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Abstract : An egg has been considered as one of the most important food sources because of it’s nutritional
superiority and reasonable price. With the complexity of egg flow system from production to consumption
in Korea, preventive measures for egg safety have been required. Therefore, our study was carried out to
analyze hazards for the egg under farm level and develope preventive measures with a purpose of obtaining
egg safety. To analyze biological hazards, microbial contamination of egg(normal, dirty and cracked), water,
feed, manure and equipments associated with laying were investigated. One isolate of Salmonella enteritidis
and S. bardo were detected from the manure and dirty egg shell respectively. The sanitary conditions in the
farm were surveyed by questionaries. Confirmation of vaccination for purchasing chicks and establishment
of sanitary guidances for water and type of water suppliers ought to be preceded. Feed supplier systems
including feed tanks, feed pipes and hoppers were known that their contamination might give it a chance
to infect individuals and egg content and shell. The safe and rapid disposal of dead chickens and rodent
were reported as more crucial factors to prevent infectious disease and manage good sanitation. Egg selector
and collecting belt should be kept properly not to be contaminated from egg fluids and feces. It should be
also considered that regular gathering of eggs, removal of dirty or cracked ones, storage under refrigeration
and the use of disposable egg tray were continuously fulfilled. Conclusively, Our results suggested that HACCP-
based system for providing fresh and safe eggs to consumers should be applied to the farm. 

Key words : egg, biological hazards, control point, HACCP

� �

��� ����� ����� ���� �����

��� ����� �� ���� ����. �� ��

��� ��� �� �� ���� �� �� ����

� ���� �� ��	 ��� ���� �� ���

��� ���.

���� ��� ���� �� ��� ��� ��

� ��� ���
� ���� �
� [3, 19, 20], ��

��� ���� ��� �� ��� ��� �� ��

�	�� �� �� ���� ��, ��, ��� ��

� �	��� ���� ����� 26%, 50%, 30%�

�	 �
� ����� [34, 35, 47, 84].

� �� ���� ��	 ���	������ ��

��� ���� �� �� �� ����� �
��

� �� ���. ��� 2002��� ���	����
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� ���� ��
� ����� ��� �����

��	 ����� [4, 9, 21, 25], �� 2002� 7	 ��

� ������
� ����� ����� �� ��

� ����, ��� �� ��	 �
 ���� ��. 

�� 
�� �� ����� ��, ��	 ����

����� National Poultry Improvement Plan (NPIP),

Salmonella Enteritidis Pilot Project (SEPP), The

Pennsylvania Egg Quality Assurance Program (PEQAP)

� ���� �� [39, 42, 66, 84]. ����� ����

��(The British Egg Industry Council : BEIC)� ��

Lion Quality Scheme� 1998��� ���� ��� �

� 	�� �� ���� �
�, �� �� �� ��

� HACCP ��� ���� �� [6, 7]. �����

1997� 10	��� ��� ���� ����� HACCP

� ���� �
�, ������� ��� � ���

�� ����� �� ��� ���� ����� �

��� ���� �� [84, 85, 86, 87].

��� ��� ��� �� ����	 �� ���

�� ��	�� ���������(Codex)� ���

�� HACCP � �� �� ����	 �� ��

� ������ 
 � ��. ��� �� ���

���� �� ��	 ��� ���� �����

HACCP ��� ��� ���� ����� ���. �

�� ��� �� 	�� ����� ���� �� �

�� ��� ���� ��� ����� ��� ��

�	
 ���. �� ����� ��� �� Good

Agricultural Practices(GAP) ��� ����. ��

Codex��� ��� ��� ��� ��� �����,

����� 2006��� ��� � ��� 	�����

� �� ��� ��� ���� �� [13]. 

��� ���� �
��� ����� ��
 �

�� 	� ���	� �
� ��	 ����. �� �

�� �� ��� ��� ���� ��� �� ��	

����� � ��� ��� �
� �����, ��

�	� � � ���� ��� ��� ��� ����

� ��� ���� ����
 ���. 

� ��� HACCP � ��� ���� �� ��

	� ���� ��� �� ��� ��� ��� ��

� ��� ���� ����� ���� �����

��� ��� ����� ��. 

�� � ��

�� �� ��� ����� ��

����� ���� 8 ��� ��� ��
�

2002� 6	�� 8	�� �		 2�� �� ����


�, �	 	�	 ��	� ���� 10,000� �� 3�

	, 10,001~30,000� 3�	, 30,001� �� 2�	� �

��.

(1) ��� �� ���� 
 �� ��

��� �� ���(��), ���, ��, �� 


�� ����� ���� ��(���, ���, ��

��)� ����
�, 	���, ��		� 
 ��

����� 
� �� ����� 10�10 cm� 

100 cm2� ��� Culture Swab Plus (BBL, USA)�

���� �����. ��� ��� Ice box� ��

�� ��� ��� 	 24�� ��� �� ���

��.

(2) ������ ���	 ��



� ��� �� ������ 10� �� �� �

	 ����� �� Plate count agar (Difco Co. USA)

� ���� 37oC�� 48�� ��� �� 	��� �

����. ���		 ������ ��� ��
� �

�� ��� 	, Desoxycholate lactose agar(Difco)��

37oC, 24�� �����.

(3) ����� ���� 

���� ����� ��� ����� [10]� ��

� ����
� ��� �� ��� ��� ��


� ����.

��� ���
� ��� 0.9% �� ���� 1:9�

��� ���(��)�� �� 1 ml� Selenite cystine

broth(Difco)� 37oC�� 18~24�� �� ����
�,

����� Salmonella & Shigella(SS) agar(Difco),

Rambach agar (RA), MacConkey agar(Difco)� ����

�, �����
� ���� 	�� 	�, IMViC

(Indole, Methyl red, Voges-Proskauer, and Citrate) test,

API 20E(Bio Merieux Ind. France)� ���� ���

�� �����. ���
� Salmonella O��(Difco)

� H��(Difco)� ���� �����.

(4) ��� ����� ����

�� 1 g� Buffered Peptone 9 ml (Difico)� ��

��� 1� �� �� 	, ��� 100 µl� Rappaport

Vassiliadis 10 broth (Difco) 9 ml� 2� ��	 	��

�� Rambach agar (Merck, Germany)� ��, ����

� ���� 	�� 	�, IMViC test, API 20E (Bio

Merieax Ind)� ��� ��� ��� ��� [62]. ��

�
� Salmonella O��(Difco)� H��(Difco)� ��

�� �����.
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��� �� �� ��

(1) ���� 
 ���	

� ��� 2002� 4	�� 6	��  90�� ���

��
� ��� ��� �����. ��� ��	 	

��� [8, 39, 50, 53, 54, 59, 74, 84]� 	����, ��

� ��� �	�� ��	� ��� �� 	 �� �

���� ���� ���
� �����. ���� �

�	 �� ��
� �� �� ��� �	�
 ��

����� ���� ���. ����	 
 ��	

����(1�), ����(1�), ����(2�), ��

���(2�)� ��
� �����, ��� ��

	�� �� 	����. 

(2) ����

���� �	 	�	 ����	 �	�� ��	

�	�� ��� ���� �	� 220� �	� ���

����� ���� ������(stratified sampling)�

� ���
� 204�	� 	����. ��� ��� �

���� �� ��� �����, ����(10,000�

��, 10,001~30,000, 30,001 ��), ����(��, ��

��) 
 ����(5� ��, 5~10�, 10~20�, 20� �

�) �
� ����
�, �� ��� ��� ���

��� ����, ��� �� 
 	���, ��� �

� 
 ���� �
� ����, ����� �� ��

���� ����� �����. ������ ���

�� ��	 �
�(Contingency Table)� ��� 	, �

��� ���� ���� ��� ���
 ��(χ2-test)

� �����. �� ��� ��	 �� ���
 ��

� ��
 � 	� ���, Fisher� ��� ��� �

��� ��� ��� ���. ���� 
�, 	� 


� � ��
�� �	�� ���	 �	��� ��

��
�, �� ����� �� ���� �� �� �

���� �����. ���� ����	 SPSS 10.0

�	�� ���� ����� [28, 36, 72].

� �

�� �� ��� ��� ��� ��

(1) ��� �� ����� ��� ���

���(��)�� ������ log�
� ����

�� 1.4�0.9 cfu/ml ��
�, ��� 
��� �� �

��� ���� 2.7�1.7 cfu/ml ���. ���		 �

�� ���	 

 0.5�0.8 cfu/ml� 1.3�1.6 cfu/ml

�����(Table 1). ��� 
��� �� ��� ��

�� �� ������ 5.1�1.2 cfu/g, ���		 2.6

�1.7 cfu/g
� �	 ���� �����. ��� ��

�� ����� 8.7�1.2 cfu/g, ���	 7.8�1.2 cfu/

g
� �� ���
�, ��� ���� � ��� �

�� 		�� 	��� ���� ����� 4.5�2.0

cfu/cm2, ���	 2.6�1.9 cfu/cm2
� �		 ��	

��. ���� ��� 	��� �
� �� �
��

� ���� ����� 4.1�1.4 cfu/cm2, ���	 2.3

�1.7 cfu/cm2
� �	 ��� ���. ��� 		 .�

��� �� 
	 ����� 5.7�1.8 cfu/cm2, ��

�	 3.7�1.8 cfu/cm2 ��
�, ���� 1�� S.

enteritidis	 �����.

(2) ��� ��� ���

�
�
� ������ �
� ��� �	 ���

���
� ���� �
� ���� ��� ���

��, �
	 ����� 3.3�1.6 cfu/ml, ���	 0.8

�1.2 cfu/ml ��
�, ����	 ����� 1.0�1.1

cfu/ml, ���	 0.2�0.4 cfu/ml ���(Table 2). ��

� �� ��, ����, �� �� ��� ��� �

��
� ����
�, ��� �
	 ����� 4.8

�2.0 cfu/ml, ���	 2.6�1.9 cfu/ml ��
�, ��

Table 1. Contamination of selected microorganisms from water, feed, manure and layer house environmental samples

Sampling point

Microorganism

Water
source

Drinking
water

Feed
Layer

manure
Egg

grader
Egg

collecting belt
Egg room

floor

N=16 N=32 N=32 N=32 N=32 N=20 N=32

Aerobic plate count
(Log10 Mean�SD)

1.4�0.9 2.7�1.7 5.1�1.2 8.7�1.2 4.5�2.0 4.1�1.4 5.7�1.8

Coliform group
(Log10 Mean�SD)

0.5�0.8 1.3�1.6 2.6�1.7 7.8�1.2 2.6�1.9 2.3�1.7 3.7�1.8

Salmonella
spp.

Negative 16 32 32 31 32 20 32

Positive − − − 1* − − −

*Salmonella D serogroup(S. enteritidis)
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��	 ����� 1.9�1.1 cfu/ml, ���	 0.3�

0.7 cfu/ml ���. ���� �
 ���� ���� �

� �	� ��
�, ����	 � ��� ��� ��

�. ��� �
� �
 �	��� �� � ��� �

�
� ���� ��� �� �
	 ����� 4.4�

1.7 cfu/ml, ���	 2.0�1.7 cfu/ml ��
�, ���

�	 ����� 3.2�2.4 cfu/ml, ���	 1.2�1.6 cfu/

ml
� �����. ���� �
��� 1�� S. bardo

	 �����.

��� �� ����

(1) ������ ��� ��

���� 204� �	� ����� ��� 10,000

� �� 84�(41.2%)� 	� 
��, 10,001~30,000

� ���		 77�(37.7%), 30,001� �� 43�

(21.1%)����. ����	 ��(�� ��)	 66�

	(32.4%), ��(��, ��, �� ��) 58�	

(28.4%), ��(�� ��) 36�	(17.6%), �� 23�

	(11.3%), ��(�� ��) 21�	(10.3%) ����.

������	 �� 197�(96.6%), ���� 7�

(3.4%)� ��� ���� �����. �� ����

	 5~10�� 64�	(31.4%), 11~20� 63�(30.9%),

21� �� 44�(21.6%), 5� �� 33�(16.2%)����

(Table 3).

Table 2. Contamination of selected microorganisms from normal, dirty and cracked eggs

Eggs

Microorganism

Normal egg Dirty egg Cracked egg

Shell
(N=32)

Content
(N=32)

Shell
(N=34)

Content
(N=34)

Shell
(N=30)

Content
(N=30)

Aerobic plate count
(Log10 Mean�SD)

3.3�1.6 1.0�1.1 4.8�2.0 1.9�1.1 4.4�1.7 3.2�2.4

Coliform group
(Log10 Mean�SD)

0.8�1.2 0.2�0.4 2.6�1.9 0.3�0.7 2.0�1.7 1.2�1.6

Salmonella 
spp.

Negative 32 32 33 34 30 30

Positive − − 1* − − −
*Salmonella C2 serogroup(S. bardo)

Table 3. General characteristics of the subject of investigation according to farm size

Items

Farm size * Total

≤10,000 ≤30,000  >30,000
N %

N % N % N %

Area
Kyoungki
Choongchung
Kyoungsang
Chunla
Kangwon

Total

25
11
29
7

12
84

29.8
13.1
34.5
8.3

14.3
100.0

26
19
17
5

10
77

33.8
24.7
22.1
6.5

13.0
100.0

15
6

12
9
1

43

34.9
14.0
27.9
20.9
2.3

100.0

66
36
58
21
23

204

32.4
17.6
28.4
10.3
11.3

100.0

Forms of management
self
contract

Total

81
3

84

96.4
3.6

100.0

77
-

77

100.0
-

100.0

 39
4

43

90.7
9.3

100.0

 197
7

204

96.6
3.4

100.0

Management career
< 5 years
≤ 10 years
≤ 20 years
> 20 years

Total

 12
20

 33
19

 84

14.3
23.8
39.3
22.6

100.0

16
28
18
15
77

20.8
36.4
23.4
19.5

100.0

5
16
12
10
43

11.6
37.2
27.9
23.3

100.0

33
64
63
44

204

16.2
31.4
30.9
21.6

100.0

*Number of layer
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Table 4. Attitude of egg gathering, cleaning, keeping and water supply according to farm size

Items

Farm size*
Total χ2

p
Linear
trend

≤10,000 ≤30,000 >30,000

N % N % N % N %

Manure removal
natural drying
house
drying room
fermentation & manure
merchandize

Total

25
22
19
16
1

83

30.1
26.5
22.9
19.3
1.2

100.0

16
4

22
28

7
77

20.8
5.2

28.6
36.4

9.1
100.0

8
3

16
14
2

43

18.6
7.0

37.2
32.6

4.7
100.0

49
29
57
58
10

203

24.1
14.3
28.1
28.6

4.9
100.0

28.390

<0.0001
 -

Frequency of water test
no
once per 2~3 years
once per year
once per 6 months

Total

46
14
16
6

82

56.1
17.1
19.5
7.3

100.0

28
8

26
13
75

37.3
10.7
34.7
17.3

100.0

10
5

20
8

43

23.3
11.6
46.5
18.6

100.0

84
27
62
27

200

42.0
13.5
31.0
13.5

100.0

20.321 

0.002

p<0.0001

Water supply
ground water
waterworks

Total

82
2

84

97.6
2.4

100.0

75
2

77

97.4
2.6

100.0

43
-

43

100.0
-

100.0

200
4

204

98.0
2.0

100.0
0.6841) -

Frequency of egg gathering
once per day
twice per day
third per day
over fourth per day

Total

48
23
12
1

84

57.1
27.4
14.3
1.2

100.0

39
23

9
6

77

50.6
29.9
11.7

7.8
100.0

28
11
2
2

43

65.1
25.6

4.7
4.7

100.0

115
57
23

9
204

56.4
27.9
11.3

4.4
100.0

0.2611) p = 0.788

Holding room of eggs
poultry house
storehouse
storehouse(draft)
cooling room

Total

34
24
23
3

84

40.5
28.6
27.4
3.6

100.0

19
22
31

5
77

24.7
28.6
40.3

6.5
100.0

5
12
23
3

43

11.6
27.9
53.5

7.0
100.0

58
58
77
11

204

28.4
28.4
37.7

5.4
100.0

0.0131) -

Reuse of egg tray
yes
no

Total

52
32
84

61.9
38.1

100.0

33
44
77

42.9
57.1

100.0

17
26
43

39.5
60.5

100.0

102
102
204

50.0
50.0

100.0

8.217
0.016 -

Washing eggs
yes
no
the others2)

Total

-
81
3

84

-
96.4
3.6

100.0

6
68

2
76

7.9
89.5

2.6
100.0

3
34
4

41

7.3
82.9

9.8
100.0

9
183

9
201

4.5
91.0

4.5
100.0

<0.0131) -

Eggshell labelling
yes
no

Total

1
83
84

1.2
98.8

100.0

5
72
77

6.5
93.5

100.0

7
36
43

16.3
83.7

100.0

13
 191
204

6.4
93.6

100.0
0.0051) -

Cracked eggs;
selling frequency

once per week
twice per week
third to fourth per week
daily
irregular

Total
handling

selling
discard
the others3)

Total

20
17
14
16
5

72

72
9
3

84

27.8
23.6
19.4
22.2
6.9

100.0

85.7
10.7
3.6

100.0

9
18
17

8
-

52

52
23

2
77

17.3
34.6
32.7
15.4

-
100.0

67.5
29.9

2.6
100.0

5
6
9

12
1

33

33
8
2

43

15.2
18.2
27.3
36.4

3.0
100.0

76.7
18.6

4.7
100.0

34
41
40
36

6
157

157
40

7
204

21.7
26.1
25.5
22.9

3.8
100.0

77.0
19.6

3.4
100.0

0.0531)

0.0321)

p = 0.096

-

*Number of layer, 1)Fisher's exact test, 2)Washing eggs except in summer. 3)Egg breaking, no reply, etc.
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(2) ��� ���� 
 ��� 	� .�� .�� ��

��� ��� �� ����	 �� 
 ��� 28.6%,

��� 28.1%, ���� 24.1% �
� ���
�, �

��	(10,000� �� ��)��� ����(���) �

�� ���(p<0.0001). 
���� 98.0%	 ����

42.0%� ����� ���� ��
�, 1�� �� 	

� 
�� 1� 56.4%, 2~3� 39.2%, 4� �� 4.4%�

��(Table 4). 

��� ������ ��� 		�� 28.4%, ���

� 28.4%, ���� ��� �� �� 37.7% � ���

� ���� ��
�, �� 5.4%�� ���� ���

� ���. �� ����	 ���� ���� �� �

	��� ���� ���. �� �	� 50.0%	 �

���� �� �� �� ��� ��� �����.

�
� ��� �
 ��� ��� ��
 ��
�

���� � ����� 9.0%	 ���� ��
�,

���� ����� ��� �� ��� ���� �


 �
� ���� ���. 

�	� 6.4%� �
� ���� �� ��� �� �

��. �	� 77.0%� ��� ���� ��
�, ��

��� �� ���� �	� 22.9%���. 

��� ����� ����� 77.7%� 	� 
�


�, ����� 	�, �� �
� ��� 22.3%� ��

���. ��� ��
�� � 1� 13.4%, � 2� 44.1%

��
�, �� �� ��	 ���	 76.5% ���

(Table 5).

(3) ��� �� 
 ���� ��

��� � ��� �� ���� ��� ���

� ���� 
 �� ���, ��� ��� �

�, �� ��� ��, �� �� ��� 
 ���

� �� �� ��� ��� ��, 57.4~76.5%	 ��

�� �� �
� ���
�, �� ����	 �	

�	��� ����	 ��� �
� �����

(Table 6). 

��� �� 
 ��
�� � 1� �� ���
�

���� ��	 

 56.4%, 55.3% ��
�, ���

�
� ��� ���� �� ��� 43.6~44.7%� �

	� ��
�, ����	 10,000� ��� �	��

�� 
 ��
�	 �� �� �� ���. �� �

� .�� 
�� 	 1� �� 22.7%, � 2� 26.1% ��


�, ����� �� 	 ���� �� ��	 51.3%

���. ���� �� ���
� 	� ���� 
	

�(��) ����	 �	 
 �
 35.1%, �	� ��

21.8%, �� �� 43.1%� ����
�, �� ��

��	 �� ��	 63.1%��
�, 2~3� 27.1%, 5�

�� �� ����� ��	 9.9% ���. �	�

95.0~95.6%� ���(��) �� ���� �� 
 �

Table 5. Attitude of egg marketing according to farm size

Items

Farm size*
Total χ2

p
Linear
trend

≤10,000 ≤30,000 >30,000

N % N % N % N %

**Outlet of eggs
merchant
grading & packaging center
large store
army & cooperative

Total

89
-

11
5

105

84.8
-

10.5
4.8

100.0

76
3

15
3

97

78.4
3.1

15.5
3.1

100.0

34
4
8
8

54

63.0
7.4

14.8
14.8

100.0

199
7

34
16

256

77.7
2.7

13.3
6.3

100.0

- -

Frequency of eggs marketing
once per week
twice per week
third to fourth per week
daily

Total

14
 45
17
8

84

16.7
53.6
20.2
9.5

100.0

8
31
28
8

75

10.7
41.3
37.3
10.7

 100.0

5
13
6

19
43

11.6
30.2
14.0
44.2

100.0

27
89
51
35

202

13.4
44.1
25.2
17.3

 100.0

35.030 

<0.0001

p<0.0001

Transportation vehicles
refrigerated truck
tower truck
cargo truck

Total

1
11
72

 84

1.2
13.1
85.7

100.0

5
14

 58
77

6.5
18.2
75.3

100.0

2
15
26
43

4.7
34.9
60.5

100.0

8
40

156
204

3.9
19.6
76.5

100.0

0.0121) -

*Number of layer, **Multiple response crosstabulation.
1)Fisher’s exact test.
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Table 6. Attitude of sanitary control according to farm size

Items

Farm size*
Total χ2

p
Linear
trend

≤10,000 ≤30,000 >30,000

N % N % N % N %

Visitors & vehicles
allowed to enter farm

yes
no

Total

54
30
84

64.3
35.7

100.0

47
30
77

61.0
39.0

 100.0

16
27
43

37.2
62.8

100.0

117
87

204

57.4
42.6

100.0

9.212

0.010

-

Footbaths used
yes
no

Total

25
59
84

29.8
70.2

100.0

20
57
77

26.0
74.0

100.0

20
23
43

46.5
53.5

100.0

65
139
204

31.9
68.1

100.0

5.651

0.059

-

Vehicles disinfected before entry
yes
no

Total

12
72
84

14.3
85.7

100.0

19
58
77

24.7
75.3

100.0

17
26
43

39.5
60.5

100.0

48
156
204

23.5
76.5

100.0

10.167

0.006

-

Boots & clothes disinfected
before entry

yes
no

Total

23
61
84

27.4
72.6

100.0

 32
45
77

41.6
58.4

100.0

26
17
43

60.5
39.5

 100.0

81
123
204

39.7
60.3

100.0

13.181

0.001

-

Frequency of cleaning of 
poultry house

over third per week
once to twice per week
irregular
no

Total

11
18
47

8
84

13.1
21.4
56.0

9.5
100.0

34
21
19
3

77

44.2
27.3
24.7
3.9

100.0

24
7

12
-

43

55.8
16.3
27.9

-
100.0

69
46
78
11

204

33.8
22.6
38.2
5.4

100.0

<0.00011) p<0.0001

Frequency of disinfection of
poultry house

over third per week
twice per week
once per week
irregular
no

Total

5
8

19
48

4
84

6.0
9.5

22.6
57.1

4.8
 100.0

12
18
23
23
1

77

15.6
23.4
29.9
29.9
1.3

100.0

10
7

11
15

-
43

23.3
16.3
25.6
34.9

-
100.0

27
33
53
86
5

204

13.2
16.1
26.0
42.2
2.5

100.0

23.605

0.003

p<0.0001

Frequency of rodent & pest control
over once per month
twice per year
irregular
no

Total

20
24
38

2
84

23.8
28.6
45.2

2.4
100.0

16
21
39
1

77

20.8
27.3
50.6
1.3

100.0

10
8

22
2

42

23.8
19.0
52.4
4.8

 100.0

46
53
99
5

203

22.7
26.1
48.8
2.5

 100.0

0.8061) p=0.448

Handling of dead chicken
burying
incineration
refuse treatment
use for dog feed

Total

10
9

16
48
83

12.0
10.8
19.3
57.8

100.0

16
16
17
28
77

20.8
20.8
22.1
36.4

 100.0

6
14
11
11
42

14.3
33.3
26.2
26.2

 100.0

32
39
44
87

202

15.8
19.3
21.8
43.1

 100.0

0.0071) -

Handling interval of dead chicken
daily
2~3 days
over 5 days
irregular

Total

53
23

3
5

84

63.1
27.4

3.6
6.0

 100.0

47
19
11

-
77

61.0
24.7
14.3

-
100.0

28
13
1
-

42

66.7
31.0
2.4

-
100.0

128
 55
15
5

203

63.1
27.1
7.4
2.5

100.0

0.0291) p=0.186

Vaccination before chick purchase
yes
no

Total

83
1

84

98.8
1.2

100.0

71
6

77

92.2
7.8

 100.0

41
2

43

95.3
4.7

100.0

195
9

204

95.6
4.4

100.0

0.0971) -

Vaccine program
yes
no

Total

78
6

84

92.9
7.1

 100.0

72
2

74

97.3
2.7

 100.0

40
2

42

95.2
4.8

100.0

190
10

200

95.0
5.0

100.0

0.4431) -

*Number of layer, 1)Fisher’s exact test.
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�� ���� ����� ���� �
� ����.

� �

�	 	�� ��� ���� �� ��� �� �

� ����. ��� �� �	� ����� ����

� ����� ���� �� ��� �� �
��	

	� ����� ����. ��� � ���� ���

��	 ���� �	 ��� �� �� [16, 23]� �

� ����
�, ����� � .� � ����� �

� �� ����� ��	 ���� ���. �� ��

�� ���� ����� 	
� ����� �	
�

����	 ����� �� ��� ��� ��� �

��� ��� ��� �
� ����. ��� �� �

���� [27]� �� ���� [37, 40, 80]� 	��

��� ���� ���� ���� �� �	
 �


� ����.

�� ����� �� 
 
�� ��� 
	 ���

����, Rho � [64]� �� ��� �����

Tablante � [74]� ��� ���� ��. ���� 


����� ���� �� 
 
��� � ��� ��

�
 ��, �� �� 
���� 
���� �	� 


�� ��, ����, �� 
 ��� �� ��� ��

��, ��� ��� 
� �� ��	 ��� �
�

����. 


�� ��� ��� ���� ���� ��

���	 �� ��� 
� ���� ���� ���

� ���� ��� ����� �� 
��� ��

��. ��� 
��� ��� �� �� �� ����

��
 ��� ������ �� 
 � �
� ���

�� ��� ���� �� ��	� �� [15]. 

� �� �� ����� 
��� ����� ��

���� ���� ��
� ���� 
 ���	�

��	 �� ���� ��� ��� �� ��, 
��

� ��	 ������ ���� ��� ��
 � �

�� [1, 22]. 
��� ��� ��	 � �� ��

��� ����, �
�, �� � 
��� ���� �

�� ���� �� �� �� ���� �� �� �

�� ���� ��� �
� ���� �� [30, 67].

����� �� �� �� �� 
 
� �� 
 �

� �� ��� ����
�, ��� ��� ����

�� ��� ����� ��� ���� �����

[61, 67]. ���� ��� �� �
� � [9, 11]�

� ��� ��� ��� �� ��� �����. ,

���� 
 ��� ��� �� 
 ����� ��

� ��� �� ��� ��(���� D ��) �� �

�� ���� ��.

��	 ��� 	��, 	��� �� ��� �
�

�� � ���� ��� ���� �
� ��
 ��

[55, 60]. ��� �� �� ��� ����� �� �

��� �	 ���, � �� �� 	��� 	���

� ����� ���	� ����	 ��� ���

��� ��� �� ��� ��� �� ����
�

��
 � ��� [84, 86]. ��� �����	 ��

� �� � ����� ���� ���. ��� ���

��� ���� 
 ��, ��, ����, �� 
 ��

�� �� ��� �� ��, 		 ��� ��
 ��


� ����� [31]. 	���� �� 
 ���
�

� 	���� ���� �� ��� �� �� ��

��� 	 ����� 65oC ��� ��� �� ��

��� ��� ���� �� [84]. 

��	 ������ �
� ������ ��� �

�� �� �� ��� �� ���� [49, 61]. � ��

�� ��� ������ ���		 

 8.7�1.2 cfu/

g 
 7.8�1.2 cfu/g� �[18]� ��� �����. ��

	� ����� ����� ���	 ���� 8.5%

[2], ���� 1.1% [25], ���� ���� 1.2% [24],

����� 5.1% [17] �� �����, � ����

� 1���� �����. �� ����	 ��, ��

� 
	 ��	 ���� ��� 
� ������ �

�� ����� [39], ����	 
� �� ����


� �� ������ 	� ��� ��� ��� �


� �����.

�� 	� 
�� �
� �� 
 ���� ����

	 �� 	� 
�� �� �	� 2� ��� ����

�
� [38], � ����� �� 43.6%�� 2� ��

	� �� �
� �����. 	� 
�� ��� �.

���� ����� ��� �� [73, 84]. �� ��

	 �� ��� ��� ��, ����, ����, ��

�� �� � �� ���� ���� �
� ��
 �

� [32, 33, 38, 45, 46, 52, 65, 78, 82]. � ���� �

�	 �� ���� �� ����
 ��, �� ��

��� 22.9%� �� �� ��� ��� ��	 ��

�. ���� � .��� �� ����� ��	� �

� �� 	���� 	� ��� �� �� ��	 �


�� �� ��� �� ��� ����
� ���

�
 
 ���.

��� �� �� ���� �	 �� ��

�� �� �� �� �� � .�� ��� ���

� �� �� ��� ��� �� ���� � ��

�
� �� ��� ��� ���� �� 1�� ��

� ��� ���� �� [8, 69]. � ����� ��
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�	� 50.0%	 �� � ���� �
� ��� 1�

� � ��� �
 ����
 
 �
� �����.

��� �� ��� �� ��, �� ��� ���

��� ��� ��� �	� ��. ��� �� ���

� � ���� �� 5.4%�� ���� ���� ��


� �� �� ��	 �� ��	 �� �� ���

	 76.5% ���. ��� ����� ��� �� ��

� �
��� 

 15oC� 7oC ��� ���� ��

[38, 43, 73].

��� ��
�� � 1� 13.4%, � 2� 44.1%��


�, ��� ����� ����� 77.7%� 	� 


��. ����� GP �� ��� 80%� ���� �


�, �� � 2� �� ��� ��� ���� �� [84].

� ����� ��� �� 
 ��
�� � 1� �

Table 7. Control points of layer houses

Hazards Control points Preventative measures Results References

Purchasing of chick
�Vaccination 
�Assorting and flocking

�from S. enteritidis negative breeder flocks
�from biosecurity companies

�Vaccination : 95.6%
�Vaccine program : 95.0%

[39],[43],[54]

Contamination of 
�water 
�water systems

�Water source
�Water test

�Sanitize water
�Maintain water systems properly 
�Close abandoned well
�Prevent influx of contaminated water

�Aerobes: ≤102~3 cfu/ml
�Coliform: ≤101~2 cfu/ml
�No water test: 42.0%
�Ground water: 98.0%

[15],[37],
[40],[66],
[74],[80]

Feed 

Insects &
Rodents

�Eradication of vermins �Control of insects and rodents

�Contamination of feed
 - Aerobes: ≤105~6cfu/g 
 - Coliform: ≤103 cfu/g 
 - Salmonella spp.: -/32

[44],[68],[77]

Drinker �Putrid & wet feed �Daily check of drinkers [15]

Feed �Salmonella free feed
�Salmonella free feed
�Use of pellet, crumble, organic acid,

polysaccharide, competitive exclusion etc.

[11],[50],[56],
[58],[59],[60]
[70],[71],[87]

Clean 
and
disinfect
of
poultry
house

Floor
& wall 

�Clean & disinfect �Clean and disinfect
�Aerobes : ≤106cfu/cm2

�Coliform : ≤104cfu/cm2
[39],[42],
[57],[84]

People 
�Visitors
�Wear clean suits

�Establish biosecurity standards
�Set up dress and disinfect room

�Visitors & vehicles not
allowance: 42.6%

�Footbaths used: 31.9% 
�Suits disinfected before

entry: 39.7%

[14],[76],
[77],[84]

Vehicles
�Parking outside 

�Disinfection of vehicles

�Restrict all vehicles entering and leaving farm
�Vehicles 
 - wash(clean & disinfect)
 - monitor disinfectant bath

�Vehicles disinfected before
entry: 23.5%

[14],[77],[84]

Dust �Clean and disinfect �Diminish the dust amount
�Frequency of cleaning &

disinfecting(over once a
week): 55.3~56.4%

[14],[41],[81]

Dead
chicken

�Daily handling 
 - burying, incineration, render-

ing, refuse treatment, etc 

�Daily handling
�Hygienic disposal

�Use for dog feed: 43.1%
�Handling interval (daily)
  : 63.1%

[74],[84]

Insects
&
rodents

�Inspection for rodents
�Control of insects and rodents

�Control of vermins 
 (exclusion of habitat and prevention of 

invasion)

�Rodent & pest control
 (over once a month): 22.7%

[39],[48],
[57],[63]

Layer
manure

�Clean and disinfect
  (over once a week)

�Hygienic handling of manure

�Layer manure
Aerobes: ≤109cfu/g,
Coliform: ≤108cfu/g
Salmonella spp.
(S. enteritidis): 1/32 

�Manure removal
Natural drying: 24.1%,
Drying room
: 28.1%,
Fermentation: 28.6%

[49],[61],[84]

″

″
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� ���
� ���� ��	 

 56.4%, 55.3%��


�, ��� ��� �� ��	 �� ���� CCP�

�	 ���� ��
� ��� ����� S. enteritidis

�� ��� ����� ���� [39].

� ��� �� ���� ��� ���� ��

��	 57.4~76.5%� ���� ��� ���� ��

�� ���� ����	 �� �� �
� ���

�. �� ���� �� ���� ��� ��	 ��

� �� � ��� ����
 �� � 2~3� ���

�� ��
 ��. ��� ���
� ���� ��

�� ��� ���� � 	��� �� ���� [74,

77]. 
	 �	 �
, �	, ���, ����� ���

Table 7. Continued

Hazards Control points Preventative measures Results References

Egg
gathering

Egg collecting belt

�Dirty, cracked and soft 
shelled egg

�Check of collecting belt

�Clean & disinfect of egg 
collection belt

�Frequent gathering
(over twice a day)

�Aerobes: ≤104~5cfu/cm2

�Coliform: ≤102~3cfu/cm2
[55],[60],[78],

[79],[84]

Staffs and equipments

�Use of disposable glove
after washing

�Disinfect of gathering
equipments

�Wash & disinfect  [76],[84]

Egg
grading,
cleaning
and
packing

Workroom
�Clean and disinfect at

end-of job
�Clean & disinfect

�Aerobes: ≤106cfu/cm2

�Coliform: ≤104cfu/cm2 [39],[84]

Egg grader
�Clean and disinfect at

end-of job
�Clean & disinfect

�Aerobes: ≤104~5cfu/cm2

�Coliform: ≤102~3cfu/cm2
[55],[60],
[84],[86]

Washing water 

�Concentration of Sodium 
hypochlorite 

�Regular exchange 
of washing water

�Temperature of washing water
(43~56oC)

�Drying after washing
immediately

�Over 150 ppm

�Every 2 hours

�At least 10oC and at most 
28oC higher than egg 
temperature

�Grading & washing 
of abnormal egg

�No wash egg: 91.0%
[5],[38],[51],
[56],[84],[86]

Egg tray �Use of disposable tray
�Use of fiber flats or cases

(egg tray)
�Reuse of tray: 50.0% [38]

Holding
and
marketing

Holding room �Temperature of holding room
�Monitor temperature and draft

(avoid sunlight and cool 
temperature.)

�Cooling room: 5.4% [38],[51],[84]

Egg marketing
�Separated holding & loading 

of eggs
�First-in first-out

�Selling - over twice a week
�Frequency of egg

marketing
 (over twice a week): 86.6%

[38],[73]

Egg shell and content

�Cracked egg 
 - refrigeration, daily

 marketing
�Gathering over twice a day 

�Daily check - (management 
of gathering, poultry house
and equipments)

�Frequent egg gathering

�Dirty egg(shell)
Aerobes: ≤105cfu/ml

 Coliform: ≤103cfu/ml
Salmonella spp.: 1/34

�Cracked egg(content)
Aerobes: ≤104cfu/ml
Coliform: ≤102cfu/ml

�Selling of cracked eggs:
77.0%
Selling frequency(daily)
: 22.9%

�Frequency of gathering
(over twice a day): 43.6%

[32],[46],[51],
[55],[65],[73],
[75],[78],[79],

[82],[84]

Temperature 
of vehicles

�Confirmed operating
of refrigerator

�Check temperature
(below 15oC)

�Transport vehicle
(Clean, disinfect and 
temperature control)

�Transportation vehicle
(refrigerated truck): 3.9%

[43],[73]

″
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� �	� ���
� ��� � ���� ����


�� 43.1%� ����� ��� ����� �� �

�� �����. ����	 ��� ���  75%�

�� �������� ���� �
� ��
 ��

[74], ���� ���� ��� ��� ���� 
 �

���� ��� ��� �� ��� ���� ��


� ���.

� ���� ��� �� ���� ����� �

�	 ��� � ��� �
�, ��� 4.4%� ��	

��� ��� �� ���. ����� ��� ��

CCP� ���� �
�, � �� S. enteritidis� ��

��� ���� S. enteritidis	 	�� ���� ���

� ��. ��� ��� ��� ���� �
�� ��

�� � �� ����� ����� �� ��� ��

�
� ��� ��	 �	�

 ���[29, 39, 43, 83].

��� ���� �� ��� ���� ��� �

�� �� ��	� ���(��)�, ��� 
�� �

�, ����, ��� �� 
 ��, ��� 	�, ��

		(�
) 
 ��, �� 
 �� �
� ���� �

�� �� ���� ���� �����(Table 7).

� �

��� ����� ����� ���� ��� ��

��� ����� ��� ��� ����� ���

���� ��� �� �����. ���� ��
�

� ��� �� ���� �� ��, 
�� ���

�� ���� �� ��, ���� �� ���� �

�, ���� ��� �� ����, �
�, �� � 


���� �� ����� �� .�� ��	 ����

�. ���� ���� ��� ��� ���� 
 ��

��� ��� ��� �� ��� ����
� ��


 ��, 	��� �
��� ���� ��� �� �

���� ��� ��� �� ��� ���� �� �

���� ����� 	�� ����
 ���. ��

	� 
� ��	 ���� � .��� ���� ��

���� ����
 ��, �� �� ����� �

���� 1�� � ��� ���� ��. ��� �

����	 ��� �� 
 ��� �� ���� ��

��� ��	 ���, HACCP �� ��� �� �

� 	 	�������� ���
�� ��� ��

��� �� �� �
� ����.
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