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Two-stage Enrichment Method for Isolating Campylobacter spp.
in Imported Chicken Samples
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We investigated the Campylobacter isolation method from retail imported chicken sam-

ples. Campylobacter spp. was isolated from 26 of 100 samples (26.04) using Preston enrich-

ment broth, whereas 13 of 100 samples (13.04) using Bolton broth. It is suggested that

Bolton broth is not suitable for the isolation of Campylobacter spp. when meat remains in

the culture medium, because of its weakness in sustaining the growth of other bacterium. Iso-

lation rate of Campylobacter spp. was increased (p50.05) to 42.04 when 1 ml of Preston cul-

ture medium was inoculated to another sample of Preston broth (10 ml) after incubation for

24 hours, and similarly, isolation rate was raised (p50.05) to 33.04 when 1 ml of Bolton cul-

ture medium was inoculated to Preston broth. Two-stage enrichment that is inoculation of

Bolton culture medium to Preston broth following pre-incubation (for 24 hours) of whole emu-

lsion samples, is useful for frozen chicken samples, such as imported chickens, in which the

bacterial number of Campylobacter spp. is supposed to be reduced during the process of freez-

ing or thawing.
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II. 
���������
1. ��	����MPN������	�
�� 25 g,�Preston232) 45678(9:8�;
<: No. 2 (Oxoid)�=>?8:):@ABCD7EF
G=(':8 (Oxoid)H):@ABCD7IJG=('
:8 (Oxoid),KL.	 5M��NOPQRS �T�B;
UV?8WXY�,LZ�[�\	 �]^�Bolton235)

4_"8:�;<: (Oxoid)�_"8:):@ABC
D7EFG=(':8 (Oxoid),KL.	 5M��NO
PQRS,LZ�[�\ � 2`��ab23 100 ml�
c�d�LZ	 � 1ef?8gh)7i	.� 5jkl
,mn.�1 o�kl,
��p�8)�qrsMPN �3
t� ��]uv�wx,	 ���	 yz�kl{�|c
�}}ab2�.	 v~wx,���1

MPN �3t� ��]ub��v����|����
�1 mn.� 5jkl 10 ml, 3����bwx
t�	 }�	 kl 1 ml, 0.1 ml, 10 ml�ab23
�Preston23H Bolton23� 2`�� ����wxt
3����c�d��`.�1 o��	 Preston23,

��G:="| 42�	 48�f	 Bolton23,
��
G:="| 37�	 4�f	 c�� 42�	 44�f	 ��
�[����� (O2: 5M, CO2: 10M, N2: 85M)�2�.
�1 ��	 v~wx
�kl[������c�d�2
�.� .

ab2��	 ��1���,mCCDA233) (Oxoid)

4):@ABCD7RS�KLEF23 (Oxoid)�
CCDAG=(':8 (Oxoid),KL.�[�\ ���
.	 ���	 42�	 48�f���2�.�1 23���
�.���,p�5)�]z�v.	 � ¡¢£���u
wxt�):@ABCD7�~��,¤¥�¦�§�|
¨	 $% 100 g§�z�b�,©¨�1

2. ������
v~wx
�kl �Preston23H Bolton23� 2

`�� ,�ª.�«¬� 24�f���2��	 ��1

ml, 10 ml� Preston23��`.	 ��� 24�f
���2�.�1 2��	 ��1���,mCCDA23
���.	 ��� 48�f���2��	 p�5)�qr�
�):@ABCD7��v,���1

3. �� ��
c�d��2������	 1$%§�z��IJ
.� 3������	 p�5)�qrs):@ABCD7
�b`�v,���1

III. !"#$%�
�2���]ube���]^e�®�b` (C.

jejuniH C. coli)¯°�±²��.�|	 c2$v,
�
��³´$v,���1

& '

Table 1��2�����u):@ABCD7e��
He�®�b`,±².�µ¶,��1 v~wx�|	
Preston23,
��·°� 26.0M	 Bolton23,

��·°� 13.0M¸):@ABCD7�~�¹��1
Bolton23,
��·°�|	 ºb�IJ�]zbe

Table 1. Prevalence of Campylobacter spp. from 100 samples by each methods, and rate of C. jejuni and C. coli
isolates in the methods.

Method
Number (M) of

postive samples
Number of isolatesa)

Number (M) of the organisms

C. jejuni C. coli

Preston broth onlyb) 26 (26.0M)� 78 39 (50.0M) 39 (50.0M)
Two-stage enrichment
(Preston broth)c) 42 (42.0M)�� 126 78 (61.9M) 48 (38.1M)

MPN using Preston brothb) 24 (24.0M) 72 54 (75.0M) 18 (25.0M)

Bolton broth onlyd) 13 (13.0M)��� 39 12 (30.8M) 27 (69.2M)
Two-stage enrichment
(Bolton broth)e) 33 (33.0M)���� 99 58 (58.6M) 41 (41.4M)

MPN using Bolton brothd) 37 (37.0M) 111 51 (45.9M) 60 (54.1M)

a) Three colonies from each samples were used in this study.
b) Sample with Preston broth was incubated at 42� for 48 hr.
c) Sample with Preston broth was incubated at 42� for 24 hr, then 1 ml of the incubated sample was inoculated into

fresh Preston broth (10 ml) and was incubated at 42� for 24 hr.
d) Sample with Bolton broth was incubated at 37� for 4 hr, then 42� for 44 hr.
e) Sample with Bolton broth was incubated at 37� for 4 hr, then 42� for 20 hr. Then, 1 ml of the incubated sample

was inoculated to fresh Preston broth (10 ml) and incubated at 42� for 24 hr.
Significant di#erences ( p»0.05) were observed between �, �� and ���, ����.
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��������	�
�� �����������
��
�� ��������	�� �!� Preston"
#$%&��	' 42.0( Bolton"#$%&��	'
33.0()���*��+�� (p,0.05). )� MPN-
�� Preston"#$%&��	' 24.0( Bolton"#
$%&��	' 37.0(�����
 �.��/'0&1 2345'67� C. jejuni

8 C. coli�9	� Preston"#$%&��	'��*
� 50.0(����� Bolton"#$%&��	'��
�*� 30.8(8 69.2(����� �� �����'6
7� C. jejuni8 C. coli�9	� Preston"#$%&
��	'��*� 61.9(8 38.1( Bolton"#$%&
��	'��*� 58.6(8 41.4(����� Bolton"
#�
$%&�23458 Bolton"#�":;��<
$ Preston"#'=/�������'0&1  �.
��/$>?@�8 Bolton"#$%&��	'�  
�.'AB� C. coli �9	� Preston "#'>C1D
E�� (p,0.05).

)� MPN-'67� C. jejuni8 C. coli�9	�
Preston"#$%&��	'��*� 75.0(8 25.0(
Bolton"#$%&��	'��*� 45.9(8 54.1(�
����

Table 2' Preston"#$%&��	8 Bolton"
#$%&��	�MPN-'F�2GHI�JK$L

@� MNO�PQRSTUVW�X (MPN/100 g)�
Preston"#��HYZ[ (15 MPN / 100 g)\]�
76.0( ^76/100H_` 15a99b� 22.0( ^22/100H
_`� 100a999� 2.0( ^2/100H_`�����'c
� Bolton"#��HYZ[ ^15MPN/100g` \]�
63.0( ^63/100H_` 15a99� 33.0( ^33/100H
_` 100a999� 3.0( ^3/100H_` 1,200� 1.0(
^1/100H_` �����

Table 3' Bolton"#$%&��	'PQRSTU
VW�X (MPN/100 g)� 100a999���� 3H_
^H_deAaC` 6Ff 1,200���� 1H_ ^H_
de D` '0&1 Preston"#$%&��	�PQR
STUVW�X8 �.��/$>?��JK$L@�
Preston"#$%&��	 H_A B C D��X�
��*�,15, 18, 215, 75 MPN/100 g�����
Bolton"#$%&��	��X���*� 465, 215,

465, 1,200 MPN/100 g��g &h�i Bolton"#
$%&��	�jk�D&l$L��� )� H_ B�
� Preston"#$%&��	� 3.8i C. jejuni �
���� Bolton"#$%&��	� 2.� C. jejuni,

1.� C. coli����� H_A, C, D��@C1 C. coli

� �m���

� �

nop�p�� qrst�uvm�1&�wxMN
$ 4y 3z{|}���	8~20y 14z{|}��
�	��*�'0&1��":�{ ^24, 486Ff 72

�{� 3��` 8� �!8���$>?��8��
qr�� 24�{ q��� 48�{":'F�� �
!�i�8iD&�8$����9) .���8E���
���":�{$ 48�{8�1 �":-'F�� 
�!�>?$����
2345�� � �!$����B'���G$"
:��� ��"#' Bolton"#$%&��	�� 
�!� 13.0(8 Preston"#$%&��	 (26.0()�
� ����� ��� Bolton"#� 48�{��":
���	'�  ���8�1%&�mCCDA"#�

Table 2. Number of Campylobacter spp. in 100 sam-
ples incubated with Preston or Bolton
broth

Method
Number of Campylobacter spp.

(MPN/100 g)

,15a) 15�99 100�999 1,200

MPN using Preston
broth 76b) 22 2 0

MPN using Bolton
broth 63 33 3 1

a) Less than the MPN detection limit.
b) Sample number.

Table 3. Number of Campylobacter and the species of isolates from 4 samples incubated
with Preston or Bolton broth

Method
Samplesa)

A B C D

MPN using Preston broth ,15b)
18

[C. jejuni (3)]c)

215
[C. coli (3)]

75
[C. coli (3)]

MPN using Bolton broth
465

[C. coli (3)]

215
[C. jejuni (2),

C. coli (1)]

465
[C. coli (3)]

1,200
[C. coli (3)]

a) Four samples (A�D) harbored Campylobacter spp. over 100 MPN/100 g, and 3 strains were
isolated from each samples.

b) Less than the MPN detection limit.
c) MPN/100 g [Species (Isolation counts)].
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Preston�������� !" B (5,000 U/l)#
$��		 Bolton����
 %����#�&'%
���()��%��*+,���
��-��./'0�1��23�4	��
 3556
7��	
���8��9�� C. jejuni �:��;
� <=>? @'%���A,��.�6)
 Bolton��#
�	�����
 	
���B��C� C. jejuni ��
���&���%��*+,��� %�DE Bolton�
�#�	��FGH� C. coli �I�� C. jejuni ��
J�K)�� ( pL0.05)%��M�,���
 	
��
C. coli��NO <B�F? P�4	��QR,��S
�@'����'%��T&����
U�
 MPN��C����� 100 g����V��
�W"XYZ[\]�^�
 Preston��#�	���
�� 100_999� 2S �
 %�6`�@J� 100!
"������#��
 Bolton���� 100_999� 3

S � 1,200� 1S ����� %�Ca�b����
��C��c$�^���DE���
 %&V��C
a'(d)##e�@'���� Bolton���b�
�*f��'%��*+,���
QgS���+,h�����
 �� 24ijR�

Preston��)�k� Preston�-l�����
42.0m
 Bolton��)� Preston���-l����
� 33.0m�	n�9���.�K��� ( pL0.05).

So��@'/^��FGH����0p�	%�)
�
 %&V��Ca�'(qr(�C�d)���^�
=>@'%��1�,�'����
 S �2s3 #
Bolton��� <4? ��R
 �5GH��MPN�#

67
 �FGH����-�t8# Preston���-l
@'+,h����*f��'%��*+,��� d�
9�ui�Sd <:�d?����'(:�,��.�

vwr;��x�<��y��=��'�

� �

z>�%&V�)�W"XYZ[\]���#{��
�%|
 Preston��#�	���� 26 / 100S 
(26.0m), Bolton��#�	���� 13 / 100S 
(13.0m))�����,��� ���#���}�~	
Bolton���
 ������#����������
?,	%��*+,���

24ij����R� Preston��-� 1 ml#k�
 Preston�� (10 ml)�-l��+,h����
 �
��.� 42.0m���$� (pL0.05), 67
 1 ml#
Bolton��-)� Preston���-l�������
��.� 33.0m���$�� (pL0.05).
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