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ABSTRACT

Fresh, chilled chicken carcasses were irradiated at 2.5 kGy and stored at 4°C. At intervals
samples were withdrawn for microbial, chemical and sensory evaluation. Result showed that
combination of a 2.5 kGy irradiation dose and storage at 4X1 were adequate for a
radicidised chicken process. Immediately after irradiation, the microbial spoilage was
reduced by at least 4 log cycles. The carcasses were of excellent quality for at least 16 days
of storage and were free from Salmonella and other food pathogens. Changes in chemical
composition (moisture, fat, protein, ash and amino acids) and sensory quality of chicken
carcasses irradiated at 2.5 kGy were not significant. Therefore the dose of 2.5 kGy should be
the target for chilled chicken irradiation process.

INTRODUCTION

Fresh slaughtered chicken carcasses have to be stored at chill temperatures during the whole
distribution until their preparation to obtain the best keeping quality and shelf-life. For
reasons of hygienic safety, temperatures must not exceed 4°C In general the shelf-life of
chicken carcasses which are kept at chill temperatures are 6 days at 4°C, 8 days at 1°C and 10
days at 0°C2. The spoilage is characterised by off-odor, off-flavor or slime formation and
discoloration. Total count of the microorganisms is in the range of 107 to 10 cfu/g .

Salmonella contamination of chicken is a major public health concern. Modern, concentrated
production methods increase the difficulty of Salmonella control. The suggested treatments
with chlorinated water3 or heat pasteurisation4 are unsatisfactory. In pasteurisation, the end
product is partially cooked and in the chlorine water washed, the chicken gets bleached if too
much chlorine is used. Futher, the chlorine water wash does not completely eliminated
Salmonella. Low dose radiation treatment is much more effective for the control of
Salmonella and it preserves the freshness of the product5'6.

Irradiation doses of up to 7 kGy have been suggested to eliminate Salmonella and other non-
spore forming pathogens including Listeria monocytogenes, Staphylococcus aureus and
Escherichia coli from chicken carcasses6'7. However, the chicken meat develops detectable
off-odor if irradiated at ambient temperatures and dose exceeding 5 kGy may cause
undesirable changes in the taste of the products6 Improvement in the organoleptic qualities
can be achieved when irradiation is carried out at frozen temperature of-18°C which is not
technologically and economically feasible6. Therefore, a combination of good manufacturing
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practices, irradiation of less than 5 kGy and storage at chill temperatures of 0°C - 4°C could
lead to a product of better bacteriological qualities at acceptable costs.

The objectives of this study was to determine the effect of irradiation dose of 2.5 kGy on
chicken carcasses stored at chill temperature of 4°C. The dose of 2.5 kGy was selected based
on the previous studies on the effect of various irradiation doses on the microbiological
quality of chicken and radiation resistance of non-spore forming food poisoning
microorganisms commonly associated with chicken, namely Salmonella, Staphylococcus
aureus, Escherchia coli and Listeria monocytogenes. In this study, the following parameters
were investigated:

1. microbiological quality including total aerobic count, Enterobacteriacea, Escherichia
coli, Salmonella, Listeria and Staphylococcus aureus of chicken carcasses irradiated at
the minimum dose of 2.5 kGy. and stored at 4°C.

2. chemical compositions including moisture, fat, protein, ash, and amino acids profile of
the above chicken meat.

3. sensory quality of the above chicken meat by using the triangular (difference) test.

MATERIALS AND METHODS

The whole chicken carcasses were obtained from a local supermarket. The carcasses were
wrapped individually in polyethylene bags and were packed into polystyrene boxes
containing shredded ice. Each boxes contain 3 carcasses with a carcass : ice ratio of 1 : 3 to 1
: 4. The boxes were then irradiated at SINAGAMA, MINT at off-carrier position. The dose
rate was determined by radiochromic dye dosimeter. The max/min dose ratio obtained in this
study was between 1 to 1.4. After irradiation the carcasses were stored at 4°C. At certain
intervals, the carcasses were subjected to microbiologicaal, chemical and sensory analysis.

Microbiological analysis

From each carcasses, five lOg of skin were removed from the neck, right and left breast and
medial leg skin. The five sample of skin were bulked and homogenised with Maximum
Recovery Diluent. Decimal dilutions were made and the following microbial quality ' were
examined :
a. Total viable count at 20°C for 4 days.
b. Enterobacteriacea
c. E. coli

d. Staphylococcus aureus
e. Lisleria monocytogenes
f. Salmonella

Chemical analysis

The protein, fat, ash and moisture content of the chicken meat were determined according to
the Association of Official Analytical Chemists (AOAC)8. The amino acids were analysed
after acid hydrolysis by High Performance Liquid Chromatography (HPLC), Waters 600E .
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Sensory analysis

The organoleptic properties of raw chicken meat were judge using the Triangular (Different)
Test . The panel consisting of 5 untrained members was asked to select the odd sample out
of three coded ones, two of which are equal and one of which may be different. The selection
were based on general organoleptic properties, e.g : odor, flavour or appereance. Both raw
and roasted chicken meat were tested. The data were analysed by the Triangular (Difference)
Test: Probability Table10.

RESULTS AND DISCUSSION

Microbial analysis

The total viable count of bacteria in unirradiated and irradiated chicken carcasses at 2.5 kGy
and stored at 4°C were shown in Table 1. In general, fresh chicken carcasses were
contaminated with 104 to 105 cfu/g of skin. The chicken carcasses were microbiological
acceptable for a period of up to 8 days at which the total count of the microorganisms were
more than 108 cfu/g of skin.

Immediately after irradiation, the total microorganisms count were reduced to below
detection limit. The colonies were not detectable until the second day of storage at 4°C.
However, the surviving moicroorganisms multiplied and the total count increased steadily
within the 16 days of storage to unacceptable level of 108 cfu/g of skin. The microbiological
shelf-life was extended by factor of 2 on irradiation to minimum dose of 2.5 kGy followed by
storage at 4°C. This extention of shelf-life was in agreement to that reported by Mulder who
found that the microbiological shelf-life of fresh chicken carcasses (6 to 10 days) was
extended by a factor of 2 to 3 on irradiation of 2.5 kGy and storage at 1°C to 4°C.

Table 1 : Total viable count (log cfu/g of skin) of chicken carcasses stored at 4°C

Storage time (days)

0
2
4
6
8
10
12
14
16

irradiation dose (kGy)
0

4.9
4.7
5.9
6.8
8.2
-
-
-
-

2.5
-

<1
2.1
3.7
3.4
4.6
5.2
6.9
8.7

This study confirmed that foodborne pathogenes including E.coli, Staphylococcus aureus,
Listeria monocytogenes and Salmonella were common on chicken carcasses (Table 2)
eventhough the number were lower compared to those reported by other researchers ' .
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Table 2 : Initial microbial quality (log cfii/g of skin) of unirradiated and irradiated chicken
carcasses at 2.5 kGy.

Organisms

Total viable count 20°C
Enterobacteriacea
Escherichia coli
Staphylococcus aureus
Salmonella
Listeria monocytogenes

Dose (kGy)
0

4.9
4.0
2.9
2.2

+ve (40%)
+ve (34 %)

2.5
-
-
-
-
-
-

During the survey, 50 chicken carcasses were examined for naturally occuring Salmonella
and Listeria monocytogenes. 40% of the carcasses examined were Salmonella positive and
34% (Table 2) were Listeria positive with the average contamination level of 3.4 cfu/g of
skin and 1.8 cfu/g of skin respectively, as established by the Most Probable Number
method6'12.On completion of storage period of 8 days at 4°C, the average contamination level
of Salmonella.- positive carcasses were reduced to 1.1 cfu/g of skin. However, contamination
level of Listeria - positive carcasses were increased to 95 cfu/g of skin, which confirmed that
unllike other food pathogens, Listeria monocytogenes has the ability to multiply and grow
well at chill temperatures l i

The naturally occuring Salmonella and L. monocytogenes on chicken carcasses were
eliminated by irradiation of 2.5 kGy (Table 2). None of the 50 carcasses examined were
Salmonella and Listeria - positive immediately after irradiation or during storage period of 16
days at 4°C. This study was in aggrement with Huhtanen et.al11. who indicated that 2.0 kGy
was sufficient to destroy 1 x 10 cells of L.monocytogenes on chicken meat. However it did
not support the contention of Mulder6 and Mead et.al1 . who cocluded that 2.5 kGy could not
guarantee a "Salmonella-free" or "Listeria-free" chicken carcasses. However both studies
were using artifially contaminated chicken carcasses which contain larger inoculum.

Chemical analysis

Table 3 summarised the chemical composition of chicken meat which shows that there were
no significant differences in the chemical composition (moisture, protein, fat and ash) of
unirradiated and irradiated chicken at 2.5 kGy. Futher, these chemical composition remained
unchanged during each storage period at 4°C. Wierbicki13 reported that- there were no
significant changes in the proximate composition between gamma or electron irradiated (45
to 65 kGy) chicken and the corresponding frozen controls.

Table 3 : Chemical composition of unirradiated and irradiated chicken meat during storage at
4°C.

Constituent (%)

Moisture
Protein
Fat
Ash

unirradiated
Oday

64.2 ± 0.8
19.5 ±0.6
11.6 ± 1.1
2.0 ±0.5

8 days
65.2 ±0.6
20.2 ±0.8
12.3 ±0.9
2.0 ±0.1

2.5 kGy
0 day

65.1 ±0.9
21 ±0.8

12.4 ±0.2
1.9 ±1.0

16 days
63.9 ± 1.2
19.5 ±0.9
12.7 ±0.4
2.1 ±0.6
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Radiation of 2.5 kGy and storage of 16 days at 4°C did not cause any significant destruction
of amino acids in chicken meat. The mean amino acids content of irradiated and unirradiated
chicken meat were shown in Table 4 and Table 5 respectively. Partman and Keskin showed
that majority of amino acids in breast muscle of chicken was stable at dose 1 to 5 kGy. The
amino acids were protected by other tissue components againts irradiation as would be
expected due to reactivity of all food components for free radicals.

Table 4 : Amino acid content of irradiated chicken meat at 2.5 kGy and stored at 4°C.

Amino acids

Aspartic acid
Glutamic acid
Serine
Glysine
Histidine
Arginine
Threonine
Alanine
Proline
Tyrosine
Valine
Methionine
Leucine
Isoleucine
Phenylalanine
Lysine

Total amino acids
(mg/g meat)

0
6.8 ±0.2
12.7 ±0.9
4.1 ±0.2
5.5 ±0.5
2.1 ±0.08
3.5 ±0.1
3.5 ±0.5
6.2 ±0.3
5.1 ±0.9
3.9 ±0.3
7.8 ±0.2
3.5 ±0.5
6.8 ±0.4
10.9 ±0.1
4.4 ±0.1
13.2 ±0.4

220.4 ± 0.5

Storage time (days)
7

9.5 ±0.6
13.2 ±0.6
3.7 ±0.3
5.4 ±0.1
1.5±0.1
3.3 ±0.3
3.5 ±0.4
5.6 ±0.8
5.0 ±0.8
3.7 ±0.4
7.2 ±0.1
2.9 ±0.3
6.8 ±0.1
10.1 ±0.4
4.2 ±0.5
14.6 ±0.8

252.9 ±0.5

16
9.9 ±0.3
13.5 ±0.1
3.9 ±0.5
5.3 ±0.6
1.9 ±0.2
3.4 ±0.1
3.9 ±0.4
6.5 ±0.1
5.2 ±0.3
3.9 ±0.6
7.8 ±0.5
3.4 ±0.5
6.1 ±0.4
9.9 ±0.3
3.5 ±0.7
11.9±0.9

238.8 ±0.7

Sensory evaluation

The triangular test was done to determine whether or not differences exist between
the organoleptic properties of unirradiated and irradiated chicken meat.The chance achieving
adequate sorting in this test depends on the extent of the differences between the samples. If
the differences were considerable then the panelists would have no difficulty in sorting (the
differences between the samples were significant) but when the samples differences were
small, they were no longer capable of sorting (the differences between samples were not
significant). The result (Table 6) showed that within the storage period of 16 days the
panelists were unable to differentiate (based on odor, flavor, or appearance) between
unirradiated and irradiated chicken at 2.5 kGy before or after roasting the meat. This is in
agreement with other studies which indicated that at 2.5 kGy, there were negligible changes
in the odor or taste of irradiated chicken5'6'7.
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Table 5 : Amino acid content of unirradiated chicken meat and storage
at 4°C.

Amino acids

Aspartic acid
Glutamic acid
Serine
Glysine
Histidine
Arginine
Threonine
Alanine
Proline
Tyrosine
Valine
Methionine
Leucine
Isoleucine
Phenilalanine
Lysine

Total amino acids
(mg/g meat)

Storage time (days)
0

9.9 ±0.5
13.2 ±0.1
3.9 ±0.5
5.4 ±0.9
1.5 ±0.2
3.2 ±0.3
3.4 ±0.4
6.1 ±0.3
4.8 ±0.5
3.8 ± 0 6
7.5 ±0.5
3.6±0.1
6.7 ±0.4
10.0 ±0.1
4.2 ±0.5
12.9 ±0.5

219.8 ±0.6

3
8.9 ±0.9
12.2 ±0.3
4.2 ±0.1
6.1 ±0.5
1.6 ±0.2
3.7 ±0.3
4.0 ±0.1
6.8 ±0.3
5.6 ±0.3
2.1 ±0.9
8.2±0.1
3.7 ±0.3
6.8 ±0.4
11.2±0.1
4.9 ±0.3
10.2 ±0.9

225.7 ±0.2

7
9.8 ±0.2
12.9 ±0.4
3.5 ±0.7
5.0 ±0.9
1.4 ±0.8
3.1 ±0.5
3.3 ±0.8
6.0 ±0.1
4.8 ±0.3
3.7 ±0.3
7.5±0.1
3.5 ±0.5
6.6 ±0.7
10.4 ±0.2
5.0 ±0.4
13.5 ± 0.2

215.3 ±0.2

Table 6 : Triangular (Difference) Test of irradiated chicken at 2.5 kGy and storage at 4°C

Days of storage

0
7
16

Significant level based on the probability table ,
. r a w , • • •

not significant
not significant
not significant

roasted
not significant
not significant
not significant

CONCLUSION

The irradiation at 2.5 kGy and storage at 4°C was sufficient to eliminate the naturally
occuring foodborne pathogens and to reduce microbial spoilage for shelf-life extention of
fresh chicken. The irradiated carcasses retained the quality of
untreated carcasses for at least 16 days and the chemical changes (moisture, fat, protein, ash
and amino acids) were not significant.
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