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Monitoring of Commercial Red Pepper Powders for Their Irradiation Status

Mi-Seon Jeong, Jae-Jun Ahn, Kashif Akram, Gui-Ran Kim, Hyun-Ku Kim', and Joong-Ho Kwon*

School of Food Science & Biotechnology, Kyungpook National University
'Korea Food Research Institute

Abstract Ten commercially available red pepper powders were investigated using photostimulated-luminescence (PSL),
thermoluminescence (TL) and electron spin resonance (ESR) analyses to confirm their irradiation status. The application
of PSL, TL, and ESR analyses was also confirmed by in-house irradiation. In PSL-based screening, all samples gave
negative photon counts (<700 PCs). The PSL calibration dose (1 kGy) showed a low sensitivity of 4 samples, while the
others provided reliable screening results. TL glow curves demonstrated maximum peaks after 250°C for the 6 samples;
however 4 samples gave complex TL glow curves with maximum peaks in the range of 185-260°C (radiation-specific),
which could be the effect of an irradiated component in low concentration as the TL ratios of all samples were <0.1.
Radiation-specific ESR features were absent in the all commercial samples. Variable irradiation detection properties were
found; where the TL analysis showed the possible presence of an irradiated component in 4 samples requiring further

monitoring and investigation.
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sl7kHe] gEm, v 3 FEA=E Ho) 30 kGy7HA 8] 7}E o]

F-Aret
EE Bo= pgste] auHxpe] et Aeds Bt o
th(11). FAFL] AR ERIYHO ZE= 2 Fo EXseE 3
E49] oAyA] F9E A shs BRS¢ (photostimulated lumi-
nescence, PSL), &33g(thermoluminescence, TL)3} ZAFA ol €]
3 AEE AR EE SHske AR T (electron spin
resonance, ESR), AP} ZA%9] m|AE4S v wale] FAlo]
F& E<l3l= direct epifluorescent filter technique/aerobic plate
counts(DEFT/APC) 5°] Uth12). F AZFHM = e
ZAIRE BRIEL] f1sk WHO=Z PSL, TL ¥ ESR WS ©|
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W3t 20059 20 £ FANE FE5 e ZAMAFE RUEH
3t A3}, 2003 85%, 2005\ 95%2] FAFIF ZAAZE R
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Z 247 92 JAllM AakE 10 FEWAE 8 F, A 2

o] AES i HAWEAA FYste] dAAERE o]-&35H
= polyethylene(PE) filmell 200-500 g ©$1=2 X4 4

RomH, o] IR APEAE A FEE ARSI

Hok

At 27ERe] ek Al A SedAE AT dd
AP A4 A CCo ZAmbd ZAMAA(AECL, IR-79, MDS
Nordion International Co., Ltd.,, Canada)2 °©]-&3}] A|7bHg 44
& AFE(1 KGyhn)Z 0-5kGy] & FFATFS 45 sith
o] W] F4A%E alanine dosimeter(Bruker Instruments, Rhein-
stetten, Germany)S A}8-3}] ESR spectrometer(EMS 104 EPR
analyzer, Bruker, Rheinstetten, Germany)ol] 2]3] g1} om =
g 2ak= 2% oWt

[
5_)1

BATYB(PSL) 24

FATHPUESLY FHe AFBAL) YA 2AE 8
AAE el wat AlPEIdt(13). AlEE S0mm 272 PSL &=
A4 #HEZ YA vl=te] H3l, PSL screening system(serial
0021, Scottish universities research and reactor center, Glasgow,

B)Z WAk A%l T
(intermediate, WAM ZAIA RS AT F §le=

GEFEAH(TLY S5485 stk 257HF 200 goll I8 %<
ZH+E 71ske] ultrasonic  agitator(Power sonic 420, Whasin
Tech, Daegu, Korea)ollA] 1087F A 2]|s &, TA] A|lEE water
risingd}*] nylon sieve(273: 150 um)E FA1A LGAIZE AXAZ1
T AAES FHoh FHES NafH,W,,0,] solution(2.0 g/mL)
25mLE 7sle] 7188 AAS L EFFE AFE & AN
HCI)-¢Z<](1 N NH,OH) &3} carbonateS A A3t} F3}
H | Ze FE3] MAHS & acetone2Z E A AlF & A
zatom, dzd vulge 50°C dx7|elx st o dsto]
TLD system(Harshaw 4500, Waltham, MA, USA)S ©]-&3}] I
T AA71~(99.999%) 715 ShellA =3 TH13).

HXATSZH(ESR) &M

ESR 342 tIF AIEE <F 2007 Bt 54z ¢ & o
A 04 2= ESR tubed] Ho} ESR spectrometer(JES-TE200,
JEOL, Tokyo, Japan)Z Z743lHt). 4 Z7AL microwave fre-
quency 9.18 GHz, magnetic center field 324.30 mT, microwave
power 0.4-0.8 mW, modulation frequency 100kHz, sweep width
1-1.6 mT, time constant 0.03s, sweep time 30s2] HL oA =H
SFATH(13).
Aot 24

B Ao =43t AF+= Origin 8.0 software(Microcal Soft-
ware Inc., Northampton, MA, USAYS ©|-&-3lo] £33t}

HI

2

BXT LBEM(PSLZ S AT DRIITO| IA0E A3
2|

UK) 60 &<t EHes 3Ars ASsinh. A 38 Al 57RO AR SIS flste] A EFEAR(13)0]
213t threshold values= T,=700 count/60 s} T,=5000 count/60 s°] el FASEEE (PSL), EEEEAH(TL), AT HEAY
Atk T, mlwkol™ 573 (negative, WA O] ZAHA] 52 A 8) (ESR)yS o]8sto] Al RS WisA} sigith. AFFdolx=
2 WPl T, 3ol FAM B (positive, WAMIO] AR Al Gl el AEsial dAerp 1 d A3 o s
Table 1. Photostimulated luminescence properties of 10 red pepper powders available in the Korean market (photon count/60 s)
Sample Unknown Calibrated PSL" PSL ratio”
(1, measured) (2,4 measured) (2,4 measured/1 , measured)
RP-1 327.3£109.0° (-} 2396.7£1235.9 (-) 7.1£1.4
RP-2 348.0+57.4 (-) 109707.3+£44899.5 (+) 309.8+83.8
RP-3 297.0+£29.5 (-) 410.6£15.3 () 1.4+0.2
RP-4 235.7424.5 (-) 2776.0£927.5 (M) 11.6+£2.6
RP-5 242.7+79.8 (-) 1542.6£114.5 M) 6.9£2.5
RP-6 297.0£105.9 (-) 5179+436.4 (+) 19.6+9.0
RP-7 306.3+34.2 (-) 13420.3£3998.3 (+) 44.9+16.4
RP-8 270.7+52.6 (-) 9619.3£6905.1 (+) 35.6+£22.1
RP-9 282.7+29.9 (-) 18020.7+3595.8 (+) 64.9£17.8
RP-10 276.3+102.7 (-) 82186.7+15634.8 (+) 351.8+220.0

YPSL values after re-irradiation dose of 1 kGy

ICalibrated PSL value/unknown PSL value

IMean+SD (n=3)

YThreshold value: T,=700, T,=5,000, (-) <T,, T,<(M)>T,, (+)>T,
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Fig. 1. TL glow curves of 10 red pepper powders available in the Korean market.
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, RE AEs Aol gAlse gl PSL WS AlAlSL 9l
HoZ TL ¥ ESR WS ZAMEE ERISESE
Sk uh(13). PSL W& A 5ol 2 A S ZAFsle] W&
FE ASE] ZAREE THEs o vF
ARAOlE 700 ©]31e] #R1=(photon counts, PCs)S LFERHA| L
ZAHEE A4 5,000 oo =& PCsE UeRTH Al# 237}
T pSL 24 A, 1070 AA BF 700 o8] AR U
Elflo} H] A EZ Sl=Qltk(Table 1). 12+ PSL =343 3
Egtiae] @71 mxe] AA 10 & calibrated PSL A1HS
3l 1kGye] Aoz 2AF & 2% PSL Al¥S Z43I9) EN
13751170014 =, PIAA RS - 3ld AlE2] PSL sensitivityS
Fel3h7] fl8td A& ZH(12hH ¥ 1 kGyZ AR o] &
A8k PSL ZX(calibrated PSL, 23S FCIEZ A2 Ut}
Calibrated PSL %te] 1x} PSL ztRth 108] olfjo]d A ES
om3iH, 12 F4 Al SR 23 24 Al S Y
e AEE ¥ AN EE BAE 4 vk E3F calibrated
PSL A8 & 2AAEE ¥gE A]EE PSL sensitivity’} W
AEYLE oujstE=E, PSL o] ofd thE ERINEHE A&
stojol shm, 12} PSL A37F FPYHAIER AHE F 27
calibrated PSL A3} ZFo] =752 IAHA A9 calibrated
PSLS Sk A2AL A} 2o Mzko g ZAEISS ovgit),
A F571E 10 9 calibrated PSL A3olA 6 2] AA|
(RP-2, RP-6-10y= 12} PSL ARt} F 208 o]de] PSL #hs
YRR, 5% FHS Uehlo] 13} PSL Aol vlwsle
H] 22 g2 o] Zissidth. 2y o 9 4 Fo] HARP-
1, 3-5)= 2} calibrated PSL 578 Z7}, 1kGy®] AFOE ZA}
Sl = B3t AR (false negative) 2 574k (interme-
diate)S YERNO(PSL ratio, 1.4-11.6), ZARA el & 9L
2 FpemR, PSL W] Ago] oL 2oFE YERHT EN
W (16)°14 & calibrated PSL WO 2 mXA RS B 3¢
PSL sensitivity’} ¥ Al WH=A] TLe|Y ESR & thE &<l
ANEHEE AX HE BHES ATl Yok AFeokEebisy
oA calibrated PSL FA1%H-S o] &3t As 9 Zn]AFo|
thal blind testE AAIEH Az, A3e] FIHL 95-98%= LIEL
P, 53] PAFEE 97%2] HEFES eERIATK(1S).

Jizel ZAOiE gol

B W5 7RItk ARelA Eel’h el 50-400°C2]
< 7FHH, 5ol wgado] el e, 2ARES
+ 150-250°C, H] ZAMAFS] 79 300°C o]l g peaks
Aoz, 953 peak?] 2ERLAR 4F9 AR E FH
ATH(13). Al IZ7HE 10 £ TL FF2AS I8 A3, 6
Z9] ZA(RP-2, RP-3, RP-6, RP-7, RP-8, RP-9)& 260°C ©]/39|
A EgarAg UEplo] v ZAMER ERIFEATHFig. 1). RP-
4 % RP-5 A 185-190°ColA] wll-- oFeh wkgarxde e
3L, RP-1 & RP-10 AA|E= 240-260°Col|A] 2k w3248 1}
o] ZAMRER o4E =, uAAEY SkGyE FAFSI
TL 243 A3, 2% 150-200°ColA 234S Yehfo] A}
ANEZ oAE 4 Fo HARP-, 4, 5, 10)2] LFFAo] AR
“d(false positiveyd S 1T 4 ATt Kim (192 Avt
A 5, 10kGy 2AFSE I37Hee] 3412 150°C AFo)A
B, H] A EE 50|38k peak7} LFERA] oo} ZARA ]9
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Fig. 2. TL ratio (TL,/TL,) of 10 red pepper powders available in
the Korean market.
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Fig. 3. ESR spectra of 10 red pepper powders available in the Korean market.
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P Boel v 2B 85T 5 AAch

HXALSHEM(ESR)E S8 AR DXI7IF2| AT el
Al 737FEe] ESR &% A3}, 5o]A<l ESR signal 24
] ekgror} 5kGy AN IE7MEE 25 cellulose radical®)
HFAE I THFig. 3). Cellulose radicale WA ZAFE E7]o)A
e FATN O, central signalS TAHLZE F9 3mTe] 7H4
032 22 side peak’t AAE= Zo] EAolm, AP XAl
oJaf Eold oz YAHE radical® ¥#HA UH31). Kim 5(32)
< AaFe] FAA, =71, A)ek 7Rl 5kGyok 10 kGy
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