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ABSTRACT 
 

Gamma irradiation technology is one of the most effective food preservation methods used alone 
or in combination with other techniques for microbial decontamination and pathogen elimination. It has 
positive effects in destroying the pathogenic microorganisms as well as improving the safety and shelf 
stability of food products without compromising the nutritional or sensory quality. In the present study, 
the effect of gamma irradiation on microbial load and physicochemical characteristics of minced beef 
meat has been evaluated. Minced beef meat was irradiated using a Co60 irradiation source at doses (0, 
2, 4, 6, 8 and 10 kGy) of gamma irradiation. Irradiated and non-irradiated meat was kept in a refrigerator 
(4–5 oC) for 28 days. Microbiological and physicochemical analysis was done immediately after 
irradiation and throughout the storage periods at 7 days intervals. The results indicated that all doses of 
gamma irradiation reduced the total bacterial count, spore forming bacteria, total fungi, Staph. aureus, 
Salmonella sp. and Shigella, total coliforms, and fecal coliform in beef meat. Thus, the microbiological 
shelf-life of all beef meat samples, expect a sample with 2 kGy was significantly extended more than 4 
weeks. No significant differences in moisture, protein content, fat content, ash values, and total acidity 
of beef meat were observed due to irradiation. However, pH values decreased significantly with 
increasing irradiation doses in comparison with control. 
 
Key words: Minced beef meat, Gamma irradiation, Microbial load, physicochemical characteristics, 

Shelf-life, Storage period. 

 
Introduction 
 

Fresh and processed meats provide high biological value proteins and important micronutrients 
so that it provides the human body with energy, protein, long chain fatty acids, essential trace elements, 
vitamins and other micronutrients (McAfee et al., 2010; Millward & Garnett, 2010; Rooke et al., 2010 
and De Smet & Vossen, 2016). 

Therefore, spoilage microorganisms and food-borne pathogens can easily grow on nutrient 
components of meat which need preservation methods to maintain meat products safety and quality 
(Aymerich et al., 2008 and Zhou et al., 2010).  

Quality and shelf life of meat can be influenced by controlling storage temperature, oxygen, 
endogenous enzymes, moisture, light and, most importantly, microbial growth, which can delay 
changes in color, odor, texture and flavor of meat (Lambert et al., 1991; Zhou et al., 2010 and Farkas 
et al., 2014).  

Meat preservation methods based on storage temperature and moisture as well as microbial 
reduction processes such as ionizing radiation can achieve microbial and organoleptic quality as an 
effective method to reduce and eliminate pathogenic and spoilage microorganisms in meat and poultry 
(Farkas, 2006; Lawrie & Ledward, 2006; Brewer, 2009 and Feliciano, 2018). 

Food irradiation is a physical process that uses gamma rays or accelerated electrons as ionizing 
radiation to destroy pathogens and spoilage in foods (Sajilata & Singhal, 2006; Alfaia, et al., 2007; 
Abedi, et al., 2014 and Hwang et al., 2015). International health and safety authorities such as Food 
and Agriculture Organization (FAO), International Atomic Energy Agency (IAEA) and World Health 
Organization (WHO) reported that, medium doses up to 10 kGy of radiation can control and destroy 
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pathogenic and spoilage bacteria such as Escherichia coli, Salmonella, Campylobacter and Listeria in 
food products. These are considered safe for human consumption as well as a good manufacturing 
practices (GMPs) in food production plants (Maghraby, 2007; Gumus et al., 2008; Gecgel, 2013 and 
Ayari et al., 2016). 

This study aimed to determine the effects of gamma radiation on the microbial population of raw 
minced beef meat and its effect on the quality and shelf life of minced meat during storage under 
refrigeration (at 4oC). 

 
Materials and Methods  
 
Sampling 
 

Ten ready samples of minced beef meat were purchased from local markets in Cairo, Egypt. 
Minced beef meat samples were randomly chosen and within the validity date, collected and aseptically 
placed in a sterile collection bag. Then the samples were transported to the laboratory in an ice box and 
stored at 4oC immediately until use for analysis. The samples were divided into groups of six levels of 
exposure to irradiation. One group of samples was not exposed to gamma irradiation as control and 
other groups of samples were exposed to gamma irradiation doses (2, 4, 6, 8 and 10 kGy). Each group 
of meat samples had two bags as a replicate. 

 
Irradiation process  
 

Packaged minced beef meat samples were exposed to gamma radiation at doses of 0, 2, 4, 6, 8 
and 10 kGy at dose rate 3.49 kGy/h using the" Indian Gamma Chamber 4000 A" with a 60Co source. 
The irradiation process was conducted at the National Center for Radiation Research and Technology, 
Nasr city, Cairo, Egypt. After irradiation, all samples were kept in refrigerator at 4±1oC until 
examination.  

  
Microbiological analysis 
 

To determine of microbial counts, three replicas from each treatment, irradiated or non-irradiated; 
were aseptically opened. Twenty-five grams from each sample were transferred to a sterilized glass 
bottle containing 225 ml of sterile physiological saline (0.85% NaCl). The bottle was shaken to 
homogenize the sample, then serial 10-fold dilutions were prepared. Appropriate serial dilutions were 
duplicate plated (pour plate method) with Plate Count agar medium (APHA, 1998) for total bacterial 
count and spore forming bacteria. Then the plates were incubated at 37 oC for 24-48hrs.Yeast Mold 
agar (Jong & Edwars, 1991) was used for counting of yeast and molds at 25 oC for 5 days. Baird Parker’s 
agar (ISO, 1999 & 2014) was used for counting of Staphylococcus aureus at 37oC for 24-48hrs. 
Coagulase test (ISO, 1999 & 2014) using rabbit plasma was conducted to confirm Staphylococcus 
aureus. Coagulase positive Staph. aureus isolates were subjected to Gram staining, catalase test, citrate 
utilization and indole test (MacFaddin, 2000). Staph. aureus isolates were found as positive for catalase, 
citrate utilization and negative for indole. For the enumeration of coliform bacteria, Most Probable 
Number (MPN) technique was conducting uses the MacConkey broth medium (APHA, 1985) and 3 
tubes replica incubated at 37 oC and 44.5oC for 24hrs for total coliform and fecal coliform respectively. 
Then 1 ml of each tube, which was positive for gas production with yellow color, was transferred to 
plates of Eosin Methylene Blue Agar (Holt Harris & Teague, 1916) with Lactose and Sucrose. IMVIC 
tests were conducted to confirm E. coli (MacFaddin, 2000). E. coli isolates were subjected to Gram 
staining, catalase test, indole test, Methyl Red and Voges Proskauer (MR-VP) test, citrate utilization 
and triple sugar iron test (MacFaddin, 2000). E. coli isolates were confirmed as positive for catalase, 
indole, methyl red and yellow color in triple sugar iron agar tubes. For isolation Salmonella and 
Shigella, twenty-five grams of each sample was incubated at 37 oC in 225 ml of Lactose Broth (NCCLS, 
1996) for enrichment followed by plating on Salmonella-Shigella Agar (NCCLS, 1996) at 37oC for 
24hrs. Triple sugar iron (TSI) test was conducted to confirm Shigella sp. (Eaton et al., 2005). Shigella 
sp. isolates were subjected to gram staining, catalase test, indole test and triple sugar iron test 
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(MacFaddin, 2000). Shigella sp. isolates were confirmed as negative for catalase and indole. Triple 
sugar iron agar tube has yellow butt with red slope.   
 
Chemical analysis 

Approximately 100 g of beef meat were blended for 15 s in a laboratory blender and were used 
for all the chemical analysis. Each sample was homogenized and analyzed in triplicates, to determine 
moisture and ash (drying for 6 hrs. at 105 oC, and ashing for 4 hrs. at 550 oC), fat content (as extractable 
component in Soxhlet apparatus), and protein content (as Kjeldahl nitrogen) using factor 6.25 according 
to the standard methods (AOAC, 2012). The pH values of the solutions of beef meat were determined 
using (Jenway, 3510, UK) at 25ºC. The total acidity was determined by direct titration with NaOH using 
phenolphthalein indicator and calculated based on 1.0 ml of 0.1 M NaOH being equivalent to 0.009 g 
lactic acid (Al-Bachir & Mehio, 2001). 
 
Statistical analysis 

The data recorded in triplicate and presented as the means of three replicas and were subjected to 
ANOVA test.  The data were statistically analyzed by the least significant differences (L.S.D) at the 5% 
level of probability procedure according to (Snedecor and Cochran, 1988).  
  
Results and Discussion 
 
Incidence of microbial groups in raw minced meat 

Different microbial groups were determined in 10 samples of minced beef meat (Table, 1 and 
Figure, 1). Total bacterial counts at 37 oC were ranged between 3.54 and 8.48 (log cfu/g) and total fungi 
between 1.70 and 4.54 (log cfu/g). However, spore forming bacteria were not detected in 6 samples and 
found in 4 samples with counts 1.78, 2.08, 1.0 and 2.48 log cfu/g respectively. 

Coliform group bacteria were counted as an indicator for using hygienic practices during 
production steps of minced beef meat. Total coliforms ranged from 2.38 to 5.66 log cfu/g, while, fecal 
coliforms were found in 9 samples with counts between 0.48 and 4.97 log cfu/g. 

Concerning pathogenic bacteria, counts of Staph. aureus ranged between 2.48 and 7.30 log cfu/g, 
while, Salmonella and Shigella (in total) ranged from 1.95 to 7.04 log cfu/g. It is clear that, sample 1 
contained the highest count of all microbial groups except Staph. aureus and spore forming bacteria 
(Figure,1). While, sample 4 contained the lowest counts of microbial load except total fungi and fecal 
coliform. Which means that, hygienic practices can reduce most of microbial types and serves to 
minimize the impact of undesirable microorganisms and chemical residues on meat during meat product 
manufacture through absolute cleanliness of tools, working tables, machines as well as hands and outfits 
of personnel (FAO, 2010). 

   
Table 1: Microbiological profile of 10 samples of minced beef meat (log10 cfu/g). 

Sample   Total 
bacterial 
counting 
             

Spore 
forming 
bacteria  

 Total 
Fungi 
 

Staph. 
aureus 
 

Salmonella 
& Shigella 

  Total 
coliform 
 

  Fecal 
coliform 
   

Meat 1 8.48 1.78 4.54 5.78 7.04 5.66 4.97 

Meat 2 6.87 ND 2.40 3.92 3.99 3.36 ND 

Meat 3 6.62 ND 2.40 4.60 5.88 4.63 1.30 

Meat 4 3.54 ND 2.30 2.48 1.95 2.38 1.36 

Meat 5 6.54 ND 1.70 4.88 3.86 3.38 2.97 

Meat 6 4.54 2.08 1.70 4.70 2.15 3.38 2.30 

Meat 7 
 

7.65 ND 3.65 7.30 2.72 4.97 4.97 

Meat 8 5.57 1.0 3.70 5.78 3.68 2.88 0.48 

Meat 9 
 

6.74 2.48 2.76 6.68 2.70 4.38 3.97 

Meat 10 6.0 ND 3.05 5.09 3.54 3.38 2.96 
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Fig. 1: Microbiological profile of 10 samples of minced beef meat 

Effect of gamma irradiation on microbial counts 
 

Microbial groups were counted in raw samples of minced beef meat, then minced beef meat 
samples were treated with gamma irradiation at different doses (2, 4, 6, 8 and 10 kGy). Counts of 
microbial groups were determined directly after irradiation process, then samples were stored at 4 oC 
with following of microbial counts during storage time at 7 days intervals. Data in figure (2) showed 
that, the initial count of total bacteria was 6.04 log cfu/g, while total bacterial counts were not detected 
at zero time after irradiation with all used doses. However, during storage, total bacterial count was 
detected and increased gradually related to irradiation doses, with 2 and 4 kGy, total bacterial count was 
detected after 7 days with 3.94 and 3.89 log cfu/g, which increased gradually to reach 6.65 and 6.76 log 
cfu/g, respectively, after 28 days of storage. 

After two weeks of storage, total bacterial counts detected with irradiation dose (6 kGy) were 
2.32 log cfu/g, then counts increased to reach only 4.18 log cfu/g after 4 weeks. Which   means that 6 
kGy can be sufficient as a treatment of preservation for minced beef meat. Irradiation doses of 8 and 10 
kGy had a better effect, where microorganisms appeared, and the total bacterial count increased to (3.93 
and 3.87 log cfu/g) after 21 days of storage and to (4.18 and 4 log cfu/g, respectively) after 28 days of 
storage. It can be concluded that, irradiation treatment cannot kill all microbial cells because the damage 
occurring from ionizing radiation is random and extensive, therefore, some injured bacterial cells could 
be recovered as a result of repairing its DNA during storage (Razskazovskiy et al., 2003; Farkas, 2006 
and Roberts, 2014). 

Similarly, 2 kGy was a significant enough treatment to reduce total bacterial counts in chicken 
minced meat (Zahran, 2015) and ground beef meat (Ayari et al, 2016). Gamma irradiation can directly 
cause damage of genetic material of microbial cells (Murano, 1995; Brewer, 2009 and Roberts, 2014). 

On the other hand, spore forming bacteria (figure, 3) were more sensitive. A 2 kGy dose of gamma 
irradiation effectively killed all spores in minced beef meat where the initial spore forming bacterial 
count was 2.52 log cfu/g in raw samples.  

Initial counts of microbial groups (figures 4, 5, 6, 7 & 8) were as follow; total fungi (3.06), Staph. 
aureus (3.38), Salmonella and Shigella (5.05) log cfu/g and total coliform (2.97), fecal coliform (2.96) 
log MPN/g in raw meat samples before irradiation. As deduced from the data after irradiation process, 
4 kGy gamma irradiation dose was an effective treatment to kill the different types of microbial groups 
which were not detected after the irradiation process and during storage at 4 oC. 

Consistently, several studies emphasized that, low doses (2, 4, and 6 kGy) of gamma irradiation 
reduced yeasts, molds, coliforms, E. coli & Staph. aureus counts to safe levels in ground beef meat 
samples (Ayari et al., 2016 and Song et al., 2016).  
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Consequently, scientists recommend the use of irradiation processes for the production of safe 
foods with extended shelf life not affecting the sensory and nutritional features of food products (Farkas, 
2016; Eid, 2018; Hammad, 2018 and Feliciano, 2018). 

 
Effect of gamma irradiation on physicochemical properties 
 

Proximate chemical composition of the control and irradiated samples of minced beef meat was 
determined analytically and summarized in Table (2). The proximate chemical contents of control were: 
moisture (67.20 ± 0.68%), protein content (22.97± 0.67%), fat content (3.54 ± 0.07 %), ash (1.05 ± 
0.01%), total acidity (0.448 ± 3.79%) and pH value was (6.08 ± 0.02). Moisture, fat content and ash 
values of irradiated minced beef meat samples were not significantly affected by gamma irradiation 
doses compared to control. Reports in the published literature by (Gecgel, 2013; Fregonesi et al., 2014 
and Ayari et al., 2016) indicate that no significant differences in chemical composition characteristics 
were detected (moisture, fat and ash) in various meat and meat products such as buffalo meatballs, lamb 
meat and raw meat when treated with doses ranged between 1 to 7 kGy.  

Proteins are essential components in food for both nutritional and functional values, which 
provide amino acids and nitrogen necessary for humans (Maity et al., 2009). From the results, it was 
found that the total protein content of minced beef meat of irradiated samples at (2, 4, 6, 8 and 10 kGy) 
was decreased slightly and remained stable at around 22% (Table, 2). These results were in agreement 
with previous studies (Gecgel, 2013 & Chen et al., 2016). FDA (2012) reported that irradiation at doses 
below 50 kGy did not significantly change the composition of amino acids from protein hydrolyzates 
of red meat. The fluctuating of the protein contents after irradiation may be because of irradiation effects 
on proteins which are conformational changes, amino acids oxidation, covalent bonds scission, 
secondary structure rearrangement and formation of protein- free radicals. These changes are due to the 
water hydrolysis induced by irradiation. Also, fragmentation, cross linking, aggregation and oxidation 
of proteins are generated (Arvanitoyannis, 2010).  

 The pH value of minced beef meat irradiated with gamma-rays decreased with increasing 
absorbed dose level (P >0.05; Table, 2). However, the pH alteration of minced beef meat irradiated 
within 0 to 10 kGy dose level was less than 0.1units, which might be numerically too small to affect 
quality characteristics of processed meat products. Similarly, previous studies reported that a change in 
pH of irradiated meat products had little to no impact on their quality attributes (Badr & Mahmoud, 
2011 and Ham et al., 2017). 

The total acidity of control minced beef meat was 0.448 %. Data in Table (2). showed that, 
immediately after irradiation treatment, all doses (2, 4, 6, 8 and 10 kGy) had no significant (p > 0.05) 
effect on total acidity of minced beef meat. The results are in agreement with Ayari et al., (2016) who 
found no significant change in total acidity values of irradiated samples and control groups directly after 
irradiation.               
 
Table 2: Effect of gamma irradiation on moisture, crude protein, crude fat, ash, pH and acidity of minced beef 

meat stored at 4-5oC. 
Dose (kGy) Moisture     Protein       Fat     Ash                  pH                 Acidity  

Control            67.20 ± 0.68 a 22.97 ± 0.67 a 3.54 ± 0.07 ab 1.05 ± 0.01 a                6.08 ± 0.02 a              0.448 ± 3.79 c 

2 kGy               67.52 ± 0.01 a            22.95 ± 0.88 a   3.46 ± 0.50 ab 1.01 ± 0.04 a                 6.06 ± 0 ab                    0.448 ± 0 b 

4 kGy               67.70 ± 1.31 a 22.71 ± 0.17 a  3.80 ± 0.24 a 1.05 ± 0.02 a                 6.05 ± 0.01 bc            0.449 ± 0 b 

6 kGy               67.88 ± 0.85 a 22.53± 0.07 a  3.41 ± 0.39 ab 1.00 ± 0.01 a                 6.04 ± 0.02 cd             0.449 ± 0 a 

8 kGy               67.44 ± 1.16 a 22.21 ± 0.66 a  3.89 ± 0.07 a 1.00 ± 0.04 a                  6.03 ± 0 d                     0.449 ± 0 b 

10 kGy             67.76 ± 0.84 a  22.14 ± 0.34 a 3.15 ± 0.12 b 1.00 ± 0.06 a                   6.02 ± 0 d                     0.449 ± 0 b 

 LSD                         1.62          0.97            0.50 0.06                        0.02                    2.75 

*Means with the same letter in the same column are not significantly different. 
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Fig. 2: The effect of gamma irradiation on total bacterial counts of   minced beef meat stored at 4-5oC 

(Log10 cfu/g).      

 

Fig. 3:  The effect of gamma irradiation on spore forming bacterial counts of minced beef meat stored 

at 4-5oC (Log10 cfu/g).    

 

Fig. 4: The effect of gamma irradiation on minced meat on total fungal counts of minced beef meat 

stored at 4-5oC (Log10 cfu/g). 
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Fig. 5: The effect of gamma irradiation on Staph.aureus counts of minced beef meat stored at 4-5oC 

(Log10 cfu/g).  

 
Fig. 6: The effect of gamma irradiation on Salmonella sp. and Shigella counts of minced beef meat 

stored at4-5oC(Log10 cfu/g).   

 
Fig. 7: The effect of gamma irradiation on total coliform by (Log MPN/g) at 37oC minced beef meat 

stored at 4-5oC. 
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Fig. 8:  The effect of gamma irradiation on fecal coliform by (Log MPN/g)at 44.5oC of minced beef 

meat stored at 4-5oC. 

Conclusion 

Gamma irradiation can be considered as an effective preservation technique for production of 
safe meat products with extended shelf life in replacement of chemical additives. Consequently, 6 kGy 
dose of γ-irradiation can be effectively used as a safe marginal dose to destroy pathogenic & spoilage 
microorganisms in food products without affecting sensory or organoleptic food features to keep food 
freshness and nutrition. 
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