
KOREAN J. FOOD SCI. TECHNOL. Vol. 36, No. 5, pp. 711~716 (2004)

711

©The Korean Society of Food Science and Technology

��� ��� ����� �� ��� �� � thermoluminescence ��

�������*
����� �����

The Quality and Thermoluminescence Properties of
Dried Pollack during Storage Following Irradiation
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Gamma irradiation was applied to dried pollack to improve its microbiological quality and evaluate quality
stability of irradiated samples. Thermoluminescence (TL) properties of minerals separated from irradiated
samples were measured for possible use in identifying irradiation treatment. Dried pollack was packaged in
commercial unit (PVC film, 0.06 mm thickness) and stored at 15�1oC for 6 months. Samples showed over 104

CFU/g in total aerobic bacteria or yeasts & molds, which increased during storage, reaching 106-107 CFU/g at
3rd month of storage. Irradiation at 3 kGy was effective for improving hygienic quality for 6 months, keeping
microbial population under 20 CFU/g. Gamma irradiation at 3 kGy or less did not significantly influence
physicochemical quality attributes, such as browning, TBA value, volatile basic nitrogen, trimethylamine, and
sensory properties, whereas storage time remarkably induced quality changes of dried pollack. TL analysis was
proved suitable for identifying irradiated from non-irradiated samples over 6 months of storage.
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� �

��(Theragra chalcogramma)� ���� ��� ��� �
��� �� ��� 3-4oC� ��� ���� ��(1). ���

����� �� ���� �� ��� ����� �� ��

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

���� ��� ��� ��� ��� ��� ��	� ��

����� ��. 
� ���	 ����� ���� ���

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

�� ��. �� �� ��� 22% ����, ����	 ��

0.03 g/kg ���� ���� ��� ���� ����� ��

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

�, �� ��	 ���� ��� ���� ���� ���

���� ��, ��, �� ���� ���, �� �� 	�

�	 ���� �� ��(4). �
 �� �	���� �	�

� �� ����� ��� ���
 ���� ��� ���

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

(2002-2004) ���	 ���� ��� ���� 	 1.5%	 �
�� ��	�� ���� ���� ��(5). ��� ��� �
��	 ����� ����� �� ��
 ��	 ����

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

��� �� �� � ������ 	� ���� 
��� �
�(6,7). �� 2003� �
 ���(dried fish)	 ��� ���

����, ��� ��
� � ���
 ��� ���� 10�
��� 
��� ���, 
� �
(irradiation sources)� ��

(γ)�, 	�� � X-���� 1-5 kGy 	�	 ����. ���

����� ��� ��(fish powder)� ��� �� 7 kGy	
���(60Co)� ��� ��
�� ���� 
��� ��(8).
� ��� ��� ���� �� ��� ��� ���� �

�� ����� ����� �� � ������ ����

�. ��� �� � 	�� ��� ��� �� ��	 
�

(identification)��� ����� �

 ���� �����.

�� � ��

����

� ��� ��� ��(�� 	 23%)� �
� ��	��
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��� �� �� S���� ���� �����. ����

�� � ����� �� ��� ����� PVC film(��

0.06 mm)� ���� ���� ���� �� ��� 	��

��(500 g)�� �����, ��� ���� 	�� ��(10
g)�� ����� �����. ��� ����� ��� �
��� 1� ���(700 g) �� �
 ��
� ���� ��

� ���� � ��� �����.

��� �� � ��

��	 ��� ��� 60Co ��� ���
(AECL, IR-79,
MDS Nordion International Co. Ltd., Ottawa, ON, Canada)�
���� ���� �
� 
�� ��	� 1-7 kGy	 � �
���� ��� ����, ���� 
�� ceric/cerous dosim-
eter� �����(�5.6%). ��� ��� ��� ��� ��

������ 15�1oC, ���� 75�9% RH	 ������,
����� ��� −20oC ��	 ���� 6�� 
 ����

� ��� �����.

��� ����

��	 ���(total aerobic bacteria)� APHA ����(9)�
�� �� peptone �� 10�� �� ��� �� plate count
agar(Difco Lab., USA)� ���� 37oC�� 20�
 �� ��

� � ��� ���	 
�� ���� �� 1 mL � ���

�(colony forming unit, CFU)� �����. 
� � ���

(yeasts & molds)(10,11)� potato dextrose agar(Difco Lab.,
USA)� ���� ��� 10% tartaric acid� pH� 3.5� ��

� � ����� 30oC�� 2

 ��� � �����. ��

��(coliforms)(12)� desoxycholate lactose agar(Difco Lab.,
USA)� ���� pour plate method� 37oC�� 1-2

 ��

�� ��	 
�� �����.

��� ��

��	 ���� Han �(13)� 	� ��� �� ����

� 	� ���(lipophillic brown pigment)� chloroform-metha-
nol ����, Chung� Toyomizu(14)	 ����Maillard ��

� 	� ���(hydrophilic brown pigment)� H2O-methanol �
��� �� ���� 420 nm�� ���
�(O.D./g) ���

�����.

TBA� ��

��	 ����� 
��� ��� Turner �(15)	 ���

�� ���	 �� � ���� malondialdehyde� 2-thiobar-
bituric acid(TBA)	 ���� ���� UV-visible spectropho-
tometer(UV-160 PC Shimadzu, Japan)� ���� 538 nm��

�
�� �����.

VBN ��

��	 �� ��� ���� �� �
�	��	(volatile
basic nitrogen, VBN) ��� Conway unit� ���� ��
�

�(16)�� �����.

TMA ��

��	 ��� ���� ��� Murray� Gibson ��(17)�
��� trimethylamine(TMA) ��� �� �����.

����

����� 1-7 kGy ����� ���� ��	 ��, �,
��, � � 	������ ��� ����� �� 10�	

��
� 	� 6
 �
�(18)�� ��� ��� �����.
� � �
��� “6
, �� ��(excellent): 5
, ��(very
good): 4
, ����(good): 3
, ����(fair): 2
, �� ��

(poor): 1
, �� �� ��(very poor)”� ���.

��� ��

��	 �

(thermoluminescence, TL) ��� CEN ��(19)
� ���� ����� mineral� �����. ��� mineral
� ���� aluminium disc(φ6 mm)� �� �� overnight�
� TLD system(Harshaw TLD-4200, Germany)� ���� �


 ��� ��(20)���. �� ���� 50oC�� 5�
 �
��� ����� 400oC, ���(heating rate)� 5oC/sec� �
���, acquisition time� 70�	 ���� �����. ���

��	 glow curve�� peak� ���� �� 	�� curve
intensity, ��� 
��(1 kGy) ��� 	� TL ratio� ���

� ����� ���	 ��� 
����(21).

�� ��

��� ��� ��	 ����� 3� �� ���� ���

���� �����. �� ��� Origin(22)� 	� ����

�, ��� 
	 �	� ��� SAS(23)� 	� �����

Duncan’s multiple range test� ���� �	�� �����.

�� � ��

��� ����

� ��� ��� ��	 ��� ��� ��� 4.9�104

CFU/g, 
� � ��� 7.6�104 CFU/g, ����� ����

����. ��� ��� 6�� �� � ���	 �����

�� 1 kGy ������ ��� 
� � ���	 ��� �
� �	�� �� 1 log cycle �� �	��� 3 kGy ����

�� �� �
 � ����(20 CFU/g ��) ��� ����.
��� 5 kGy �� ������ �� ���� ���	 �
�� ���(Fig. 1). ��	 ��� �
 ���� ��� �
�� ��� ��� �����(24), ��� ���� �� Cho
�(25)	 ��� � 
����. ��� ��� �	� ���

	 ��� �� �
 � ���� ��� ������, ��

3�� ���� ����	 ��� ��� ��� 2.0�106

CFU/g, 
� � ��� 5.0�107 CFU/g, 1 kGy ���� ��

� 3.9�104 CFU/g, 
� � ��� 3.0�104 CFU/g ����

�� ��� � ��� ���. �� �� ��� �� � �
� 6��� ����� � ��� ��	 ���� ���	

�� �� �
 � ��	 ���� �	� � 
��� ��

��(24,26).

��� ��

���	 ��, �� � �
��� ����� �
	� �

� � 
��� 
�� ��(13,14). �� ��	 �����

	� �
� ����� ����� �	 ���� ����

�� ��� 
� �	�� ��� ���(p < 0.05). ��� �
��
� ���� �� �� ��� �
 ����� �� 6
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���� ��� �� ������ �
��� �	 �
 �
���(Fig. 2). � �� ��� Han �(13)	 ���	 ��	

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

� ��� �� � ����	 �	� ����� 	� �


��� �� 
��� ��� ����(24). �� ��	 Maillard
��� 	� �
� ����� 	� �
� ����� ��

��� ����� �
�� ����� ������, ��

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

��� Kwon �(27)	 ���� �� ��� ��� ���

� ���	 �� � �
��� ���� �� � ����

� ���� ����� ��� ���.

TBA�, VBN � TMA �� ��

��	 ��� �
� �	��	 ��� �� ��	 ��

� ���� ��� ��� ��� � ����� ��	 �
�� ���� �� TBA�, VBN � TMA	 ��� ���

��. 	� ��	 ���� 
��� ��� malonaldehyde �
�� ��� � ��, ����� ���� �� TBA�	 �
���� ����. �, ���� �� ��� ���	 TBA
�� �	��� ������, 1-5 kGy ��� 
�� �	�

� ��� ���(p < 0.05). ���� 
�� 3 kGy ��� �
��� ��� �� ���� 5 kGy �� ���� � �	 �

��� �� �� ���� �����(p < 0.05). ��� ��

�
� �� TBA�	 
��� ���� �� 3����� �
	�� 
�� ���� 15oC�� 6�� �� ��� TBA�
	 ��� �
 ����(Fig. 3). � ��� ��	 ��� �
� � ���� ��� 		�� malonaldehyde� glycoxal�
���
 ��� �� TBA�� ��	�� ��� � 
��

���(28), ��� ���� ����� �� ��� ���

�� ����	 
�� 	 � ��� ��� ��� 
��

� ��(27).
�� ��	 ��� ��� �� VBN ���� ����	

��� �� �	�� ��� ���. 
���� ��� ��

� �� ���	 VBN ��� �� �� ��, �� � ��

��� 	��� ����� ��� �� �� �
� 	��

	�� �� ���� ��� ��� 
��� ��(29). ��

� ��	 �� ����	 ��� �� VBN ��� �	 �
	�� ��� ���� �� �
� ���� �� VBN �
�� �	��� �����(Fig. 4). ��� �� 6�� ��

�� ���� �� ���	 VBN ��� ����� ��

�� �����. �� ��� �	� ���	 ���� ��

� �	� �� ��� ����, � �� ��� Kwon �(30)
	 �� � ���� �� ����� 
��� ��. 
��

�� trimethylamine oxide(TMAO)� �� ���� 		 



�� ��� �
� ���� ���	 ���� trimethylamine
(TMA)�� 
��� �� ���	 
�� ��(31). ���

Fig. 1. Microbiological qualities in dried pollack during storage at 15oC following gamma irradiation.

Fig. 2. Browning color intensity in dried pollack during storage at 15oC after gamma irradiation.
left: lipophilic, right: hydrophilic.
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��� ��	 TMA ��� 3 kGy��� ���� ��� �
��� 	 �� ����� �	��� �� ��� ����

�(p < 0.05). �� VBN ��� ��� ����� �� �


� TMA ��� �
 ������, ���� ��� 
��

�� ��� ��� ��	 
�� �����. �, ��	

TMA ��� ��� ������� ���
� �� �
 �
��� 
 � ����, � �� ��� ��	 ��� ���

	� �	� �� ��� ����(26,30).

��� ��

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

��� ���. ��� ���
� ���� �� 5 kGy ��

������ ���
	 �	��� ����
 �����,
�� 6�� � 	�� ���� ��� ���� 7 kGy�� �

� �� �� ���(Table 1). � ���� ��	 ����


(acceptable border line)� �
 3
(fair)�� ��� � 3 kGy
��	 ������ 	���� �� 6����� ��� �
�� ���
 ����. � �� ��� ��� ���� 5
kGy	 ���� ���� ��(25oC ��)�� 6��
 ��

��� � ����� ���� ���� ����� 3
(fair)
��	 ���
� ������ ��(30)� ��� ����

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

TL ����

��� ��� ��	 �� ��� ���
 � �

(TL)
��� ���� ������ �����. ��� ����

� TL signal intensity(TL1)� ��� ��, �� ���� ��

��� ���
� peak� ���� ��	�� peak intensity
	 ��� �����. Fig. 6� ��� �� �� 1 kGy ��

	 ������� ��� peak� 	 200 ���� ����,
����	 ��� ��� signal intensity� �����. ��

� ������� 280oC 	��� �� �� peak� ���

�. ��� ��(−20oC)� 6�� �� ����� TL signal�
��� �� �	� ����	 peak� 300oC ���� ��

��, ���	 peak� 200oC ���� �����, ����

� ��� 
	 TL signal intensity ��� �� �
�� ��

� �����. �� 1� ����(peak ���� ��)� �
���� ��� TL1� ��� ��� �� 
��(1 kGy)��

2� glow curve(TL2)� ���� TL ratio(integrated TL1/inter-
grated TL2)� ����. ��� � �� 0.05 ���� ���

��, 1.0 ���� ��� ��� ��� �����. ���

� ����� ����� TL ratio	 �� ���� � � �
��, ����� ���
� TL ratio �� � ��� ���

� TL ��� 	� ������ � ���� ���(Table 2).
� �� ��� Khan� Delincée	 �� ��(32) � Kwon �
(33)	 ���� ��� � 
��� ����, � �����

normalization� 	� 
��(re-irradiation step) ��� TL� �
�� ��� ��� ��	 ���� � ���� �����

Fig. 3. TBA value in dried pollack during storage at 15oC after
gamma irradiation.
Different alphabetic letters on bars indicate significant difference in
mean values at 5% level by Duncan’s multiple range test: A-D for
irradiation dose level and a-c for storage time at each irradiation dose.

Fig. 4. VBN contents in dried pollack during storage at 15oC
after gamma irradiation.
Different alphabetic letters on bars indicate significant difference in
mean values at 5% level by Duncan’s multiple range test: A-E for
irradiation dose level and a-c for storage time at each irradiation dose.

Fig. 5. TMA contents in dried pollack during storage at 15oC
after gamma irradiation.
Different alphabetic letters on bars indicate significant difference in
mean values at 5% level by Duncan’s multiple range test: A-E for
irradiation dose level and a-c for storage time at each irradiation dose.
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� � � ���. �� �
� �� TL ratio� �	� ���

� �� ��� �� �	 �	���� 6�� ���� ��

�� ��� 
�� �
� ��� �����(Table 2).

� �

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

���� ��� �

 ����� �����. ��� ��

�	 �� ��� ��� 104 CFU/g ������ 15oC ��

	 ���� 3�� �� ��� 107 CFU/g ���� �
 �
����. ��� 3 kGy ��� ������ �� ��� �
�� 6����� ���� ��� ����. ��	 �� �
	 ���� �
�, TBA�, VBN, TMA � ��� ��� �
� ��� �� � ��� � ��, ����� �� �	 

�� 
����� ������ ��� ��� �� � ��

Table 1. Mean sensory score by the analysis of variance for organoleptic properties of dried pollack irradiated in γ-rays and stored for 6
months1)

Sensory quality Storage month
Irradiation dose (kGy)

F value
0 1.0 3.0 5.0 7.0

Appearance
0 5.00a 4.00abc 3.50abc 3.75abc 5.00a

3 3.25abc 4.00abc 3.50abc 3.25abc 3.00bc 1.54
6 3.50abc 4.75ab 3.75abc 2.75c 3.75abc

Color
0 4.75a 4.50ab 4.75a 4.00abc 4.75a

3 3.25abc 4.00abc 4.00abc 3.75abc 3.25abc 2..61
6 4.00ab 5.50a 3.50b 3.50b 3.75ab

Odor
0 5.00a 4.50ab 4.50ab 4.50ab 4.50ab

3 3.50abc 3.50abc 3.50abc 3.75abc 3.50abc 2.01
6 3.50abc 3.25bc 3.50abc 3.00bc 2.75d

Taste
0 4.50ab 4.25abc 4.00abc 4.25abc 4.75a

3 3.50abc 3.75abc 3.00abcd 3.50abcd 3.50abc 2.29
6 3.00bcd 3.00bcd 3.25bcd 2.75cd 2.00d

Overall
0 4.50a 4.25ab 4.25ab 4.25ab 4.25ab

3 4.00abc 3.75abc 3.50abc 3.50abc 3.50abc 1.45
6 2.75bc 3.00abc 3.50abc 3.25abc 2.50c

1)Sensory evaluation was conducted by ten members of panel using scoring difference test and sensory scores were; 6, excellent: 5, very good:
4, good: 3, fair: 2, poor: 1, very poor.
abcMean scores within a row followed by the same superscript are not significantly different at 5 % level using Duncan's multiple range test.

Fig. 6. Glow curves of minerals from irradiated dried pollack at different doses.
left: non-irradiated sample, right: irradiated samples.

Table 2. TL ratio of minerals separated from dried pollack during storage at −20oC after gamma irradiation

Storage period 
(month)

TL ratio
Mathematical fit R2

Control 1 kGy 5 kGy 7 kGy

0 0.04 1.59 2.74 2.79 Y = 0.3527X + 0.6438 0.8139
3 0.02 1.51 2.47 2.56 Y = 0.3194X + 0.6020 0.7999
6 0.02 1.40 2.39 2.43 Y = 0.3078X + 0.5597 0.8073
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�� 5 kGy �� ���� �� ��� ����� ����

�. ��	 ��� ���� 
�� �� �

 �� �� �
���	 glow curve� 280oC ���� �� �� peak� �
���� 1 kGy �� ������ 200oC ���� �� 	


�� �� peak� ���� ��� �� ��	 ��� ��

����, 
�� ��� 	� TL ratio� ���� ��	 �
��� �����.

� �
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