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Storage quality of minimally processed onion as influenced by hot-water dipping was investigated to examine
feasibility of mild heat treatment as efficient post-processing method. Fresh onions were peeled, trimmed, and
dipped in hot water at various temperatures (50-80oC) for 1 min. Heat-treated onions were cooled, de-watered,
packaged in low density polyethylene (LDPE) film pouches (63 µm thickness), and stored at 10oC. Samples
treated at higher temperatures (70-80oC) showed significant increases in flesh weight loss and discoloration
during storage as compared to others. Hot-water dipping remarkably reduced initial microbial load of prepeeled
onions, with over 1 log cycle decrease in aerobic bacterial count. After 7 days storage, no significant differences
in viable aerobe count were observed among treated and untreated samples, with both showing 106-107 CFU/g.
For sensory attributes including discoloration, wilting, decay, and visual quality, onions treated with hot-water
dipping at 60oC scored highest. Results suggested hot-water dipping at specific condition as practical post-
processing treatment could effectively prolong shelf life of minimally processed onion.
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� �

�� ���� ���(minimally processed produce)� ���

�� ��� ���� ������ ��� ���� ���

���� ��� ��� ����� ��� ��� �� ��

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

�� ��� 	�(2).
�� ���� �� �� �� ���� �� ���� �

�� ����� ����� �� ��� 	��. ��� 	�

��� ����� ��� �� ���
 ����� �� �

���	����(FDA)��� ��� ��� �� �� ��

� ���� ascorbic acid � �� ���� �� ���� �
��� ��, pH� ��� ����� ������ ��� �
� ���� ���� ��, chealating 	�� ��, 
�� �
� ��� ���� ��, �	� �� 	�� ��� ���

���� ����� �� �
/�
 �� ��, �� �� �
� �
� ��� �� �	�����
(modified atmosphere
packaging, MAP), ��� �
�� �� ���� 	�(3-5).
���� ��� ���� �� ��, �
 ��, ��� �


, polygalacturonase� β-galactosidase� �� ��� �� �
� ���� 	��, ���� ��� �� ��� ����

�� ��� ����� �
 �� � �� ��� ����

�	 ��� ��� ��, pH ��, ��� ��, �� ��,
MAP, ��� �
, ���
� �
��� �� Clean-In-Place
(CIP) � ��� �� �� �
� ����� ���� hazard
analysis and critical control point(HACCP) �� �� ���

���� 	�(3,6,7).
�� ������� �
��� ���� �� ��� �

�	 ���� ���� ��� �� thiabendazole(TBZ)�
imazalil �� ���
 ���� ���� ������, ��

���� �� ��� ��� �
� �� ���� �� �
��� �� ���� ��� �� ������� �� ��
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� �� �� ���� ����� �� ����� ����.
�� �� ��� ��� �� ���/
�� ����� �


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

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

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

� 	��� 
�� �	� �� �
 �� ��� �� �


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

�� ��� ��� �� �� 	�. ��� ��� �� ��

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

���
 
�� ���� �
��� �� ���� ���

�� ���.

�� � ��

��

��� ��(Allium cepa L.)� �� ���� �	� ���

�	 ��	 ���� ���
�� ������, ����

��� 4oC� ���� �
�(95-97% RH)� �� �����.

���

��� ��� �
�� ��� ��� �� 
�� �� �
��� ��� ��� ��� ��� �� ���� 
� �
�� 
� ��� ��� ����� ���. ��� �� �
�� �
�(	 10oC)� �� ���� 50, 60, 70, 80oC� �
� ��� 1 �� ��� 
 ��� �
�� ������ �
�� ��� ��� �� ��� 	���� �����. ��

� �� ��� �� ���
� ��
�� ����� ��

�� ��� ���� 
�� ��� 

���. ��, ��

� ���� �
�� 2-3 �� ��� �� 	�� 	���

� �� ��� �����.

�� � ��

���� �� �� ��� �� 63 µm ��� polyethylene

�(O2 � CO2 ��� = 600�72 & 2,520�240 mL/m2

�day�
atm@10oC, 95% RH) ��(20�30 cm)� 	 600 g
 ��� �
� �� �
�� �� �
� 
 10oC(95�4% RH)� 28��

�
��� ���� ��� �
���.

���� ��

����: Gas-tight syringe� ���� �
 ��� ���

200 µL
 ��� ��, thermal conductivity detector(TCD)�
Alltech �� CTR I column� 
	� GC(Shimadzu, GC-14A,
Japan)� ���� ���� �� �������� ����

� �����. �� GC� ���
� column 
� 35oC,
injector 
� 60oC, detector 
� 60oC� 
���, carrier gas
� �	� 50 mL He/min���.

���: �� ��� ���� �� ���� ���� �


���(10). 	, ��� �	� 
	� �� ��(1.9 L) ���

�� ��� 1/2 
� ��
 �� ��� �� ��� 
 10oC
� �
�� 
�� ���� �
�� ����� 	���

� ���� ����� GC� ���� O2 �� � CO2 �
�� ��	�� �����.

�: �� �� ����� ��� �� �� Chroma Meter
(Minolta, CR-200, Japan)� �
� 
 Hunter L, a, b ���

�����. �� �
�(L = 97.75, a = −0.49, b = 1.96)� ��

�� ���� �
� 
 � �
� �����.

�� ����: 
� �
� ��� 
 ��� ���� �

�� � ���� �
 �� �� �� ���(%)� ���

��.

���: ��� ��� ���� ��� ����� ���

��� ��(soft rot) ��� ���� �� ��� ����

	
�� � ���� �� �� �� �� ���(%)� ��

���.

��� ���: ��� ��� 	
�� �� 	 50 g� �
� ��� ����� ���� ���(Waring Blender, #7010,
USA)� �
� 
 0.1% peptone(Difco Lab., USA) �����

��� ���� ���� PCA(Difco Lab.) 	��, ����

MRS(Difco Lab.) 	�� �
�� �
� ���� 5oC�� 7
� ��, �
� ���� ���� 30oC�� 2 � �� ��

	�� �� 
�� ��� ���� ���� CFU/g� ��

���(11,12). �� ��� � ��� ����� �����

3 ��
 ��� ���� �� 3 � ��(�� 5 � ��) �
� �
����, �� 
�� ���� �
��� �����.

����: ��� ��� ��� ���� �� �����

	�� �� � ��� ���� �� 8-10�� ���� �

� �� ��� ��, ��, ��, ���� 
�� �� 9�
��� ���� ��� �����(13). �� ��, ��, �
� 
�� ����� ��� ��
�� �� �� ����,
���� 
�� ��� ����� ��� ��� �� ��

��. ��� ���� 
�� �� ����(SAS Institute Inc.,
USA)� ANOVA(Duncan’s multiple range test) ������ �
��� ���(p<0.05)� �����.

�� � ��

��� � ���� ��

�� 
��
�� �� ��� ��� 1�� ��� 
 10oC
�� �� ���� �
� 
�, Fig. 1� ��� �� ��

��� ���� O2 ���� 6.8�2.1 mL/hr�kg, CO2 ���

� 5.8�1.0 mL/hr�kg����, �� ���� � �� ���

��� ��
�� ���� ���� �	
 �����. ��

��� �� 50oC�� �� ��� �� ��� ���(O2 �
�� = 7.4�2.7 mL/hr�kg, CO2 ��� = 6.3�1.7 mL/hr�kg)�
���� �� �� ��� �� �� �� �
��� ��

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

���� ���� 
�� � �
 
���� ���� ��

�� 	�� ��� ��� �����.
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� �
 ��� �� ����� ��� �� Fig. 2�� 	
� 		� �
 1��� �
� O2 ��� ��
�� ���

� ����� � ��, CO2 ��� � �� �����. ��

� ��� �� ���� ��� �
�� 	� �� �
�

� �
 7� �
� �
� �� O2 ��� 2-3% ���� �
����, CO2 ��� 	 5% ���� ��� �����. �
� 70oC� 80oC� �
�� ������ �
� CO2 ���

6-9%� 6-16%� �� �����. ��� ��� CO2� ��

� 70oC ��� 
��� �� ��	 	� ��� ����

��� � ��� �� �
��
 
� ����� ����

�, ���� �� �� ��� ��� �� ���� �� �
��� �
��. ��� �
(> 70oC)� ����� �� ��

��� ���� ��� ��� ��� ��, ��� �
��

��, �� ���� �� ������, �� 80oC ��� �
� ���	� ��� ���� ���� ���� ��� �

���(14). ��, �
(70, 80oC) ���� ��� �� ��

�� �
� ����� �� ��� ��� �
 controlled
atmosphere(CA) �
 �
(1-3% O2 + 5-10% CO2)� ��� 	
� �� ��� �
�� � � 	�(15). � ��� �� �
� �
 �� �	��� �
 ��� ���� �� �� �
�� ���� ���� ��� ���� � ��� ����

� 	�(16). �� ��� CA �
� �� O2 ����� 	
1.0%�� �� CO2 ����� 10% ��(15)�� ��	 �
70oC ��� 
��� �� ��� �� ��� �� �
�

� 	� �� O2 �� 1.0% ��, �� CO2 �� 10% ���

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

�, ����, ���, ��� ��

�
� �� ��� ��� �� �� Fig. 3�� �� ��

�� Hunter L �� �� ���� 	�� �����, Hunter
a �� �� �� ��� ���� �� �
����, Hunter
b �� �
 14 ���� ����� ��� �� �
 �	

� �
� �����. ��� ��� ��� ��� ���

�� ��� �� ����� �� ����� ���� � �
��� �� �� �� ��� ���� 
� �� 
� Hunter
L �� ���� Hunter b �� ����� ��� ����.
�� ����� �� ���
 ��� ��	 � ����

80oC ���� �
���� �� �� Hunter L �� ���

��, ��� ���� 	� �
� Hunter L �� ���

Hunter b �� ��� �� �� ���� �� �
� ��

���. �� �
� ����� �� ������ �� ��

� �� ��� ���� �����, �
(80oC) ��� ��

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

�� O2� �� CO2 ��� ����� �� ���� ��

��� �� ���� ���� �� �
� ����� ��

�� ��� ��� ����(16).
�� ��
�� ���� 10oC� �
� �� ��� ��

����� Fig. 4� ��� �� �� �� ����� �


�� � 1.5% ��� �����. ����� �� ��� �
���� �� ������, �� ������ ��� LDPE

Fig. 1. Changes in respiration rate of prepeeled onions treated
with hot water dip at various temperatures.
Respiration rates were determined at 10oC.

Fig. 2. Changes in gas concentration within the packages of prepeeled onions treated with hot water dip at various temperatures during
storage at 10oC.
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��� �� ��� �� �
� �� �
� 
���. �
�� �� ��� ��� �� ����� �� ��� ��

�� �� � ���
�� ����� ���� �����


��
 �
��. ��� �� ��
�� ���� �
�

����� �� ����� ������, �� �
(70, 80oC)
��� �� ����� ���� ��� ��� ��� ��

� ��� �
�� �� �� ���� �� �������

��� 	�� ����.
�
 21� 
 ��� ��� ���� ��� ����� �

�� ��� ��� ���� �� ��� ���� �
� 

�, Fig. 5�� �� �� �� 50oC� 60oC� �
 ����

��� ����� � �� 10-20%� ���� ������

70oC� 80oC� �
 ���� �� 44%, 78%� �� ���

� �����. ��� 
�� �� �
��	� �
 ���

�� ����� ���� ����� ���� �� �
�

� ��� ����� ����� ��� ��	 ��� �


��. ��� �� ��� �
� ����� Fig. 6� ���

�� �� �� 103 CFU/g �
�� 70-80oC� �
 ����

� �� 	 90%(1 log cycle) �� ���� ������, �

 7��� �� ����� �
��� � 
�� ��� �
�� � ���� �� 106-107 CFU/g �
� �����. �

� �
� ����� �� ��� �
�� �� �� ��

��(100-101 CFU/g) 	�� ���� �
� �����. ��

� 50-60oC� �
 ���� ���� �� ��� ����

� �
� �� �
�� ���� �
 21��� ���� �
��� ���
 ��� ��	 � ���. �� �� ���

�� BIOLOG ��� �	 	
 ���� ���� 	
� �

�, Pseudomonas fluorescens� 	 90% ��
 ��� ��

���. �� �� �� ��� ���� ���� 	� �


��� ���� �� ���� �� ��� ��� ��� �
�����, �
 14� �
 70oC ���� 104-105 CFU/g,
80oC ���� 105-106 CFU/g ��� �����(data ��). �
� �� ��� �
 �� ���� ��(Fig. 2)�� �
 �
��� CO2 ��� �
� �� ��� 
�� �� ���


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

�� �� 	� ���� �� ��� ����� �� ��

��� ��� ����� ���� 
�� ������ �
��� �� ��� ��� � 	�(17). ��� ��, ���

� �� �� �	� �� ����� �� 
�� 	��(3),
� �� ��� �
� ���� �� ���(103 CFU/g ��)
� �� ����(	 104-105 CFU/g)(18)� �� �� �� �

Table 1. Changes in sensory scores of prepeeled onions treated with hot water dip at various temperatures during storage at 10oC

Storage time
(day)

Treatment
(water temp.)

Attributes1)

Discoloration Wilting Decay Visual quality

0

Control2) 1.7b c1.7ab 1.0a 7.7a

50oC3) 1.4b 1.2b 1.0a 8.1a

60oC4) 1.5b 1.1b 1.0a 8.3a

70oC5) 1.7b 1.4b 1.0a 7.9a

80oC6) 3.1a 2.1a 1.0a 6.9a

7

Control c2.3bc 2.6a 1.2c 6.5b

50oC 1.4c 1.5b 1.0c 8.5a

60oC 1.6c 1.3b 1.0c 8.4a

70oC 3.0b 2.3a 2.6b 4.9c

80oC 4.6a 2.8a 3.9a 3.0d

14

Control c3.0bc 2.8a 1.2b 7.1a

50oC c2.6bc 2.4a 1.3b 7.2a

60oC 2.1c 2.2a 1.3b 7.8a

70oC c4.2ab 3.1a 3.0a 4.2b

80oC 4.8a 3.3a 3.6a 3.2b

21

Control 4.1b c3.3ab c4.5ab 5.1a

50oC 2.7c c2.8ab c2.7bc 5.8a

60oC 2.2c 2.3b 1.6c 6.6a

70oC 5.7a 3.9a 5.1a 2.3b

80oC 6.8a 3.5ab 5.3a 2.7b

28

Control 4.6b 4.0a 5.8a 3.2b

50oC 3.6b 3.7a 4.7a 4.0b

60oC 2.9c 3.6a 2.2b 5.0a

70oC 6.0a 4.6a 6.1a 3.2b

80oC 6.9a 4.6a 5.6a 1.8c

1)The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.
2)Rinsed with normal tap water at approximately 10oC for 1 min.
3-6)Dipped in hot water at various temperatures for 1 min.
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�� ���
� ���
 ��� �
�� ����� ��

��� �� �� �� ���� �
� ��� ��� ��

��� ����. �� ���� ��� �� �������

�� Pseudomonas� Erwinia spp.� ���� ���, �� �
�� �
 �
� �� ���� ��� �� ��� Pseudomo-
nas ��� 	
 ����� �� ���� ��� ��
 	
�(7,19).

���� ��

�� ��
�� ���� 10oC�� 28�� �
��� �
� ��� ��, ��, �� � ���� 
�� �� ���

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

�, ��� ��(Fig. 3-6) 	�� � �����. �� 
��

���� �� �� 1.4-3.1�� �
 28� 
 2.9-6.9� ���

��. �� �� ��� �� ��� ���� �� �� ��

��� ����, �
� Hunter L �� ��� Hunter b ��

��(Fig. 3)�� ���� ��� ��� ����� 50-60oC
�
 ���� �� �� �����. ��� 80oC� �
 �
�� �
 ���� �� ��� �� ��� �� ��� �
��� �� �� ����� ��� �
� 
�� ����.
�� ����� 	��� �
 7��� 1.3-2.8 ��� ��

��� �
 28���� 3.6-4.6�� �� ������, ��

�� ����� �� �
�� 	� 1.5% �������(Fig.
4) �� ��� 	�� ����� ��� ��� ��� ��

� �����. �� ��� ��(Fig. 6)� �� �� ���

�� ��� ���� �
� �� ��� ������ ��

Fig. 3. Changes in Hunter color of cut surface of prepeeled
onions treated with hot water dip at various temperatures
during storage at 10oC.
L value: lightness, a value: (+)redness/(-)greeness, b: (+)yellowness/
(-)blueness.

Fig. 4. Changes in flesh weight loss of prepeeled onions treated
with hot water dip at various temperatures during storage at
10oC.

Fig. 5. Incidence of decay in prepeeled onions treated with hot
water dip at various temperatures after storage of 21 days at
10oC.



244 �������� � 36 � � 2 � (2004)

�� ����� �� �����. �
 21� 
 �����

4.5 �
��� �
 ���� 3.0 ��� �� �� ��� �
���, �
 ���� 5.0 ���� ���� ��� �
 

�(Fig. 5)� 	�� ��� �����.
�� ����� ����� �
�� � 	� ��� ��

��� ����� 
�� �� ��� � 	��, Cantwell �
(20)� ���� �� ��� ��� ��� ���
 �
�

52.5-55oC� ��� 2-4�� �� ����� � �� �� �
��� �� ���� ��� �
 �
� �� ���� �
� �
� ��� ��	 � 	��� �����. �� �


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

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

�� ���� ��� 	�� �
� ����� ��(21). �� �� ����� 	� �� �
� ��
� ������ ����� ���� �
 ���

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

���� ��� �� ���� ���� ��� �����



	 � �
 � ��� �� � 	�(22). ��� 	�� �
���� �� ���� 5.0� �
�� ���� ��� �


�� ����� 10oC�� �� �
� �� ��� ����

� �� �����, �� ��� ���� 	 21�, �
(70,
80oC) �� ���� 7���, 50oC ���� 	 24�, 60oC �
��� 28����� � � 	��. 
���� 50-60oC� �

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

�� ��� 	
���.

� �

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

�� ��� �����. 
��� ��, ��, ��� �� �
� ��� �� 50-80oC� ��� 1 �� ��� 
 ��� �
��� 63 µm ��� LDPE 
�� �� �
�� 10oC� �

��� ���, ���, ��� �� ��� �
���. �

� ���� � �� ��� ��� ����� �
(70, 80oC)
������ ���
 ��� �����, ���� 	� �
�� �
 �
 ����� 90% ��� ��� �� ���

	
	 � 	���, �
 �� �
�� ����� ���


��� ��� ��	 � �� 	 106-107 CFU/g �
� ��

���. �� ����� �
 28��� 60oC �
 ����

��, ��, �� 
��� ����� �
 �� ��� ��

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

��� �

� ��� �
��� �
����������(HMP-98-F-
3-0008)� ��� �� ��� ��
�� ���� �� ��
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