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Listeria monocytogenes were isolated in 5 Iots, more than one cell in each 25-g sample of 10 Iots of chicken meat, 

which was obtained from several different areas in Japan. From taxonomic study, the psychrotrophic type of 3 
isolates grew well at 4'C on Trypticase soy agar slant, whereas 2 isolates grew poorly. Cells of all isolates were 

sensitive to 7-irradiation in phosphate buffer, and the Dlo values obtained were 0.16 to 0.18 kGy under aerobic 

irradiation conditions similar to the values of salmonellae. In the chicken meat sample, the Dlo value obtained was 

0.42 kGy the same value as in phosphate buffer under anaerobic irradiation conditions, and the necessary dose for 

inactivation of L. monocytogenes was estimated to be 2 kGy in raw chicken meat below 10-4 CFU (colony forming 

unit) per gram. In the storage study of chicken meat which was inoculated with about 3X 103 CFU per gram of L. 

monocytogenes, the psychrotrophic type of the isolates grew quickly at 7 to 10"C storage. However, a dose of I kGy 

was also effective to suppress the growth of L. monocytogenes at refrigeration temperatures below 10'C. 
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Chicken meat has been considered microbiologically as 
one of the most contaminated food products of anlmal origin. 

In a previous report (Prachasitthisak et al, 1996), high 
contamination of coliform bacteria with a few contaminated 

salmonellae was observed in many samples of raw chicken 
meat. The crucial problem encountered in the consumption 
of chicken meat and related meat products is the presence of 

causative pathogens for food-borne diseases, such as Sa/-
monella, Listeria, Staphy/ococcus, Campylobacter, path-
ogenic Escherichia coli and others (Doyle, 1985). Some of 
these bacteria can survive after heat treatment during the 
processing of chicken meat to ready-to-eat products. 

The health hazard associated with food-borne Listeria 
monocytogenes was demonstrated by the high mortality 
during outbreaks of listeriosis. Listeriosis can be more serious 

or fatal in certain high-risk groups such as unborn babies, 

infants and those with impaired immune systems (Farber & 
Peterkin, 1991). There have been several reports on the 
contamination levels of L. monocytogenes in poultry prod-
ucts such as those by Schlech et al (1983) and Pini and 
Gilbert (1988). In a previous report (Rashid et al, 1992), we 

also observed some contamination of L. monocytogenes in 
frozen shrimps which were imported from South-Asian 
countries. It has been reported that L. monocytogenes can 
survive at refrigeration temperature (Palumbo, 1986), and the 

use of low-temperature storage alone cannot be relied upon to 

keep meat such as raw chickens safe. Irradiation can decrease 
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the microbial road and may also eliminate specific pathogens 

as previously reported (Prachasitthisak et al, 1996). 

The objectives of this study were to evaluate the contamina-

tion level of L. monocytogenes in raw chicken meat produced 
in Japan; to determine the necessary dose of y-irradiation to 

eliminate L. monocytogenes; and to observe the irradiation 
effect on the suppression of growth of L. monocytogenes at 
refrigerated temperatures in chicken meat. 

Materials and Methods 
Sample preparation Ten different kinds of chicken 

meat produced in 4 different prefectures were obtained from 

a wholesale trader for the evaluation of Listeria contamina-
tion. 

Isolation of L. monocytogenes Each 25 g sample in 
duplicate was inoculated into 225 ml of enriched broth [30 g 

Trypticase soy broth (Difco, Detroit, Michigan), 6 g yeast 
extract, 15 mg acriflavin HCl, 40 mg nalidixic acid, 50 mg 
cycloheximide per liter, pH 7.4] and incubated at 30'C for 7 

days. One milliliter of the incubated broth was transferred 

into 9 ml of 0.5% (w/v) KOH solution, mixed well and 
streaked on selective McBride listeria agar plates [35.5 g 

phenylethanol agar (Difco), 0.5 g LiCl, 200 mg cycloeximide 
per liter, pH 7.0] and incubated at 35'C for 48 h (Lovett, 

1988). Bluish colonies on the agar plates were selected as 

probably of the Listeria species. Taxonomic characteristics of 

isolated strains were determined by the method of Cowan & 
Steel ( 1 974) and Lovett ( 1988). 

Radiation sensitivities of isolates For the study of 
radiation sensitivities in 0.067 M phosphate buffer (pH 7.0) 
suspensions, representative strains were grown to stationary 

phase in Tryptic soy broth (containing 0.6% yeast extract) 
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under aerobic conditions for 16 h at 30'C. Cell suspensions 
were prepared with the same buffer to give about 109 cells/ml 

and irradiated at room temperature in an equilibrium of air 
or in nitrogen gas at a dose rate of 2.4 kGy/h using a 120 kCi 

(4.44X 1015 Bq) slab-type 60Co y-irradiator. For the study of 

the inactivation of L. monocytogenes in chicken meat, 0.5 ml 

samples of 16-h cultures in Tryptic soy broth were transferred 

to each 5 g sample of chicken meat to be about 108 cells/g 

which had been packed into polyethylene bags and pasteur-
ized by exposure to 10 kGy y-rays. These samples were 
irradiated at 2.4 kGy/h at room temperature. Viable cells 
were determined by counting visible colonies which devel-
oped after diluting the irradiated samples with sterile saline 

[0.85% (w/v) NaCIJ and incubating at 30'C for I or 2 days 
on Tryptic soy agar plates (containing 0.6% yeast extract). 

Radiation effect on the growth For the study of the 
radiation effect on the growth of L. monocytogenes in 
chicken meat. 0.5 ml samples of 1 6-h cultures in Tryptic broth 

were transferred to 10 g chicken meat to be about 3x 103 CFU 

(colony fornxing unit)/g which had been packed into 
polyethylene bags and pasteurized by exposure to 10 kGy 
y-rays. These samples were irradiated with y-rays at O, 0.5, I .O 

and 1.5 kGy and stored up to 12 to 15 days at 5, 7 and 10'C. 

Surviving cells were deteamined by counting visible colonies 

after homogenization by a Coloworth stomacher Lab-
blender-400, the same method as used in the previous report 

(Prachasitthisak et a/, 1996). 

Results 
In this study, L. monocytogenes were isolated in 5 Iots, one 

or two cells in each 25-g sample from 10 Iots of chicken meat. 

However, detection of L. monocytogenes was made in only 
one sample in each 5 Iots of duplicate samples. As shown in 

Table I , three isolates belonged to the psychrotrophic type 

which could grow well on the Tryptic soy agar slant at 4"C. 
However, two isolates could not grow well on the agar slant 

at 4'C. 

Figure I shows the radiation survival curves of L. 
monocytogenes G2-1 exposed by y-irradiation in phosphate 
buffer under aerobic and anaerobic conditions. All of the 
isolates had similar sigmoidal type of survival curves which 

exhibited a shoulder, and the Dlo Values obtained were 0.16 
to O. 1 8 kGy under aerobic conditions, values similar to those 

of salmonellae (Prachasitthisak et al, 1996). However, the 

Table 2. Radiation sensitivities oftypical isolates of Listeria monocytogenes 

under air-equilibrium and nitrogen-gas atmosphere in 0.067 M phosphate 
buffer. 

Isolate 
Dlo Value under 
air-equilibrium 

Dlo Value under 

nitrogen-gas atmosphere 

Il-1 

12-2 

14- l 

G2- l 

0.16 kGy 
0.18 kGy 
O, 17 kGy 

0.16 kGy 

0.42 kGy 
0.42 kGy 
0.42 kGy 
0.42 kGy 
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Fig. l. Radiation sensitivities of L. monocytogenes G2-1 under air~qui-

librium (e) and nitrogen-gas atmosphere (e) in 0.067 M phosphate buffer. 
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Fig. 2. Growth of L. monocytogenes G2-1 in chicken meat at lO'C 
irradiation at O, 0.5 and I .O kGy. 

after 

Table 1. Characteristics of isolates of Listeria monocytogenes from chicken meat. 

Isolate Catalase Beta hemolysis Nitrate reduction Urea hydrolysis Glucose fermentation Growth at 4'C 

Il-l 

12-2 

14- l 

G2- l 

M2- l 

+/-
+ (weak) 

+/-
+/-
+ (weak) 

++ 
+++ 
++ 
+++ 
++ 

+++ 
+++ 
+++ 
+++ 
+++ 

++ 
+/-
++ 
++ 
+/-

All isolates are gram-positive, short rods (0.5x0.5-0.7 pm), motile, and oxidase negative. 
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Fig. 3. Growth of L. monocytogenes G2-1 in chicken meat at 7'C after 
irradiation at O, 0.5 and I .O kGy. 
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Fig. 4. Growth of L. monocytogenes 12-2 in chicken meat at IO'C after 
irradiation at O, 0.5 and 1.0 kGy. 

same Dlo Value of 0.42 kGy was obtained at all of the isolates 

under anaerobic irradiation conditions as shown in Table 2. 
The difference in the radiation sensitivities between aerobic 

and anaerobic conditions should be explained by the oxygen 
effect of radiation which had been observed in many types of 
bacteria in a previous report (Ito et al, 1972). The Dlo Value 

obtained in chicken meat was also 0.42 kGy on the G2- I and 
12-2 strains, the same value as under anaerobic conditions in 

phosphate buffer with the same survival curve. From these 
results, 2 kGy should be adequate as the necessary dose to 

inactivate L. monocytogenes in chicken meat below 10-4 
CFUlg. 

The growth of L. monocytogenes G2- I which belong to the 
psychrotrophic type in chicken meat occurred significantly at 

lO'C storage as shown in Fig. 2. The initial load ofG2- I strain 

with about 3xl03 CFU/g increased quickly during 2 to 6 
days storage till to about 107 CFU/g at 10"C. The growth of 

HARSOJO et a/ . 

the G2- I strain at 7'C storage was also significantly observed 

as shown in Fig. 3. However, its growth at 5'C occurred 
slowly even after 10 days storage which increased up to I x 105 

CFU/g. In the case of the 12-2 strain which does not belong 

to the psychrotrophic type, its growth at lO'C occurred 
somewhat slower than the G2- I strain as shown in Fig. 4, and 

the growth at 7'C occurred slowly even after 10 days storage, 

similar to the G2- I strain at 5'C storage. 

The suppressive growth effect by irradiation on the G2-l 
strain at 10'C was clearly observed at I kGy for 4 to 6 days 

storage. However, no growth was observed even when stored 
up to 15 days at 1.5 kGy irradiation on chicken meat. At 7'C 

storage, growth delay by irradiation on the G2-1 strain was 
observed even at 0.5 kGy as shown in Fig. 3. A similar effect 

of growth delay by irradiation was also observed on the 12-2 

strain at lO'C storage, which suppressed the growth even at 0.5 

kGy as shown in Fig. 4. The effect of growth delay on the 12-2 

strain after irradiation at 7'C storage and on the G2- I strain 

after irradiation at 5'C storage could not be clearly observed 

during 1 5 days storage because of the slow growth in chicken 

meat even for non-irradiated samples. The suppressive effect 

on the growth of L. monocytogenes in irradiated samples at 
refrigerated temperatures should be attributed to the suppres-

sion of the repair of radiation-injured cells at lower ternpera-

tures (Ito et al, 1972). 

Discussion 
Recently, food-borne diseases by salrnonellae or patho-

genic E. coli O 1 57:H7 are significantly increasing in Japan. 

These bacteria have been replaced from Vibrio parahaemoly-

ticus which had been one of a most common food-poisoning 
bacteria in Japan more than 5 to 10 years ago. These increases 

of food-borne diseases should be attributed to the change in 

food customs of consumers and to the invading new type of 
pathogens from abroad. In the future, food poisoning by 
Listeria should cause some problems in Japan just as abroad 
(Doyle, 1985). 

From this study, the contamination level of L. monocyto-

genes in chicken meat in Japan was observed to be 50%, 
which is lower than that ofthe USA or UK (Schlech et al, 
1983; Pini & Gilbert, 1988), and the amount ofcontamination 

of L. monocytogenes should be below one cell per g in 
chicken meat from the results of the low numbers of contami-

nation in 5 Iots in each 25-g sample from 10 Iots of chicken 

meat. In this study, psychrotrophic type of isolates could grow 

significantly at 7 to I O'C storage in raw chicken meat just as 

coliform bacteria (Prachasitthisak et al, 1996). The results of 

radiation sensitivities of many isolates of L. monocytogenes 

revealed that the Dlo Values and survival curves are not 
significantly different from the isolates, and a dose of 2 kGy 

should be sufficient to completely inactivate low numbers of 

this bacterium and other hazardous pathogens such as 
pathogenic E. coli, salmonellae in chicken meat similar to the 

results of Thayer and Boyd (1993), Kamat and Nair (1995) 
and Murano ( 1995). However, a dose of I kGy is also effective 

in suppressing the growth of L. monocytogenes at refrigera-
tion temperatures similar to coliform bacteria in chicken meat 

which was previously reported (Parachasitthisak et al, 1996). 

From these results, a low-dose irradiation at I kGy followed 
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by refrigeration should be effective for the reduction of the 

initial microbial load, the extension of shelf life and the 

improvement of safety on food poisoning bacteria without 
affecting any sensory quality of raw chicken meat by radia-
tion. 
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