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White radish was minimally processed, packed with air, CO2 (100%), and CO2/N2 (25/75%), and irradiated at
0, 1, and 2 kGy, and its microbiological quality and pH were investigated during storage for 2 weeks at 4oC.
Irradiation significantly reduced total aerobic, coli-form, and lactic acid bacteria counts. Modified atmosphere
packaging (MAP) enhanced microorganism control during storage. Acidity decreased by MAP but was restored
during storage. Irradiation did not affect sample pH. Results show irradiation at 2 kGy combined with MAP
can enhance microbiological safety and quality of minimally processed radish.
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� �

�� ����� ����� �� �� ��� ��� ��

� ���� ��� ��, ��, �� � �� �� ����

� �����(minimally processed products)� ���� ��

���� �� ����(1). ��� ��� ���� ����

���� ��� ��� ��� ���� ���� ���, �
� �� ����� ��� �� 5-7 log CFU/g�� ����

��. �� ��� ��� ���� ��� ��� �����

��� �	�� ������(2). ��� ���� ����

��� ��� �� 
�� ����, ������(modified
atmospheres packaging, MAP), ��� �� �� �� �� �
� ��� � �� �� ����� ��� ����� ��

� �� ��� ���	 	�(3-5). ������� ����

�� 
�� �� �� ��, �� ����� �� ����

���� ���� � ��	� ��� ��� ��� ���

��� �
� ��	 �� ��� ��� ��
�� ���

(6). ��� Solomons(7)� 2-5%� �� ������� ��

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


� � �� ���	�� ��� ��� ��. ��� ��

� ������� ���� ��� ��� ��� ����

������ � 
�� ���	 ����� ��� �� �
� ���� �
 ��� ���� 1 kGy��� ��� ��

� ����� ���� ������ �� �� ���� �
� � 
��� ��� ���� 4 kGy�� �����. ��

WHO� ��� ��� ��� ���� �� ���� ��

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

�� 
� �� � ���� ����, ��� �������

�� ���� 
� �	� � 	�� ���� ���� �
�(10). ���� ��� 	��� �
��� � ���� �
��� �� ���� 	�� ����� �� ���� ��,
�
�� 
�� �� ��	�� ��, ����� ��, �
���� �� �� � ��� � ����� ��� 
��

�� �
� ��� ��
�� ��(11). ��� 	�� ��

� �� ��� ���� ���� ���� ��� 	���

���� ��� ��� ����� ���. ��� ����

��� ����� ��� ��� �� � ��� �����

��� 
�� ���� ��� ��(10). ��� ��� ��

��� �	��� ��, 
� �� ����� ������
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���� ���� ����� 
�� �� ��� ��� �
�	 
�� ��
�(12,13).
��� � ����� ���� �� ����� ����

���� ��� ���� 
� ��� ��� ���� 



������� ��� ��� �� ��� �� ���� pH
� 
�� 
��� �� �����.

�� � ��

���� � ��

�
� ��� �� �� 25 cm, �� 10 cm �� ��� �
����� �
 	� �
		���� �����. ����

�� ���� 
�� �� ��� ���� ����� �	

� � 
�� 0.5 cm ��� ��� �� �� 2�2�2cm�
��� �� �� �
� ��� 	��� ���.

������

���� � 70 g� ���(Leepack, Hanguk Electronic,
Gyunggi, Korea)� ���� �� �� � �� ���� 
�

���(polyethylene bag, 2 mL O2/m
2/24 hr at 0oC; 20�30 cm;

Sunkyung Co. Ltd., Korea)� CO2(100%, ultra pure 99.999%)
� CO2/N2(25% CO2+ 75% N2, ultra pure 99.999%)� �� �
��� ���� ��� �� ��� 4oC� �����.

��� ��

��� ��� �������� � �� 10� Ci, Co-60 �
�� ���
(AECL, IR-79, Canada)� ���� ��(14�1oC)
�� �	 83.3 Gy� ���� �� 0, 1, 2 kGy� � ���

�� ��� ����, ���� �	� ceric cerous dosimeter
(Bruker Instruments, Rjeomstettern, Germany)� ����� �
����� ��� 0.2 kGy��. ��� �� � ���� �
� 4oC� 2�� 
���� �
� �����.

��� ��

���� � 10 g� 0.1% �� ���(Difco Labs., Detroit,
MI, USA) 90 mL� �� � stomacher lab blender(Model 400,
Tekmar Co., Cincinnati, OH, USA)� ��� ���. �� ��

��� �� ���� 
��
�. �� ��� ��� Plate
count agar(Difco Labs., Detroit, MI, USA)�, ���	� EMB
agar(Difco)�, 
��� MRS agar(Difco)� ������ 37oC
�� 48�� ���� ��� colony� �� ���� ���

� log CFU/g�� ���
�.

pH
���� � 5 g� ��� 45 mL� ���� ���(DIAX

900, Heidolph, Schwabach, Germany)� �����. � ���

� ���(No. 4, Whatman International Ltd., Kent, UK)� �
��� 4oC�� 10�� 500 rpm�� �� �� ���. � �
��� ��� pH-meter(Orion 520A, Orion Research Inc.,
Boston, MA, USA)� pH� �����.

�� ��

�� 
��� statistical analysis system(Version 5 edition)
(14)� ���� �� �� � ���� 	�� � Duncan�
�� ��	�� p < 0.05 ���� ��� ��� �����.

�� � ��

�� ��� ���� ��

�� ��� ��� � ��� ��� ���� �� 
�

2� ��� �� ��� ���� 
�� Table 1� 
�. �
�� ��� �� ��� ��� �� �� ���� 
��

�� ���� �� �����. Chervin �(15)� ���� 	
�� 2 kGy� ��� ��� ����� ��� � ��� �
��� 
��� ��� 
��
�� ����� ���
�

� �����. �� ���� �� ��� �� 	� ���

��� �� 2-3 log CFU/g�� 
� 1� � �� �� ��

(< 102)� ���
�. ��� ��� ��� ��� �
 
�

� �� ����� ����� ���� �� �
 ��� �

�� 	�� �� ���� ��� �� � ��(post-irradi-
ation effect)� �� 
�� ���
�(16). CO2� CO2/N2 �
��� �� 	� 2 kGy� ��� ��� �
 ��� ���

�� ���� ��� ����� �� �� ����� ��

��� �� ����. ��� CO2/N2 ���� �� 2�� �
� ���� ��� ��� ���. Babic �(17)� ����

�
�� ������� �� ���� �
� �� 5oC� 

�� �� �� ���� ��������� 10-100��� 

� ��� ���� ��� �� 10oC�� 
�� �� ��

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

�� 2 kGy� ��� ��� �
������ �� ��� � 5oC ��� �� 
��� 
�

��	��� ����.

����� ��

�� �	� ��� � ��� ��� ���� �� 
�

��� �� ���	� 
�� Table 2� 
�. ��� ��

� �� ���	�� 
�� �� ��� ���� �	��

� �� �	�� 
���� ���� �� �����. ��

� CO2� CO2/N2 ���� �� 
� 1��� 2 kGy� ��

� ��� �
 ���	�� �� �� ��(< 102)� ���

���	� ��� ��� ���� �� 
�� �	�
�.
��� 
� 2��� CO2� CO2/N2 ���� �� ����

Table 1. Total aerobic bacteria (log CFU/g) of minimally
processed radish treated with modified atmosphere packaging
and irradiation during refrigerated storage1)

Packaging 
condition

Irradiation 
dose (kGy)

Storage (weeks)

0 1 2

0 4.32�0.40 4.52�0.31 3.98�0.03
Air 1 3.82�0.18 ND2) 3.28�0.03

2 2.80�0.14 ND 3.04�0.05

0 5.30�0.01 4.86�0.11 4.53�0.32
CO2

3) 1 3.39�0.12 3.87�0.04 3.46�0.02
2 ND 2.54�0.08 2.54�0.08

0 5.04�0.80 4.92�0.02 4.50�0.28
CO2/N2

4) 1 3.83�0.18 3.95�0.07 3.58�0.03
2 ND 2.74�0.37 3.06�0.02

1)Means�standard deviations.
2)Viable cell was not detected at detection limit <102 CFU/g.
3)CO2 100%.
4)CO2 : N2 = 25% : 75%.
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��� ��� ��� ���. Rajakowski �(18)� ��� �
�� E. coli O157:H7� ��� ��� �� D�� 0.34 kGy
� ���	� ��� ��� ���� ��� �����.
1982��� 1994� �� ���� E. coli O157:H7� �
 �
�� ���� �� ������ �� ���(� 32%)���

��� ���� � 6%��� ��� ����� ���
�

(19), ������� ��� ��� ��� E. coli O157:H7�
��

� 	� 
�� ��� 	���� ��
����

10% ����� ���� E. coli O157:H7�� ������

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

�� 2 kGy� ��

� ��� ������� �� ���� 1�� �� 
��

� �� 
� ��	��� ����.

���� ��

�� �	� ��� � ��� ��� ���� �� 
�

2� ��� 
��� 
�� Table 3� 
�. 
��� ���

� ��� 	��� ����� ���� ���� �� ��

�� ���� �� ���� pH
�, ����� ��, 
�

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


���� ���� ��� ��� �
 ���� ����

�. Kim �(21)� 	�� ���� �� ���� ��� ��

�� 
��� ��� ��� �� D10�� �

� �� �
�� ���� 0.32 kGy, 
��� 0.87 kGy� ��� ����

� 
��� ��� 
��� ��� �����. � ����

� 2 kGy� ��� ��� � �� 
� 1�� CO2� CO2/N2

���� 
��� �� ���	��� ���� �� 
�

�	���. ���	� ���� ��� ��� ��� ��

�
 Brackett(22)� �� O2���� Listeria spp.� 
���


� ���� ���� � ���� �����. ��� ��

�� 2 kGy� ��� ��� ������� ���� ���

� ����� ��� 
�� �� �� ������, ���

	 � 
��� 2 kGy �� � ������� 
�� ���

�� 
�� ����.

pH� ��

pH� 	�� ��� 
� ���� ����
 ��� ��

�� ���� ��(23). ��� ���	� ��� � ���

��� ���� �� 	���� ��� ��� � � ��

pH 
�� �����(Table 4). ��� ��� �� pH 
�

� �� ����� 
��� �� ���� ���� ���

	� �� pH 
��� ��� ��� ��� ���. ���

���� �������� �� ����� �� �	�� �
� ������ ��� pH� ������ ��� ����

�(24). 
���� ����� pH� ���� ������

�� ���� �
�� 5oC�� 
���� � 
�����

pH� ��� ����(17)� ���� 
�� �	��� 5oC
�� 25� �� 
��� ��� �� 
� 10� ���� pH

Table 2. Coliform bacteria (log CFU/g) of minimally processed
radish treated with modified atmosphere packaging and
irradiation during refrigerated storage1)

Packaging 
condition

Irradiation 
dose (kGy)

Storage (weeks)

0 1 2

Air
0 4.68�0.03 4.68�0.10 4.12�0.01
1 4.02�0.03 3.27�0.05 3.02�0.03
2 2.00�0.01 2.63�0.21 2.39�0.12

CO2
3)

0 5.22�0.11 4.83�0.02 4.51�0.47
1 3.87�0.03 ND2) 3.30�0.01
2 ND ND 2.39�0.12

CO2/N2
4)

0 4.33�0.04 5.63�0.07 3.98�0.03
1 3.48�0.01 4.02�0.03 2.85�0.21
2 ND ND 3.13�0.49

1)Means�standard deviations.
2)Viable cell was not detected.
3)CO2 100%.
4)CO2 : N2 = 25% : 75% at detection limit <102 CFU/g.

Table 3. Lactic acid bacteria (log CFU/g) of minimally processed
radish treated with modified atmosphere packaging and
irradiation during refrigerated storage1)

Packaging 
condition

Irradiation 
dose (kGy)

Storage (weeks)

0 1 2

Air
0 4.42�0.01 4.64�0.08 4.08�0.05
1 3.35�0.24 3.02�0.09 3.46�0.54
2 2.48�0.14 2.15�0.21 2.00�0.01

CO2
3)

0 4.76�0.02 4.38�0.11 3.28�0.03
1 ND2) 2.96�0.05 2.39�0.12
2 ND 2.00�0.00 1.59�0.16

CO2/N2
4)

0 4.50�0.04 4.72�0.02 3.76�0.02
1 3.61�0.01 3.55�0.07 2.77�0.10
2 ND 2.74�0.06 2.02�0.03

1)Means�standard deviations.
2)Viable cell was not detected at detection limit <102 CFU/g.
3)CO2 100%.
4)CO2 : N2 = 25% : 75%.

Table 4. pH of minimally processed radish treated with modified
atmosphere packaging and irradiation during refrigerated
storage1)

Packaging 
condition

Irradiation 
dose (kGy)

Storage (weeks)
SEM2)

0 1 2

Air

0 6.58 6.81 6.91 0.148
1 6.45b 6.85ab 7.08a 0.109
2 6.49b 6.97a 6.99a 0.104

SEM 0.051 0.178 0.103

CO2
3)

0 6.32b 6.82a 6.80a 0.045
1 6.31b 6.85a 6.79a 0.057
2 6.30b 6.70a 6.79a 0.046

SEM 0.067 0.037 0.039

CO2/N2
4)

0 6.28b 6.82a 6.90a 0.096
1 6.30b 6.70a 6.79a 0.046
2 6.35b 6.74a 6.74a 0.059

SEM 0.087 0.072 0.048
1)Values with different letter (a, b) within the same row differ
significantly (p<0.05).
2)Standard error of the mean (n=6).
3)CO2 100%.
4)CO2 : N2 = 25% : 75%.
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� ����� ��� �����(25). �� ��� ����

���� ���� 	�� 	�� ���� ��� ����

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

��� ��� ���� 
� ��� ��� 2 kGy� ���

��� ������� ����� ���� 
�� ����.

� �

���� �� ����� ���� ���� ��� ��

�� 
�� ������� ��� ��� �� ���� 4
�� 2�� 
���� �� ��� ���, ���	, 
��

� pH� 
�� �� �����. �� ��� ���� 
�

� ��� �� 
���� �� �	� ���� ��� �
�� �
 ����� ���
�� �� 	�� �� 2 kGy
� ��� ��� �
 CO2� CO2/N2 ���� �� ���

�� ���� ���� �����. ���	 �� 
���

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

� ��� �
 ����� ���
�. pH� 
�� ���

� ��� ��� ���	� �� ��� ��� ���� �
��� ������� ��� � pH� ���� ��� ��

�� 
��� �� pH� �����. ��� ��� � � �
��� �� ����� ���� ���� ��� ����



�� 2 kGy� ��� ��� ������� �����

����� ����.
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