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28715t hydrocarbons® €] Xﬁ%
&3} ot FE2819] A EY & = mrelARSolE
goz WA A4 kGy)E 5}&1
hydrocarbons 2ol gt Az x1& FHAIstux sigth. AS5H diFY HF F=EZH9A=
extraction time 1.3-3.2%, microwave power 61-133 W& Ue}1, d=H HYA dodS 44
st S|4 st HAZES &S W g2 microwave power®} extraction time©] 2tz 97
Wit 2.2 Hog sholHQict,

UARAZRAL o7FA R0l dishA AAHe £4dae] e fEo] A&EAo] 8= AgelA
hydrocarbons@ A &-go] 7}5¢t 55 422 MAE (micarowave-—assisted extraction) F&HS
AgSttd, AT d9 FE2AA(12-24A17h0 T2 BAXEE Eolal &34 o] 7t
T Aow ot

FAo] © mfola=zw}, =&, Wi, hydrocarbons, HAFA

Abstract : Microwave—assisted extraction (MAE), which is known as less time and less solvent
than current extraction methods, was applied to hydrocarbons extraction from irradiated soybean.
Among the transported agricultural products, soybean was selected as representative samples for
possible application of irradiated treatment and identification of radiation—induced markers. Using 4
kGy—irradiated soybean, different microwave extraction conditions (extraction time and microwave
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power) were applied and the changes in hydrocarbon concentrations were monitored. The predicted
optimum extracted condition for hydrocarbon analysis of soybean was found to be microwave

extraction with a microwave power of 97 W and extraction time of 2.2 min. This extraction time
was significantly lower compared to the common extraction time of 12—24hr.
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FAHES] Aol ZhEsbdel weEr FAlw e
St lou, =7 Aol FAES] SIS
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1A siSAFE /Rt o= UES
ZAPZIRE AL o E sfFe] A
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HIARA AR E (irradiated food)2 2 E
ARt AlA 57 AA=ollAl 23001 F&5ol 5717t H
o|[2], A=) AAof grA AR AR A
= Agsta UoH3]. FAA AH AEE 1Y
Sk A TEshr] fside AR ZARA
2 §5E WeetA wHT 4+ Sl HATEW
o] Hasiry. 5] tiF ¥ X
O] WA ZAto] R whEHy
4 e BeHE 24 go
oI5t hydrocarbonsH[4-16]2 &

Hydrocarbons2 Al&of -5
o 7|} wHpARAel sl o7 FR AR
542 (radiolytic  product)©] *}Véﬂtﬂ, a1 &
oA AR BojiHES] carbonyl groupollAl a B
20 pea 91219 Aol FolA e A
At &7t 170(Cn-1) A A, 27H Aod
A A A daiz]o] Mz olsAdel o)
AdHt, webA o] hydrocarbons2 AW
SrQ 5l AlZo] HIALA RAto]E Felof| &8
4 ?Jth8,10,11]. Hydrocarbons®] 42 =7
37 A Ao R -l FZ3A, florisil column
%3 hydrocarbons &3 W GC/MS
identification®® U= 4 SJt}. Hydrocarbons
E3491 florisil column chromatography
oo wE [718m, AZh HE Sl Higt &
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microwave, extraction, soybean, hydrocarbons, irradiation

extraction(SPE) W& 0|83t A7t 3=
QItH15,17,18]. &3
40 RS, $oFE Lk 15
Fo=z "dasty 71 FEATHI2-24 ATHE
Q7 3 E]E_E._ MAE(Microwave—assisted
extraction)®|Ht SFE(solid phase extraction) 4
HE AMSHATE. MAEE wteolazste] EAZE
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ol A AR ZAMAES] SR Eﬂﬁ
A o] AP Qi FAlolt ol =

W A S8 55 SR 1
Ade] FEo]  IFsd 5 W=
hydrocarbons AA 2| x719] 7S {g 7|24
TFE sk & AdS AAskh

2. Al =4

4 2 0
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z
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2.1. A3A s
2 Aol AMgE diFe BE AT A2 Al
B7tolA A, low density polyethylene

(LDP) bagel ®4sto] A1ge] AL-gshact.

2.2. e AL

T 4 kGyo] A%oz 60-Cobalt gamma
irradiator (100 kCi point source AECL, TR-79,
MDS Nordion International Co. Ltd., Ottawa,
ON, Canada)E ©]gste] ARt 44 AFE
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2.3. Microwave& ©]-&3% hydrocarbons
FEx HA3E A AEAE

AR 2AHA kGy)E HFE o885ty &
A2+ microwave power®] ©J2t hydrocarbons
HIE YRS RARAH[22]S o|gste] FEX4
S RYHISHTE T3S Table 13 Zo] 5HHA
£(X)2  extraction time(X;: 1-5 min)9}
microwave power(Xy: 0-160 W)E -2, -1, 0,
1, 29] 5THA2 R334, ol SHHSTE
AtAAIE meEt 1077te 2 AAstg o

Z4
W EZ40=3)ste] 1 BERS AFRA] A

23519, E3H microwaveS o]t
hydrocarbons®] F&27 FHA3E ol 24 v
Huo

BEWS superimposing PS 0 FEEE HE
HIAR &3t Egt o SH "o dod
= 7okl 2lAAo] didste] HAgkS AlSst

2 1
ol

Table 1. Central Composite Design by RSM

(Response  Surface  Methodology)
Computer Program for the
Optimization of Microwave

Extracting Conditions for 4 kGy
—irradiated Soybean

Extraction Microwave

Exp. No." time power
(min) (W)

1 4(1) 120(1)

2 4(1) 40(-1)
3 2(=1) 120(1)

4 2(-1) 40(-1)
5 3(0) 80(0)
6 3(0) 80(0)
7 5(2) 80(0)
8 1(-2) 80(0)
9 3(0) 160(2)
10 3(0) 0(-2)

Y The number of experimental conditions by
central composite design.

2.4. Hydrocarbons %4

P ZAF g% 9 Hydrocarbons B4 A 27 43 3

2.4.1. A B4

29 {219 hydrocarbons®EAw 5}
Zt Almo] AAE 245 EASHIHh miafE o
T 100 gofl sodium sulfate?} 4 HiEFS]
n—hexane(HPLC grade)& 7}sto] ZA|HS F&
(100 rpm, 12 hr)sto] Whatman paper(no.41)=Z
of7et & AAMEZ(20 min, 6,000 rpm) SFATE.
FZ5E rotary evaporator(EYELA, N-1000,
Rikakikai Co., LTD., Tokyo, Japan)Z 7%
%5kl Metcalf 5[23]19] ®Hol Fsto] boron
trifluoride/ methanol(14%)E 7}ste] fatty acid
methyl  esters(FAMEs)3}  st9itt.  FAMEsE=
flame ionization detector(FID)7} #2HH  gas
chromatographs AR&sto] EA5glom FA0
AHEEl A8 DB-FFAP 122-3232(30 m, 0.25

mm id., 025 wpm film; J&W Scientific,
Folsom, CA, USA)¥%. GC-FID zAL2

injection volume 1 pL, injector temp. 2407Co]
%13, column temp.= 150CoA 2 B FA%H
T 180C7HA] 5C/min £E2 %-23t0] 180T
A5 B7F A5 o2 240C7HA] 8C/min &%
2 £2ste] 295 EIF HASHALE  detector
temp.=  250CH, gas=  helium(l
mL/min)©] 1t}

carrier

2.4.2. Hydrocarbons 24

Hydrocarbons £42 EN 17841 &3}
AABFA[24], BAFHS ALREE,  florisil
column chromatography a GC/MS
identificatione 2t} Florisil(60-100 mesh,
Fisher Scientific, PA, USA)2 volatile organic
contaminantg  A|AsH]  fste]  5507CefA
overnightsto] HAAICIE oA A7l F 3%(w/w)
THRTE IR o 20 ®3F & 2@eke] 10-12
AIZE BT B A= ARSI B84
St florisil20 g2 teflon stopcocko] F2HH
glass column(200x23 mm)& n-hexaneZ A
2 5 FHAsHAt. F2H AP g, stored at
-180)ol W EFE424 1 mL n-eicosane(4
pg/mL  hexane)2 florisil column®]l 7Fste] 2
mL/min §&°22 60 mLE EZ5to] 2 mLE
&ot 3 AR 0.5 mL7MA] $E3e] GC/MS
£ o]&ste] EAlstinh

Hydrocarbons®] AFFEA o] AMEH GC/MSE]
42 6890 model gas chromatograph®}

Agilent 5793N mass selective detector(& A&
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staem, AlR9  jon¥}= electron impact
ionization(E) modeZ AA|5}4ct. AMgE AH
2 DB-5(30 mx0.32 mm id., 0.25 um, J&W
Scientific, Folsom, CA, USA)E A5},
ionization voltage®} ion source 2=+ 22t 70
eVel 250C At Hydrocarbons E4zx740=2 @
Bonl 60CoAA 170C7HA] 25C/min {22,
205C7HAE 2C/min £E2 $25HHY, oA
10C/min X2 270C7HA] 52 A1F . Injector
9} detector== ZH2F 250C .2, carrier gas
= FE(.0 mL/min)°ltt. EAARQ ubE
719l splitless mode(2 min)= sk, 1 39
split mode(1:10)2 3tict. Eejd ARo] 5t
ol FH|E BEFETO] retention time H| W}
Zt 139 mass spectrathx2A ERQIstITH
Standard hydrocarbon2  1-tetradecene(Cis:1),
pentadecane(Cis:o), 1-hexadecene (Cie:1),
1,7-hexadecadiene(Cis:2), heptadecane(Ciz:0) &
8-hepatdecene(Ci7:1)& Sigma Co.(Sigma
Aldrich, St. Louis, USA)2HE JUsle] Adof
AHSHAT

rr e

[*]

A= 9] hydrocarbons £4& sl WARAZAL
AP EZ] 2 ARZREEH AP 248 BN
= 5

o 16.5%°]%1 hydrocarbons®] RA|HPATo]
4 J= AHHAE 2 linoleic acid@} oleic acid
77V 56.2%8t 19.9%= 71 wo] &-8E9]

™ linolenic acid®} palmitic acid7} 71 o2
[ N S Bl A L) S e SR S

7.6%, ESIAEAEE 12.4%2 UEbdTh 59

, Lee 59 Hai[9]e] o5t thFHol &

Aat 280 A 9 S BE A9 Z

o it ot X HU o fo i
4o o

N
-
N

A4 2HHAte] oF 78%E EJFET QA E
shApsto] A A HARS] 13%, EIEIATARS
oF 87%5 247 AA|gitty Halste] B Ave
Z SdsE ot 3] iR EXxsot
E2 AFos AR ZAb o Ao R
B A4E F8 hydrocarbonsg A5 & &

ot
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Table 2. Comparison of Fatty Acid

Composition of Soybean (unit @ rel. %)
Sample Fatty acid
Fatty acid composition
Myristic acid (14:0) 0.1 + 0.00"
Palmitic acid (16:0) 9.5 + 0.05
Palmitoleic acid (16:1) 0.1 = 0.00
Heptadecanoic acid (17:0) 0.1 + 0.00
Stearic acid (18:0) 2.5 = 0.30
Oleic acid (18:1 cis) 19.9 + 0.09
Linoleic acid (18:2 cis) 56.2 = 0.23
Linolenic acid (18:3 n-3) 11.4 + 0.05
Arachidic acid (20:0) 0.2 = 0.00
Behenic acid (22:0) 0.0 = 0.00
TSFA? 12.4
TUSFA? 87.6

Y Mean + s.d. (n=2). ?Total saturated fatty
acid. PTotal unsaturated fatty acid.

3.2. Hydrocarbons #41 E4

AEo) sEle] Qe AEE oYz 7
Aol oJs ZHE 2R A Atolo] A
ZoldT  FAl AuidE Z2 kg,
carboxylic group®] AAEHA mA|HAtHCH B
A47F st 2 ZA(Ch-), IHA carboxylic
groupTt o]Zlef| AHT ©AIF A|AEHA W

1

N O

gao] o]FAdte] FAEHE A(Cia) T o
Z20] WAL BJAHE (radiolytic product)©] Al
AJ=ITH8,101.

oAl HEE F8 hydrocarbonsol Histo]
WA ZAF Alm@F BIZRAL Alm Zhofl 2po]7} o
5] YEhtom, ZARAFS] St we F8
hydrocarbons &0l wj¢ FElstA F71= %
H(Table 3). W& HZAMAE Ciso 2
Ci7:0°] AEEYOH Ciy e palmitic acid2 5 &
FrefiEu v ZARIAE FEEHSAT A 2
Aol oJ5le] AAEE= FQ  hydrocarbons© 2
Ciz2, Ciz:1, Cisz R Croo= T2 AN XA
o HAE I3t marker2 AFEE & QS A
oz di=nt ol4e Ait= Hwang 5(5,12)
T} Lee 5(9)¢] B4 9] hydrocarbons A0t
AT AR 23S YER
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Table 3. Hydrocarbons Detected in Non-irradiated and 4 kGy
—irradiated Soybean (unit : pxg/g oil)

Irradiation dose (kGy)

Hydrocarbon 0 1

1-Tetradecene (Cisx) 0.15+0.12" 0.41£0.05
Pentadecane (Cis:o) 0.22+0.01 1.77+0.16
1,7,10-Hexadecatriene (Cig:3) - 1.95+0.04
1,7-Hexadecadiene (Ci4:) -2 1.36+0.07
1-Hexadecene (Cig:1) - 1.27+0.14
6,9-Heptadecadiene (Ci7:) - 2.65+0.09
8-Heptadecene (Cy7:1) - 1.26+0.03
Heptadecane (Ci7:) 0.15£0.12 1.29+0.21

"Mean + s.d. (n=2). Not detected.

3.3. Microwave F=x9 & v+
hydrocarbons XU E| &

HiALAdo] ZAME 59 microwave FEX
of w2 x]9t7} hydrocarbons FFEFHste] gt
Ao} TS EH 3]7AlS Table 43} Table 5
g5 A

Uepf it

F2xd

\i

SHaFo.

= Sre aum

8.64-11.28%= ZZo we} Zolg KA 3]
A9l R 0.90028 5%°|e] frolszolA &
ool A= et ofnf Ayetge] A4 o
FHoR SARAS AARE A, FEAIRE 3.95
H, microwave power 100.48 W wff Ztizgt2

11.05%=2 <=9t Hydrocarbon Ciezoll ™

Table 4. Hydrocarbons Detected in Oil Extracted from 4 kGy-irradiated Soybean by MAE

Exp. . Hydrocarbons (zg/g oil)

No.' Oil (%) Cis:1 Cis:o Ci6:3 Cis:2 Cis:1 Ci7:22 Ci7:1 Ci7:0

1 10.95 0.36 1.18 1.47 1.38 0.94 2.04 1.47 1.35
+0.25 +£0.035 +£0.021 =+£0.113 =£0.057 =£0.014 =£0.064 =£0.141 =+0.035

) 10.41 0.42 1.36 1.80 1.07 0.91 2.47 1.58 1.60
+0.30 +£0.042 =£0.092 =+0.085 =+0.049 +0.064 =+0.106 +0.071 =+£0.035

3 10.22 0.38 1.25 1.96 1.12 1.22 2.89 1.31 1.78
+0.14 +£0.007 =£0.035 =+0.148 =+0.057 +0.099 =+0.417 #0.064 =+£0.212

4 9.74 0.37 1.29 1.28 1.10 0.91 2.05 1.37 1.26
+£0.35 £0.028 +£0.113 £0.156 =£0.057 =£0.156 =£0.064 =£0.156 =£0.163

5 9.95 0.44 1.31 1.90 1.32 1.10 2.71 1.24 1.53
+0.09 +£0.007 £0.092 +0.049 =+0.106 =+0.148 +0.028 +0.014 =+£0.240

6 10.16 0.38 1.97 2.01 1.21 1.05 2.59 1.27 1.47
+0.15 +£0.106 =+£0.156 =+0.035 =+0.042 =+0.134 =+0.156 =+0.057 =+£0.177

7 11.28 0.37 1.30 1.65 1.35 0.99 2.40 1.46 1.45
+0.33 £0.085 +£0.064 +£0.092 +£0.028 +£0.014 +£0.240 +£0.141 =+£0.156

8 9.69 0.53 1.53 1.34 1.21 0.84 2.13 1.32 1.41
+£0.27 £0.049 +£0.092 +£0.233 £0.057 £0.049 +£0.106 £0.092 +£0.198

9 10.24 0.22 1.00 1.50 1.04 0.93 2.05 1.65 1.29
+0.29 £0.064 =£0.085 =+0.014 =+0.042 +£0.092 +0.191 #£0.092 =+£0.127

10 8.64 0.24 1.19 1.08 1.18 0.81 2.09 1.42 1.33
+0.13 +£0.028 +0.163 +0.064 +£0.021 =£0.078 +0.177 £0.021 =£0.191

YThe number of experimental condition by central composite design.
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Table 5. Second Order Polynomials for Hydrocarbons Detected in Oil Extracted from
4 kGy-irradiated Soybean by MAE

Signifi

Response Second order polynomial equations R? —cance

Y1 = 8.741197-0.161837X1+0.027302X,+

Oil 0.158710X,°+0.000375X:X,-0.000123X,” 0.90020.0393
Cuer 7 T 0738, 000438 Xo-0.000075661, 0925300026
Cisn 7 0814332 0,000875%X,-0.00007365 04900 06177
SO v e o Nty O UL
Coa 10T (1):3??gégggigl%i%%%fsoi32{11;7%.2500023521X22 0.5606  0.5062
Ciet X 0 084304, 0.001750% Xo0.0000351 14 08722 00625
Cirs 177 ) 178404, 0.007938%,Xo.0.0000923425 0950200103
Cirt 1 6867157 0.000313,Xa+0.000041 740X, 08071 0.1326
e B s 0596 o
§ BAARE 1.08-2.01 pg/g MR F2274 e AEE AAHS AdiHolleH =&

o] wel Aol HYI(Table 4) 3)74]e] R%= Al7F 1.53 B2 microwave power 140.81 W<¢
0.975202 F940] 1% o9 FoFFolA o FHigt2 2.84 pg/mgE  ASEHAUTH(Table

A= ATHTable 5). d&H FHS HHL 6). Hydrocarbon Ciz:p0l tigh B2x719] F3F
2 oJu] HAF2 1.99 pg/glo2 FE2ZX7 222 2 microwave power®] 7Fg & 9FS @1 QL
2, 117 W o tfHth(Table 6). 270l digt om, I tFor JBIA] ks wa gl
FEFE FEAE D microwave powerof] B> t Zo=m yehgdtHTable 7)(p<0.01). $HH,
e Wty gl Aoz Yt om(pd0.01), 1 hydrocarbon Ci7:1oll tidt &]#1412] R*= 0.8071
% microwave power’} FEZXZ| 7PE 2 < 2 fFo4ol A=A gten oE
S FE AoE YegtH(Table 7). AME o hydrocarbons markerel] H|s] FE&xZo| oJgt
F9] microwave F&Zx719] w2 hydrocarbon AT o ZHJHTable 7).

Cie0ll WigF &2 1.04-1.38 pg/g, 3AAY

R*E= 0.560602 o4 e Woith o= 3.4. Microwave &zl &

AL FF-ol Al hydrocarbon Cignoll T hydrocarbons o5

of SAEAS AARE AR FEAIRE 393 &, THEE A os FEx1de Fest
microwave power 103.69 W & wj Zoizt2 of "M ZAFE H1F9] hydrocarbons W3S
1.337 pg/gl® AIEEHSlew FEx7e] gt HUE skt Lle it 2|t
A2 mr|stt radiation—induced hydrocarbons 8 o] tigt At

BAQl gkt 1 FAAE ehe] skelstet.
Av} 25270 e o5 WgwWsso] 3t
24 g2 weEne yehin geng,

Hydrocarbon — Cioll Wit  S4A3+=
2.05-2.80 pglg WA, FAAAY RE=
0950208 1%°IHe] FoaEolA FoA4dol 2l

Mo
1

BN
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Table 6. Predicted Levels of Different Extraction Conditions for the Maximum Responses
of Hydrocarbons Detected in oil MAE-extracted from 4 kGy-—irradiated Soybean

by the Ridge Analysis

2 Signifi
Response R cance X1 X Max. Morphology
il 0.9002  0.0393 3.95 100.48 11.05 Saddle
point
Cian 0.9253  0.0026 1.01 88.58 0.52 Saddle
point
Ciso 0.4900  0.6177 2.39 74.39 1.55 Max.
Cigs 09752  0.0026 2.22 117.00 1.99 Max.
Cig 0.5606  0.5062 3.93 103.69 1.33 Saddle
point
Cisi1 0.8722  0.0625 2.38 118.30 1.14 Max.
Ci7:2 0.9502  0.0103 1.53 140.81 2.84 Max.
Ci7:1 0.8071  0.1326 2.59 159.85 1.57 Min,
Ci7o 08596  0.0745 1.47 138.26 1.83 Saddle
point

Table 7. Regression Analysis for Regression Model of Variables in Hydrocarbons Detected in Oil
Extracted from 4 kGy-irradiated Soybean by MAE at Different Extraction Condition

- 1)
Extraction FRatio
condition Oil Cia: Cis:0 Cis:3 Cis:2 Cienn Ci722 Cira Cizo
Microwave g0 300 018 298977 095 528 190477 286 648"
power (W)
Bxaction ¢ 13 657 L1s 4gds™T 108 7727 23867 365 815
time (min)

Vsignificant at 10% level; ~ significant at 5% level; ~

71 % radiation—induced marker2 AF8E
t h drocarbon C1e 13, sz C172 ‘3—! C17:1 ‘?.
Hesd BF 23N 4 e FE224E
7] {5t ¥RSEHE superimposingote] XA
Q& d5ste] Btk

Microwave F&°f o3t tiF2] hydrocarbons
o] W3S @QI5te] hydrocarbon Ciss, Cie: 2,
Ciz ¥ Cimd ¥HeEHe FHHE=E FES

uE e oo %0

Fig. 1ol Uil

significant at 1% level.

, superimposingst®] o7

7 HSE Table 8o AASHA). A 29
FZA17E 1.3-3.28, microwave

61-133 W= YEtsiTh

Sl
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Fig. 1. Superimposed Response Surfaces for the
Maximized Levels for Hydrocarbons
Detected in Oil Extracted from 4
kGy-irradiated Soybean by MAE at
Different Extraction Conditions.

Table 8. Optimum Extraction Condition

Ranges of Response Variables by

Superimposing the Response Surfaces

for Hydrocarbons Detected in Oil

Extracted from 4 kGy-irradiated

Soybean by MAE

Extraction Range of optimum  Optimum
condition condition condition
Extractlf)n time 13 -39 22
(min)
Microwave power
61 - 133 97
(W)
4. 4 &

A o]l W2 AFel WA AT
aes H-87s7dol 7V
hydrocarbons® ¢ A2 FEFH& 7HAdsh
2y, FEAL B FE8ME €Y 4 2 |
A=zflolE FEHS A&t =4 ol
P Ee BAES AEY el 52 WFEE
oz HARA ZAH4 kGy)E she] uhola29)
olH FEX70| 23t hydrocarbons ¥sHe &Y
S

SHHE AdAFA o9

TR LA G

extraction time (1-5 min)¥} microwave
power(0-160 W)& 2|5t 104702 Lhiro]
A3l-g AASHE T, radiation—induced marker®
AH8E 4 9l hydrocarbon Cigs, Cis2, Cir:2
9 Cip HHHISES BT 33X & U= F
205 ¢71 fIske] ¥-EEH-S superimposing
Sto] HHRQE dSste] Bttt d5H R
2 ZFEWE  extraction time 1.3-3.2F,
microwave power 61-133 WZ uUebgy, o=
H HelolA AH-E HAgste] A st
of HAFE AScHdS o 2 microwave
power®} extraction time®] ZtzZt 97 Wit 2.2 &
ollrh. Aol e TAVIZARE ERIAAH O]
TA(2007. 4. 12)593, A98(2010. 1. D=
Q= Agez Ao 2AZd e g o
o] A&Agdo] Q3= AAolty, =] HARA
518 267 E5% hydrocarbonsBAIH A&
of s UFE Moz MARFEHES A8
QThH, AETAe] @ FEHA(12-244]

17+ &0l FE2F4 Ao
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