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ABSTRACT 

 
Chicken meat is a nutritious food, rich in essential aminoacids and much appreciated by a large fraction of the 

population. However, it is also highly perishable, typically having a shelf life of 5 to 7 days in refrigeration, 

depending on the initial microbiological load. Irradiation has been efficiently used to improve safety and extend 

the shelf lives of many meat products. Its use in combination with refrigeration and exclusion of oxygen is 

known to greatly enhance the sanitary quality of meat. This work investigated the bacteriological effects of 

radiation doses of 0; 2.0 and 3.0 kGy on vacuum- and air-packed chicken fillets kept at 1ºC for up to 18 days. 

Bacteriological analyses that included enumerating and counting indicated that both the lag phase of the 

bacterial growth and the shelf life of the samples increased with dose. It was observed that exposure to 3.0 kGy 

extended the initial 5-day shelf life of the air-packed fillets to 10 days while prolonging to 12 days the shelf life 

of the vacuum-packed ones. Among the species of bacteria monitored, the lactic bacteria were found to be the 

most resistant to gamma radiation while coliforms were the most sensitive. 
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1. INTRODUCTION 

 

 

Poultry meat is a nutritious food that is highly perishable with a relatively short shelf life 

even when it is kept in refrigeration. Thus developing more appropriate technologies for 

conservation of such product still remains a goal that the scientific community has been 

eagerly pursuing. As an alternative solution to the problem, irradiation has been shown to be 

a treatment capable of efficiently improving the safety and extending the shelf life of many 

kinds of foods. 

 

Degradation of poultry meat is mostly due to action of microorganisms. Its onset is usually 

triggered by a set of factors linked to the production stages, while its intensity primarily 

depends on the initial quality of the product and its storage conditions [3]. No significant 

presence of bacteria should be detected in internal tissues of healthy animals at the time of 

slaughter [7]. However, shortly after that, when fresh meat is inspected as required for its 

commercialization, several kinds of microorganisms in different concentrations are 

commonly found. 

 

The safety and efficiency of irradiation in food conservation has been thoroughly 

demonstrated worldwide [10]. The doses of 1.5 and 3 kGy, for treatment of refrigerated and 

frozen chicken meat, respectively, were authorized in the USA in 1992 [8]. The Brazilian 

legislation for food irradiation has been regarded as one of the most advanced ones in the 

world, allowing the treatment of any kind of food [12]. However, the use of such technology 

in Brazil is still mostly limited to the treatment of spices, animal feed and other food products 

to be exported. Fortunately, there has been an increasing joint effort geared at informing the 

population on the principles, safety and benefits of treating foods with ionizing radiation [6]. 

 

This work investigated the efficiency of air and vacuum packaging combined with irradiation 

with 0, 2.0 and 3.0 kGy on the conservation of refrigerated chicken fillets by monitoring 

parameters indicative of bacterial growth in order to determine the shelf-life extension.  

 

 

2. MATERIAL AND METHODS 

 

 

The experiments were performed in two phases. During the first day of phase one (day zero), 

2 kg of fresh refrigerated fillets of chicken breast were purchased in a market in Niterói, RJ 
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and transported in boxes of expanded polysterene filled with ice to the Laboratory of 

Microbiological Control of Animal Products of the Fluminense Federal University, where all 

bacteriological analyses were performed starting from day zero. The following analytical 

procedures were included: counting of heterotrophic aerobic mesophilic (HAM), 

psychrotrophic aerobic heterotrophic (PAH) and acid lactic bacteria, and enumeration of total 

and thermotolerant coliforms. Each fillet was aseptically divided in 12 pieces with 18 cm
2
 of 

surface area and each of those samples was packed in plastic bags (Gabrilina trade mark) 

having a multilayered structure with low permeability to gases.  

Two different packing atmospheres were tested in two sets including 6 samples each: 1) air-

packed (control) and 2) vacuum-packed. The samples were stored at 1°C ± 0.1°C during the 

experiments and bacterial tests were performed on days 1, 3, 5, 7, 9, 12 and 18 of storage.  

  

The following growth media were used: standard agar for counting (SAC) HAMB and 

PAHB, Man, Rogosa and Sharp (MRS) agar for Lactobacillus spp., and Fluorocult broth for 

enumeration of total and thermotolerant coliforms. Miniaturized methodology [9] as modified 

by [4], was used for coliform enumeration. It consisted of employing automatic pippetors 

connected to sterilized pointers for preparation and inoculation of 0.1 mL (100µL) from 

different dilutions into 1 mL (1000µL) of Fluorocult selective broth. Also used were 900 µL 

of peptonized saline solution at 0.1% for serial dilutions and an eppendorf (rather than 9 mL 

of solution).  

 

Sample preparation required 162 mL of peptonized saline solution (PSS) at 0.1% for dilution 

to 10
-1

 followed by homogenization in a stomacher. Serial dilutions to 10
-6

 were then 

performed. After in-depth sowing, the plates were incubated at 35-37°C for 24 to 48 hours, 

excepting those prepared for counting of PAHB, that were kept in refrigerators at 4° C for 7 

to 10 days. 

 

A Quebec-type colony counter provided readings of counts while inspection of 

morphological and tinctorial characteristics led to the identification of the type of bacteria. In 

addition, enumeration readings of coliforms were obtained in ultraviolet light inside a dark 

room. The presence of thermotolerant coliforms was confirmed by adding the Kovacs reagent 

for the indol test. The Most Probable Number (MPN) was determined by using Mac Crady`s 

table and multiplying the result by 10 in order to account for the fact that inoculation was 10 

times smaller than the standard.  

 

In the second phase of experiments, fillet samples were obtained in the same conditions as in 

phase 1 out of 2 kg of fresh chicken breast, however different doses of radiation and packing 

atmospheres were tested yielding four sets of samples: 1) air-packed, irradiated with 2 kGy; 

2) vacuum-packed, irradiated with 2 kGy; 3) air-packed, irradiated with 3 kGy and 4) 

vacuum-packed, irradiated with 3 kGy. The analyses performed were the same as those in 

phase 1. 

 

Due to the fact that the bacterial populations in the beginning of the two phases were 

different, normalization to the initial reading of each phase was applied to all data of the 

corresponding phase so that the bacterial growth during both phases could be compared and 

described according to the modified Gompertz`s equation [5] by using a special computer 

program [2].  
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3. RESULTS AND DISCUSSION 

 

 

The results obtained in this work are listed in Fig. 1 and Table 1. The figures listed as shelf 

life correspond to the time needed for the bacterial limit enforced by legislation (10
7
 UFC/g) 

to be reached. The findings indicate that the post-irradiation lag phase increased with dose, 

leading to an extension in shelf life. Similar results were also found by [11], who concluded 

that irradiation can efficiently be used in the preservation of chicken meat.  

 

3.1. Shelf-Life Extension 

 

The samples found to exhibit the longest shelf lives were those that were vacuum-packed and 

irradiated with 3 kGy, followed by the air-packed ones also treated with 3kGy. Then came the 

samples exposed to 2 kGy (air- and vacuum-packed), followed by the unirradiated ones, first 

the vacuum-packed and finally the air-packed ones. As expected, a larger decrease in the 

population of bacteria was found in samples irradiated with 3 kGy, consequently leading to a 

larger extension in shelf life. Vacuum packaging combined with irradiation at 3.0 kGy more 

than duplicated shelf life, extending it to 12 days in comparison with the unirradiated air-

packed samples that remained good for five days only. Those findings are consistent with 

those obtained by [1] that reported that irradiation of refrigerated chicken meat with 2.5 kGy 

led to a 12-day shelf life. 

 

3.2 Heterotrophic Aerobic Mesophilic and Psychrotrophic Bacteria 

 

As it can be concluded from the present results, irradiation with 2 and 3 kGy reduced the 

number of aerobic mesophilic bacteria in the air-packed samples by 2 log cycles, while a 

much smaller drop (0.5 log cycle) was found in the vacuum-packed ones at the same doses. 

Shelf-life extension was mostly due to the irradiation-induced extension of the lag phase, 

found to be greater for samples treated with 3 kGy. After 19 days of storage, the number of 

counts reached 10
6
 UFC/g. Aerobic mesophilic bacteria were the most frequently found, 

excepting in samples packed in vacuum and in air-packed ones treated with 3 kGy, where 

bacteria grown in MRS agar prevailed. As expected, the post-irradiation capacity of HAMB 

to resume growth further deteriorated as the dose increased as shown in Table 1. 
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3.3 Lactic Acid Bacteria 

 

Gram positive bacteria are known to be more resistant to radiation than gram-negative 

bacteria. That feature accounts for the fact that the lactic acid bacteria exhibited the most 

robust post-irradiation growth among all the groups studied. They outnumbered all other in 

the irradiated vacuum-packed samples as well as in the air-packed ones treated with 3 kGy.  

 

3.4 Coliform Bacteria 

 

The thermotolerant coliforms were unable to grow in samples packed in vacuum and in 

irradiated ones, having only been detected in the unirradiated fillets packed in air. The 

coliform group did not exhibit any significant growth in samples irradiated with 3 kGy nor 

any dominance in any sample. Its growth mostly occurred in the unirradiated samples packed 

in vacuum, followed by the air-packed ones. In addition, its adaptation phase was the longest 

among all groups of bacteria studied for the vacuum-packed samples treated with 2 kGy. 
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Figure 1. Growth curves in samples of refrigerated chicken breast fillets subjected to six 

different treatments referring to: A- heterotrophic aerobic mesophilic bacteria; B- 

psychrotrophic aerobic heterotrophic bacteria; C- acid lactic bacteria; and D- total coliforms 
 

 

A B 

C D 
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Table 1. Shelf lives and growth parameters of bacteria found in vacuum- and air-

packed chicken breast fillets treated with 0, 2 and 3 kGy and stored for 18 days at 1
o
C.  

  

 

 

Treatment 

 

(Packing) 

 

(Dose) 

 

Shelf Life 

(days) 

Based on  

Limit: 107 

CFU/cm2 

 

Bacterial Growth 

Parameters 

 

Groups of Bacteria  

(initial count normalized to 1.0 log cycle)  

HAMB PAHB 
Total 

Coliforms 

Thermotolerant 

Coliforms 

Lactic 

Bacteria 

Air 

0 kGy 5.0 

Breeding time (days) 0.6 0.5 0.4 1.1 1.6 

Adaptation phase (days) 1.9 2.2 2.4 8.9 - 

Final Relative Count 4.0 3.9 2.2 1.7 2.1 

Vacuum 

0 kGy 7.0 

Breeding time (days) 0.7 1.2 0.7 - 5.3 

Adaptation phase (days) 3.8 - 2.8 - 8.7 

Final Relative Count 3.8 3.7 3.0 - 0.5 

Air 

2 kGy 9.0 

Breeding time (days) 0.7 6.5 18.7 - 0.6 

Adaptation phase (days) 5.0 - - - 12.4 

Final Relative Count 3.3 1.6 0.6 - 3.2 

Air 

3 kGy 10.5 

Breeding time (days) 0.4 0.2 - - 0.7 

Adaptation phase (days) 5.8 9.7 - - 4.3 

Final Relative Count 3.7 2.8 - - 4.2 

Vacuum 

2kGy 9.0 

Breeding time (days) 1.0 1.7 1.7 - 0.9 

Adaptation phase (days) 4.4 1.8 6.9 - 2.3 

Final Relative Count 2.7 1 0.5 - 4.9 

Vacuum 

3 kGy 12.0 

Breeding time (days) 0.7 3.8 - - 0.2 

Adaptation phase (days) 5.9 4.9 - - 15 

Final Relative Count 2.7 0.9 - - 6.9 

 

 

 

4. CONCLUSIONS  

 

 

Irradiation with 2.0 and 3.0 kGy used in combination with vacuum packaging efficiently 

improved the quality and extended the shelf life of refrigerated chicken meat fillets from 5 

days (unirradiated air-packed samples) to 10.5 and 12 days, in air and vacuum, respectively, 

while vacuum packaging alone extended shelf life from 5 to 7 days in comparison with air 

packaging. Regarding resistance to gamma radiation, the lactic bacteria were found to be the 

most resistant, while coliforms were the most sensitive. 
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