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AFEARI A= A BEALS Eol7] flel 7
(cooking), £ (packaging), €% (smoking), ¥t
(chilling), ¥&(freezing), ©=*(dehydrating) 1]
L SFeE VA 5= AREsko] Sth(Alberti et al.,
2007). E3], 7191 At SSF/ ] 12 A%] st
U 5/35HAQ01 Al Yo = Qlrt. ofof| vlal] ZAK G

KeN
=
ol
it

= o071 v Thl=E T
712 AERES 9Jat SR SHol A 7hpe] 7]
SRS W A= -8t 7 s Itk Bayram et al,,

2004; Behere et al., 1992; Bhatti et al. 2008)

A
5 1
Z]

(food preservative process)oﬂ W E 01% ldeh

™A b
AE Aol ARgEoISITE 53], AlERARE e B

i
(Salmonella spp., Camphylobacter jejuni, Escherichia
coli O157:H7, 7123 Listeria monocytogens )= SH4 4]
o7 A7 Gt el 7|<«o|th(Blois, 1958;
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Brower et al., 1970). 1980W FAO/IAEA/WHO 3-5
A7} 9193 (joint expert committee on the
wholesomeness of irradiated foods, JECFI)olAl+=
AR 7t ste] 2o 10 kGy ©f AR M=
Ao BB OJSIL} ok i el SAE o)

3l
oh=rhal A=A Autio et al., 1990). WA &

O 714

AR} Qo R 2 A e A (At A, A )l ‘IJr‘j/}
A o] go] 7hsslth= ZlolthGEE 1. 53], Hutile] 7

Q=5} E_L]-Eﬂ S Hfelo i Al u]/\H S AAIGH| M_;L
Al 4= lek ubA Ata k= 1) DNA (deoxyribo
nucleic ac1d)e Ao J}q/\]zj_ ¢ ol A7}
(direct effect)2} 2) HIAFAof] o]at £ Hf‘n A g o)zt
1} o] 20| DNA #Hjo]] Joks 5= {HdaKindirect

effect) & ©]50] ZItiSanderson et al., 1997).
HARS: HAMY SRl R o dTh, A
B}) Y o(Fh Al Lfefw 7] AA O A= XA, AL
L7104 L= AR, RO A F/IARA
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Inhibition of sprouting 0.05-0.15
Delay ripening of various fruits 0.20-0.50
Insect disinfestation 0.20-1.00
Elimination of various parasites 0.03-6.00
isggfj v by rechucion of 0.50-5.00
Elimination of non-sporing pathogens 3.00-10.0
Bacterial sterilization Up to 50.0
So] glt}. o1 % XAl ZHle: v 9 e Zrhuigol
1258 o RIE 2H Hxp|sfol}, Zhube Erteo] 7}
A ARES b 2R A=t Aefe 4= qlon, KRt
Ke ghubslol] vls) ko] ofs) B4 91k Alglo]
o Aot At o= AlE Bl Ao 52 EofollA
UK ARG QLo X—Ale- XIekgof ARGEICE whehA
MR Zhe] A W olRAtedol N EEIT ol Wl g
tupio] oF 80% o, ARl 20% nIukES ARARI

—~

Byun et al., 1997; Byun et al., 2003; Thayer, 1994).
AREZAL 7)ot B4 WA o UAIE T2AM] AR
off QYA B AIA AL, AL, A S Ankg A
= 7)okl & 4= QItWebb and Lang, 1987). SA,
T A7 7HFAO/WHO/TAEA) 2t Codex =441

¥ 2. 2ol zio

T4 SIHBJA AlEzAtel o] 8-E = QUTkaL Wl WA
b, AR 2 X -Alole), 2 PCo B9 amollA]

= Aol AR k7oA WA E= 10 MeV o8}
AR B 7IA A 0 & HAER= 5 MeV o8] X—A4lo]
AREZAL o8 4= QltHAutio et al., 1990: Byun et
al., 2003; Schreiber et al., 1994), A&l thgh -ARA
AR A oA, el 9 7185, sliee] ARE,
Y nES Aol St ikt H41E 7L A

o my rlo
N

~

4
WA Hefsts Flolet, ARES] oblu FAS ALY
o MR A BT} 1RAE ol ofa S &
He WA 97 POR dhFEeighor), gHom:
WPAP AR A1) QP =REO R 11 Abgo) Aghel i 9)
o, el 22 0] G ST A SR Sk

AstolA] oldo} MM 2AMAIES) QbaAS Q1ds)aL
o]

Al ZAPLE 8171 0] QIALIAEA, 2006), 8 AR ZA} U]
AR AR, ARAAR, SR solth wdielA=

267) Aol chol A AR B7F5t SIeE 2).

FAZ=AL SI7IME

<0.15 Potato, Onion, Garlic Control germination 1987. 10. 16
<0.25 Chestnut Control germination 1987. 10. 16
<1.00 Fresh or dried mushroom Decontamination 1987. 10. 16
<5.00 Egg powder, cereds, legumes, starch Decontamination 1991. 12. 13
Dried meat and the powder of fish & shellfish as ingredi-
ent of food product, soybean paste powder, red pepper paste
<7.00 powder, soy sauce powder, dried vegetables as ingredient of ~ Decontamination 1995. 05. 19
food products, yeast & enzyme food, algae food, aloe pow-
der, ginseng (including red ginseng) food
10,00 Dried spice & itsinferior article, composite seasoning prod- Decontamination 2004. 05. 24

ucts, sauces, leaching tea, powdered tea, sterile meas
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T 3. TAKE AIZo|| CfEF &olubH (CODEX STAN 231-2001, Rev.1 2003)

Gas chromatographic analysis of

i i . 1)
Food containing fat EN1784:1996 hydrocarbons Type II
Gas chromatographic/
Food containing fat EN1785:1996 spectrophotometric analysis of Type 1?
2/akycyclobutanones
Food containing bone EN1786:1996 ESR spectroscopy Type I
Food containing cellulose EN1787:2000 ESR spectroscopy Type 1
Detection of Food containing silicate minerals EN1788:2001 Thermoluminescence Type 11
Irrediated food Food containing silicate minerals EN13751:2002 Photostimulated |uminescence Type I
Food containing crystalline sugar EN13708:2001 ESR spectroscopy Type 1
Direct Epifluorescent Filter
. . EN13783:2001 Technique/Aerobic Plate
Herbs, spices and raw minced meat v\ “13700002)  Count (DEFT/APC) Type I
(screening method)
Food containing DNA EN13784:2001 DNV Comet assy Type I

(screening method)

YType Ii: reference methods; ®Type IIi: alternate approved methods.

2131 2004 52} 7 ;;] 267H *‘eﬁu E@*d_%k %i b
AL S1EE I feueke] Hupd AR ES TRl
o}7]4x(1987) 1} Aok L8l E|(2002) 9] 2717} YA o R
7FEEo] AR S7HAES A AdAkstal Qv (Kwon,
2010). gk, 2012 0ll= Al2eAbA] 2ol AMgSh= AE
og Z%x}k] Z/\].xia] HRI ] iﬁ]—o]_of] OU1 E;ﬁl/daolz H X
A & AR g s 22 ARkE 505 SHsIolE
i, T, A, A 5] S AR AL B ARk
AAIIACHKFDA, 2012).
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Hof gl WALA 2A} 3RA] 2} 5t 2 I
/\]-*E);qu 7]’\%4 EJHPiE] :/_a] 71 ZF A]%
o] gl %49} AEARE BR8]
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A E(1990-1994) ol A= theFet &
t}, o]o]l {1713} Codex $19I3]=
oAl ESRH%) Q.3¥;H 2 A
Hydrocarbon¥ S41H 2—-ACB #41%) Z12|a1 Al=sh4
ol EAM(DNA comet assay ¥ DEFT/APCH)S
Codex ¥+ FAIR 0 &2 Zelsal QIth(3E 3).
oo} 1A WA AL Al55ol et 2RI

(EU)& S4 & At Aol =3 24l 7)o ] 9o
AL Qlek, =2 S0l 2004 AN E 20060
A AREOIOREIA AFIFAIQl AR AT ME"‘] <t
ol iR okl 9 ol AE S, mEE A WES

HIES 2(KFDA, 2004-2006) 2007H TL (thermo—
luminescence, @) 2 PSL (photo stimulated
BAERE) o] AAE ST, T1ear
2008¢ &= o] &= ESR (electron spin resonance
spectroscopy, A HR]) W GC-MSHo] A
Al BRol o2 JAIEICHKFDA, 2007; KFDA,
2008). 712131 2010\ A7 2k 7AA @A) E9IAd

luminescence,



HFH O & A} QIEtHKEFDA, 2013).

i Al ol ARSERE AR SRl
PSL, TL, ESR ¥ GC-MS $of| tigt 4272} 3-8 dfa]
=5kt gt

21, EX=EE (Photostimulated Luminescence,
PSL)

PSL W& Egaie] AFol Awotes
(quartz, feldspar, silicate, carbonate 5)2] -y
S o] 8= ot Alberti et al., 2007; Autio et
al., 1990, Bhatti et al., 2008; Bortolin et al.,
2007; Carmichael and Sanderson, 2000; Clark and
Sanderson, 1994; EN 13751, 2002; EN 1788,
2001; Khan et al., 2002; Kwon et al., 2002;
Pinnioja et al., 1993; Sanderson et al., 1997). =,
7 Vdto] A el ErolluAfgtell Sfsl] Ake] ofjf 4]
e s P B K e e A A A B e = L P KT
A= s Aol 1A Hiok, ols Ak A RIS
o] YAl ubge Foll 2 A AR oflq 4] AJE7L 7]
A2 EAA S o R] 9] Y light emission &
o] WYEICH L™, 1),

PSLH 2 AEo] thgh 2ARGS] Ay HAo

2 28 53tk (Sanderson et al., 1998), L o]-f= 7

7]

ox

Am A

] Excite state

Qi _
Electron Light 4
—y e Energy

Trap Optical

stimulation
3
@
Electron hole Ground state Recombination

<72l 1> PSL £AM2iz|.

e[l

Placing In petridish

PSL measurement

Evaluation

Intermediate
Between T00--5,000cpm

Positive .
Above 5,000 cpm C

Negative
Beow 700 cpm

<J2! 2> PSL EA717|(A), 2MEAKB) R HET[F(C).

2)(LEh 7 EsHA] (har EAAtO] 1RO R - wE
FolcH (19, 2 B). PSL Afo] st oy 18 <t
2% SR A7 7000151 75 2ARER] ok 7
= 3kl 50000140 2AbE AOR gich qhef
700-5,000 Ato]o] =22 ER1E 9= FARH O = 7t
gl (T1. 20), oF Al tisliAl= TLHH 5o = A
SRIsHA| ek,

PSLAS] 7)-9- F7]210] sgto] 22 AlE (/5§
ik 5)2 AR 2A E| Sl ek Bl 2AKT700 cpm ©]
shE TdE 4= QloHE TRl AFo] Bashtal B

WEQICHEN13751, 2002). %3t crystalf7h 2514

N
=)
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lo 1o
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L R RENE L O R LR

7Kgl sl PSL 4307} kot 4 4= Gl Sh 2L A%

SRR, S, 3 AP A, B/, v, st

479] 352 57122 73 9l @A) ohsl PSL 92
=

A8tk A oS AAlEC] 2AF e 2700
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2-2. L2 (Thermo—luminescence, TL)

TL §-2 PSL W} v A 2 A 3349, 44 5)
o] A 2jlo]| o] 8Ert TL W2 2%0 452 53l
ga el 7 Qe xR o U7} 7Hde] sl 714
Bis g uff 9 oUA|7} A = lelE o8kt
el == off | A] ke whd=iAl iR yepdthTL

Zo]

A-5-oll=150-250°C ol 4] Eg=t
Al (glow curve) | 2k A
|
A

©.
Bl Solda g 19 54+

A TL Seolide 7] wzoll A xzAH(re-
1,

O i

1rrad1at1on)§

(:la 4B) AVPO] o] A Q | 2|uk ZARGLO] glo)
PSLH X} AJgsiey, o]efglt olf+=
HAL] 9HeF 5 g) Hoh o100 g 1%94 HAPF Aol AF
B A 1P Fol A0l o 8 e S S

] 918 4= 91| whzolck, SHARE A ol (R, Ffeiey
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Temperature ('}

Temperature {'C)

=M A HIZAR | B AR AR Cr ZAKL) H AH(E) =ARE(2) S A

[ wholesample/D.W. ||
|[ MIiner al separation l]
|| Sodtum polytungstate (2 g/mL) || B

[ =& NEHOHtreatment ||

[ Fixing the mineral on disc |

|I TL measurement ]l
Below 0.1 = Non-irradiated sample c
Above 0.1 @ Irradiated sample

<J2l 4> TL EAI7|(A), BMERKB) 2 HUAES| BAHTIF(C).
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LH*—J U AE-2- Fm o] 1] 7heT

@)
[
=
<
(D
5
1o
i)
N
~
O
n
U
=
o
ol
ol
N
=3
Mo
=2
el
et
by
1o
N
r ~|

l AOH ﬁEXM A # it} el HleE A o7 2AMY
w7F e SfE= 9ol F1A skl w4
747\}01 3 ARARe] st ofgh Avate| 7} UeRd 4

(Kim et al., 2011; Ahn et al., 2013), u}2bA TL
E'_,jol ZARGELY] 7] H(defining method)o] ¥7] $J3H
A 5714 o4 WA 9 el F7)d o) 54

of w2 TL g4 Ho} Sof w3t dlojg 4o 2

[35},
2-3. MXIAZIZHH (Electron Spin Resonance,
ESR)
ESR ¥& W AMEz o~ 4 AZY SHerystalline

sugar)y TR Al Soll FESh= WA AR 871 A}
Frefe A (free radical) < wdeHA 02 s O R
A, Aol efstel A7t wvERt 3 WEshE oflu A9 A
ol5 SAsto] WA AP FF-E WSk WReoltt
(Bayram and Delincée, 2004: Bustos et al.,
1996; Desrosiers, 1996; Goodman et al., 1994; Goulas
et al., 2008; Gray and Stevenson, 1989; Desrosiers
and Simic, 1988; EN1786, 1996; EN1787, 2000). =,
LA 24 ol Q= RS Al A2 FASHA =
g SAAEAA she] WA= AR (spin
quantum number) Ms = —1/2& 7FAH, 2 F|=o] Al
= URE A= Ms = 1/25 2801 ol eijt AAkEo] A= e

o[ =H ESR AHEE A& 4= gltt, AN A5
of olal] A& o F AT} FUAE oAl =& o]FA] o
[}

= x{;(},J /:1 o /\\_1 o
= oAl e] WA o8 Frof x| Hr, 7} AT oA o] ¥
A2 HAY] FAl(gram), F9(mL), Aol (mm)d &= l
FA] ¢F2 223 o] ve|sHA| Fok Line position®] 7

o= g7 &AL 143} microwave frequency 2] H]E/\i
signal®] a3k gh ol oJs AHAA ==, gik
Ap7|EHlE ] vleste] %= 7—%:5‘31:—& HEIER RS T
Ol&lj4] unbond electron®] 41?1 2.0023192 K& 5%
A €I}, 3, line splitting o A& o) FA] 9k Az} €]
A7 shol| 024 o |4 £2919] 7t Eolur] uf
woll YETh &, e ofFA] 9 AAF Ftol A7)
(magnetic nucleus: e.g. proton, H)©] QA =4,
Apo] Ap7 | W EL= O] A7 HHIE wigfo] Ofsl ok

Ol

T

Al Floh, ZARSTE T oA AR R @ A2 B3} AlZo] 2
AR A9 Bl g o) 91Tt @ 2o g o] 1)
76,0 mTe] 2RSS vepdeh g, 5 A), 248 o

2 SRSt AR A= oA R (multi component)
ESR AlzLdo] U WA AR A 02 sdRhek( L

2. 5 B). 1AL WS oSt ARl A slo] = AloflEle]
E(hydroxyapatite, [Caio(PO1)s(OH)2])e4<] 2]
Zo] oJst g FFol 2.001-2.003 (g1} 1.997-1.999

(@31 ¥l Aldo] b Ak A0 FgRIniL
2.50).
S Al A8

Eae *j:%ﬂ/l% Bian ’EE} ‘%(JJr/\EVl
L 1), A 2
v, A e W B HEGS, ETT 1%
S)oll 83kt ESR W2 A& oFo] AAF ARE-E (e}
150 mg/3)), H-A41427} 7hckslch= o) d(21d. 6 B)1} Al
3 Auko] JAXS Ack s 2Ajo] of3) ke e}
e H=71s 7IRH6e7HE ofH)o] Aftks @3l Al o
eF oA A A7k Yl 2 Tejar Axrleo] wet

efejzo] o] ol 4 lr,
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40kGy -
2y, 60KG e
M ! ’
B
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v
GUSmlesla \ o Loos
POmTesla
<J2! 5> HIAKM ZAL M ESR AHER] (A; ME2QA B; ZH o, C; ).
idyF, 2- = Sol AAE T BEA
ESR sumpletube acid+r, 2 a1ky1cycl_oloutanonejT ool A/dHh WA
T od.=Smm A 2AMRO] StotA] gl o] o]-8-5)= radiolytic 15}

Ld =< mm

. =

Freeze drying (24 h)

<J2l 6> ESR 2M7|7|(A), 2MEB).

-4 7|M I 2otEd =z ZHZFE M (Gas
chromatography mass spectrometry)
Alsgoll FhirElo] Sl AERS: a1 of|ufR| 9] WAL S| &
s Alo] o] Agto] FFof H} gAlol Aks
Ak}, Eo 9 Al -2 wkg-o] o] A|AL o) F Fff o
AR 2o EEe] AAEE. |
triglycerides= WARA ZAFe] 23] CO2, CO, He,

alkaner, alkene¥r, alkynetr, ester+, aldehyder,

r
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¢! hydrocarbon#+2] ¥4 == tha3k 2t} 5,
palmitic acid, stearic acid, oleic acid, linoleic
acid 59| ofe] 7FA] AMAF A4S Ve A A
o HhARA ZAMA S W], triglycerideH] carbonyl
group®] agtae} fetax Q12|04 ZAgto] FFofA o] ]
whAE Bt Bkag=7} 17 212 Co-1 hydrocarbont, B
7F 270 A OoRA A B ga9)Xlof] A= oS A 7t
A= Cu-2 hydrocarboniw7F A8/JElct. olefqh A4k Hal
gjelof 9]5}lo] palmitic acid=24-E] pentadecane
(C15:0)2 1-tetradecene (Cun), stearic acid=245-E
heptadecane (Ci7:0)2} 1-hexadecene (Cis:1), oleic acid
2 5¥| 8-heptadecene (Ci7:)3} 1, 7-hexadecadiene (Cis:2),
linoleic acid2*E| 6,9-heptadecadiene (Ci7:2)3}
1,7,10-hexadecatriene (Cie:s) ] AHJEHCH TR, 7).

HEARA] Z2ALOf| o8] -2 %] hydrocarboni2] A4 2 A
A T1E. 8 BollAloF A2 AAtE Ky,

U TS A2 AR A7 2 7HA] O]
ERolras (Cn—1 B3lae) Cn—2:1) 71 A sl =g 052
A=A AN 2ARE TS, Al 50 B

8—heptadecene (Ci71), 1,7-hexadecadiene (Cis:2)©]
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H,C—0 CH; ——(CHg)y——CHg
ch o) I CH, (CHz)y ——CH,
H,C—O L CH, (CHz);——CH,

a = C,-1 hydrocarbon = Cs-2 hydrocarbon

<2 7> 2ARM ZAL)| 2l X[ ERISEIMZIE) 2
hydrocarbon& AdARIE|.

EAshA, o] 79 1,7 hexadecadiene (Cis:2)©] <=
5 =]

GO-MSH Aol ‘sg% a% A48 7%0}0% A

|| whole sample/ n-hexane ||
(( Homogenization ]
(| Lipid extraction |
|| Forisil column chromatograph || B

[ Evaporation (335 mbar) ]l

| GCY/MS Analysis |

ﬂ Identification ]I

T2l 8> GCIMS 2A17(7|(A), SEAERKB).

Oleic acid ((M1g.1)

s “*,

x“"j IH"'-;
\NANAANNYN ANNAANAN
S—heptadgcene L.”-hexadecadiene
(Crz0) (Che2)

<21 9> HIAM ZEAlO]| of5l AHMEl oleic acid2| hydrocarbon&.

Gleh ¥1% <o) ZAet 2
Zo|EjehE vlaket ¢1s} Eahel s Batn| Al E ol 4

§517] oletgol gk

U] 9= Al Tt 5 AlERRRAREl gheliA] A8
3 STk, GC-MSH E3E AAof whef A==
hydrocarboni+9] tl|o]efso] A G-zt ZF2re] A /AdulE 5

of| tht W -7} ool Aok thefet AlFol| tisto] Kt

WS ZAGEE Pkt 4= QS Aol

Ly 1=
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