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Abstract

Hydrocarbons in soybeans were analyzed to determine whether the hydrocarbons can be applied for detecting
post-irradiation of soybeans. Yellow and green soybeans were irradiated at 0.5, 1, 3, and 6 kGy. Fats were ex-
tracted with hexane and then hydrocarbons were separated from the fat through Florisil column. The hy-
drocarbons were analyzed with GC. Hydrocarbons 17:2, 16:3, 17:1, and 16:2 were detected in the samples
irradiated at 0.5 kGy or higher, but not in the unirradiated ones. The detection levels of hydrocarbons increased
with the dose of the irradiation. When unirradiated or irradiated soybeans were roasted or boiled, these hy-
drocarbons were detected in the samples irradiated at 1 kGy or higher, but not in the unirradiated ones. A blind
test confirmed that the hydrocarbon determining method could detect the soybeans irradiated at 1 kGy.
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Florisil column chromatography

Teflon stopcock”} 24 #-2] column (2.3 cm id.)el)
nylon membrane filter (0.2 um; Whatman International
Ltd., Maidstone, England)yZ- #} %3} 3 hexane 22 |
£ % 20g¢] Florisite 2215hdeh oF 1g2) 2ol
of 8 ug n-eicosane (20:0) internal standard 2 7}
8}od 1 mL hexaneol] = columnel] 7}3}1. hexane-$
7}ated ¢F 3 mL/min %2 60 mLE %o}l 1 mL iso-
octane-S H7}8F & A4 E AlLsie] YLEo] oF 5
mLE w72 A7} o] £-90-8 nylon membrane
filter (0.2 um; Whatman International Ltd.)5 #x|3}
13 mm syringe holder (Nucleopore Corp., Pleasanton,
CA)l] 475 Luer-lock syringe& £3}x)7] ¥, ojol-g-
A g AHEste] AlA 05 mLr} = 25 slodch

GC 24

+-2]%t hydrocarbonf+= flame-ionization detector2}
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E Alg-3te] #443}oict. Columne DB-5 (30 m, 0.25
mm i.d., 0.25 um film; J&W Scientific, Folsom, CA)&- A}
8-3}¢] © | carrier gas+= helium-& A}8-3}4ic}. Injector
9} detectore] 2% Z+7} 200°C8} 250°CE 3hg3ct.
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A8 2uLE F9lsled.en, Z7dl= splitlessZ 3}
o1 2% ¥5lE  splite. g 3}l Hydrocarbon$F
2] 7} peaky= standard®] relative retention time-S 7|5
o 235 B3R A ell= GOMSE #lssirt.
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Fig. 1. GC chromatograms of hydrocarbons detected in
yellow soybeans. (A) unirradiated; (B) 1 kGy; (C) 6 kGy.
(1) 14:1; (2) 14:0; (3) 15:0; (4) 16:3; (5) 16:2; (6) 16:1; (7)
16:0; (8) 17:3()); (9) 17:2; (10) 17:1; (11) 17:0; (12) 20:0
(internal standard).

2¢] hydrocarbonF- 519

7oz Algsle] E3} hydrocarbond A FAL o
B ARE 93 markerg A3 e dEvky 2
o}, 14: 1% vl 2} A BellA] 7184 AEE7]E 3
A AgodE A8 AEH7] wfFel marker®
28k dlell e F47) ek 2ot

5o &% A7) 2 hydrocarbonf-oll o3t
o] A A g% X8 w4 Wbl ZARRE A]
g9} vEAL A B2kl 2po]7} v &) viepton, £
Abeko] =7}l ulel F R hydrocarbon 7] &aFo] wf
o =maislA ZobsldchFig. 2, 3). 22 Al
linoleic acid7} 7}AF Wo] &H-5le Q7] wol «lAk
gl nlo} 7ro] ukalal ZA} A Zoll4] 17:29) 16:3¢]
74k wko] AEENUL, th 22 oleic acidellA] 2
&= 17:13 16:27F ol ZE= et ol& 4719
hydrocarbon -+ Agke]7] 3hut 0.5 kGy A Aol
A= FEEU =4 o)

o]-% hydrocarbonfF+

micro—g/g fat

Dose (kGy)

Fig. 2. Prominent hydrocarbons detected in irradiated
yellow soybeans.
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Fig. 3. Prominent hydrocarbons detected in irradiated
green soybeans.
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Blind test

AT A AR S F g s AEsled
H|FA} Al 59} 1kGy AR A1 8ol S Fofsle
3la, Aol 214 Zedgt 2152 hydrocarbonTh-g
A3, 1 AR ZRE dFe] A Al o2 E
a5 9l =2 HEg A7, Table 20l vehd v}
o] vl ZA} A8 FA} A8 E 100% A &35}
W 5 Ak P4 A AR Bl 7]
marker 2 A )&} hydrocarbon 17:2, 16:3, 17:1, 16:
2 HZAF A Bl e A EEA] 92 R, 1kGy =

2o oA
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Table 1. Hydrocarbons detected in roasted and boiled soybeans following irradiation”

Yellow soybeans

Hydrocarbons .
Untreated Roasted Boiled
(ng/e fat) ntreate oaste i
0kGy 1kGy 6 kGy 0kGy 1kGy 6 kGy 0kGy 1kGy 6 kGy
1 0 0.61 3.28 0 0.62 2.39 0 0.43 1.86
’ 007y (0.46) ©12)  (0.18) ©05)  (0.14)
6o 0 0.95 4.04 0 0.84 3.19 0 0.83 2.35
©07)  (0.76) ©10)  (0.27) ©17) (029
, 118 5.26 0.99 3.73 0.91 3.00
17:2 0 ©21)  (0.81) 0 ©018) (029 0 ©21) (016
, 1.43 6.69 147 4.09 1.10 3.15
16:3 0 ©13)  (0.91) 0 022 (036 0 ©15  (0.38)
Green soybeans
Hydrocarbons -
Untreated Roasted Boiled
(ug/g fat) ntreate: Oaste: O HC!
0kGy 1kGy 6 kGy 0kGy 1kGy 6 kGy 0kGy 1kGy 6 kGy
1 0 0.31 2.11 o 0.24 1.19 o 0.30 138
©05)  (0.35) ©08)  (0.11) ©08)  (024)
612 0 0.50 2.44 0 0.38 133 0 0.37 161
©.09)  (0.68) 010)  (0.13) 015)  (0.35)
, 0.82 431 0.59 2.52 0.67 3.13
17:2 0 ©17)  (1.10) 0 014 @11 0 ©08)  (0.53)
163 o 0.98 4.67 0 0.64 2.53 0 0.76 3.06
' ©.16)  (148) 020 (021 011)  (052)

Ymean (standard deviation) of duplicate.
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Table 2. Blind tests of nnirradiated and irradiated soybeans

Sample Number Hydrocarbons (he/e fa1) Judgement Actual
14:0 14:1 15:0 16:0 16:1 16:2 16:3 17:0 17:1 17: treatment
192 220 056 124 027 024 129 1.73 - 0.77 1.27 irradiated irradiated
252 0.69 019 052 010 010 051 068 011 029 054 irradiated irradiated
582 178 055 130 025 019 119 169 021 067 136 irradiated irradiated

669 0.88 - 0.30 - - - - - - - unirrad. unirrad.
Yellow 600 126 035 087 0.16 - 072 1.02 - 040 0.67 irradiated irradiated
soybeans 742 0.66 031 0.10 - - - - - - unirrad. unirrad.
815 0.75 - 0.23 0.13 - - - - - - unirrad. unirrad.

967 0.44 - 0.65 0.08 - - - 0.05 - - unirrad. unirrad.
053 110 025 085 020 0.12 076 098 014 046 083 irradiated irradiated

100  3.60 - 1.04 0.33 - - - 0.15 - - unirrad. unirrad.

394 251 - 1.31 047 - - - - - - unirrad. unirrad.

215 131 - 0.49 - - - - 0.12 - - unirrad. unirrad.
798 039 021 019 0.14 - 044 086 011 033 0.74 irradiated irradiated

046 145 - 0.88 0.33 - - - - - - unirrad. unirrad.

Green 602 0.40 - 0.09 0.14 - - - - - - unirrad. unirrad.
soybeans 818 036 023 022 0.13 - 0.56 1.05 - 0.39 0.85 irradiated irradiated
179 131 026 060 0.20 - 0.51 092 - 035 071 irradiated irradiated
406 042 022 023 014 008 039 081 - 0.27 0.64 irradiated irradiated
691 079 031 049 0.13 - 043 086 012 029 0.68 irradiated irradiated

792 0.39 - 0.10 0.16 - - - - - - unirrad. unirrad.

2] A7|7k A& 4 upE 23 Y Y E2
AL 217) 93ted 2e|sh= 313 A 2 AEA
o] AHE FAIZE FAH o2 HE T olr] dEe] =
A 7FAA oA 2 B5E HAsT e A
ZAbol] #A)S ZHA| " Aolch weba] whA ZARE
el wE whH & 2Risle] AwmAtEe] AHsa
A NF7t G A A HYEA 2v| Al A AT
3 g7t o} S gAkA ZARR 1KGy o)
b zA1EE Ao 2 gots|v, 1kGy o] AR
AR % A8l = 71EEA] % hydrocarbon
17:2,16:3, 17:1, 16:2 So] 5 ZHE 5] o]
L A 2A) Ao 347 49l AoE A}
#7¥}

® ¢
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24} % A o) BEsA shaleh Y W =
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ane® 2 A|u}-S 223}3 Florisil column 2 283t
hydrocarbon{-5 GCE ARg-3}e] #4313t} Hydro-
carbon 17:2, 16:3, 17:1, 16:2 52 | ZA} )5
Ae AEHA gk odt, 0.5 kGy o1 AR A Rl
Ae AEEdey, w3 2] Fistel et

oy
)

-

AEGr Z7tslsdch vlEA dFE FAY &8 7
$-o & o]213}F hydrocarbonF= 7 &5 %] e¥gkont, 1
kGy o]4 =ARj}E difllx+ &=}, Hydrocar-
bonf 71 &l 213t 1kGy o4 AR dF2] Wbl
ZAb o3 s 715Ad 2 blind testol] 2)3}ed & shal
=it

2 2

o] & HAEXY gAY
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FAbel 23 FA LA AT AN ET
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