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ABSTRACT

The impact of gamma irradiation with doses between 0 and 8 kGy on
microbiological quality of chicken meat produced in Japan and micro flora change of
irradiated = chicken meat were studied. Radiation at the dose 2 kGy resulted in 4 log
cycles reduction of total aerobic bacteria, 5-6 log cycles reduction of lactic acid bacteria
and 2 log cycles reduction of fungi and yeasts. For the coliforms, it could be eliminated
below detectable level by irradiation dose of 1 kGy. For the chicken flora-analysis, it
was found that chicken of each area had their own specific microbial community
structure. Flavobacterium and Pseudomonas were found to be dominant organisms
in the microflora of Japanese chicken meat. Irradiation with dose 2 kGy resulted in
disappearance of Lactobacillus and Pseudomonas. The microorganisms which
dominated in irradiated chickens with doses of 2 kGy and higher were Psychrobacter
and yeast.

These studies support the view that radiation improves the microbiological
quality of chicken meat and substantiate that radiation does not present hazard resulting
from a change in the microflora of irradiated chicken.
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1. INTRODUCTION

Chicken meat is one of the important animal protein sources for Japanese. The
price of chicken is rather cheaper than the another meat comparing to pork and beef.
Normally, there are two types of chicken meat for Japanese consumer. One is imported
from the foreign country, the another one is domestic production. For the imported
chicken, the price is cheaper than the one produced in the country. It is packed and
sent to Japan as frozen products. The microbiological quality of imported chicken will
be investigated at the port of entry before distributing to the consumer. For the local
chicken, it is anticipated that the microbiological quality will meet the quality standard.

The objectives of this study are to investigate the gamma irradiation effect on
microbiological quality of Japanese chicken and the change of chicken microflora
occurring as the result of gamma decontamination. Several research studies have
reported that a dose of about 3-5 kGy can improve the microbiological quality by
decreasing amount of microorganisms which contaminated in poultry to meet the

quality standard.(1,2) Therefore, in these study the irradiation dose range of 0.5 to 8.0
kGy are concentrated. The research topics are carried out as follow, viz:
1) The survey of microbiological quality of chicken meat produced
in various prefectures of Japan.
2) The studies of gamma-irradiation effect on the microbiological
quality of chicken.
3) The microflora study of chicken produced in Japan.
4) The study of microflora change of chicken occurring as a result
of irradiation.

2. MATERIALS AND METHODS
Material
Ten packs of chicken sample (1kg each) which produced in Iwate, Gunma,
Kagoshima and Miyazaki prefecture were purchased directly from the private

commercial companys. The chicken meat were contained in the foam tray sized by 20
x26x4 centimeters (widthxlengthxdepth) and covered with plastic film. Upon arriving

the laboratory, all of the samples were kept in a freezer (temperature at -180C),

Microbiological Quality Investigation

Before microbiological investigating, the samples kept in freezer were thawed

over night in refrigerator (temperature at 40C). Ten grams of each pack of the chicken
meat were cutted into pieces in a sterile condition and packed in the sterilized bag.
Then, 50 ml of sterile water containing 0.85% NaCl and 0.01% Tween 20 was added
and homogenized for 1 minute by stomacher. The homogenates were filtered by a sterile
gauze bag and diluted to 102 to 104 times by the sterile water. Each 0.2 ml of suitable
dilutions were plated on the surface of each 3 plates of media. The media and
incubation condition used in this experiment were as follows :

Nutrient agar; Difco-nutrient agar surface plate method was used for enume-

rating total aerobic bacteria. The inverted plates were incubated for 3 days at 300C.
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~ MacCONKEY agar: Difco-MacCONKEY agar surface plate method was used
for enumerating coliform group of bacteria. The inverted plates were incubated for 24

hours at 35-370C.

Glucose yeast extract agar; Compositions of this media were glucose 20g,
yeast ex. 10g, MgSo4-7H»0 0.2g, KCI 0.1g, KoHPO4 1g, CaCO3 5g, agar 20g and
water 1 liter. The media were used for enumerating lactic acid bacteria. The plates were

incubated anaerobically for 3-5 days at 250C. The colonies of lactic acid bacteria were
recognized by surrounding clear zone.

MY G-chloramphenicol agar; Compositions of this media were malt ex. 10g,
yeast ex. 4g, glucose 4g, agar 20g, chloramphenicol 0.02g and water 1 liter (pH 6.0).
The media were used for enumerating of fungi and yeasts by incubating plates at 30°C
for 3 to 5 days.

Gamma Irradiation

Two chicken samples from Miyazaki prefecture were used for studying the
gamma irradiation effect on microbiological quality which irradiated at room
temperature. Cutted the chicken meat of each pack samples into pieces, then
weighted 100g and homogenized aseptically by homogenizer. Weighted 10g of the
homogenized sample and packed into 9 sterilized bags. Then, the samples were
irradiated by 150 kCi gamma ray Cobalt-60 source of Takasaki Radiation Chemistry
Reaearch Establishment, (JAERI). The dose rate at the irradiation position was ¢
kGr/hr according to the Fricke dosimetry. The samples were irradiated at the dose o
0,0.5,1.0,15,2.0,3.0,4.0, 6.0 and 8.0 kGy, respectively.

In addition, one chicken sample from Kagoshima prefecture was used fo
studying the irradiation effect in frozen condition. For irradiation in frozen condition
the samples were packed in a container with dry ice (CO27). The irradiation doses used i

this experiment were the same as dosage mentioned above.

Microbiological Investigation of Irradiated Chicken

After irradiation, all of the samples were investigated for microbiological quality
The media and methods used for enumerating were followed as mentioned above.

Microbiological Identification

The colonies found on the suitable Nutrient agar plates during microbiologic
quality investigation were identified and tabulated by characteristics of color
morphology (size, shape, color and so on). Each typical type of colony was isolate
and kept into Nutrient agar slant. All of the isolated colonies were identified by Gra
staining and biochemical tests. The microbiological identification were carried out t
to the genus level. The biochemical tests for the characteristics of genera or species
bacteria were applied and followed with the references of Bergey's Mannual

Determinative Bacteriology(3).
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3. RESULTS AND DISCUSSION

1) Microbiological Quality of Chicken which Produced in Japan
The results of microbiological quality surveyed of chicken produced in various
prefectures of Japan were shown in Table 1. The count of microorganisms were

found as 105 to 107 cfu/g of total aerobic bacteria, 103 to 107 cfu/g of lactic acid
bacteria and 103 to 104 cfu/g of fungi and yeasts. The coliforms group which made
red colonies on Mac- CONKEY agar were observed in all of the samples from 102 to
104 cfu/g.

From the results, it was shown that the quality of some chicken meat samples
did not meet the microbiological quality standard. Because the total aerobic count

found in some samples were up to 106 and 107 cfu/g and found also coliform bacteria,
eg. the sample of Miyazaki, Kagoshima and Gunma. It can be concluded that the
slaughterhouse of chicken in that area were still lacked of good management and
sanitary handling. Therefore, it is necessary to improve the sanitation and management
of the slaughterhouse to meet sanitary handling. Because of unsanitary handling is a
common cause of contamination, not only with the high count of microorganism but
also with pathogenic bacteria.

2) The Gamma-Irradiation Effect of Chicken

2.1 Gamma-irradiation effect of chicken irradiated at room temperature

The results of irradiation effect of Miyazaki chicken sample I and 1I irradiated at
room temperature were shown in Fig. 1 and Fig. 2, respectively. It was found that
amount of microorganisms were reduced by the gamma-irradiation treatment. The
amount of coliforms could be eliminated below detectable level by irradiation at the
dose of 1.0 kGy. Irradiation dose of 2.0 kGy resulted in 4 log cycles reduction of total
aerobic bacteria, 5 to 6 log cycles reduction of lactic acid bacteria and 2 log cycles
reduction of fungi and yeasts.

2.2 Gamma-irradiation effect of chicken irradiated at frozen condition

In this experiment, the results showed that the characteristics of irradiation
survival curves of chicken irradiated at frozen condition were similar to the one
irradiated at room temperature. Coliforms group were eliminated below detectable
level by irradiation dose of 0.5 kGy. In addition, irradiation at dose of 2 kGy resulted
in 2 log cycles reduction of total aerobic bacteria and 3 log cycles reduction of lactic
acid bacteria, fungi and yeasts. The irradiation survival curves of microorganisms in
chicken irradiated at frozen condition were shown in Fig. 3. From these study, the
dosage at 2 kGy appeared to be sufficient for improving the microbiological quality of
chicken. :

3) Microflora of chicken which produced in Japan.

Flora analysis of chicken from various prefectures of Japan were carried out.
The microorganisms found in chicken sample of each prefecture were identified till to
the genus level. Characteristics of bacterial genera isolated from Japanese chicken and
the chicken microflora were shown in Table 2 and Table 3, respectively. It was
found that chicken of each prefecture had their own specific microbial community
structure. Flavobacterium and Pseudomonas were found in all prefecture sample used
in this experiment. The Iwate flora were consisted of Lactobacillus, Pseudomonas,
Micrococcus, Flavobacterium and Arthrobacter. For the Gunma flora,
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Flovobacterium, Arthrobacter and Acinetobacter were predominant. Besides,
Pseudomonas was the predominant genera among the Miyazaki flora and
Lactobacillus, Pseudomonas and Xanthomonas were predominant in Kagoshima
flora. :

4) Flora change of irradiated chicken. ,

The results of flora analysis of non-irradiated and irradiated chicken were
shown in Table 4. It was found that the dominant microorganisms of non-irradiated
chicken were Lactobacillus and Pseudomonas. Irradiation at the dose of 2 kGy resulted
in disappearance of Lactobacillus and Pseudomonas. The dominant organisms of
irradiated chicken at the dose of 2 kGy and higher were yeast and Psychrobacter.
From this studies, it can be concluded that irradiation of chicken with doses of 2 to 4
kGy dose not present a hazard resulting from a shift in the microflora.

4. CONCLUSION

From the microbiological quality survey of chicken meat produced in Japan, the
results showed that the chicken quality of some area did not meet the quality standard.
Irradiation treatment can be used for eliminating microorganisms in chicken. Dosage of
2 kGy appeared to be sufficient for improving the microbiological quality of chicken.
The microflora of Japanese chicken showed that each prefecture had their own specific
microbial community structure.  Flavobacterium and Pseudomonas were the
common bacterial genera which can be found in the chicken. The dominant organisms
of chicken irradiated with the dose 2 kGy and higher were Psychrobacter and yeast.

This studies subtantiated that the microbiological quality of chicken can be
improved by irradiation and does not present a hazard resulting from a shift in
microflora.
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Table 1 Microbiological quality of chicken meat which produced in various
prefectures of Japan™ (CFU/g).

Sample No. Total aerobic Coliforms Lactic acid Fungi and
bacteria bacteria Yeasts
I-1 2.1x105 1.0x102 6.3x103 2.1x103
I2 3.3x10° 1.5x102 1.5x104 2.2x103
I3 3.8x103 8.3x102 1.4x104 3.0x103
I-4 5.1x103 1.8x102 1.5x104 3.7x103
M-1 5.2x107 1.8x104 1.3x107 3.0x104
M-2 9.8x106 3.4x104 2.3x106 5.6x104
K-1 2.0x106 1.8x104 4.0x103 2.2x104
K-2 2.5x106 2.2x104 1.2x103 3.8x104
G-1 1.0x106 7.5x103 2.3x104 1.3x104
G-2 1.1x106 6.7x103 2.0x104 1.8x104

* The chicken samples were purchased from Iwate(I), Miyazaki(M),
Kagoshima(K) and Gunma(G) prefecture.

Table 2 Some characteristics of bacterial. genera isolated from

chicken meat (from 104 of isolated strains)

°E YR

gt ke AT

Genus Morpholog | Gram Motility | Oxidase | Catalase | Glucose
straining test test
Flavobacterium Rods - - + + -
Pseudomonas Rods - + + + -
Acinetobacter Rods - - - + -
Xanthomonas Rods Co- + - + -
Lactebacillus Rods + - - - F
Arthrobacter Rods + - - + -
Psychrobacter Coccli - - + + -
Micrococcus Cocci + - - + -
Staphylococcus Cocci + - - + F

F = Anaerobic fermentation of glucose.
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Table 3 Microflora of chicken produced in various prefectures of Japan

Microorganism| I-1 | I-12 | I-3 | I-4 | G-I | G-2 | M-1 | M-2| K-1| K-2
genera
Flavobacterium| 6.1 | 250 | 43 | 35 [ 361 29 - 38f 3571 16
Pseudomonas | 26.5 - 155 13.0{ 1.3 - 922 69.8| 6.2 | 40.1
Micrococcus | 143 | 146 | 1.7 | 51.5| 44 - - - 0.7 -
Lactobacillus | 53.1 | 49.0 | 785 | 314 - - 7.8 | 264 4621 47.7
Arthrobacter - 11.4 - 06 | 552 594 - - - 10.6
Yeast - - - - 3.0 ~ - - - -
Acinetobacter - - - - - 30.6 - - - -
Psychrobacter | - - - - - 7.1 - - - -
Xanthomonas - - - - - - - - 43 .4 -
I = Iwate prefecture. M = Miyazaki prefecture.
G = Gunma prefecture. K = Kageshima prefecture.
Table 4 Microflora of non-irradiated and irradiated chicken
(in % of total)™.
Microorganism Irradiation dose (kGy)
genera 05 1.0 1.5 25 3.0 4.0
Pseudomonas 46.0 - - - - - -
Lactobacillus 54.0 94.1 84.0 35.0 - - -
Acinetobacter - 5.9 15.2 29.0 - - -
Staphylococcus - - 04 6.0 - - -
Yeast - - 04 | 300 | 254 | 571 | 667
Psychrobacter - - - - 74.6 429 333

* = The chicken samples used in these experiment were purchased
from Miyazaki prefecture.




Fig. 1

Microorganism (CFU/Gram)
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Irradiation effect on microorganisms of chicken

(Sample from Miyazaki prefecture I)

Sﬁh——-fk Total aerobic bacteria
O———¢ Coliforms

A A Lactic acid bacteria

<>————<> Fungi and yeasts

IRRADIATION DOSE (kGy)
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Fig. 2

Microorganisms (CFU/Gram)
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Irradiation effect on microorganisms of chicken

(Sample from Miyazaki prefecture IT)

S&L———%k Total aerobic bacteria

G——© coliforms

A——2A\ Lactic acid bacteria

&— Fungi and yeasts

IRRADIATION DOSE (kGy)
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Fig. R Irradiation effect on microorganisms of chicken

Microorganisms (CFU/Gram)

1010

(The sample was irradiated in frozen condition)

ﬁ f} Total aerobic bacteria
G—9© coliforms

A—4A ractic acid bacteria

@"——<> Fungi and yeasts

IRRADIATION DOSE (kGy)



