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Abstract: Combined effect of irradiation and frozen storage on viable bacteria and inoculated Eschericia coli in chicken 

was investigated. Samples of uninoculated chicken and samples of chicken inoculated with E. coli  were irradiated using a 

Co-60 source at doses of 0, 2 ,4,6 and 8 kGy and stored for 0, 7, 14, 21, 28, 35, 42, 49 and 56 days at -18
0 
C.  Samples were 

analyzed each week to enumerate surviving viable bacteria and E. coli.  Irradiation doses of 2, 4, 6, and 8 kGy respectively 

reduced the population of viable bacteria in the uninoculated chicken by 2.06, 2.96, 3.91 and 4.21 log cycles. Storage for 56 

days reduced populations of viable bacteria by approximately 2 log cycles for all irradiated uninoculated samples. Dose of 

2 kGy reduced the population of E. coli in the unirradiated sample by 2.69 log cycles and 4, 6, 8 kGy  reduced the 

population by > 7 log cycles. Storage for 56 days reduced the population of E. coli by 4.07 and > 3.52 log cycles 

respectively in the unirradiated and irradiated (2 kGy) samples. Irradiation doses of 4 to 8 kGy in combination with frozen 

storage were effective in reducing the populations of viable indigenous bacteria in addition to eliminating inoculated E. coli 

from chicken thus extending the shelf life and improving the hygienic quality.  
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1. Introduction 

Chicken is one of the most important sources of animal 

protein but it is frequently contaminated by spoilage and 

pathogenic microorganisms. The presence of these 

organisms on chicken presents both food security and 

safety challenges [1, 2].  Meat and poultry related 

pathogenic infections account for 2.5 to 2.9 million 

illnesses and 1,000 to 1,200 deaths in the USA, where 

records are available [3, 4]. 

Various methods have been employed for controlling 

spoilage and pathogenic microorganisms in fresh poultry. 

These include the use of chemicals such as chlorine, 

hydrogen peroxide, organic acids, antibiotics; and methods 

such as pasteurization, chilling, freezing and irradiation. 

There are however limitations in using some of these 

methods. The use of chemicals deposit residues and cause 

discolouration whiles heat causes partial cooking and 

deterioration in the sensory properties of poultry. The 

combination of different methods of food preservation 

should be explored as an alternative in the food industry, 

for example, the use of vacuum packing, gamma radiation, 

refrigeration and freezing. Preservation methods to 

maintain the quality and safety of meat for a longer period 

are needed. 

The use of ionizing radiation however has been 

demonstrated to be safe, environmentally clean and 

effective in reducing or eliminating various pathogens in 

fish, red meat and poultry [1, 5, 6, 7, 8, 9, 10]. Food 

irradiation, a non-thermal process, is being used more 

frequently as a useful and effective means of 

decontamination to increase the food safety and to extend 

shelf-life of a wide range of foods without compromising 

sensory and nutritional quality [10, 11, 12, 13, 14, 15]. The 

process maintains freshness and quality, while destroying 

spoilage bacteria and reducing pathogenic bacteria to non-

detectable levels. The absence of spoilage bacteria 
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increases product shelf life. Irradiation of food up to an 

overall dose of 10 kGy is accepted in several countries for 

commercial food processing [16]. 

The process can be employed as an additional food 

safety tool to complement other food safety technologies. 

According to [17] interest in radiation processing is 

increasing because of persistently high food losses 

(infestation, contamination) and mounting concern over 

foodborne diseases. Also foodborne diseases pose a 

widespread threat to human health and are an important 

cause of reduced economic activity even in advanced 

countries which have modern food processing and 

distribution systems [17]. The effectiveness of the process 

however depends on several factors, such as packaging, 

storage temperature, and the irradiation dose employed. As 

a technology, it can be combined with other processes to 

enhance the safety of minimally processed foods [17, 18]. 

The objective of this study was therefore to investigate the 

combined effect of irradiation and frozen storage on the 

survival of viable bacteria and inoculated Escherichia coli 

in chicken. 

2. Materials and Methods 

2.1. Samples and Experimental Design 

Fresh samples of chicken thigh used for the study were 

obtained from a retail outlet in Accra. A two factor randomized 

complete block experimental design representing five doses (0, 

2, 4, 6 and 8 kGy) and nine storage times (0, 7, 14, 21, 28, 35, 

42, 49 and 56 days) with three replicates was used for the 

study. Samples of chicken thighs were randomly assigned 

treatments indicated by the design.  

2.2. Uninoculated Pack Experiment 

Uninoculated samples were heat-sealed in polyethylene 

and stored at -18
o
C for 24 hours prior to irradiation. After 

irradiation, both the control and irradiated samples were 

stored in a freezer at -18
o
 C for 0, 7, 14, 21, 28, 35, 42, 49 

and 56 days. 

2.3. Challenge Testing Experiment   

A pure culture of the test isolate (Escherichia coli,) used 

for the study was isolated from chicken samples. The 

culture was stored on Nutrient Agar (Oxoid, U.K,) at 3-5
o
 C, 

before it was activated by incubation on Eosin Methylene 

Blue Agar (Oxoid, U.K,) at 37
o
 C for 24 hours and used for 

preparation of inocula. The inocula were standardized to a 

concentration of 10
7
cfu/ml by the method of serial dilution. 

A 1ml suspension of the E. coli isolate was aseptically 

added to 10g portions of chicken samples in polyethylene 

bags. The polyethylene bags were heat-sealed and hand-

massaged for 1 min to ensure even distribution of the 

inocula. The samples were stored at -18
o
 C for 24 hours to 

enable the microorganisms to adjust. After irradiation, both 

the control and irradiated samples were stored in a freezer 

at -18
0
 C for 0, 7, 14, 21, 28, 35, 42, 49 and 56 days. 

2.4. Irradiation of Samples 

Irradiation of uninoculated and inoculated chicken thigh 

samples  was carried out at the  Gamma Irradiation Facility 

of the Ghana Atomic Energy Commission using a 60Cobalt 

source (SLL-02, Hungary) at a dose rate of 1.1275 kGy/h. 

Ice packs were arranged around the samples to maintain the 

temperature required during irradiation. The absorbed dose 

was determined by using Fricke’s dosimetry.  

2.5. Estimation of Viable Bacteria in Uninoculated 

Samples 

Each 10g uninoculated sample was blended with 90ml 

diluent (0.1% peptone + 0.5 NaCl) for 90 min in a Waring 

Blender and stirred on a mechanical shaker (Junior Orbit 

Shaker, Lab-Line Instruments, United States of America) for 

30 min. Serial dilutions were made up to 109 and 1 ml 

aliquots  were pour-plated in triplicate on Plate count agar 

(Oxoid, UK). Samples were incubated at 37o C for 48 hours.  

2.6. Estimation of E. Coli Count in Inoculated Samples 

Each 10g inoculated sample was shaken with 90ml 

diluent (0.1% peptone + 0.5 NaCl) on a mechanical shaker 

(Junior Orbit Shaker, Lab-Line Instruments, United States 

of America) for 30 min to ensure that the inoculum is 

dispersed. Serial dilutions were then prepared up to 108. 

The diluted samples were pour-plated in triplicate on Eosin 

Methylene Blue Agar (Oxoid, UK). Samples were 

incubated at 37
o
 C for 48 hours. 

2.7. Data Analysis 

The microbial counts (cfu/g) were transformed into 

logarithms (log10) and the data subjected to analysis. 

Microbial data were analyzed with SPSS Version 16 for 

Windows. 

3. Results 

3.1. Combined Effect of Irradiation and Frozen Storage 

on Total Viable Bacteria in Chicken 

The effect of irradiation on viable bacteria (VB) in 

chicken during frozen storage is shown in Table 1. 

Irradiation doses of 2, 4, 6, and 8 kGy respectively reduced 

the VB of the unirradiated sample by 2.06, 2.96, 3.91 and 

4.21 log cycles. The period of frozen storage further 

reduced the VB of all the irradiated samples gradually by 

approximately 2 log cycles over the 56 days of storage. 

Whiles the unirradiated sample had a total viable count of 

4.93 log10 cfu/g at the end of the storage period, no viable 

bacteria was detected in sample irradiated at 8 kGy.  

3.2. Combined Effect of Irradiation and Frozen Storage 

on Inoculated E. coli in Chicken 

The effect of irradiation on the population of E. coli in 

frozen chicken during storage is shown in Table 2. The 
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population of E. coli gradually decreased with increases in 

both the irradiation dose and period of frozen storage. 

Whiles a dose of 2 kGy reduced the population of E. coli 

by 2.69 log cycles in the unirradiated sample, doses of 4, 6 

and 8 kGy reduced the population by > 7 log cycles to 

undetectable levels. The results also indicated that the 56-

day frozen storage further reduced the population of E coli 

by 4.07 and > 3.52 log cycles respectively in the 

unirradiated and irradiated (2 kGy) samples. 

4. Discussion 

4.1. Combined Effect of Irradiation and Frozen Storage 

on Total Viable Bacteria in Chicken 

The results of this study have shown that irradiation is 

very effective in reducing the population of viable bacteria 

on fresh chicken. Irradiation doses of 2 to 8 kGy resulted in 

approximately 2 to 4 log cycle reductions of viable bacteria 

on chicken. This observation confirms irradiation as one of 

the best methods to ensure safety of frozen poultry as has 

been also observed in other studies [19, 20, 21].  The action 

of irradiation on microorganisms has been shown to occur 

via radical molecules created when high-energy particles 

split water molecules within surrounding or within bacteria. 

These molecules are highly reactive and very short-lived, 

so short-lived that they cannot be detected in food almost 

immediately after it has been irradiated. These radicals 

damage cellular and biochemical structures such as proteins, 

cell membranes and nucleic acid strands [22, 23]. 

This study also showed that frozen storage at -18
0
C 

further reduced the population of viable bacteria in chicken 

by approximately 1 to 3 log cycles over the 56 days after 

irradiation at doses of 2 to 8 kGy. The use of irradiation 

combined with refrigeration has been reported [8, 7, 24, 25]. 

It is important to note that the response of bacteria to 

ionising radiation varies according to their D10 values [26, 

27]. Thus, any surviving bacteria with psychrotrophic 

properties will multiply and reduce the shelf life of 

irradiated chicken if the storage temperature is not kept 

below 5
0
C. This observation underlies the need to combine 

irradiation and frozen storage to achieve maximum shelf 

life extension of irradiated chicken.  

Table 1. Combined effect of irradiation and frozen storage (-18o C) on survival of viable bacteria in chicken.  

DOSE 

(kGy) 

STORAGE TIME (DAYS) 

0 7 14 21 28 35 42 49 56 

0 7.14 ± 0.03 6.17 ± 0.03 6.14 ± 0.03 5.94± 0.02 5.86 ± 0.06 5.78 ± 0.08 5.65 ± 0.06 5.53 ± 0.02 4.93 ± 0.035 

2 5.08 ± 0.05 5.01 ± 0.03 5.01 ± 0.01 4.97± 0.03 4.78 ± 0.04 4.65 ± 0.04 4.62 ± 0.02 4.52 ± 0.04 3.88 ± 0.043 

4 4.18 ± 0.02 4.14 ± 0.03 3.93 ± 0.05 3.92± 0.02 3.87 ± 0.05 3.73 ± 0.05 3.55 ± 0.5 3.52 ± 0.03 3.50 ± 0.040 

6 3.23 ± 0.02 3.23 ± 0.02 3.18 ± 0.03 3.13± 0.02 2.89 ± 0.04 2.77 ± 0.06 2.73 ± 0.03 2.68 ± 0.04 2.63 ± 0.10 

8 2.93 ± 0.03 2.92 ± 0.02 2.90 ± 0.02 2.87± 0.03 2.74 ± 0.05 2.68 ± 0.02 2.65 ± 0.03 2.56 ± 0.06 <1.00 

Mean count [log10 cfu/g] ± SD (n = 3); detection limit = 1.00 

4.2. Combined Effect of Irradiation and Frozen Storage 

on Inoculated E. coli in Chicken  

The capacity of gamma radiation to eliminate a potential 

pathogen such as E. coli from frozen chicken during 

storage has been demonstrated by this study since doses of 

4 to 8 kGy completely eliminated viable bacteria to 

undetectable levels. This finding supports an earlier study 

that reported the susceptibility of E. coli to gamma 

radiation (D10 = 0.32 kGy) in chicken under frozen 

conditions [1]. It is noteworthy to emphasize that whiles a 

dose of 2 kGy reduced the population of E. coli by > 2 log 

cycles, reductions of > 7 log cycles were achieved in 

combination with frozen storage. Similarly, [7] reported a 

decrease in the populations of E. coli after irradiation and 

refrigerated storage. An ionizing radiation of <3.0 kGy has 

been reported to significantly lower the population of the 

most common enteric pathogens, such as, Campylobacter 

jejuni, E. coli, S. aureus, Salmonella spp., L. 

monocytogenes and Aeromonas hydrophila [28].  

This study has revealed the need for combination 

treatment of irradiation and frozen storage to reduce or 

eliminate microbial populations in chicken. Irradiation 

doses of 4 to 8 kGy in combination with frozen storage 

were effective in reducing the populations of viable 

indigenous bacteria in addition to eliminating inoculated E. 

coli from chicken. Combination treatments will enable the 

use of low irradiation doses that could preserve flavor and 

texture of poultry products.  Irradiation in combination with 

frozen storage can therefore be an effective way of 

reducing spoilage bacteria and also eliminating enteric 

pathogens associated with poultry products, extending the 

shelf life and improving the hygienic quality.  

Table 2. Combined effect of irradiation and frozen storage (-18o C) on survival of Escherichia coli in chicken. 

DOSE 

(kGy) 

STORAGE TIME (DAYS) 

0 7 14 21 28 35 42 49 56 

0 7.21 ± 0.02 6.21 ± 0.04 5.55 ± 0.06 5.52 ± 0.01 4.86 ± 0.3 4.23 ± 0.02 3.75 ± 0.03 3.29 ± 0.02 3.14 ± 0.01 

2 4.52 ± 0.07 4.12 ± 0.02 4.02 ± 0.02 3.50 ± 0.03 2.78 ± 0.06 2.68 ± 0.04 2.62 ± 0.03 2.52 ± 0.07 <1.00 

4 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

6 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

8 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

Mean count [log10 cfu/g] ± SD (n = 3); detection limit = 1.00 
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5. Conclusions  

Gamma irradiation is effective in reducing viable 

bacteria and eliminating potential pathogens such as E. coli 

from fresh chicken. The combination of irradiation and 

frozen storage enhanced the hygienic quality of the chicken. 

Irradiation doses of 4 to 8kGy and frozen storage could be 

suitable for reducing microbial contamination and 

extending the shelf-life of chicken.  
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