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Abstract

Radiation induced markers were investigated for the detection of irradiated oranges imported from America.
In the DNA comet assay, the non-irradiated and irradiated samples showed the comets with long tails in both
seed and flesh. Though this tendency was maintained for 6 weeks, identification of non—irradiated or irradiated
samples was impossible. In the thermoluminescence (TL) measurement, the non-irradiated samples revealed
a glow curve with low intensity at about 280°C, while the irradiated samples showed with higher intensity at
around 180°C. There were no remarkable changes in detection properties for 6 weeks after irradiation. The TL
ratio of area for TL; glow curve to TL2 was below 0.1 for the non-irradiated samples and 0.5 or more for the
irradiated ones during storage. In the electron spin resonance (ESR) measurement, irradiated oranges showed
an unspecific central signal in all parts (seed, flesh and peel), so the detection for radiation treatment of oranges
was impossible. Based on the results, DNA comet assay and ESR were not useful for the detection, but TL was
appropriate to search radiation induced markers of oranges during storage period. The detectable period during

storage is confirmed by sensory evaluation.
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Al g.9] WA ZAbe KAERI®] Co-60 v 2AF Al A
(100 kCi, Nordion, Ontario, Canada)-&- ©]-8-8}o] Al 2-oj] A
A7 A ekg-e dAsHA A 0~2kGy WSS A=
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DNA comet assay

L=l ¥ 1g F& 3 ge AFESlg 2 o]l &= slide glass
3 5070 o] Ake] #AE PAsty] Sl An) A A AEE
okolt}. Cerda S(12)9] whioll &3}, 3 =7 Al =2k Al
g9l cold PBS(phosphate buffered saline, pH 7.4) 5 mL&
7hsted FA A 7] 3 200 um, 125 um nylon sieve clothell
A2 23A7) SN S ARl AHLsAct AE A
50 uL¢} 0.8% LMA(low melting point agarose) 100 IL& &
et & 7 F 100 uL-& pre-coated slide®l cover glass&
ol &5le] FUFAl =X ice bath 9 ellA 102 ot vb
=] 8lod gelS 3 A A Z ). Casted slides+ lysis buffer(2.5%
SDS in 45 mM Tris-borate, 1 mM EDTA, pH 8.4)] 20+,
TBE buffer(Tris borate electrophoresis buffer, pH 8.4)°l
B 5 247 AR, 37995 =2 9 ol agarose end”}
anode Ht3Fo 2 sl w2 =& F TBE bufferel A 2 V/cm
2287 ArldEstm A A, Azt Aol Bl
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TL #4-2 CEN 94 (13)°ll &3} whole sampleE+-¥
23] = mineral2 AH2-3lgdc} = A E Ao 2H4F 7}
3}tod sonicator(Branson 3210, Branson Ultrasonic Co., USA)
2] 8} 31 125 pm sieveell &1 7 F, A x| & FA 3 E<ll sodium
polytungstate({density, 2 g/mL), 1 N HC], 1 N NH,OH %
acetone 2] gted 2 23191t} Mineral 7 2% aluminium

-dFE

disc{ @ 6 mm)dl &7 T3 50°C dry ovenol A overnight¥t
% linear heating system(°C/min)e| §-2t% TLD 4500(Har-
shaw, Germany) detector @ reading system2 ©]-8-3}o
preheating temperature 50°C(5 sec), increasing rate 5°C/
sec, maximum temperature 400°C4] 71 2 £ high pure N2
2as(99.9999%) % & mulhA S st ¢4, A8
1st glow curve(TL;) &3 A 32 591 400°Cell A 527
annealing &2 24 mineral ¢ TL 4 & 2.5 A&} A
%o, o] mineral A E& 1 kGyE A 5 AHreirradiation )}
2nd glow curve(TL2)E A2 24 TL, glow curve?
normalization& A E&}eicth. o] o vkAd AL E-5-9] peak
7F vhebubE 160~250°C 919 "4 ge2 TL ratio(lst
glow/2nd glow)& 3} o] threshold valueZ Abo} A}
o] £-2 galslel ov, # ddFol A& TL ratio 3te] 0.1 ©] 3}
o] WA ZAME A] ¢b-& AR, 05 olakeld A A
o2 #asledh(13).

MXAAEIZH (electron spin resonance, ESR) &4
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A 78 microwave frequency 9.18 GHz, magnetic field
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kHz, time constant 0.03 sec, sweep time 30 sec®| 312,
A Z AL 539 peak S #2138} signal intensity(peak-
to-peak height)& =43t}
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Ab Al 24 intact celle] #AE] 7= st 2|2k L B o] ¥
kT (<5%), W] ZAL AR e} A A BF comet cell
o] fakslo] FA} Adukol| w2 tail length kol 7} = A] o}
ZA} o] 8-9] #alo] o2 $1ok(Fig. 1). 24 3-8 =3l 24}
of ol BAHe] ZE Al FAA 20~30 tm H X9 tail& 7}
Zl comet celle] #@=tgichFig. 2). &+, N9} Hg %
Z AL Algko] Z718Hr 2 tail W) DNA 5% #}ol 2 Q13 head
FERT tail F-28 Mol A3tA HAH I, 2 kGyol A&
tailo] head 2 48] ¥l == d4te 3= 9l ot DNA migra-
tion &3 A3k Aol & 8o ] 2 W99 standard de-
viation® standard errorZ vreblgl o) H 9} 3-8 n = =
A} Adzkel] #A 9lo] AAE tail lengthS eb Rl ch(Fig. 3).
gt# Kim 5(18)2] DNA comet assay A& o 4] 1 kGy »1 %
2.2 A eAlA] W o] A A} Algke] Fr)ell wha} tail

length?} f-2] 3 0.2 F7pgche wie 2 A Aol
vebd e, ol 28R FF 2 9 A AR 271e] A
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Fig. 2. DNA migration profile of orange fleshes immediately after irradiation (left: non-irradiated, middle: 1 kGy, right: 2 kGy).
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Fig. 3. Dose vs. tail length (um) of the comets from 100 nuclei of oranges irradiated at different levels.

Values shown are mean (o

), standard deviation (bars) and standard error (boxes) (left: seed, right: flesh).



Table 1. Mean length (um) of the comets from 100 nuclei of non-~irradiated and irradiated oranges by DNA comet assay

Period 0 kGy 0.5 kGy 1 kGy 1.5 kGy 2 kGy
Part (week) 7V ? X X x X
X Sy X Sy X Sy X Sy X Sy
0 26.35 1.61 27.45 2.08 27.20 2.00 2753 1.60 28.15 1.73
Seed 3 26.49 2.02 2807 2.11 2713 2.07 27.55 1.36 28.34 1.95
6 27.79 2.09 27.80 1.99 27.43 1.76 27.83 2.40 28.31 2.03
Q 21.40 5.40 24.16 3.39 2652 3.45 25.72 2.89 2570 352
Flesh 3 21.36 5.88 24.56 3.30 27.00 2.95 26.16 3.15 26.40 3.37
6 23.70 3.16 26.00 1.85 27.86 1.91 27.84 201 28.70 262
i)EI mean.
s, standard deviation.
¢ 4 F AUt 2 LAAE 5 Y A 224 0
w2} Bl F A} A g4 % DNA fragmentationo] vrebd 4= 2404 fzgg” ) 3
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curveE el 2} (Fig. 4), 05 kGy o149 &4} A/ 8=
180°C ¥l A 24} A8 579 peakE el g ch(Fig.
5). x= &k TL signal intensity 2} ZAF A2k ate] AA|o| A Y=
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Fig. 4. Typical TL glow curve of minerals separated from
non-irradiated oranges.

=

D

(=]
L

] 1 2
imadiation doas (kGy)

TL signal intensity (a.u.)
g 8
1 1

»
(=

—t
v

Qo
1

——r . . —
0 100 200 300 400
Temperature (°C)

Fig. 5. TL glow curves of minerals from oranges irradiated
at different doses.
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ML AR 2] o] A A 7| 7ol @8 TL £33 71
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Fig. 6. Stability of TL glow curves of minerals separated from
0.5 kGy irradiated oranges during storage (1 : 24 hours after
irradiation, 2 :6 weeks after irradiation).
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H]3Lell 4 peak?] &% ¥ ¢} intensity 2] W3}7) z =] oko} 18
FAL of 2] ghelo] shgstgl et Ak o2 A Fol) A 16 5
270 AR AR A TL 2404 A% 71709 F9} 14 '
ol i} signal intensity2] 742} 7] glow curve?] L%t 12 é
b BEUR ol E s Age] e w2y, & APl 1o 4
B US ADT A2 2 nad g 7|7 AYS ® o.a%
A28 2 glow curve?] signal intensity 7+3:9} shift- =R Pom
ing &4e) 24 dskehy ApE R, ol :
5 = R . J Y =0.6468X + 0.2052
AR 0F A AR 2 E %% mineral®] normali- 02.] R = 0.9292
zation 349 & 53} TL ratio 42 A3}, ¥) 2A}F A| 2= 0.051 wod ®
Z ] 2AF A 79 TL threshold value “0.1 ]33} X} & - : T T .
AS e S, 24F AR E # A 06272 threshold value Irradiation dose (kGy)
"0.5 013 H Tk F2 ghg vhehio] A 82 AR A} of - Fig. 7. Thermoluminescence ratio of minerals separated from
glalo] 7Ve8kd eb13)(Fig. 7). 34 Kispéter S(24)& pap- non-irradiated and irradiated oranges.
rika®] 79 TL ratioZ} A& 71 2kel] $-2] A ol 782 Hwo|x] s
ok gl wp glow, B Ao E A AHe] AS 1000 ! —— Control
A ASHE WolFolnh 2 u]2AL A 8r) gl v]A] 4] 800 ] 1 KGy
59 9RARAL ZAL of B X oA TL ratio?] &el-& FAl of 8 S e00] o 2 KGY
of gol golaiAl 49 + Aoky wusw Yek132s). 3 0] j
HXAESYH 24 54 g 20(;-:
2R 2) ESR &4 A3 A, 78 24 w% n)za) A8 T 20
= phenol A-#-2. 2 <14 single line2] ESR signal& Rl g 0] {:
AL A 24 A Rl R w2 ARl debd sig- & o]
nal &fol WAt ZA} frell o] HolA <l signale] &elx =] ¢ a000] ¥ e i h R E
o} AL Al g o} v| &AL A g7k FRo] B 5319 o Fig. 1260 ———— . E—

335 340 345 350 355

8). ol wl g-valuetx 4 2.0077, 25 2.0083, 718 2.00841 % Magnetic field (mT)

om Aake] = ; ; : P
-, Aeke] Fbel] whet ESR signal intensity 7} ok 7} Fig. 8. ESR spectra of gamma-irradiated orange seeds at
st el ot & Alo] = gladth. o] 2 A= cherry, different doses.

Table 2. Means of sensory scores of gamma-irradiated oranges during storage at 4°C

Sensory Storage period Irradiation dose (kGy) F

characteristics (week) 0 05 1 15 2 value
0 6_96!)]) 7.2a 6.lab 6<2ab 6'4ab

Color 3 6.6 6.8% 5.2% 6.2% 5,47 1.90™
6 6.4 6.6™ 5.2 6.2°" 4.2°
0 7.1 6.4% 5.8% 6.6™ 55%

Odor 3 6.4 6.6° 5.4 g.2® 5.4 1.30
6 6.2% 6.4" 5.2 6.2® 46°
0 6.2% 6.2 6.47 5.7% 59%

Texture 3 6.4 6.2 5.2 5.0%¢ 4.4 1.99"
6 6.2% 6.0 5.2 507 36°
0 69° 6.1%* 6.0 5.3 49

Taste 3 6.4 6.0™ 5.4 48 46™ 227"
6 6.2 58" 5.0™ 4.8 38
O 75d 6‘7;113 6.33de 6.0ade 5.2bcdc

Marketability 3 6.2 6.4 5,00 5.0 46% 403"
6 6.0abcd 6.2ade 4.8Cde 4.8Cde 38e

"Mean scores within a row followed by the same subscript are not significantly different at 5% level using Duncan’s multiple
range test.
*p<0.1, **p<0.05, ***p<0.01.
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WA ZAL frelj 2] Fo] A Al peakst WA E A ¢hotrhs B
3.(26)2} A el 2o, 2.8l %] of = free radical$ trap® F
AE A&l 2A8HA] AU A& W free radical®] scav-
enger7} @A EA & 7H5A ol & AlAbste] F9lel

14 a&%i B+ 71FE o2 AR T
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Xé°l 217‘ 717k} 74 2ol
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