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Minerals separated from irradiated dried red pepper (whole) at 2.5 kGy or higher showed typical thermoluminescence
(TL) glow curves (TL1) at around 150oC, which increased with irradiation dose. The TL ratio (TL1/TL2) through
re-irradiation step at 1 kGy enhanced reliability of TL identification results. DNA comet assay indicated that the
intact cell was observed in non-irradiated pepper (seed), while some long tails were found in irradiated ones,
showing relationship between irradiation dose and tail length. Log DEFT/APC values increased in proportion to
irradiation doses in powdered and whole peppers. Based on overall results, irradiated dried red peppers could
be screened using DNA comet assay or log DEFT/APC, and moreover the identification results were verified by
TL analysis.
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� �

��� ��� ����� � ���� ��� ���� �
���(FAO/IAEA/WHO)� �� ����� ���� ���

�� ��� ���� ��. �, Codex ����������

��� �� �� � �� ��� �� Codex�� � �� �
�	 ���� � �� ��	 ���� ��(1,2). �
 ��

��� ��� ��� ��� ���� 230� ��� ���

� ��� ���� ��(3). �� � ���� ��� ���

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

�� ���� �� � ���� �� ����(4).
����� ��� ���� ��� ���� ���� �

� ���� ���� ��. ���� 2000�� 2001�� 5�
���� ��
	 �	��, ��� ��� ���� 	
�

� ��� ��� ���� ���� ���� �� ����

����(5). ���� �� � ��� ����, 	
����

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

��� ���� ������ ��� � ���� ����

��� ��� ����� ����� ���� ��(6). ��

���� ��� ���� ���� �� � ���	 ���

� � ���(2,7), �
 �� ��� �� � �� ��� �
�� ���� ��(8). 
����� �� ��� ���� ��� ��� ��� �

���	 	�� ���� �� ���� ��� ��� ��

� ���� 
�� ����(4,8). ��� 	
� �� ��

� �� ��	 ���� � ����� �� �� � ���


��(re-irradiation)� ��� ���� ���� ��� ��

��� ���� 	���(identification methods)� 	�� �
�� ���� ��(4,7,9).
��� ����� 	�/�� ��� �� ��� ��, �

��� ��, ��� ��(9)�� ��	 � ���, �
 ��

���� 	��� �� ����� 
� ���� ��
 �
�	 ��� thermoluminescence(TL) ��(9-11), ���� ��


�� ��� ��� photostimulated luminescence(PSL) ��

(12,13), free radical ��� ���� electron spin resonance
(ESR) ��(9,14), ��� GC �� GC-MS� ��� ��� �
�� hydrocarbon� � 2-alkylcyclobutanones� ��(9,15),
DNA 	�� 
� ��� 	��� DNA comet assay(16,17),

*Corresponding author: Joong-Ho Kwon, Department of Food Sci-
ence and Technology, Kyungpook National University, Daegu 702-
701, Korea
Tel: 82-53-950-5775
Fax: 82-53-950-6772
E-mail: jhkwon@knu.ac.kr



852 �������� � 36 � � 6 � (2004)

�� ��� �� �� � ��� �� ��� ���� DEFT/
APC ��(18) �� ��� ���� ���, ��� ��� �
��� ��	 �� ��� �	 ��� � ��.
� ����� ��� � ��� ���� 	� �� ��

� ��� ��� ���� TL� ���� ��� DNA comet
assay � DEFT/APC ��	 ���� ��� ��	 radiation-
induced marker�� 	�� ��� �� � �� ���	 �
��	�.

�� � ��

��

� �
� ��� ���(Capsicum annum L.) ��� 2002
� ���� ���	�� �� �	��� ���(powder)�

� ���(whole)� ���� �
	 ���	��, DNA
comet assay� ���� ���(whole)�� 
(seed)� ����

���	�.

��� ��

����� ��� ��� ��� ��� 
�� ��� 60Co

�� ����(AECL, IR-79, MDS Nordion International Co.
Ltd., Ottawa, ON, Canada)	 ���� ����� ��� ��


�� 0-10 kGy� � ����	 ��� �	�. �� ceric/
cerous dosimeter� ���� ����� 	�	 ���	�(�
5%). ��� ��� �
� ��� ����� �
� ���	�.

Thermoluminescence (TL) ��

��� �� ��� TL ��� CEN(19) ��� ��� �
��	��, TL ��	 �� ��� ���	 �� �� ��

�
	 �	�. � �� ���� �� � 600 g� 
	 water
rinsing �� ���� ���	 �� 	 � ���. �, ���

� ���� ���� ��� ultrasonic agitator(Branson 3210,
Branson Ultrasonic Co., Danbury, CT, USA)�� 5�� ��

� � �� ��� water rinsing��, 125 µm sieve� �� �
� ���� ���� � ���	 ��	�. ���� sodium
polytungstate solution(2.0/mL) 5 mL	 ��� ���	 ���

� ���� ���	�. ����� 
�� ����� carbonate
� ���� ��� � carbonate� 
�� � �� � 1� �
���� glow curve peak� �� ��	 ����� 1 N HCl
2 mL� �� 10�� ���� ���� cabonate� ���	�

1 N NH4OH 2 mL� �� �� ���. ��� ���� ��

�� ��� ��� � acetone�� � �� ��� � ��

���. ��� ��� 1 mg� aluminium disc(φ6 mm)� ��

�� 50oC incubator�� ��� �� �� � � TLD system
(Harshaw TLD-4200, Dreieich, Germany)	 ���� high pure
N2 gas(99.99999%)� �� ���� ���	�. TLD� ��

��� �� ��� 50oC� �� 5� �� ��� � ���

� 400oC, ��
� 50oC/sec� �	��, acquisition time	 70
�� �� ���	�. ��� ��� TL ��	 ��� ��

���� 5� ��� annealing time	 ���	�. ��� �
� ��� 	�� ��� glow curve� TL intensity(TL1)� �
�����, TL1� normalization	 ��� ��� ���� 

��(1 kGy)� ���� 2� glow curve(TL2)� ���	�. �
� TL1/TL2� ���� ��� �� �� 	�� ���	 �
�� �� threshold value� ���	�(20).

DNA comet ��

���� comet assay� 
� �	�� ���	��, single
cell gel electrophoresis(17)� �� 0.5% agarose(normal melting
point agarose, Sigma) ��	 ���� pre-coated slide� ��

��, ��	� �
� 1.5 g� ��� ����(4oC)�
PBS(phosphate buffe red saline, pH 7.4)� 5 mL ��� stir-
ring plate� ���� ��� ��� mess 200 µm, 125 µm
nylon sieve cloth� ��� ���� ��� ���	�. ��

� �� ���� 20� ��, 4oC� ���� ���� � �
��	 �� �
� ���	�. Gel casting� ����� 50 µL
� 0.8% low melting point agarose(LMA) 100 µL� 
���,
cover glass� ���� ���� ��� � ice bath �� 10�
� ���� gel	 �����. Casted slides� lysis buffer(2.5%
SDS in 45 mM tris-borate, 1 mM EDTA, pH 8.4)� 35� ��

(21) ��� � ���� ���	�. Lysis� slide� SDS� �
�� TBE buffer(Tris borate electrophoresis buffer, pH 8.4)�
5� �� ����, ���� �� �� agarose end� anode�
��� ���� �� � TBE buffer� �� 2 V/cm� �	�

� 2�� ����	 ���� ���� ��� � ���	

�. ���� slide glass� ethidium bromide(EtBr) �

� �
� bath� 20� �� ���� 
�� � ���	�. ���

slide glass� pasteur pipette�� ���� � �� ���� �
cover glass� ��� 595 nm emission filter� ��� Laser
Scanning Confocal Imaging System MRC-1000(Biorad, Her-
cules, CA, USA)� ���� 20� �
� ���	�. ���

DNA tail migration� Laser Sharp software(Biorad, Hercules,
CA, USA)� ���� 
� ���� tail ���� 	�� tail
length� �� ���	��, �� �� ��� �� 2�� slide
� ���� � slide � DNA 25�� � 50�� 
�� ��

�� ���	�.

DEFT/APC ��

��� DEFT/APC ��(18)�� aerobic plate count(APC)�
���� ���� ����� 10� ����� ��� ��

��	 �� ���	 ��� ����(plate count agar, Difco)
� �� �� 30�1oC ���
��� 72�� �� �
��

�
�	�. �
� ��� ���� counting�� �����

��� �� log unit� ���	�. DEFT� ��� � � �
��� ���� ���� ����� 10� ����� ��

� ���� 2 mL�	 ���� ��� ���� �� ���

(filtration tower, Millipore)� ���. ���� stainless steel�
�� �� bottom filter� 	�� 25 mm, ��� tower� ��

� 30 mL	�. Filter paper� prefilter� �� polypropylene fil-
ter(	� 25 mm, pore size 10 µm, German Science Inc.)�
membrane filter� �� white polycarbonate filter(	� 25 mm,
pore size 0.6 µm, Nuclepore)� ���	�. ��� 2 mL�
membrane filter �� ��� 25 mmHg� �� �� 20 mmHg
� ����� �	�. ��� membrane filter paper� ���

��	 �� acridine orange(25 mg/100 mL buffer, pH 6.6)�

��� � paper� pH 3.0 buffer� isopropanol 2.5 mL �
���	�. ��� polycarbonate filter paper� ���	� slide
glass�� �� ��� ���� �� immersion oil	 ���

� paper� ��� cover slip	 �� � ��� ���	�. �
�� slide� ��� �
���(Carl Zeiss Axioplanz Imaging,
Gotengen, Germany)�� 100�
� ���� ���	�. ��
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� ���� ���� �� Wirtanen� Sj berg(28)� ���

�� ���	�. � �� g� DEFT(X)� ��� �� ��

(microscope field, N/n), ��� ����(DF), microscopy factor
(MF) � DEFT unit� ����� ���	�. ��� ���

��.

X = DEFT count/g = (N�MF�DF)/n

���� N� n microscope field�� ��� DEFT units�
���, n� ��� microscope field� ���, MF� micros-
copy factor(=FA/MA�V)��. FA� membrane filter� ����

(πR2, R� filtration tower� 
 �� ��) MA� microscope
field� ��(πR2, r� microscope field� ��)�� V� ���

��(mL)��. DEFT/APC� log unit �� � � ��� �


��� ��� �� ���	 ��	�.

�� � ��

��� �� ���� TL ��

TL signal ��	 �� ��� ���� �� �
	 ��

600 g� ��� water rinsing�� 0.1 mg� ���	 ����

TL� ���	�. �� �
� ���� ��� �� ���

� �� ����� ��� ��� ���� �� �
���

� �� ��� ���
	 ���� ��� � ��� �


��� 	��	�. � �� 4.780-13.78 nC 
��� TL glow
curve� ������, �� ����� ��� ��� �� �
	 ���� �
 �� ���� ���� �
� ���� �
� 
	 	��	�. ���� ��� �� ���� �� �
� �� ��� 10 kGy��� � ����� 2.5 kGy� ��

���� ��� �
�	�. Fig. 1� ��� �� �� 2.5
kGy �� �� ����� ���� peak� 150oC ����

����, ����� ��� �� glow curve(TL1) ��� �
��	 	��	�(R2 = 0.9540). ��� ��� ����� �
� �� 
��� glow curve� 	�	 � ���. � �� �
�� �� ��� ��� �� ���� ��� ��
 ��

� ���	��(4,9-11), ���� signal intensity� �	��

�� ���� ����� �	� ���	�. �� ��� �
� ���� ��� TL1 glow curve� ���� ��� nor-
malization	 �� TL ratio(TL1/TL2 ���)� ��� ��, �
���� 0.001, 2.5 kGy �� ���� 0.814 ��� �� �
	 �� TL1 �� ��� ���� �� � ���(19-24). �
� ���� 8�� �� ��� ���� ���� TL signal
	 ���		 � ����� ���� ����(R2 = 0.8741)
� ���	�(Table 1) TL ratio��� �� ��� ��� �
�	 �	�. �� �� ��� herb� spice� ���� whole
sample test� �� TL ���� �� � 9�� ��� ���

�� ��� �	� ����� ��� Mamoon �(25)� �
� ��� ���	�.

��� �� ���� DNA comet ��

��� ��� ���� DNA comet	 ���� ��� �
�� 
� �� �� �
	 ���		 � ��� ����

DNA comet� ���� ���. ��� 
� ���� Khan
�(21)� ��� ���� lysis ��	 35� ���� DNA
comet	 ��	 � ���. Fig. 3��� �� comet� �� �
���� ���� ����� �	 tail length� ����

R2 = 0.7665 �� ���� �����(Table 2). ��� ���

�� �� 10 kGy ��� ��� 
��� comet� �
� �
� ���� head��� tail� ���� 	�� �� ���	

� � ���(Table 2, Fig. 2, 3). ��� ��� ��� ��

� ���� 
�� DNA comet ��� ��� Jo� Kwon(26)
� ��� ��� �����. Cerda �(17)� ����� �
���� �� ��� ��	 �� �� DNA� �� 	��

� 
� �
� �
�� ����, ��� ���� comet�

�� �
�	�� ��� � ���, �� ���� ���

����	 ��� ��� �	 � DNA� 	�� �����

(27).

��� �� ���� DEFT/APC �� ��

����� ���� ��� ���� ������ ���

� ���� ����� ���� log DEFT� log APC(Table
3) � DEFT/APC �	 ���	�. � �� �� �����

����� log DEFT/APC �� �� ���� ��	 �	�

(Fig. 4). �� ���(DEFT)� ��� ��� 	� �� ��

� ��	 �	�� ���(APC)��� ����� ����

� �� 
��	� ����(Table 3). �� � ����� log
DEFT/APC� ��� �� 1.08, 2.5 kGy �� ���� 2.50-
3.63� log�	 �����(R2 = 0.8897). �� ���� log

Fig. 1. Typical glowcurves of minerals separated from irradiated
whole red pepper.

Table 1. TL ratio of minerals separated from dried red pepper

Storage period 
(month)

TL ratio
R2

0 2.5 5 7.5 10

0 1)0.0011) 0.814 1.190 1.523 1.851 R2 = 0.9540
8 0.001 0.805 1.089 1.230 1.450 R2 = 0.8741

1)Integrated TL1/Integrated TL2.
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DEFT/APC �� ��� �� 1.17, 2.5 kGy �� ����

2.63-4.57 
�� log�	 ���� �� �� R2 �(0.9528)	
�	�. �� ��� ��� �� ��� �
� �����

�� ����, ��� ��� �� ���� 
�� �� �
�� ����. Wirtanen� Sj berg(28)� ���� �����

�� ���� 5 kGy �� � ��� ���� ��� � log
�� 4.0-7.0� �	�� ���� � �
� ���� �� �
� ����. ��� Hammerton� Banos(32)� ����� 3-
5 kGy� ��� ����� 2.5-3.0� log�	 �	 � ���

� ���� � �
� ��� � ���� ���. �� 4�
� �� ��� �	 log DEFT/APC� ��� �� ����

(Fig. 4), ����� �� � log DEFT/APC �� �� �
�

�	 �� ���� ����� �	 R2� 0.9589�� �(�)
� �� ����� �����. ��� ��� ���� ��

� �� 4�� �� ��� ��� 10 kGy �� �����

log DEFT/APC �� �� ���	�� 2.5 kGy, 5 kGy,
7.5 kGy� �� ����� 
��� ��	 �	�. ��� �
��� log DEFT/APC ��� ���� ����� ���,
DNA comet assay� ��
� ��� �� �� 4�����

��� �� �� 	�� ��� 1� screening ���� ��

� ��� 
�� ����.

� �

���� ��
 ��(TL) ���� 2.5 kGy ��� �� �
��� ��� ��� ��� 150oC �
�� TL glow curve
(TL1)� �����, ����� ��	�� peak intensity� �

Table 2. Mean length (mm) of the comets of non-irradiated and irradiated red pepper seed by comet assay

Sample
Irradiation dose (kGy)

R2

0 2.5 5 7.5 10

Red pepper seed 91.321) 252.43 267.22 306.88 315.24 R2 = 0.7665
1)Mean of 50 determinations.

Fig. 2. The graded DNA migration profiles of irradiated red
pepper seed. A: non-irradiated, B: 10 kGy.

Fig. 3. Dose vs tail length (µm) of the comets from 50 nuclei of
red pepper seed irradiated at different doses. Values shown are
mean (�), standard deviation (bar), and standard error (boxes).

Fig. 4. Histogram of log DEFT/APC ratio (above: powdered red
pepper, below: whole red pepper).
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��	�. 
��(1 kGy) ��� �� TL ratio(TL1/TL2)� TL
��� ���� �����. DNA comet assay�� ��� �
�(
)� ���� intact cell	 ������ 
�� �� �
���� long tail	 �� comet	 ����� �� �	��

� tail length� �����. ����� ����� DEFT/APC
� ����� ����� �� ����� ����� �	

� �� ��	 �	�. ��� ���� DNA comet assay�
DEFT/APC ��� ��� �� ���� screening �����,
TL� 	������ ������ 	����.

��� �

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