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Classification of edible vegetable oils based
on 'H-NMR spectroscopy and PCA-SVM

LI Wei,JIANG Jie, YANG Hong-mei, WANG Hao,JIA Jing-yi

( Beijing Municipal Center for Food Safety Monitoring and Risk Assessment, Beijing 100041, China)

Abstract: To establish a method for the classification of edible oils by 'H—

NMR spectroscopy and PCA—SVM and to compare

its effectiveness with that of SIMCA.First,the PCA method was used to reduce the dimensionality of independent variables.Then

the first two principal components were selected as input variables of the support vector machine (SVM ), based on the

established PCA-SVM prediction model. The seven kinds of oils could be identified by the proposed technique.The results

revealed that the value of g and ¢ were 1.7411 and 0.3299 , respectively, which were optimized by grid method.The accuracy of
prediction could reach to 100% with the PCA-SVM model , while that was only 61.90% with SIMCA model.It was validated by
results that the combination of 'H—NMR spectroscopy with PCA—SVM could achieve the classification of edible oils quickly

and effectively.
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T IR AEAL B 4328 () A, — R TR 2 SR Se A IE R AR
MISER 53 AT , IR A B8 Z2 i RE A B | T ik e 22
SRAESZER N A v A A XE DA s 8], BT LA, 7 S BR TAE
N TG S/ IMRE A SR BB AL BT T v . SCHE
[1] F AL ( support vector machine, SVM ) J& 43 i 2% ~J 3
e iR IS ER 43, HAE 43 2SR AP B 25 s 43 28R
ZEdm /N, BRI L5 R $ v T Hlas 2= S iz
fLBETT . thAl, SVM i3 i 51 AAZ PR 19 Ty e Adi 1)
B Z AN T B T 25 R 4R, T2 Bk TAEAR
Fohn , JCHIRAEAS 1 345 1] B8, FR NS S/ REAR
BRI oy

Az 1% PR ( nuclear magnetic resonance, NMR) Jg&
B EH WAL G W S5 RIS A28 3 0 52 55 Ak Oy
TR T B, HAA R AR BRSO AR, 2515 S
FEEILA o NMR AT B Ul i) W 40 81 322
SRR AR AWF I8 AR LE £ P RS (HL it 75 48
SR BB A R0 K b Sz AR e 3 3% A2 A T
SRR, L AE B A 3 Y BT 5T R R 40 B 3
KR ARARESK, E N AMIFSE SR FH R % NMR 3R
LG AT R A U TE B S 0 B O S ] 5 L B TR
SESTUR R TT T R BIAIFIE S5 R (EX e T &2
KR B oA S AL ge iy Ak R e ok, b i
SR SVM 454 NMR 144328 Jy il .

A G T O Sl AE AR Tl TR ORI R AR
Y ORE T L ZERR il SRR 7 AT E B R
FEAII Y H-NMR E3% 317005 , 454 PCA-SVM 54
VRN A A B AL 35 EC T 6 R vk e 21 1 T
FEAXIASERY AT K 30, AR P T 0 25 2R S5 A 4 Y 14 v
5, IF 5 4% 58 10 R 25 M S7 BOBE 20 ik (soft
independent modeling of class analogies, SIMCA ) & ¥
ST ST A AT L o
1 #RER=E
1.1 #RENEE

7 R A 3 119 SRS T, Hrh R
S 19 A4S AEAETH 18 A4, B oKl 19 A4, ZE 4RIl 17
A AT 17 A4 ZE R 17 A, Sk 10 A4S 5 U
15(CDCL,)  ARACEE:99.8% , 35 [E CIL 4\ 7] 5 Norell
5 mm g 5EE Norell 24H],

AVANCE 600 MHZ i S HE 253 NMR 1% Fd
4 CPBBO #£3k , Topspin 3.2 4b¥%k{4: K 60 {3 B shit
FER% , Bt Bruker 20#]
1.2 WHIE
12,1 FESEWAOHIAE  RBCRE AR S 200 WL T
2 mL #y EP & il A 800 plL. CDCIL,, i JiE 30 s, fdiFf
i SIEFNR G5, BL600 pL IR G T 5 mm 4%
g, i,
1.2.2 YIAESMHAEREA BB E  7E Matlab Hh ]
randperm BR B BB ALK B Fh & AR 4 Wb AE 5 43 S ™
20, —2H M)l R £ (training set) FEAS, —2H Sy I 20 42
(testing set ) FEAS, (RUEYI 2R 4L 5 M I EAE AL S L
23 3:2, TRAFEN 75 DFEA Y YNGREE T 42 DHAEA
A I AE
1.2.3  AXE§E1FE  NMR ' H ZRE40% 4 600.13 MHz,
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SR Bruker FRUEK ol 2230 , A7 B Sk 298 K, 'H 1)
90° Jbk v i BE k1 11.90 s , 3% %5 A7 12019.23 Hz, HRus i
A1 3600.78 Hz, ik vpSEIR B[R] S 4 s, FH TR ECH
32, a5 FHIREUCHN 2,
1.2.4  FESHIGE Mk AT FE 1.2.2 TS5 55 F
T, VAN RS S8 IR A R B s B
Apfe, £5 #'H — NMR & 3%, 9 45 3% {6 H Bruker
Topspin 3.2 B {F AT, A8 o 15 Bk 65536, 2% 55 [N 1
A1 1.00 Hz, FHFE BT sRBAR B, JL2R FIAR v A I R
HFsh 7 AT, I H 3 aEkg (TMS) S N AR 15 5
(8 0.00),
125 4 2e B A g sy Ab B R A B
MestReNova ( version 6.0.1, Spain) %14, LA 6 0.005 FH
SrBEXHE AN R X A] § 0.15~10.00 #EF 75 BERLSY, 25
BRigH 8 7.21~7.30 XI55 /5 1 mAUH — b4k
HL, 15 B RE SR A 3 5 H B B ) B AR AR SR R, H
A TR — D EEAS, B PR R FEATE W] — b7
P9 58 B B4 AR B . 43 31 SR PCA — SVM Fil
SIMCA ¥, XTI E R 1 743 2w il @ 7, FAS
S (g A5E 20 75 900 9 X 4E . 2P SR H Matlab ( V7.0.4,
Mathworks Inc,USA) #4455 1847,
2 H#RE5H
21 7 HEREYHEEE H-NMR Bt 54
BRI A 32 A S Ol = e, B TR
Ay 7 FhE FHAR ) 9 LR ) H— NMR ( CDCI,) 3% &, &
TN EEAELE 9 AAE 5, S35 S0k 20 —21 ], X
X9 HEEGSEHITTHESHE(E D), K
JIF7R 8 0.84~0.92 55 2y B8 Wi £ AR o TP L BT (55,
8 1.22~1.39 {55 R KB A W7 R — A M I HF 3L 5T 1%
5,8 1.56~1.66 155 M I Wik - 5 ¥ 3L AH Ba — A4~
HIEMITHE L RFES,8 1.96~2.09 (5585
B 55 XU AH i 09 I R LR TR S, 8 2.27~2.36
BT MR A 5 B R R A A% 100 I Y 3L TR TR
5,8 2.74~2.80 155 4 I Wi % b P~ XU 2 [8] S A
R FAEE 6 4.10~4.32 F1 6 5.24~5.29 {5435 K
Hb =l 7Y =B I A 3L R 3 R TS S,
8 5.30~5.41 {5 5 AAEILHUIR I A AR 155 -

F 1 YRR R H-NMR EZAL 2R 8

Table I 'H-NMR major chemical shift
assignments of fat in edible oils
e A% (ppm) U Js i A
1 0.84~0.92 - CH,
2 1.22~1.39 - (CH,) -
3 1.56~1.66 -0CO-CH, -CH, -
4 1.96~2.09 -CH, -CH, =CH, -
5 2.27~2.36 - 0CO-CH, -
6 2.74~2.80 =CH-CH, -CH =
7 4.10~4.32 - CH,0COR
8 5.24~5.29 > CHOCOR
9 5.30~5.41 - CH=CH-
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THOTHRSRAE 95% L I, BRI, 72 g7 43 FEAR AU ET, LA
PCA 3145 2] B AR AE AR AR A 1) A A= VE R
RERIEE ST (A H AR &

222 JETISE c FIZRESE g ik SVM Xt
BRI S H00 e B AR UER, o T 19 21 L AR BLARL A9 43 28
VR R, 05 B A S IR B B 8K ¢ A RS K
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2 FEGEE RS I K AR BIYIZR AR E 00 AR & i
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Wl R T REA L 28 1 52 2% B2, AR T 5 20 1) 2R FH I A 4l
I35 (Grid ) FIRL T BEULAL 7 (PSO) X A5 7Y (1) 225 1
SR e FMRZ RS R g BEAT T, R 2 4RI,
TEAESE SVM S3 MU, SR Grid L AL A3 269 o
g AR, X0 A B TN A TE A < B v, DAL e
Grid IEPAERT ¢ Fl g BMEAE Dy SVM J3 R ity s A5
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Table 2 Comparison of the correct recognition and prediction ability of the calibration models developed by Grid and POS

P e (LR 3 PUE S e
c g FEAEK AR IER(%)  HEARL AR IR (%)
PSO 0.5409 12.1079 75 100 42 2 95.23
Grid 0.3299 1.7411 75 100 42 0 100

23 PCA-SVM Fil SIMCA S35 (25 S 1y
Table 3  Comparison of the correct recognition and prediction ability of the calibration models constructed by PCA—SVM and SIMCA

NI WAL
e
S AR I EHE (%) FEAHL A ER(%)
PCA-SVM 75 0 100 42 0 100
SIMCA 75 0 100 42 16 61.90
PR S B B 1 22,2 sPAE B AE o) i A SR TR R
g EVE MR B8, 1t s, PCA-SVM 432688, SR 3 453

IR AR S F AR Y B0 43205 B R R AT PR, 45 SR L
F2 2 Grid WigE B, 455 W5, #7 ) PCA-SVM
Sy AT A X I 2 45 IR R 1Y 4 25 TE i SR 1 R
100% ., SVM J&—FpAa WiB I pILAN 2% > 7 ik i ik
TE/IMEAS AR 28 0 v 4 b s 1) id A 2 TR )
A AL AR AR ) T 1 T AN B2 I A R B, R
B FHF/IMEAS B 0 52 2= IR JR 43 T A B P 45 i .
I, AEJREE B, EREAS BB INE DU, a2 HET R
AN AT A S KRG, (EL ST PR G5 I, 18 07 388 ook 38 hIn A o5
R EIE
2.3 PCA-SVM 4> #2815 SIMCA 4 KRB 4
EKERITEE
2.3.1 SIMCA 4yl f g~y SR 1.2.2 1453
MV R B PR 182 57 SIMCA 43284 # , 3& ] P fh s
(Center, Cir) FEATEYR AR B 50 . 358 19 32 B0 31
SraiE 4 .4.4.3.4.5.2 8,7 FE FAEY B 100%
WAEYPUN . EFIHYIGEREA ST 1Y SIMCA Hi 545
XS MR EEREASUE T EGHIE , 45 R UL5E 3.
232 PR SRR T L 4 R A PCA -
SVM 71 SIMCA P # J7 ¥k 6 57 7 Fh & FHAE 9 vl 19 53
AT, Sy 50 ek 0 3 AR B s R AT T, 45 R WLk 3,
SEHL I 7R, PCA—SVM 7% il SIMCA #4858 (1 )1 4
M4 2 TE O SR AHE] , 2 100% , (B X 90t 4 1 3R 4T
4y Bt, PCA — SVM 485 U 252 14 1 By 3% 22 10 3 7 T
SIMCA A7

SIMCA J2:—Fh 3 F 32 434 T 19 A W B =R
W7, HAZ O AR X YIRS RE AR 4 2
Sy ST — A~ B A S MR IR L HHE A T i . X
T DA B G L1 A B FEAE N IR R Y L 5 IR T
FASR B F5E A, SR AR 22 - T R /DS, I T B T
FEYNGRAE AR B H 422307 JC BR I it A 2t 4 e ol EL A
BB ER ok, SVM & —Fh A W iy Wl 2 ) Jr vk,
I AR /INEE AR AR 2R P A0 4k B 2 1) B A S0 IR
S ) B A L Be AR =R O v BT AN EL A 1 A RR A
e, Rk B AT E ¥ X SE i 43 25 LU R B S i i £
e e R s | I RS S DV S I R I Brig A e s BT E N
AT BB RAE P8 . (B AR SEBR B A I T4 b
FTRETRAS IR A BB W A MR, Ik SVM yk 5
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SVM 57 73 N7 1 43 S AR R S 0 328 45 4 i 43~ 2 19 TE 6
SR T SIMCA 4328000 PR I SVM 75 B8 36 5 50
BRI T A R AR AR /NI R, 3 T A
T A R 4 2SR 1), AT RAPGER AT R A 2 S A
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