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Detection Characteristics of TL, ESR and DNA Comet
for Irradiated Soybeans

Eunyoung Lee, Jaeyoung Jeong, Jungeun Noh, Deokjo Jo and Joong-Ho Kwon*
Department of Food Science and Technology, Kyungpook National University

The detection characteristics of gamma-irradiated (0~4 kGy) soybeans produced in Korea and China were
investigated by thermoluminescence (TL), electron spin resonance (ESR), and DNA comet assay. The TL glow
curves were shown at around 200°C for irradiated soybeans, while that at 280°C for the non-irradiated one. The
normalization with a re-irradiation step at 1 kGy could verify the above detection results. The Korean soybean
showed higher glow curves than Chinese did. The ESR spectroscopy for husks of irradiated soybeans revealed
specific signals (g =2.02374, 1.98715) derived from cellulose radical, which intensities were proportional to
irradiation doses, with the higher peaks in Chinese sample than Korean one. The DNA comet for the non-
irradiated sample showed no or little tails, while those for irradiated samples above 0.5 kGy were remarkably
changed in their length, size, and concentration, thus resulting in distinguishing non-irradiated from irradiated
samples. As a result, TL, ESR, and DNA comet determinations were found suitable for the detection of
irradiated soybean at 0.5 kGy or more, and negligible differences were observed between Korean and Chinese

origins in their detection characteristics.
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Fig. 1. Thermoluminescence glow curves of minerals separated from soybeans produced in Korea (left) and China (right)

Table 1. Thermoluminescence ratio (integrated TL / intergrated TL,) of minerals separated from irradiated soybeans with different

origins
- Irradiation dose (kGy)
Origin
0 0.5 1.0 2.0 4.0
Korean 0.005+0.002% 0.670+0.060 0.750+0.082 1.390+0.096"¢ 2.1700.140°*
Chinese 0.02020.008F 0.320+0.045F 0.700+0.063"° 0.830+0.091°° 1.570+0.164*®

AFMeans with the same superscripts in column are not significantly different (p<0.01)
*®Means with the same superscripts in each row are not significantly different (p<0.01)

£ YeERlIEE ole AR AR EYse] & mineral?)
0] mE ot AZETEM, 9 Egoly BE
oA EeiEle 2% mineral2ME A4 (feldspar), 419
(quartz), 43]%f(limestone) F°] ¥HA glow, A4z 43
&4l TL signal® "¢ ZA3lA Ao SAsitzts g
mineral 59| TL signals-g& FolHele Aol e Ao
LEAL U, Autiod} Pinnioja®e 4Gl Wi 44
o Y7 275 ¥ %2 TL signale] Yehdtiy B3
3k ub Stk 22 mineral AlE9] G B4 WA 2
Aol thste] wl-¢- Zol(unique)dtA UERIEZE t)Fe] A}
AR HA7L 7Fed AeE FEIHAt.

E3 AREREH F£F minerald AMES ZAHH glow
curve(TL)®] normalization& 93} =33 A|FE A=RAL
(1.0 kGy)3td 2% glow curve(TL)E A3 2 AFHE o]&
8] TL ratio(integrated TL /intergrated TL)E T3S o
(Table 1) HIZAFFE 0.02 ©[3l, 0.5kGy ol FAFAAE
0320 ©]%4¢] TL ratios EAFAT. Chung'¥S TL ratio’t
00520 2 79 WARdo] ZAER] @2 AEE, 0.20
Hu} & A$= Aol ZAME A= threshold valueZ
AT e, ol £ AAqME 2 HLHUTh
LA ¥ TL ratiod] WM& HZAREE] 79 Ffito]
FTA B} @43 @& TL ratio® HPYOoU), ZAFEoIA
€ Ao Z F4te] ¥ R e B Fo] AR &
HE 7] 24 o] TFEA JFS nF Ao A
ZtEth. Khan?t Delince®= WAMY ZAME A8, 34 @
Aaze] TL AR Aol AzAL el 918 normalization
< ARA R IS 08 EJUT Bl w2

AT HE ATARE T WA FUo,

ESR S4

AAAE g Fo 05~4kGye ZHrbdg FAMEEY ESR
spectras &3 A3 Fig. 2~49F 7t} 4 8 S5 4]
E BT, HRAIFAME AU unspecific central ESR
signal& EAF O, 05kGy o FAFFel e B 2ARE
oA ez tiA A2 unspecific central ESR signals} &
A FEe Fee] wmiplete] &Y=t} ©] ESR resonance
triplet?] 7F42 6.0 mToIN2H, ©] signal> Goodman T
7 Kwon T®9] B A2} Z+o] cellulose radicaldll <)sl
A== ESR signal2 ALSET 22]3 Fig 3004 #Ed
signalo A1 ¢} 7] unspecific central ESR signal®] 7% peak
9] g-valuee 2.003292 e, cellulose radicalo] £afjA
A== peak] 739 AZ(at lower field)}t 2% (at higher
field)®] g-valuex= Z}zh 2.023749F 1.987152 FHEH QTS

ESR signal intensityE® ®lws] & w 1.0kGy o] &A}
ANEoNMe EolH<l cellulose radical 2] peak’} #&H
A}, Signal intensity:= Fig. 49} 7o) FAMAZo] F715td
wet FAHQ dES 2o FHA AAV} TFeEE HAF
R, & 2 ALl ZAFX)H signal inten-
sity(Y) 7+e] A2BAE A8 22|30 cellulose radical
2] signal intensity= Aol WISIA FAbe] Mo} F
7tk g8 #A Yyelged, ole AlRY FEFFEA
2.12%, F=4t 4.13%) Aolot 718} radical Aol FEFE F
= 9AE 7" Aoz F2HU,

DNA Comet 4
DNAE WAMD AP wt &3 =7 geiR B
comet?) tail length®t HoJ, head?}d) BHRE, & 5&

de




HIAL 24} Th5-2] TL, ESR % DNA comet 54 21

ESR signal intensity (a.u.)
il

Irradiation dose (kGy) Irradiation dose (kGy}
Fig. 2. ESR spectra of irradiated soybeans by increasing doses (left: Korean, right: Chinese)
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Fig. 3. Typical ESR spectra of irradiated soybeans of Korean (left) and Chinese (right) origins
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Fig. 4. Changes in ESR cellulose signal intensity and mathematical fits for irradiation dose (X) and ESR response (Y) of irradiated
soybeans with different origins (left: Korean, right: Chinese)
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Fig. 5. Dose vs. tail length (um) of the comet from 50 nuclei of soybeans irradiated at different doses
Values shown are mean ( * ), max and min value (*), standard deviation (bar) and standard error (boxes) (left: Korean, right: Chinese)
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