soluble protein (Mahboob et al., 2015). 
 
Table III.- Fatty acid composition (%) of γ radiated 

chilled beef meat. 
 
Irrad. 
dose 

C14.0 C16.0 C18.0 C18.1 C18.2 Trans 
f. a. 

       
Control 2.32 21.2 1.59 16.5 38.2 20.19 
3 kGy 1.27 19.3 1.99 12.1 25.7 39.64 
7 kGy 0.84 7.31 2.37 4.8 9.4 75.28 
       

 
 Table III showed that fatty acid C16 (palmitic acid) 
usually is the major saturated fatty acid, oleic (C18:1) and 
linoleic (C18:2) are the major unsaturated fatty acids. 
There is a decrease in linoleic acid. There is an increase 
of unknown acids (trans fatty acids) related to the 
increase in irradiation dose which occur due to a change 
in molecular structure of fatty acids, breaking down 
double bonds, forming free radicals and trans fatty acids. 
Fan and Kays (2008) found that C18:1 trans was the 
dominant fatty acid; when expressed as the percentage of 
total sample weight it increased from 3.99 % for control 
beef meat to 4.05 % for 5 kGy irradiated samples. Kim et 
al. (2011) stated that samples irradiated at 4 kGy had a 
higher saturated fatty acid content (C14:0, C16:0, C18:0) 
and significantly lower unsaturated fatty acid content 
(C16:1, C18:1, C18:3).  
 
Sensory evaluation 
 It was found that the color, odor and texture were 
not changed and remained acceptable during the storage 
period. Also there were no differences between γ radiated 
and non- irradiated minced meat samples (Table IV). 
 The final evaluation was performed in individual 
sensory booths, under red lights to prevent color 
differences from influencing the panellists. All the 
samples were visually examined for abnormal color, odor 
and texture. Karada and Günefi (2008) reported that 
irradiation doses up to 3 kGy did not cause any change in 
the sensory attributes but sensory changes became a 
problem after long storage periods or higher irradiation 

doses. Park et al. (2010) stated that the use of irradiation 
up to 10 kGy on patties was useful in reducing bacterial 
populations with no adverse effect on most of sensory 
characteristics.  
 
Table IV. Sensory evaluation of irradiated and non- 

irradiated beef meat during chilling storage 
(4±1°C) period. 

 
Dose  
(kGy) 

Storage period/day 
Day 0 Day 3 Day 7 

    
Color    

0 4.9±0.02 4.2±0.31 3.1±0.15 
3 4.81±0.10 4.71±0.1 4.2±0.30 
7 4.85±0.11 4.7±0.24 4.5±0.11 
    

Odor    
0 4.5±0.11 4.5±0.23 1.7±0.30 
3 4.72±0.02 4.6±0.01 3.6±0.14 
7 4.74±0.13 4.61±0.04 3.8±0.54 
    

Texture    
0 4.89±0.01 4.3±0.60 1.8±0.22 
3 4.9±0.02 4.5±0.14 3.2±0.14 
7 4.85±0.10 4.6±0.03 3.2±0.16 
    

(Results are expressed as Means ± S.E) 
 
 Meat color is perceived by consumers as indicative 
of freshness in that they discriminate against meat that 
has turned brown in color (O'Bryan et al., 2008). 
Irradiation of fresh beef showed no significant change in 
color and all samples were accepted by the panellists. Off 
odor appear as irradiation dose increase. This could be 
overcome by decreasing the temperature of the product 
during irradiation (Ahn and Lee, 2009). 
 

CONCLUSION 
 
 The application of γ radiation 3 and 7 kGy to chilled 
fresh beef meat induced significant reduction in total 
aerobic bacterial count and total mold and yeast counts. 
Doses of 3 and7 kGy eradicated E. coli O157:H7. γ 
radiation showed slight significant effect on the chemical 
analysis but were still within the permissible limits 
approved by the ESS-1972/2005 and had no adverse 
effect on its quality. The irradiated samples had higher 
saturated fatty acid. The increase of trans fatty acids in 
the irradiated beef is one of the important factors that can 
be considered in the irradiation process. 
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