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Abstract: The composition and content of fatty acids and their isomersin 11 brands of commercial corn oil were investigated. The corn
oils were analyzed by gas chromatography (GC) and the differences and correlations-among fatty acids were assessed with principal component

analysis (PCA). Nineteen types of fatty acids were identified in.the 11 corn oil samples, including seven saturated fatty acids, five unsaturated

fatty acids, six trans fatty acids (TFAs), and one conjugated li
g/g, respectively. Among them, the amount of linoleic acid
palmitic acid (C16:0). The fatty acid content varied significantly for/different corn oil brands (p<0.05). PCA revealed similarities and differences
of fatty acid content among the different brands of corn oil. The analysis also revealed correlations among fatty acids, in which a positive
correlation between trans and conjugated fatty acids was identified. The study provides evidence to support the evaluation fatty acid quality in
commercial corn oil.
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Table 1 Linear correlation of concentration-response value and detection limit of fatty acid methyl esters (mg/L)
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C14:0 y=3834.6x-1956.6 0.9991 0.130 0.437
C16:0 y=3823.7x-4660.4 0.9997 0.129 0425
Cl16:1-9¢ y=3640.3x-2903.8 0.9991 0.093 0.3
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C18:2-9t12¢c y=3496.6x-6056.2 0.0 0.280
C18:2-9c12c y=3338.4x-2574.1 0.069 0.235
C20:0 y=3214.3x-2689.5 0.084 0.280
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C18:3-9c12cl5¢ y=2358.5x+288. 3 0.103 0.336
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Fig.2 Major fatty acids in corn oil samples from 11 brands
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Table 2 Fatty acids in corn oil (x107%g/g)

T A i B e C S D S E SRR F

C14:0 ND? 0.0240.00° ND* 0.0120.00° ND* 0.0120.00°
C16:0 11.99+0.43%  14.49+0.23" 11.84+0.30% 12.06£0.17%  11.94+0.89™ 11.4440.43°
C16:1-9¢ 0.080.00 0.10£0.00° 0.09+0.01° 0.08£0.00° 0.080.00° 0.100.00°
C17:0 0.10+0.00° 0.10+0.00° 0.09+0.01° 0.10+0.00° 0.100.00b° 0.10+0.00°
C18:0 0.8240.02% 0.97+0.02¢ 0.82+0.02% 0.77+0.01%° 0.75+0.06 0.94+0.03¢
C18:1-9¢ 29.60+0.89%  36.58+0.70° 30.53+1.07% 27.03+0.55%® 25.66+2.04% 3041117
Cl18:1-11c 0.150.00°% 0.160.00° 0.13+0.00° 0.15+0.00¢ 0.58+0.00° 0.16£0.01°
C18:2-9c12c 4496+136"  52.25+0.82¢ 42 .83+0.74° 48.14+1.10™ 52.27+4.09¢ 49.79+1.86%
C20:0 0.4440.01%° 0.51£0.00¢ 0.42+00% 0.41+0.01° 0.43+0.03® 0:44::00°
C18:3-9c12cl5c 0.51£0.01° 0.70£0.01° 0.41+0.01° 0.79+0.02¢ 0.67+0.05° 1.22+0.04°
C22:0 0.07+0.00° 0.08+0.00° 0.07+0.00° 0.08+0.00° 0.07+0.0 .09+0.00°
C24:0 0.08+0.00% 0.10£0.00° 0.08+0.00° 0.080.00° . 1080.00° 109+0.00°
SFAs 13.5020.47 16.26£0.25 13.33+0.33 13.50£0.19 13,370,938 13.12+0.47
UFAs 75.3142.27 89.79+1.53 73.98+1.81 76.201,68 79.26+6.18 81.68+3.08
G i H SRR T BN FhE K 34T

C14:0 ND? 0.0120.00° 0.01£0.00° 0.0120.00° 0.02+0.00° 0.0120.00
C16:0 12.13£0.11%  13.50+0.25% 12.84+0.10¢ 12.5620.12% 13.96£0.21¢ 12.69+0.92
C16:1-9¢ 0.08+0.00° 0.090.00° 0.09+0:00° 0.100.00° 0.10£0.00° 0.090.01
C17:0 0.1120.00° 0.10+0.00° 0.10+0.00° 0.10:0.00° 0.10+0.00° 0.10+0.00
C18:0 0.7120.01* 0.930.04¢ 0.850.00¢ 0.75+0.00° 0.97+0.02¢ 0.82+0.09
C18:1-9¢ 26.86+0.38% 35.32i1.1“:)e 31.14+0.01¢ 28.69+0.03%  35.00+0.81¢ 30.11+3.93
Cl18:1-11c 0.15+0.00° 0.15%0. 420.00 0.15+0.00° 0.16+0.00¢ 0.20+0.14
C18:2-9c12¢ 48.94+0.53%  48.00+1; 40£0.00¢  48.47+0.08™¢  51.31x1.19% 49.05+2.62
C20:0 0.4120.01° 0.48+0.02 /0.45+0.00° 0.4320.00 0.50+00¢ 0.44+0.03
C18:3-9c12c15¢ 0.464£0.00™ 0.65+0.04° 0.48+0.00 0.500.00° 0.900.02° 0.600.12
C22:0 0.07+0.00° 0.08+0.00° 0.08+0.00° 0.07+0.00* 0.10+0.00° 0.07+0.00
C24:0 0.09+0.00 0.08+0.00° 0.08£0.00 0.100.00° 0.08£0.01
SF 15.19+0.31 14.40+0.10 14.00+0.13 15.76+0.24 14.18+1.10
‘As 84214277 81.25+0.00 77.90+0.11 87.474+2.03 80.32+5.34

RAME;

E: %‘aiﬁﬁiﬁ;ﬁ%i (n=3); FATFARIFELRPELFIREE (p>0.05), REIFHRALZFMHIEE (p<0.05), a A
SFAs feA= a7 B, UFAs AMefefis BB, ND IKTFAmIR,

J % 3 FKmBRRmE Rl

Table 3 Fatty acid isomers in corn oil (x10?g/g)

RN N e B S C S D S E e F

C18:1-9t ND ND* 0.03+0.00¢ ND? ND? ND?
C18:2-9c12t 0.49+0.01° 0.29+0.00° 0.67+0.018 0.30+£0.01° 0.38+0.01¢ 0.26£0.01*
C18:2-9t12¢ 0.45+0.01¢ 0.26+0.00° 0.64+0.00" 0.26:£0.00° 0.36+0.02° 0.2240.00°
C18:3-9c12c15t 0.25+0.01¢ ND* 0.25+0.00% ND* 0.21+0.01° 0.20+0.00°
C18:3-9c12t15¢ 0.26+0.01° 0.29+0.00¢ 0.25+0.00° 0.26+0.01 0.25+0.00° 0.27+0.01%
C18:3-9t12c15¢ 0.1120.00° ND* 0.1240.00¢ ND? 0.09+0.00° 0.100.00°
t,t-CLAs 0.2120.00¢ ND* 0.27+0.00° 0.16+0.01° 0.16+0.01° 0.09+0.00°

BTR
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BEER
TFAs 1.56£0.01 0.84+0.01 1.96£0.00 0.82+0.01 1.28+0.03 1.05£0.02
CLAs 0.210.00 ND 0.27+0.00 0.16+0.01 0.16£0.01 0.09+0.00
e G S H TR T RN e K B A
C18:1-9t 0.01=0.00° ND* 0.02+0.00° ND* ND* 0.020.00
C18:2-9¢12t 0.67+£0.018 0.48+£0.01° 0.75+0.00" 0.610.00° 0.31£0.00° 0.50+£0.16
C18:2-9t12¢ 0.65+0.01F 0.45+0.02¢ 0.75+0.008 0.57+0.00° 0.28+0.00° 0.47+0.17
C18:3-9c12c15t 0.27+0.002 0.260.00°" 0.29+0.00" 0.2740.00% 0.18+0.00° 0.26+0.03
C18:3-9c12t15¢ 0.260.00™ 0.28+0.01% 0.27+0.01° 0.260.00™ 0.30£0.00% 027+0.01
C18:3-9t12c15¢ 0.12+0.00¢ 0.12+0.00% 0.14+0.02 0.12+0.00¢ ND* 0.12%0.01
tt-CLAs 0.32+0.028 0.17+0.00° 0.32+0.018 0.25+0.00° 0.100.01° 0.23£0.07
TFAs 1.97+£0.02 1.60+0.03 2.2120.01 1.830.01 1.06£0.00 47+0.48
CLAs 0.32+0.02 0.17+0.00 0.32+0.01 0.25+0.0 0.23+0.07

E: HAEEATAYMEATERE (n=3); RATYHRAFERAELZRFRILE (p>0.05), RS
BoME: TFAs BAMEIE: CLAs 25085 ND & F AL, y <A
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Fig.3 PCA score plots of fatty acids and their isomers in corn oil
samples from 11 brands

a I Correlation Loadings (X)

+C13

(22
24:0
CCIRROt 2e, 15 CI8:34¢,12115¢0 »
SELE:I e, 126,15t B
* Cl8:19¢+

L L
-1.0 -0.5 0.0 0.5 1.0

RESULT1,X-expl:53%,18% PC1
b Correlation Loadings (X)

. L Cls2A 2 Cl8:1-114
CIBZ9e120 ™ 7L Ol a0, 126,151+
18:3.9112¢,15¢

1 L 1
-1.0 -0.5 0.0 0.5 1.0
RESULT I, X-expl:53%,9% PC1

4 11 MERBREEARAPASAHEL R RADIEE R e
Fig.4 PCA loading plots of fatty acids and their isomers in corn
oil samples from 11 brands

Z: a, PCI-PC2 #41H; b, PCI-PC3 &iTH
Kl d4a P E RO T RN, 1E S0%MERE T
WA AAh HLadr RECK T 0.5 MfEIIERA C18:1-9¢.

C18:2-9c12t 1 C18:2-9t12¢c, FH PC2 FEHiA T &
KX 3 AR - H P 4b RN EE = 3 4y Hh e
REURR I C17:0, HALT 50%fRE 5 2= LAAT,
FWA PC3 EEHHR T C17:0. LEWMHERM, R
[) s P T KT A — e AR E AN 22 S ks oKl
REWTRR B AFAEAR M . DA &5 AR /ANVFEAR oK
VDS ERT, B RGN FUAN R &SRR
PARMPEAN ZZ ek, IETRH R, A/ T2, 3
T2 R arhdeAE R B R S BEAN T RRR S (152

3 ZHig

T ek
iR, HLFE 7
18:0. C20:0.
(C16:1-9c.
C18:1-9c. C18:1-I1c."C18:2-%12c, C18:3-9c12c150),
6 fl TFAs (€18:1<9t. /C18:2-9¢12t. C18:2-9t12c.
C18:3-9c12c15t. C18:3-9c12t15c. C18:3-9t12c15¢) il
LAs. (t, t-CLA).
3.2 AWK SRR K A B AT, A
st JER SRR VHL AR D R A e b s B AP AE RS e 2
S A T R RS R i 0 R Y- 2 A N
14,18x10% g/g 1 80.32x107 g/g, TFAs fll CLAs “F-#
HER 1.47x107 g/g F10.23x107 g/g. EXMEERE
(1) 3 2B MR 73l 2 C18:2-9¢12¢.C18:1-9¢ 1 C16:0,
BB HIN 42.83x107 g/g~52.27x107 g/g. 25.66x107
2/g~36.58x107 g/g H1 11.44x107 g/g~14.49x107 g/g.
33 ER A RES, H— = ERGS
ffRE T AR 53%. 18%A1 9%, RFIAEFTIHRE
1% 80%. LAEE—F Wi FIERMS S ANE, M B
MK, S F. H. D. JAIL, M E. A. GFCHE
JUTTR & B AHIT o AT ISR B oK M R (A E—
SEMIARSEME, JuH TFAs Al CLAs IEMISCRERE B &

(11 B, B R MR ML 0 H 5 A xS i),
o E R EY AR, 2014,36(3):414-421
WANG Han-zhong, YIN Yan. Analysis and strategy for oil

crop industry in China [J]. Chinese Journal of Oil Crop
Sciences, 2014, 36(3): 414-421

[2] Filip S, Fink R, Hribar J, et al. Cheminform abstract: trans
fatty acids in food and their influence on human health [J].
Cheminform, 2011, 42(40): 135-142

[3] Park Y, Terk M. Interaction between dietary conjugated

linoleic acid and calcium supplementation affecting bone and

195



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.2

196

fat mass [J]. Journal of Bone and Mineral Metabolism, 2011,
29(3): 268-278

Aryeian N, Djalali M, Sharam F, et al. Effect of conjugated
linoleic acid, vitamin E, alone or combined on immunity and
inflammatory parameters in adults with active rheumatoid
arthritis: a randomized controlled trial [J]. International
Journal of Preventive Medicine, 2014, 5(12): 1567-1577
FHi7t.2013 SEFE T MR AR A E oA
THORE b A R R L] P L, 2014,6(6):1-5

WANG Rui-yuan. In 2013 China's edible oil market supply
and demand analysis and countries speed up development of
woody oil industry [J]. China Oils and Fats, 2014, 6(6): 1-5

I iyt (5 A 2 2 B S TR PR ) 26 B IR I 4 A
[J]. & 5 REE,2007,27(11):418-420

HUI Rui-hua, HOU Dong-yan, LI Xue-cheng, et al
Preparation of corn oil and determination of fatty acids in
corn oil [J]. Food Science, 2007, 27(11): 418-420

FWEHT, w2, R R ORI R DT RR A A s AT
[J]. & S AHE,2007,28(1):237-238

WANG Lixin, GAO Yun, GAO Wei-jia. GC Analysis of
fatty acids in black sweet corn oils [J]. Food Science, 2007,
28(1): 237-238

Yang M, Yang Y, Nie S, et al. Analysis and formation of trans

ournal

fatty acids in corn oil during the heating process [.E J
of the American Oil Chemists Society, 2012, 89(5): 859-
Az KGR TR AR AL

[10]

(1]

[12]

[13]

M DAL A E O A2 BE,2013

LI An. Mechanism of thermally induced isomerization of
unsaturated fatty acids in soybean oil and safety analysis of
the products [D]. Beijing: Chinese Academy of Agricultural
Sciences, 2013

Tasan M, Demirci M. Trans FA in sunflower oil at different
steps of refining [J]. Journal of the American Oil Chemists'
Society, 2003, 80(8): 825-828

Wi i 2R, W T BB A v 0 8 S SR R 5 774
Fhy 3 7 K i 5 i s X 9 R IR (AR £ i
$4,2015,31(7):331-335

YANG Zhan-dong, YANG Ji-guo,/ LI iang,
-resolution method to
available edible
, 2015, 31(7):

et al.

331-335 ) 4 e}
Guo Q, Ha Y;“Li: Q) et al. Impact of additives on
thermally-induced trans isomers in 9c, 12¢ linoleic acid
triacylglycerol [J]. Food Chemistry, 2015, 174: 299-305

Guo Q, , Li Q, et al. A kinetic study of the thermally
induced isomerization reactions of 9c, 12c¢ linoleic acid
triacylglycerol using gas chromatography [J]. Food Control,
2016, 67: 255-264

Ma Z. Sparse principal component analysis and iterative

thresholding [J]. Annals of Statistics, 2011, 41(2): 772-801



