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Biological, physical, and chemical hazards in raw manufacturing processes of Saengshik, powdered raw grains
and vegetables, were analyzed to identify critical control points (CCPs). In raw materials, total plate and
coliform counts ranged 2.82-8.23 and 1.40-6.57 log10 CFU/g, respectively. In final products, total plate counts,
except for Lactobacillus spp., were 1.51-7.40 log10 CFU/g. During processing steps, both total plate and coliform
counts decreased after washing, whereas no changes were observed after freeze-drying. Physical hazards, such as
contents of metal and other contaminants, and chemical hazards, such as moisture content, were assessed.
Suggested CCPs for Saengshik were: washing process for controlling microbial contamination, freeze-drying
process for controlling moisture content to prevent deterioration and growth of microorganisms, and
pulverization process for controlling contamination of foreign substances such as metals. These results will
provide guideline to apply HACCP system standards to this product.
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� �

�� ��� ����� ����� ������ ��� �
���� �� ����� ��� ���� �� ��� ��

��� ������ ��� �� 4���� ������ �
�� ������ �� � ��� ���� ��. ��� �
���� ��, �� � ���� ��� �� ��� ���,
���� �� ��, ����� ��� ��, ���� ��,
����� �� �� �� �� ����	 ���
 ���

���� ��(1).
�� ���� �	� ��� �	� �� ���� �� �

�� ��
�, 	� ��� ��� �� ����	� ����

� ��(��)� �� ��� ��� � �� ��� ����

���� �
� � ��. ����� ��, ��, �� � ��

��� ���� ��, ���, ��	 �� ���� ���

�� ��� ��� ���� 	 ����� �� ���
 �
�	 ��� ����� ���
 ��� �� ���� ��.

��	� � ��� ��� ��� ��� ��� ��� 

� ��� 	�, ��� �� ��	�. ��� 
� ��� 	
� ����, ���, ��, ��	, ���� �� ���� �
��� ��� ����	�(2), ��� ��� ‘
� ���

	� ��’�� ���� �
� ����, 
���� ���

���, �	�, ���, ��� �� ���� ��� ���

	� ����
 ��� ���� ��� ���(3). �� �
�� �
��� �� 	�� �� ��� ��� �� 	�

�	� ��� �
� ���� �� ���	�� ��

� �� � ������ ��� ��� ���� �� ��

��� ��� ���	 ��(4). ��� ��	� ��� �
� ��� �	 ������(5-7), ����� ���� � �
��� ��, ��� ����� �	� ��� ����� �
� �� �� ��� ���� ��� ��	�(4), ����

�� �� �	� �� ��� �� � ��� ��� �� �

 ���� ��� ���	� �� HACCP ��� �� �

 ������� ���	 ���� ��(8-11). ���, �
�� ��� ���� ��	 ���� �� ��� � ��

�� ���� �� �� ��� ��� � ���� ��

��, ���� ���� �� 
�� �� ���� �

��	 �����. ��, ��� 
�� ���� �� �
���� ���� ����	 ��, ����	 ����

�� �� 	� ��� ��� 	���� ��.
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� ��� ��� ��� ��� �� �� �� ���

HACCP �
�� ��� �� �� ��� ������ �
	�� ���� � ������ ����, ���, ��� �

� ���
� �
�� �����(critical control points;
CCPs)� ���� ���.

�� � ��

��

��� ��� �� ��� ��� ���� �� � 12�
�, ��, ��, ��, ��, ��, ��, ��, ���, ��, 	
�, ��, ��� ��� �� �� 
� dry-ice box� ��

�� ���� �
� � 24�� �� �����. �	���

17	� ���� �	��� ���� ����� ��� �
����.

�� ���

�� ��, �	�� �� �
� �� ����� ���

���� �� ��� �� ���� 25 g� ��� 225
mL 0.1% phosphate buffer� �
� �, Stomacher(Casta
Brava, Spain)� 	�� 2�� ���� �� 0.1% phosphate
buffer� 	�� 10�� � �
���. Phosphate dilution
buffer� stock solution� ���� �� 34 g� KH2PO4� ��

� 500 mL� �
 � 1 N NaOH� ��� pH� 7.2� ��

� � ���� �� 1 L� ���. 1.25 mL� stock solution�
��� 1 L� �	� ��� � �����(12).

��� ���� ��

��� ���� �
� ���� �	���� ���� �
�� ���� ����
 ��� �
, ��� ����


� � �� 	� ��� �� �
, ��� ����
 ��

��� �
���.

��� ��

�� ��	 �	��� �
� �� �
��, ����, �
��, �	��, Bacillus cereus ��� ����� ����

�. �
��� � �� �
� 1 mL�� �� ����� 3
�� ����� �� � 43-45oC� ��� Tryptic Soy Agar
(TSA, Difco Lab., Detroit, MI, USA) �� � 15 mL� pour
plate method� �� ����� ���� ��� �� ���

���� 	�� ����� 
�� � �� ���� ���

������ ��� � 35�1oC ����� �����(13).
24-48�� ��� � ��� 	��� �����. �����

���� 3M�� PetrifilmTM E. coli count(PEC, 3M, St. Paul,
MN, USA)� 	�� 37oC�� 24�� �� � Standard
Plate Count(SPC)� �� ����� ��� 	�� red col-
ony�� coliforms, ��� �� blue colony�� E. coli� 
�

���(14). �	��� ��� � �� 20 mL� ����

��� �� ��� 10�� �
� � � �� �
� 1 mL
�� �� ����� 3�� ����� �� � 43-45oC�
��� TSA�� � 15 mL� pour plate method� �� ���

�� ���� ����� ��� ���� 	�� ����

� 
�� � �� ���� ��� ������ ��� �
 35�1oC ����� �����. 24-48�� ��� � ��

� 	��� �����. B. cereus� � �� �
� 1 mL�

� Mannitol Egg Yolk-Polymyxin Agar(MYP, Difco Lab.,
Detroit, MI, USA) ����� �	� 30oC�� 24�� ��

���. �� � ��� �� �� ��� 	�� �����.
	 � 	��� 	� � 24�� � ��� �	���. �
��� �
��� ����� �� ����� de Man,
Rogosa, and Sharpe Agar(MRSA, Difco Lab., Detroit, MI,
USA) �� � 15 mL� ����� ���� ��� �� �
�� ���� 	�� ����� 
�� � �� ���� �
�� ������ ��� � 35�1oC ����� ����

�. 24-48�� ��� � ��� 	��� �����(15).

���� ��

����� AOAC ��� �� �
���(16).

�� � �� ��� �� ��

� � 	� ��� �� �
� ����	� ��� �
� ���� 	�� ������� ���
 � ���

�
�� ��� 	�� �
���.

����� ��

��, �	��� ��� ���
� �
� � NACMCF
(National Advisory Committee on Microbiological Criteria for
Foods)(17)� ��� ��� �� hazard analysis worksheet�
��� ������ ����� �����(18).

�� ��

��� ��� log10 colony forming unit(CFU)/g�� ���

���, SAS ���� ���� version 8.01(19)� ���

ANOVA	 Duncan’s multiple range test� α = 0.05�� ���

� �����.

�� � ��

�� ��� ���� ��

�� ��� ���� �� � �
��� �	 ���� �
�, ��, ��, ��, ��, ��, ��, ���, ��, 	�, �
�, �� 12	� �� ���� �
� 
�� Table 1� ��

���. �
���� 2.82-8.23 log10 CFU/g	��, coliforms�
����� ��� ����, �� 11	� ����� 1.40-6.57
log10 CFU/g� ����. E. coli� ����� 1.97 log10 CFU/
g ��� ����� �� 11	� ���� ����(<10 CFU/
g)�� ������ B. cereus� �� ������ ��� �
��. 	�� 
�� Shin(20)� �� ���� �� 104-107�

�
��, 102-106� coliforms	 ��� 
�	 ��� 
��

�����, B. cereus� �

�� 0-102� ���� ���

� � ��	 �	� �����. 	� Shin(20)� ��� ��

� ��	 � ��� ��� ��� �	 ��	�, � ���

� ��� ��	 �	��� � �� ��� � ��� 

�� �����. Park(21)� �� ��� ��� �

� �
� 104-106� �
��, 0-104� coliforms	 ��� 
�	 �
�� 
�� �����. B. cereus� �� � ���� ��

� ��	 �	��� � �� ��� � ��� 
�� �
���, Kim(22)� ��� ��� �

� 4.53-7.34 log10

CFU/g� �
��, 2.59-4.58 log10 CFU/g coliforms	 ���


�	 ��� ���� ����.
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���� ������
 <10 CFU/g 	�� ���
� �
� �	 �� 
� ��� �
�� 	� ����� �
�

� �	�� ���	�� �	 
��� 	� ��� ���

�	 ���, 10 	�� 
�� ���� �
	 ���� �
� ���.

�� ��� ���� ��

�	��� ���� �
� 
�� Table 2� �����.
�
���� 3.47-8.67 log10 CFU/g	 ������, 	� �
��� ���� ������ �� �� �
 �	�, ���

� ��� �
���� 1-4 log10 CFU/g ���� �����.
Coliforms� 1.38-3.52 log10 CFU/g ������, E. coli	 B.
cereus� ����(<10 CFU/g)�� ��� ���. 	�� 

�� Shin(20)� �� �	�� 23	� �� ��� �

�


103-107� �
��, 101-104� coliforms, 0-102� B. cereus ��

� Salmonella spp. Staphylococcus aureus, Listeria monocytogenes,
Vibrio parahaemolyticus � ���� ��� 
�	 �����,
Park(21)� �� �	�� 12	� �� ��� �

�
 104-
108� �
��, 0-104� coliforms, 0-103� B. cereus� ���


�	 ��� ��	��. ��� �� ��
����
 �
�������� ��
�� �� ��
����� ���

		� �
���� 106 	�, E. coli� ��	�, ��� �
� �� ��
 
����� ��� 		� �
���� 1 g
	 50,000 	�(13)	�� ���	��� ��� ��� ��

��� �� �� 		� �	���. �� ����� ���

��� ��� ��� �� ���� �
���� 5-6 log10

CFU/g, coliforms� 2 log10 CFU/g 	�� ���� Solberg
�(23)� ���� �� �	���� ���� ��� �
�

Table 1. Microbial contamination levels in some raw materials

Samples
Microbial counts (log10 CFU/g�SD*)

Total plate counts Coliforms E. coli B. cereus

Kale 7.94�0.11 4.20�0.03 **N.D.** N.D.
Brown rice 7.55�0.08 5.47�0.03 N.D. N.D.
Cabbage 8.23�0.03 6.57�0.10 N.D. N.D.
Black soybean 4.47�0.10 2.07�0.08 N.D. N.D.
Millet 2.82�0.05 1.40�0.05 N.D. N.D.
Buckwheat 4.75�0.07 2.56�0.04 N.D. N.D.
Job’s tears 5.51�0.04 2.71�0.06 N.D. N.D.
Soybean 4.16�0.16 N.D. N.D. N.D.
Carrot 6.49�0.05 5.73�0.03 N.D. N.D.
Burdock 6.72�0.04 4.68�0.07 N.D. N.D.
Glutinous millet 6.89�0.08 5.76�0.10 1.97�0.03 N.D.
Indian millet 5.59�0.10 4.70�0.02 N.D. N.D.

*SD: Standard deviation.
**N.D.: Not detected (limit: <10 CFU/g).

Table 2. Microbial contamination levels in Saengshik

Samples
Microbial counts (log10 CFU/g�SD)

Total plate counts Lactic acid bacteria Coliforms E. coli B. cereus

A 6.39�0.10 4.07�0.08 1.57�0.04 *N.D.* N.D.
B 4.87�0.08 3.61�0.05 1.43�0.08 N.D. N.D.
C 6.37�0.03 2.70�0.08 2.78�0.06 N.D. N.D.
D 6.48�0.05 5.24�0.07 1.51�0.04 N.D. N.D.
E 3.62�0.03 1.51�0.08 1.80�0.04 N.D. N.D.
F 7.81�0.07 5.11�0.05 2.33�0.05 N.D. N.D.
G 3.47�0.04 1.76�0.04 1.49�0.03 N.D. N.D.
H 6.70�0.14 4.57�0.06 1.86�0.05 N.D. N.D.
I 3.90�0.09 2.68�0.02 1.71�0.03 N.D. N.D.
J 6.87�0.04 4.53�0.08 1.40�0.09 N.D. N.D.
K 8.61�0.03 7.40�0.04 2.14�0.14 N.D. N.D.
L 4.85�0.08 2.70�0.04 2.17�0.03 N.D. N.D.
M 3.56�0.04 3.14�0.05 2.60�0.08 N.D. N.D.
N 7.36�0.10 6.54�0.08 1.40�0.11 N.D. N.D.
O 8.67�0.07 5.84�0.09 1.38�0.03 N.D. N.D.
P 5.58�0.12 2.26�0.08 2.85�0.05 N.D. N.D.
Q 7.79�0.03 3.31�0.01 3.52�0.08 N.D. N.D.

N.D.: Not detected (limit: <10 CFU/g).
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��� 1-4 log10 CFU/g ��	�� �� �	��� ���

���� ��� ��� ����.

�� ��� ���� ��

��� �
�
 �� ��� Fig. 1� �����. ���

��� �� ��� �
� ��� �� ��	 
�� ��

��� �	� �� �� ��� �� �
� ������,

�� ��� ��, ��, ��, ���� ��� ��� �


� �����. ������ ���� 0-20 CFU/mL 
��

��� ��� �� �� ������ ���	 104 cells/mL

Fig. 1. Process flow diagram of Saengshik.

Table 3. Variation of microbial contamination levels in some ingredients through processing

Samples Processing steps
Microbial counts (log10 CFU/g�S.D.)

Total plate counts  Coliforms E. coli B. cereus

Kale
Raw materials 7.94�0.11a 4.20�0.03a N.D. N.D.
After washing 5.82�0.03b 3.54�0.06b N.D. N.D.
After freeze drying 4.83�0.06c 1.21�0.08c N.D. N.D.

Brown
rice 

Raw materials 7.55�0.08a 5.47�0.03a N.D. N.D.
After washing 6.35�0.13b 4.70�0.01b N.D. N.D.
After freeze drying 5.14�0.06c 3.53�0.10c N.D. N.D.

Cabbage
Raw materials 8.23�0.03a 6.57�0.10a N.D. N.D.
After washing 6.84�0.07b 4.84�0.02b N.D. N.D.
After freeze drying 5.44�0.03c 2.41�0.08c N.D. N.D.

a-cValues in columns with different superscript letters are significantly different (p<0.05).
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�� ���� ��� �����. �� ��� 1-2 log10 CFU/
g� ��� ����� ���. �� ��� ��� �� ��

� Table 3� �����. ��, ��, ��� �� ��� �
� ��� �� ��� �� ��� ��� ���� ���,
��� ������� �� ���� �	��� ���
�

����
� ���� ���� ��� ��� ���� �
��(data ��). ���� � �� ����� ������ �
��� ��� ��� �� �����. ��� ��� Shin(20)
� ���� �� ����� coliform� ���� ��� �
�� �� ����� ��� �� ��� ��� ��� �
����.
��-���� �� � �� ����� ����� 3-8% �

�
� ���� �� ��� 10%�� �� ����� ��

���. ������ �� � �� ���� ����� �
�� �� ���� ���, ���� ���� �� �� �
��� ���
�� ����� ��� ���� � ��. �
� � ���� �� ��� � ������ ���� �
��� ��� ��
� �� � ���� � ��� ��

���(data ��).

����� ��

��, ����, ���� �� ����� ��� � ��

��� ���� �	�� CCPs� ����
�, �����

� ���� � ���� �	� Table 4, 5� �����. �
� ��� ���� �� ����� ��(B)� �� �� �
�, ����� � ��� �� �� ����� ��(C)� �
� ����/���� ��, ��� �� � ���� ��

��(P)�	 � ��� �� ���� ��� CCP� ����

�. ��� ��� ��� ��� ����� ������ �
�
���� CCPs� ��� ��� �����. ��
��

�� �� ��	� ����� ��� ��� ���� ��

����� CCP� �����, ��� ����� ����

���� �� ������� CCP� �����(24).

�� �� �	�� HACCP ���� �	� 
� ���

��� ��� 		��	 � 
��(8-11). �	 �� ���

� �� �
� ���� �� ��� �� ��� ���

�	 ��� ����� ��� 
��. ��� ��� �

� 	��� ��� ���� ����� ���� ���

� �	 �� ��� ��
� 		��	 � 
��. ��

��� ��� �
� ��� �� ��� ���, ��� �
� �� ��� �� ���(�: �� ��)� �	�� ��

�������� ��� �� �� � ���� �����

��� ���� �� �
� ��� ��. ���, �� ��

� ���� ��� �� ����� �	� 1) ��� �	

��, � good agricultural practice(GAP) �� �� �����

�� ��� 2) ��� ������ ��� �	(25) � ��

�	� 		��.

� �

��� �� ��� ��� ��� ��� �� ��� �
��� �
�, ��� 
�
� �� ����� ���� �
���� ���� �� �� �� �	
 ��� ���� �
�. � ��� ��� ��� ��� �� �� �� ���

HACCP ����� 	�� �� �� ��� ������ �
��� �	��  ������ ��	�, ���, �	� �
�� ����� ���� �����(CCPs)� ����� �
��. ��� ���� ���� �	��  ������ �
�	�, ���, �	� ��� ����� �����. ���

�� ����� 2.82-8.23 log10 CFU/g� ������ ���

�
�, �� 1.40-6.57 log10 CFU/g� coliforms� �����.
���� � ������ 1.51-7.40 log10 CFU/g� �����.
���� � ��� � ��� �� ���� ���� ��

� ��� �� ���� ��� �������� ����

�� �	��� �����. ��� ��� �� �� �	

� ��� ����� ��� �� ��
� �����. ��

Table 5. Determination of critical control points in Saengshik manufacturing

CCPs Washing Freeze drying/Hot air drying Metal detection 

CCP/No. CCP-1B1) CCP-2C2) CCP-3P3)

Hazards B-Microbial survival C-Moisture content P-Metal and foreign objects

Critical limits 
1)- Total aerobic bacteria : <106/mL(g)
2)- E. coli O157:H7 : (-)  < 10%  No metal parts

Monitoring
procedures

What Sanitizer conc. & duration Moisture content Metal

How
Check sanitizer conc.
(available chlorine 150 ppm) and
time (5 min)

- Check freeze drying temp. (-40oC) & 
time (16-28 hr) 

- Check hot air drying temp. (55oC) & 
time (58 hr) 

Screen automatically

Frequency At start-up At start-up All product prior to filling step

Who Supervisor Dryer operator Metal detector operator

Corrective action Re-washing Re-drying Rechecking metal

Verification
procedures

Records,
microbial testing

Records,
moisture content testing

Records,
field inspection

Record-keeping
procedures Washing process log Drying process log Metal detection log

1)B=biological hazards; 2)C=chemical hazards; 3)P=physical hazards.
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� ���� � CCP� ��� ��� �� �� ��, ��

��� �� ����, ��� �� � ���� ����

�����.

��� �

� ��� ��
� ������	�� 2003� 	���

�� ����� ��� ���� ������ �� ���

���.
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