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Abstract

Hydrocarbons in dry soup base and its ingredients in instant noodle were analyzed to determine whether the
analysis of hydrocarbons is a potential method to detect post-irradiation of the soup base. Soup base
ingredients were irradiated individually, irradiated before mixing, or mixed after irradiation. Lipids were
extracted with hexane and hydrocarbons were separated from the lipids through Florisil column. The
hydrocarbons were analyzed with GC. Hydrocarbons C17:2, C16:3. C17:1, and C16:2 were detected in palm
oil, red pepper powder, and sesame seeds irradiated at 10 kGy. but not in unirradiated ones. C17:2, C16:3, C
17:1, and C16:2 were not detected in the soup base mixture of unirradiated ingredients. The four
hydrocarbons were detected in the soup base mixture using irradiated palm oil or sesame seeds. In the
mixture using irradiated red pepper powder, C17:2 and C16:3 were detected. When the soup mixture was
irradiated after mixing unirradiated ingredients, C17:2, C17:1, and C16:2 were detected in the sample
irradiated at 1 kGy, and C17:2, C16:3, C17:1, and C16:2 were in large amounts at 5 and 10 kGy.
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Table 1. The ratio of dry soup base mix ingredients and irradiated ingredient(s) in each mixture

. Ratio Mixtures
Ingredients
(%) Control  Mal-1 Mal-2 Mal-3 Mal-4 Mal-S Mal-6

Salt 53.82

MSG 16.15

Glucose 7.53

Soy sauce powder 5.38 *
Sugar 4.31

Palm oil 3.23 * *
Red pepper powder 2.15 * * *
Soybean paste powder 2.15 *
Onion powder 1.61 * * *
Garlic powder 1.08 *
Sesame seeds 1.08 * * *
Black pepper powder 0.54 *
Ginger powder 0.54 *
MP 0.22

GMP 0.22

Total 100

*Ingredient irradiated at 10 kGy before mixing; unmarked ones unirradiated
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Rikakikai Co., Ltd., Japan)?} #}2%l Eyela rotary va-
cuum evaporator (N-N; Tokyo Rikakikai Co., 1td., Japan)
£ AHg3to] 35°CollA] S-olE FPUAIA Auhg Al

Florisil column chromatography

Teflon stopcock?} #-2% 2] column (2.3 cm id,
30 cm high)oll nylon membrane filter (0.2 um; Whatman
International Lid., Maidstone, England)}& #}x]3}37
hexane .2 A& F 20 g®] Florisil & 34138} c}. oF
1 go| =dlel]l <F 8 g n-eicosane (20:0)2- internal
standard 2 A 7}8}lo] 1 mL hexaneol] = columnol]
7}8l 3 hexane-& 7Fsbed ¢F 3 mL/min $5 2 60 mLE
dlo} 1 mL iso-octane-S AH718F F A4S ARE3ie]
450 oF 5 mLE wi7kx] FHAFHCE o] &S
nylon membrane filter (0.2 pm; Whatman International
Ltd.)E- #]%} 13 mm syringe holder (Nucleopore Corp.,
Pleasanton, CA)oll <174 % Luer-lock syringes E3}A]
71 &, A4 & A2E A3 HAA 0.5 mLo}
£% s

GC 24

E-2]%} hydrocarbon{-+ flame-ionization detector$}
split injector7} AHEHE <38l GC 600D (38l7)~7], ¢t
ShYE Ahg3te] BA13t¢ith. Columnd DB-5 (30 m,
0.25 mm id., 0.25 um film; J&W Scientific, Folsom,
CAYE A-4-3}5] 2, carrier gas+ helium-$- AR&3141
t}. Injector®} detector®] &%= z}zh 200°Cel 250°C
2 3}gdrt. Oven &%+ SO°CollA] 28 A= F 10°C/
min2.2 130°C7}A], 7L ¥ 5°C/minl.& 200°C7}A] &
g 5E7F A F 25°C/mine & 250°CE 28 587t
A A ZHh B A8 2 uLE F9lstgoed, 27]
ol &= splitless 2 3}g] 51 2%0] F9l& o splite g 3}
9ic}. Hydrocarbon§-2] 7} peak+t= standard®} relative
retention time-S 7|28 slx B84 A=
GC/MSE Falatqic}. BE AL 33] uhialqic.
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Table 2. Hydrocarbons detected in unirradiated and irradiated palm oil, red pepper powder, and sesame seeds”
Hydrocarbons Palm oil Red pepper powder Sesame seeds
(ug/g fat) 0 kGy 10 kGy 0 kGy 10 kGy 0 kGy 10 kGy
14:1 0.20£0.07 12.80+2.76 NQ NQ 0.17+0.06 0.86+0.21
14:0 0.50+0.34 0.88+0.22 NQ NQ 0.12+0.05 0.17£0.03
15:0 0.01+0.01 NQ NQ NQ 0.18+£0.07 0.66+0.15
16:3 ND 0.95+0.21 ND 3.86+0.73 ND 3.33+0.65
16:2 ND 4.12+0.80 ND 1.30+0.11 ND 3.621+0.68
16:1 ND 0.95+0.19 0.11+0.04 0.32+0.02 ND 0.491+0.09
16:0 0.11+0.10 0.21+0.03 2.17+0.78 2.16+0.47 ND 0.0610.01
17:2 ND 1.14+0.21 ND 2.03+£0.33 ND 3.39+0.55
17:1 ND 2.04+0.35 ND 0.844-0.08 ND 2.994+0.47
17:0 ND 0.421+0.09 2.894-0.43 3.10+0.56 ND 0.44+0.07

"Mean = standard deviation of three measurements.
NQ: not quantifiable.
ND: not detected.
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Table 3. Hydrocarbons detected in dry soup base mixtures containing irradiated ingredient(s)"’

Hydrocarbons Sample”

(ng/g far) Control Mal-1 Mal-2 Mal-3 Mal-4 Mal-5 Mal-6
16:3 ND 087+037  0.36+038 ND 0.66+011  088+012  1.57+043
16:2 ND 2.87+1.06 ND ND 0.62+0.04  0.67+010  3.79+1.01
16:1 0.26+0.22 0824028  0.20+0.07 ND 0224000  0.17+003  0.81+023
16:0 0.62+0.19 0441007 0524016  032+008  045+001  0.38+005 0474012
17:2 ND 0.92+029  0.17+0.18 ND 0.58+0.04  0.65+0.16  1.65+0.43
17:1 ND 1.64+0.51 ND ND 0424002  047+0.10  2.03+0.52
17:0 0.47+0.08  0.64+0.15  055+0.18  024+005  043+006 0424014  0.65+0.16

YMean -+ standard deviation of three replicates.
“See Table 1.
ND: not detected.
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Table 4. Hydrocarbons detected in irradiated dry soup base mixture”

Hydrocarbons Irradiation dose (kGy)

(ng/g fat) 0 1 5 10
16:3 ND ND 0.821+0.19 1.511+0.29
16:2 ND 0.21+0.18 1.391+0.35 3.21:10.40
16:1 0.26+0.22 0.24£0.04 0.47+£0.09 0.8210.18
16:0 0.62+0.19 0.66+0.12 0.54+0.11 .59+ 0.08
17:2 ND 0.20+0.18 0.961+0.21 1.69+£0.45
17:1 ND 0.1740.08 0.7710.20 1.61+0.43
17:0 0.47+0.08 0.66+0.25 0.64+0.16 0.81+0.29

"Mean =+ standard deviation of three replicates
ND: not detected
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