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Abstract: This study was carried out to examine the authenticity discrimination of circulated vegetable oils
by using carbon isotope ratio (5'°C) and fatty acid composition. This analysis was applied to vegetable oils
which we can buy in Korean markets, and the analytical instrument was measured by using EA-IR/MS for
8'3C and GC/FID for fatty acid composition. 8'*C was separated into 3 groups as C; plant including sesame
oil, C4 plant including maize oil, and rice bran oil. Fatty acid composition was significantly different among
vegetable oils. In addition, the interval of low and high price vegetable oils was classified through the scatter
plot analysis showing the correlation of the 8'3C and fatty acid composition. Therefore, through a simultaneous
determination of the 8"°C and fatty acid composition, we are able to determine the majority of vegetable oils.
It help to ensure food safety in Korean market by exclusion of economically modified adulteration in food.
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Table 1. EA-IR/MS condition for the analysis of stable carbon

(Elemental analyzer (EA), Vario micro cube, Elementar,
Hanau, Germany)”} Z#¥ S92 A% £47)
(Isotope ratio mass spectrometer (IR-MS), Isoprime,
Cheadle, UK)S AH&-stlth. &4 PdE91da )
oF 50 g2 4 Pwol Yol AL
a2 7]e FYdat. o]+ 1150 °C

B4 Py E LU A v &) XS A% A 247
o] 7S 2 accelerating voltagei= 2F 3500 V, extraction
voltage'™= 75%AV ©] 3}, half plate differential (V)<}
Z-plate voltage(V) H I Z=E Hols X7, trap
currenti= 200~800 pA, electron volt= 70~100 eV,
ion repeller voltage= -2 ~-10 V, magnet current:= <F
4000 mACZ 3151 THTuble 1).

A AHEE 7hee 29 7IA2 dF(He), £
71A) = o] 2B EA(CO)E 5 99.999% o]l A
S AHEETh EFEE S SA) 438 7] (IAEA:
International Atomic Energy Agency)ollA 15E Ao

isotope ratio

Parameter Conditions
Oxidation tube 1150 °C
T ; Reduction tube 850 °C
emperature Absorption column 40 °C
TCD detector 60 °C
Mobile Phase Helium
Flow rate 200 mL/min
IR/MS
Parameter Conditions
Accelerating voltage (V) ~ 3500

Extraction voltage (%AV)
Half plate differential (V)
Z-plates voltage (V)

Trap current (pA)
Electron volts (eV)

Ion repeller voltage (V)
Magnet curren (mA)

Tune source eletronics

<75

Tuned for maximum sensitivity
Tuned for maximum sensitivity
200 to 800

70 to 100

-2 t0 -10

~ 4000

Reference gas

CO, (assay : >99.999%)
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= [AEA-CH-6 [(Sucrose:-10.449+0.033%ovpps, [AEA,
Vienna, Austriay AH&-33t}.

oY & 2¥ A vl S relative delta per mil (8%o)
S F$E sl HFEZ 2! Vienna Pee Dee Belemnite
(VPDB)9| M F ¢4 vl & gk A|89 AT
A¥ha v &S et o AlLAd o3t 4
3kt

_ (UC/IZC)Samp]e - (13C/]2C)VPDB

55C% = Feme) x 1000
PDB

23. A4 2N

A Epake] B AEFFH AV EAIEY F
NAAZeEZH A Y e} SH AT AR
25 mgs #8 FHO ALs| FHsta HREZEY
mLE 7}t o]o] 0.5 N WEE
FEY 1.5 mLE 78t A4S FX% & SA F
ZAE Wi &3t ©]E 100 °C heating block®l]
A oF 5¥7F 7k &, Wzhsted 14%  boron
trifluoride-methanol 8<% 2 mLE 7}3}al ofA] A&
g Bol¥2 §F A 542 €aL 98k 100 °C
oA 30 &2+ 73Tt ©]of 30~40 °CE Y7+t

45 | mLE 1A dag FRske] F
=

Stk 412 Agilent 6890 GC systems (Agilent
Technology, Santa Clara, CA, USA)S A}&3}%th
olw] GC ZZ(Table 2)-& SP-2560 (100 m x 025 mm
x 0.2 um; Supelco, St. Louis, MO, USA) ZHS A}
S35, Y 25E 100 °ClA 487 fA% &
3 °C/min®] H]& & 240 °C7HA] 255 FEA7L

Table 2. GC-FID conditions for the analysis of fatty acid

Parameter Conditions
Instrument Agilent technologies 6890 GC system
Column SP-2560 (100 m x 0.25 mm, 0.2 pm)
Detector FID
Carrier gas Helium (0.75 mL/min)

Oven temp. program 100 °C (4 min) — 3 °C/min — 240 °C (15 min)
Detector Temp. 285 °C

Injector Temp. 225°C

Split ratio 200:1

Injection volume 1 pL

Vol. 27, No. 1, 2014

=225°C, HE
5’32 Hes AHE-st

FAAH o™, split
mode(split ratio 200:1)Z ZA3tA ). 28 L A EF
JF2 1 L= 3 EFE ol3 HZE7|(flame
ionization detector (FID)E AM&-3l #4213} th(Table
2). ¥F8 9L FAME mixture (Supelco, St. Louis,
MO, USA)E o]&&&)] o] 0.5 mg/mL ©]/do] &
T2 zAFgoeH, WY EFENLS undecanoic
methyl ester(Fluka, St. Louis, MO, USA)E ©]4&<&t
of o] 0.1 mg/mL HEF XA st A&
GC &4 93l dojd Ade= WH ZZEA o
gk 7t AAES 5 AlZkel  H|(Relative
retention time (RRT))E AFE-3le] 7+ ko] HAd S
glstR o, 71 Apdate] 93 A i BE5E
Ao 73 WAe g e AFFHY &2 o5
A stk e, Aozl s A ¥AF methyl ester
e A F T At [3 AlFE AL AE
A S AbEstelnh!

[ RRMAN. = {

¢

[

24. Az

E7A E2]L& SPSS Ver. 12 (SPSS Inc., Chicago, IL,
USA) % Sigma plot Ver. 10 (Systat software Inc.,
Chicago, IL, USA) AZE o] E o] &3le] =43l
ok =, dlo]E 7Fe] F9 X+ One way ANOVAS]
Duncan’s multiple range testS &3l p<0.05 F=oll A
AZsIAAL, 25 7] AR scatter plot L]
£ Fa A5k
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Table 3. Product price by raw material of vegetable oils

A number of

Price (won/100 g)

Materials
samples Average Minimum Maximum
Sesame oil 36 5556.00 1180.00 17066.67
Perilla oil 14 5240.60 1468.75 10222.33
Soybean oil 6 429.19 337.78 500.00
Maize oil 470.07 283.33 588.89
Rice bran oil 6 889.44 790.00 988.89
Olive oil 25 2344.92 633.33 9200.00
Grape seed oil 17 1111.42 516.67 1606.60
Canola oil 10 806.19 380.34 1700.00
Sunflower oil 11 1732.09 520.00 5619.05
Flaxseed oil 4 10232.52 7437.50 15600.00
Walnut oil 3 27855.56 13066.67 37500.00
Red-pepper seed oil 3 9368.25 7500.00 11071.43
3.2. AEfX[e Etx OoMEHE2A HIE Z718), (&) 5 5/ 252 EFENT. 19
AE] 8 A AR grsEL A EAY F v A Ewe] 71 et G AEs 719 R St
Rl W F Xe] AR T Ba Eot 488 A & S55EH, G A0 7199 4844, A= 7]
ZE=dl Calvin cycle pathway =+ Hatch-Slack cycle o] G A& FolARE {24 zte)7) 1A H= v7F
pathway S &3l C; 21 E(21%0 ©l3h)} Cy A& 5 F 3/ 252 EFHEAHp<0.05). TEhA
(-19%0 1’2 FFHTE2Y0 o9} 7o Fguka 2 AT B4 A &FA 9 B B EAdL
2 O fFARAL R B AN A8 F4 HE&2 F 37l 2502 Fio] 7Hssisitt
Aol &&F 7 Utk wmEt FAE 141 F A EF A EFFMIAA AN = 7H5 2 Foll gk vhFgt
A7) A HFFALE BEE S¢S A= THEH S Jidste] FRloA ¢kdst BE + U
Table 49 JERH AT} AES FHIES kAL k. 2 Yo g I i
AggAol te Bh PAEALL NG AFE B 404 BN Bed) DU AEe A9 ¥
EFFTFh), EEA T, EF718), vk, 2715, of A-gstal Atk sHAINE, A&FA 2] ¢, thiitel
5718, ek, SeBg), ClMS, ZEAVE, A ARow TAEC] o], Bl JRo] EAl¢
of BAlo] 7bed AR BAYe] A go] ojPry?
Table 4. 8°C of the raw materials in vegetable oils waha] 21geAo) ALEE FLF0 X9 W o)
Raw materials ~ Average+S.D. (%0)  Range (%o) ool Hztex e, A LA HSS
Sesame oil 28.37£0.91c)  -30.08 ~-26.34 83PH S5Ff9F ol ¢, AET S 28
Perilla oil -28.47+0.44c  -29.37~-27.29 A9} u) 759} 7o) ¢ AEolAu Auk 28§
;"Xbea“,l"“ fzgziggéd ijgfﬁgj Ae) Azs} Fel g e A9 TR 7HsE
aize o1 -15.85+0.56a -16.76 ~ -15. _ -
Lol e Adte ¥4 P F YA v go w &
Rice bran oil -32.73+0.64¢ -33.36 ~-31.44 z]— ] j 5 ii s = ° Z"j: o]];!_)\j o(ij A
Olive oil 28.73+0.46c  -30.08 ~-27.69 =2 - sheh- Ak Hzle} wshd A 2= A
- = =z & 2~
Grape seed oil 274440786 -28.48 ~-25.10 F= Yepdths AFolA o5 JkEE 4= 9o 3
Canola oil 28.64+0.44c  -30.31 ~-28.11 Table 3914 YERE A7 214829 LRSS AR 3
Sunflower oil -28.30+0.33¢ -29.01 ~-27.54 A = AU E3 7E AFAE s Rad
Flaxseed oil -29.35+0.30d -29.88 ~-29.00 AT} 7k} SAFSE A Fo| Q) 132
Walnut oil -27.58+0.36b -27.93 ~-27.10
Red pepper seed oil -29.354+0.23d -29.59 ~-29.02

Da-e: Mean with the same lettered superscripts in a columns are not
significantly different at the 5% level by Duncan's multiple range
test.

33. 0IF AZRXRel =880 mE Ea
oryEolela HiE oA

A2 AAH o153 A Aate] mHom F
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Table 5. 8"3C of sesame oil adulterated with soybean, maize, and rice bran oil

Mixing ratio (%) vs. Maize oil (%o)

vs. Soybean oil (%o) vs. Rice bran oil (%o)

Sesame oil -29.12+0.041" -29.12+0.04a -29.12+0.04a
95:5 -28.84+0.06k -29.32+0.08bc -29.31+0.09b
90:10 -27.83+0.23j -29.23+0.13ab -29.37+0.07b
80:20 -26.43+0.02i -29.32+0.06bc -29.88+0.03¢
70:30 -25.17+0.06h -29.40+0.05¢ -30.21+0.05d
60:40 -23.67+£0.07g -29.39+0.19bc -30.67+0.13¢
50:50 -22.20+0.09f -29.49+0.09¢d -31.09+0.04f
40:60 -21.06+0.07¢ -29.57+0.05de -31.60+0.06g
30:70 -19.67+0.03d -29.67+0.05¢ -31.86+0.06h
20:80 -18.27+0.07¢ -29.72+0.08e -32.32+0.05i
10:90 -16.89+0.07b -29.88+0.03f -32.74+0.02j
0:100 -15.50+0.03a -29.92+0.10f -33.10+0.10k

Correlation coefficient (%) 0.9994 0.8761 0.9966

Da-1: Mean with the same lettered superscripts in a columns are not significantly different at the 5% level by Duncan's multiple range test.
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Fig. 1. Fatty acid composition of circulated vegetable oils. Da-j:Means with the same letter superscript in histogram’s are not

significantly different at the 5% level by Duncan’s multiple range test.
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Table 6. Fatty acid composition of sesame oil adulterated with soybean, maize, and rice bran oil
vs. Maize oil (unit: %)
Mixing ratio C16:0 C18:0 C18:1 C18:2 C18:3 C20:0
Sesame oil 8.832+0.014kD 5.096+0.028a  37.933+0.031a  46.870+0.0301  0.390£0.0041  0.607+0.002a
95:5 8.867+0.026k  4.962+0.030b  37.309+0.025b  47.553+0.019k  0.434+0.006k  0.605+0.002a
90:10 9.032+0.017)  4.837+0.020c ~ 36.883+0.024c  47.905+£0.030j 0.487+0.008j  0.583+0.004b
80:20 9.165£0.0191  4.504+0.015d  35.744+0.063d  49.128+0.035  0.585+0.007i  0.568+0.005¢c
70:30 9.506+0.018h  4.212+0.010e  34.750+0.047¢  50.021+0.009h  0.693+0.003h  0.545+0.003d
60:40 9.660+0.034g  3.925+0.009f  33.7344+0.068f 51.068+0.039g 0.804+0.015g  0.532+0.002¢
50:50 9.824+0.028f  3.616+0.013g  32.742+0.056g  52.184+0.056f  0.903+0.005f  0.510+0.003f
40:60 10.058+0.019¢  3.307+0.012h  31.707+0.065h  53.042+0.011e  1.011+0.008c  0.489+0.006g
30:70 10.238+0.017d  3.008+0.0151  30.672+0.042i  54.190+0.017d  1.088+0.003d  0.478+0.005h
20:80 10.394+0.037¢c  2.680+0.019)  29.545+0.045]  55.150+0.014c  1.184+0.008c  0.452+0.002i
10:90 10.560+0.021b  2.390+0.028k  28.484+0.032k  56.192+0.010b  1.2744+0.006b  0.440+0.001j
0:100 10.829+0.033a  2.087+0.0391  27.493+0.0261  57.141+0.042a  1.382+0.008a  0.410+0.009k
Correlation coefficient (%) 0.9949 0.9995 0.9997 0.9995 0.9987 0.9929
vs. Soybean oil (unit: %)
Mixing ratio C16:0 C18:0 C18:1 C18:2 C18:3 C20:0
Sesame oil 8.825+0.0271  5.113+0.018a  37.898+0.057a 46.886+0.0481  0.379+0.006]  0.600+0.006a
95:5 8.960+0.006k 5.11140.019a  36.975+0.042b  47.450+0.032k  0.750+0.008k  0.590+0.002b
90:10 9.040+0.012)  5.080+0.029abc 36.161+0.007c  47.578+0.042j  1.121+0.011j  0.584+0.002c
80:20 9.166+0.0131  5.092+0.022ab  34.433+0.039d 48.372+0.028i  1.861+0.0151  0.574+0.002d
70:30 9.370+0.041h  5.096+0.019ab  32.725+0.029¢  49.226+0.041h  2.603+0.010h  0.546+0.004¢
60:40 9.553+0.032g  5.087+0.017abc 31.047+0.016f 49.849+0.072¢ 3.327+0.013g  0.537+0.002f
50:50 9.750+£0.013f  5.093+0.006ab 29.333+0.015g  50.645+0.055f 4.132+0.025f  0.505+0.003g
40:60 9.909+0.010e  5.091+0.013ab  27.672+0.013h  51.510+0.033¢  4.814+0.022¢  0.497+0.002h
30:70 10.161+0.014d  5.1044+0.013ab  25.953+0.032i  52.178+0.026d 5.525+0.021d  0.483+0.001i
20:80 10.3174£0.007¢c ~ 5.071+0.020bc  24.193+0.037j  52.763+0.019c  6.244+0.041c  0.447+0.001j
10:90 10.421£0.021b  5.055+0.019c  22.556+0.033k  53.553+0.024b  7.024+0.008b  0.444+0.002j
0:100 10.664+£0.016a  5.076+0.021abc 20.942+0.0281  54.551+0.077a  7.745+£0.022a  0.408+0.003k
Correlation coefficient (%) 0.9970 0.2382 0.9999 0.9983 0.9999 0.9914
vs. Rice bran oil (unit: %)
Mixing ratio C16:0 C18:0 C18:1 C18:2 C18:3 C20:0
Sesame oil 8.799+0.0211  5.021£0.006a  37.210+0.0391  47.591+0.014a  0.560+0.0091  0.593+0.002bcde
95:5 9.157£0.010k  4.836+0.019b  37.287+0.027k  47.076+0.038b 0.585+0.005k  0.603+0.002ab
90:10 9.441£0.016]  4.684+0.006c  37.500+0.037j  46.719+0.036c  0.609+0.002j  0.602+0.001bc
80:20 10.092+0.022i  4.354+0.013d ~ 37.826+0.058i  45.881+0.047d  0.668+0.006i  0.597+0.009bcd
70:30 10.72120.017h  4.026+0.008e  38.276+0.020h  45.100+0.022¢  0.718+0.004h  0.614+0.004a
60:40 11.442+0.018g  3.668+0.017f  38.632+0.015g 44.243+0.042f 0.783+0.012g  0.588+0.006def
50:50 12.12740.028f  3.306+0.009g  38.818+0.021f 43.258+0.038g  0.845+0.005f  0.593+0.009bcde
40:60 12.760+0.024e  2.951+£0.029h  39.209+0.022¢  42.419+0.045h  0.904+0.005¢  0.595+0.007bcd
30:70 13.525+0.048d  2.607+0.0381  39.433+0.030d 41.420+0.031i  0.962+0.005d  0.577+0.008f
20:80 14.074+0.015¢  2.235£0.010]  39.688+0.037c  40.502+0.032j  1.019+0.007c  0.582+0.010ef
10:90 14.772+0.012b  1.886+0.010k  40.063+0.046b 39.579+0.026k 1.079+0.007b  0.590+0.008cde
0:100 15.45140.021a  1.544+0.0171  40.409+0.033a  38.661+£0.0291  1.156+0.012a  0.58620.004def
Correlation coefficient (%) 0.9997 0.9996 0.9952 0.9990 0.9981 0.3109

Da-1: Mean with the same lettered superscripts in a columns are not significantly different at the 5% level by Duncan's multiple range test.
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