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Effect of Aqueous Chlorine Dioxide and Citric Acid Treatment on 
Microbial Safety and Quality Control of Minimally

Processed and Refrigerated (MPR) Salad
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Aqueous chlorine dioxide and citric acid treatment was introduced to insure microbial safety of minimally
processed and refrigerated (MPR) salad. Salad samples were treated with 50 ppm chlorine dioxide and 1% citric
acid. Chemical treatment decreased total aerobic bacteria, yeast and molds, E. coli, and Listeria by 3.75, 3.47,
3.41, and 3.38 log cycles, respectively, and polyphenoloxidase activity of MPR salad by 49.73%. Plain water
washing of salads did not effectively decrease microbial growth. These results indicate appropriate chemical
treatment provides microbial safety and quality control in MPR salad during marketing.
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� �

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

��� ���� ��� ���� �� ���� � ��� �
�� �� ��� ���� ��(well-being) ��� �� ��

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

�� �� ����� 	�� ��� �� ��� ����.
��� ��� ���� �� �� ���� gram negative
bacteria� yeast � �� ���� �� ��� ����� �
�� ��� ����(1,2). �� minimally processed and
refrigerated(MPR) ��� �� �� � cold water washing��

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

� non-thermal processing
 �	�� ���� �
�� ��

���� ��� ��
 �
�� ��.
��� ��� thermal processing
 ���� ��� ���

�� ���
 ��� � � �� �� ���� MPR ���

�� thermal processing
 � � �� ��� ��� ��� �
���. �� ���� ��� ��� �� ��� �� ��

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

� �� �� �	�� ��� ����� 	�� �� triha-
lomethanes �� chloroamine�� ��� ��
 ���� ��

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

�� �� ��� 
� ��� ���
 �� ��� ���

���� �� ��� �	�	 �� ��� ��� ����

�� �� 	��� ���(6) ���� 5
 �� �� pH�
��� ���	 ���
 ���� ���
�(7). �����

� ��, ��, �
 � �� �	� ��� ��� ����

� ���, � �(8)� ��� ����� 	�
 ���� �
����� ���
 ������, Du �(9)� ��� ���

��� �� ��� ���� ��� �
�� E. coli O-157:H7
� ��� �	���. �� � �(10)� 
�� ����� �
�� ���� ��� �
�� E. coli O-157:H7� ����
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� �����, Andrews �(11)� ��� ��� �����

	�
 ���� ���
 ������, Jamenez-Villarreal �
(12)� ���(ground beef)� ������ ���� ����

��� ����� �� ��� � ��.
Polyphenoloxidase(PPO)� ���� 	�� �� �� ���

��� 	�
 ���� ��� � �� ��	�� ��� 	
�
 ����. � ��� monophenol
 o-diphenol� hydrox-
ylation
 ����� � ��� o-diphenol
 o-quinones��

oxidation���(13). ��� 	�� �	��� ��� ���

��� ��� ��
 ����� ��� ����� ���

	��
 ����� ���PPO� ��
 	���� 
� �
���(14). PPO� ���� ��� ��� ����� � �
� ��� ��� ���� ���� ���� ��� �� �
���� ���� �� ��
 �� �� ��
 �� ��

(14-16).
��� � ����� ��� �� �� � ��	 ���

�� 	� � citric acid� �	�� MPR ���� ����

� ��� �� � PPO� ���� �� 	��
 ����

� �� ��
 ���� �� ���� ���.

�� � ��

MPR salad� ��

� �	� �	� ���� ��	�� ���� 	� ��

� 

 ���� 24 h �� �	� �	���. MPR ���

� ��(Beta vulgaris var. Crunta), ���(Angelica Utilis
Makino), ���(Lactuca sativa), �	 ��� (Taraxacan offici-
nale Weber), ���(Lactuca sativa L. var. Longifolia), ���

�(Lactuca sativa L. var. Lollo Rossa), ��	(Lactuca sativa
L.), ��(Brassica oleracea var. acephala D.C.(Alef.)) � 8��

� ���� �� �	 
�
 ���� �� ���.

����� ��� ��

����� 	�� chlorine dioxide generator system(CH2O
Inc., Olympia, Washington, USA)
 �	�� �� ���� �
�� iodometry standard method(17)� �	�� �����.

MPR salad� ��� ��

��� ���� ��� �
 ���� �� �� � ��

� ��	 ��(Alclean 7.0, CH2O Inc., Olympia, WA, USA)
� �	�� 1	 ��
 �� �� ��
 ���� �� �
� 2	 �����. ����� ��� � ���� �� ��


�(18)� �� 50 ppm�� 5�� ���� �����. ��

��� �� � 2�2 cm ��� ��� � citric acid 1%(w/v)
	�� 1�� ���� �����. ���� 
�� ����

����� �� �� �����. ��� ��� ���� �
� ���� �	�� ���� � polyethylene terephthalate
(PET) ���� �	�� 150 g
 ���� 10oC�� 	����.

�� ���� ��

MPR ��� 10 g
 ��� � cheese cloth� ��� crude
extract� �����. ��� crude extract� 0.1% sterile pep-
tone water� �	�� 
�� ���� 
��� ��� colony
� ���� �� crude extract mL	 colony forming unit
(CFU)� ��� ���
�. � �	� �	� �� 
�� �


�� ��� plate count agar(PCA, Difco Co., Detroit, MI,
USA)� �	��� ��� 
��� potato dextrose agar(PDA,
Difco Co., Detroit, MI, USA), ���� chromogenic E. coli/
coliform media(Oxoid Ltd., Basingstoke, Hampshire, England,
UK), Listeria
� Listeria selective agar base(Oxoid Ltd., Bas-
ingstoke, Hampshire, England, UK)� �	 ���.

���� �� �� ��

���� �� ��� ���� �� �� ���, ���

�, polyphenol oxidase(PPO) �� �
 �����. �� ��

�� �� ��� �� 	� � ��
 
��� ���� �
��
� ����� ��������� 60oC�� �� ��

� 
�� � ��� ���� ��� �
 �� ��� ��


��� ���
�. PPO �� ��
 ��� sample 10 g

phosphate buffer(pH 7.0) 20 mL� �� 30 sec 
� ��� �
�
� ��� crude enzyme extract� �����. PPO ��

��� 50 mM potassium phosphate buffer(pH 6.5) 2.2 mL�
0.2 M catechol 0.2 mL� ��� 0.1 mL� 
��� �
��

	��� 420 nm��� �	� ��� ������, ����

1 unit� 1�� 0.001� �	�� ����� ��� ��� �
��
�.

�� � ��

���� �� ��� �� ���� 	�� �� �� 107

�� �� ���� 
��� ��� ���� 
� �� �
�� �� ���� ��� ���� �
 � ��� �� 2-
3	 �� � ���� �
 �� ��� ��� ����� �
� 
�� �	�
�(Table 1). � ���� �	� ����

� � citric acid ��� � 99.98%� ���
 �	�� � �

�� �� �� citric acid ��� ���� �� �� � �
�� � �� ����� ����� ��� � �
�.
� 
�� ��� ����� ��� ���	 �� ���

��� 0.98 log cycle ����� ��� ��� � ��� 3.75
log cycle �����(Fig. 1-a). �� ��� 5.98 log	 ���

� 	� 7�� 8.47 log�� ����� �� 3.21 log	 ���

���� 	� 7�� 6.76 log�� �����. �� ��� �
� � 24 h 
�� ��� ��� �� ��� ���� ��

� �� ��� ��� ���� 	� 1�	�� ��� ��

��� 

 � � ��� �
� citric acid� �� ��� �
�� pH� ���� ��� �
� 	�� 
�� ����.
�� ��� ��� � ���� ��� �� ��� ���

� �� ���� ����� �� 	� ��� 5���� �
�� ��� ����
 �	� � ��� ��� MPR ��

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

1.47 log cycle ����� ��� ��� � �� 3.47 log cycle
�����(Fig. 1-b). ���	 � ��� �� �� 4.19 log�
� 6.52 log�� ����� ��� ���� 2.2 log�� 5.42
log�� �����. � �� �� 	� 72 h�� ��� ��

� �� ��� � ��� �� ��� �
�� ��� ��

�� �� ��� ��� ���� �� ����� 48 h� �
��
�. 
��� �� ��� ��� �� ���� ���

� 
��� �	� ���� 	� 7��� ���� ���

� ���� ��� �� �� ��� ����.
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���� ����� ��� � ��� �� 0.93 log cycle
����� ��� ���� �� 3.41 log cycle�����(Fig.
1-c). � ��� ��� �� 4.59 log�� 7.41 log�� ���

�� ��� ���� 2.11 log�� 6.27 log�� �����. �
�� �� 	� 24 h 
� �� �� �� ����� �� �
�� ���
 ��� �����. ��� ���� ��� �
��� �� ���� �� ��� 3� �� ��� 
�� �
��
�.

Listeria
� ����� ��� ���	 � ��� �� 0.99

log cycle ����� �	�	 ��� ���� 3.38 log cycle�
����(Fig. 1-d). ���� �� 3.81 log�� 6.06 log�� �
� ��� ��� ���� 1.42 log�� 3.56 log�� �� ��

�. 	��� ��� �� � � 	� 7� 
� ���� 2.25 log
cycle� ������ ��� ���� 2.14 log cycle� �� �
��. �� 	� 7� � ��� ���� �� ��� 3.56 log
� ���� �� ��	 3.81 log� �� ����� ��� �
�� ��� ���	 Listeria

 ����� ���� ��

���� ����� ���
 ��� � ��� ����.

Table 1. Effect of chemical treatment on the microorganism of MPR salad

Media Treatment Population (log10 CFU/mL) Reduction in population

PCA
(Total aerobic bacteria)

No treatment 6.96�0.05
Water washing 5.98�0.11 0.98 � 0.11

Chemical treatment 3.21�0.01 3.75�0.01

PDA
(Yeast and Mold)

No treatment 5.67�0.05
Water washing 4.19�0.02 1.47�0.02

Chemical treatment 02.2�0.14 3.47�0.14

EC
(Escherichia coli)

No treatment 5.52�0.12
Water washing 4.59�0.13 0.93�0.13

Chemical treatment 2.11�0.03 3.41�0.03

Listeria selective agar
(Listeria spp.)

No treatment 04.8�0.01
Water washing 3.81�0.13 0.99�0.13

Chemical treatment 1.42�0.19 3.38�0.19

Fig. 1. Effect of chemical treatment on the microbial growth of MPR salad. 
a: total aerobic bacteria, b: yeast and mold, c: Escherichia coli d: Listeria spp.
�: water washing, � : chemical treatment.
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� �	 
�� ��� � ���	 � ��� ��� 	�

24 h 
� ������ �� ���
 ��� 	� ��� �
��� ��� ��� ���� ��� ��� ���� ��

� �	�� ��� 	��� ���� �
 �� 	��� 

�� ����. Singh �(19)� alfalfa seed� 50 ppm� ���

��� �� �
 � � 1 log cycle� ������ ����

� Taormina �(20)� 3� 
� 500 ppm� ������ ��

�� 2 log cycle� E. coli O157:H7
 ������ ����

�. ��� �	 
�� ���� � � � ��� �	� citric
acid�� ����� ���� �
 ��� ��� 
� ��

�	 
�� ����. Singh �(21)� �����, �
, thyme
oil
 ���� ���� ��� �	�	
 � ������

��� ��� ��� ����� ��� ���� ����

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

����� 2-3� �� ��� 
�� ������ � ���

� �	� ��� �� ��� MPR ���� ��� ���

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


 ��� ������ �� 	� �� � ��� ����

�(Fig. 2). �� ���� �� 	� 24 h 
� ��� �� �
��� � � ���� ��� ���� ��� � �� ��

� �����(Fig. 2a). ����� ��� 	��� 
� 


�� ��� ��� ���� �� ��� �� ��
 ��

�(Fig. 2-b). ��� ��� ��� ���� ��� ��
 �
� ���� � ���� �� ��� �� 
�� ���
�.
���� ���� ��� 	�
 ��� ��� � ���

��� ����� PPO� ��� ��� 	�� ��� 	�

�� 
�� ���
�. ��� ���� PPO� ��� ��

��� ��� 49.73%� ����� ���	 ���� 72.73%
� ��
 ���(Table 2, Fig. 3). PPO� ��� 	� 5��

� ���� �� ���� ���
 ���� ��� �� �
�� ���� ��� �� �
�(Fig. 3). Ihl �(22)� ��

��� ��� ��� 	� � �� �� ethylene ��� �
��� �� PPO� ��� ����� ������ 	� 5
� �� PPO� ��� ���� 
� �� ethylene��� �

� �� 
�� ����(23). 
���� ��� ��� �
�� ���� ��� PPO� ��� ����� PPO� ��

	�� 	�, �� �� � ��� ���� ��� 	�
 �
����� MPR ���� ��� ��� ���� 
�� �
���.

� �

Minimally processed and refrigerated(MPR) ���� ���

�� ��� � 	�� ��� ��� ������ citric acid
��� �	�� �	� 
� � 
�� ��
 3.75 log cycle,
��� 
��� 3.47 log cycle, ���� 3.41 log cycle, Liste-
ria 
� 3.38 log cycle �����. �� ��� ��� ��

�� ���
 ����� ���� �� 	� ��� ���

� �
 ���
 3.3-3.7 log cycle ���	��� ��� �
���� ���
 ��� �
�. �� ��� 	� � ��

Fig. 2. Effect of chemical treatment on the weight and moisture
content of MPR salad. 
a: weight loss, b: moisture content.
�: water washing, � : chemical treatment.

Table 2. Effect of chemical treatment on PPO activity of MPR
salad

Treatment Specific activity
(unit/mg)

Relative activity
(%)

No treatment 22321 100
Water washing 16236 72.73

Chemical treatment 11102 49.73

Fig. 3. Effect of chemical treatment on the polyphenol oxidase
activity of MPR salad. 
�: water washing, � : chemical treatment.



����� � citric acid ��� MPR salad ��� ��� �� 133

� 	� �		 polyphenoloxidase� ��
 ���� ����

��� 49.73%� ��� ���. ��� ������ citric
acid� �	� ��� ��� MPR ���� ���� ���


 ��� �� �� 	� ��� ��
 ������ 	�

�
 ����� ���� ��� ��� ��� ����.

��� �

� ��� �	������� �	������� ���

� ���� 
 ���.
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