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Abstract; The rapeseed oil. peanut oil and sesame oil contents in ternary blended edible oil were
measured quantitatively by laser Raman spectroscopy combined with the chemometric resolution
method. Two kinds of pretreatment methods called Standard Normal Variate(SNV) +de-trending and
Orthogonal Signal Correction(OSC) were used to process the original Raman spectra at 600—3 000 ecm™',
respectively. The quantification calibration models based on nonlinear Support Vector Machine(SVM)
and linear Partial Least Squares (PLS) for the rapeseed oil, peanut oil and sesame oil were
established, and nineteen prediction samples were predicted using the external cross-validation to
verify the accuracy of these models. The results show that linear PLLS model after the OSC spectral
processing obtains the best result for ternary blended edible o0il containing rapeseed oil, peanut oil and
sesame oil. The determination coefficients(R:) of the prediction are 0. 990 4, 0. 965 8, 0. 977 1 and
Root Mean Square Error of Prediction (RMSEP) are 0. 018 8, 0.037 9, 0. 026 2, respectively. The
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research results indicate that laser Raman spectroscopy combined with chemometric resolution method

can be used for the determination of the contents for rapeseed oil, peanut oil and sesame oil in ternary

blended edible oil, and can achieve excellent prediction precision.

Key words: Raman spectroscopy; blended edible oil; Support Vector Machine(SVM); Partial Least

Square(PLS); quantitative determination model

1 3 =

£ VR R SRR = AT, B R R DL R &
G 1) £ FH T 2 b 451 3R T T . AL 1 R R
B B ol N N 1| I P o N 1 DLW L
it — 2 LU R R B . ERAR T HTIMAR B S AT A
g W R A 4k A= R OE (UK ) 3 008 R0 L i i
TG SR AT P 22 01 o i R R U] R % 4 K ke
BREMA, NTA 36 T A0 EFE, & e
VAR AR ik A = 4R ve e et ikt i
LEAMEIE R R RN S X e T ik AR
ELA R TR L I 458405 55 O R, AL S i 55 R A
L METH R R R TR B E G A B &
W REEE R B . R L BF 58 & — Rl e i L S
F149 £ D 3980 R0 308 G 3000 753k kot £ T 9 £ o A B %
Yy Wa i 5 A B

WOGRL 2O H AR AE Sy —Fh PO L sk
14 52 PR A2 AT L T N T AR A
B B R Em 2. B prE ki E R
A I M RO T RO T — RS F
FEME ., GOUVINHAS' 25 i H] 57 2 % 1% £ AF
TN 3 Al Tl A AR R AN [ o 2 B B T R BT
AT L F 45 A2 e i (E R4
M H 0 20 B L 3 43 [ 0 R A e /s 3Fe [ ) o
TPAL AN GE T 22 55 Al B L R 2 ik 2, BT A S vl
F14y 38 A (I RT3 T ) A AR 70 D T S0 A5 75 )
AE R B KT 0,933, NUNES'" Z 0 &5 T
200~1 800 cm ' BRI HL 201 I 45 G i I /)y
3k (Partial Least Square, PLS)#37 T K&
FE P R I A 0 T AR R, H A R Y
HA AL PLS BERLAY RS fit SEP 43 5]k 0. 916
F10. 636% ., & i B AL PLS #EA 1Y RS AN
SEP 4331k 0,872 1 0. 759% , # g k" 45 DL K
T IH BT T L A A 2 RR I B R R O S5
M4, R 250~2 400 cm L OGRS OGRS, I

454 PLS £ LAY M LA U RS AL, 505 58 75 1R
T2 U0 A5 1 LR AH T LY O T A A Y A
i VL BB SE R0 b sy TR O =
DT A A BT T W A0 A0 B AT LR L A
S o FH AR 26 19 32 85 ) i AL (Support Vector
Machine, SVM) [a] 5553 F 4 M By PLS [o] 5 5 %
X B B = 20 3 B FH IR R 0 CGRAT I AR A T 22 R
D 2 Lo 3 AT 1 E BT RO 20
TR PR TG I F R A R RS

2 M#ETE

2.1 EHREMREIE

SR B AR AT T B A T R T
T I A A A A R LG AN [R] ) R R R
77O I 1 BT R R 1 mL BT IRFE L
TR R G % B R iR A .

2.2 HBHAHEBHXIERE

K 7 [ A0 B ve A W) A2 77 1) SENTERRA 7Y
WO S 5 AR 4 I8 A0 OGS {3 BE A5 1 2
Olympus BX51 J62 B 58 . WOETI %N 10 mW,
WO 785 nm, W 0y i KA BE H 10, W]
WG 3E K 90 ~ 3 500 em ', A FEER K 9 ~
15 em ™' 1 3 BT YA, B R B4y 1) E)
30 s,

RS WU B R A B/ o R OBCE TOE 2
FEIEAX B LR & L A R R B2 O, 45
f OPUS 6. 5 A 55 A~ e BE A SR B 5 S &
ot k. kM 0 m K O R
Unscrambler10. 3 fb2E 311 22 40§ B4 Ab B i 5
) RE SO E . B T s B 8Ok 3% E 90 ~
3500 e fEFERE R, R L AR U 5 %k A R
HE 06 B 1 A 4 Y i B 600~ 3 000 em . A1
KRR 77 NFRESAE 600~3 000 em BN
S b7 ¥ 42 o3, Hok 1 065, 1 265, 1 300,
1439,1 655 F1 2 852 cm ' N 6 4B G AR RAE U

Origin8.



2492 b=

I TR 5% 03 %

F1 77 HEMBERBAESFRE

Tab.1 Volume ratio of components in 77 blended edible oil samples

HAH& & /mL HAE & & /mL B & &/ mL

FE i FE i FE b

SR Apdi 2R SR Aedi 2RI SR Aedu ZRRI
No. 1 0 0 1 No.27  0.25 0.25 0.5 | No.53 0.4 0.35 0.25
No. 2 0 0.5 0.5 |No.28 0.25 0.3 0.45 |[No.54 0.4 0.4 0.2
No. 3 0 0.9 0.1 |No.29 0.25 0.35 0.4 | No.55 0.4 0.5 0.1
No. 4 0 1 0 No.30  0.25 0.4 0.35 | No.56  0.45 0.2 0.35
No. 5 0.1 0 0.9 |No.31 0.25 0.45 0.3 | No.57  0.45 0.25 0.3
No. 6 0.1 0.1 0.8 |No.32 0.25 0.5 0.25 |[No.58  0.45 0.3 0.25
No. 7 0.1 0.2 0.7 |INo.33 0.25 0.55 0.2 | No.59  0.45 0.35 0.2
No. 8 0.1 0.3 0.6 |No.34 0.3 0.1 0.6 | No.60 0.5 0 0.5
No. 9 0.1 0.4 0.5 |No.35 0.3 0.2 0.5 | No.61 0.5 0.1 0.4
No. 10 0.1 0.5 0.4 ||No.36 0.3 0.25 0.45 |[No.62 0.5 0.2 0.3
No. 11 0.1 0.6 0.3 |No.37 0.3 0.3 0.4 | No.63 0.5 0.25 0.25
No. 12 0.1 0.7 0.2 |No.38 0.3 0.35 0.35 |[No.64 0.5 0.3 0.2
No. 13 0.1 0.8 0.1 |No.39 0.3 0.4 0.3 | No.65 0.5 0. 4 0.1
No. 14 0.1 0.9 0 No.40 0.3 0.45 0.25 |[No.66 0.5 0.5 0
No. 15 0.2 0.1 0.7 |No.41 0.3 0.5 0.2 | No.67  0.55 0.2 0.25
No. 16 0.2 0.2 0.6 |No.42 0.3 0.6 0.1 | No.68  0.55 0.25 0.2
No. 17 0.2 0.25 0.55 || No.43  0.35 0.2 0.45 |[No.69 0.6 0.1 0.3
No. 18 0.2 0.3 0.5 |No.44  0.35 0.25 0.4 | No.70 0.6 0.2 0.2
No. 19 0.2 0.35 0.45 | No.45  0.35 0.3 0.35 |[No.71 0.6 0.3 0.1
No. 20 0.2 0.4 0.4 |No.46  0.35 0.35 0.3 |No.72 0.7 0.1 0.2
No. 21 0.2 0.45 0.35 | No.47  0.35 0.4 0.25 |[No.73 0.7 0.2 0.1
No. 22 0.2 0.5 0.3 |No.48 0.35 0.45 0.2 | No.74 0.8 0.1 0.1
No. 23 0.2 0.55 0.25 | No.49 0.4 0.1 0.5 |No.75 0.9 0 0.1
No. 24 0.2 0.6 0.2 |No.50 0.4 0.2 0.4 |No.76 0.9 0.1 0
No. 25 0.2 0.7 0.1 |No.51 0.4 0.25 0.35 [No.77 1 0 0
No. 26 0.25 0.2 0.55 | No.52 0.4 0.3 0.3
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Fig.1 Original Raman spectra
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Fig. 2 Raman spectra after pretreatment by SNV de-trending
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Fig. 3 Raman spectra after pretreatment by OSC
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— BB AT S B A T E SVML Y
LB, HE T SVM [ SR il L 46 2 3 A1 2 RR
& BT SNV-+de-trending F1 OSC i Fh il &b 3
J5 5 B B HE 32 0 B Factor B AU A% IF 4 P i
B R K5 iR 25 RMSEC B A 7 42 41 56
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Tab. 2 Prediction results of components in ternary blended edible oil based on SVM with two kinds of kernel functions

P — — TET AHBSH IHmEIl REEE RIEEHHR RIEEIE  BIEEY
HFC  yx10 " SVMs FER:  RERMSEC  RER HfEE
SERFI NO Linear 0.2783 1 40 0.867 8 0.077 4 0.837 6 0.085 0
RBF 10" 2.7 37 0.942 9 0.0515 0.827 6 0.092 1
SNV+ Linear 0.2783 1 42 0.940 2 0.0525 0.7275 0.1225
de-trending RBF 10" 2.7 28 0.972 4 0.037 0 0.914 8 0.062 6
0sC Linear 0.2783 1 42 0.953 2 0.046 2 0.865 5 0.080 3
RBF 10° 2 35 0.966 0 0.038 8 0.907 3 0.064 2
pidachiii NO Linear 0.129 2 1 36 0.865 4 0.078 3 0.8410 0.084 8
RBF 10° 1.6 37 0.922 1 0.059 3 0.898 1 0.068 1
SNV+ Linear 0.129 2 1 46 0. 896 2 0.068 5 0.614 4 0.166 5
de-trending RBF 10° 7.7 28 0.972 8 0.036 5 0.830 2 0.090 5
0sC Linear 0.129 2 1 39 0.866 5 0.083 3 0.846 4 0.084 8
RBF 10° 2.8 39 0.926 3 0.057 9 0.885 9 0.072°0
2R NO Linear 0.215 4 1 36 0.808 9 0.095 6 0.805 9 0.091 2
RBF 10° 5.9 25 0. 968 4 0.036 4 0.872 0 0.0729
SNV+ Linear 0.215 4 1 14 0.944 4 0.048 6 0.770 5 0.1013
de-trending RBF 10° 5.9 21 0.968 9 0.036 0 0.887 4 0.068 5
08C Linear 0.215 4 1 41 0.8790 0.074 8 0.8427 0.080 9
RBF 106 3.6 37 0.950 7 0.045 4 0.824 9 0.0899
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0.059 3,0. 068 1; L2 BRI SVM 5 R XF 5 (1)
T Ab B J5 B: & SNV + de-trending, ¥ 28 50 N
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3.2 PLS EE#MEE A 7 R il
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S PLS 2V a8 12 43 B B A E A7 %t L L 9K 5 i i A
FRAZ B AR X BB JEAT I UE . A ST R ] 58 oy
YRR EbRAE S s T 8N e bR B AL 5 19 1R b 3
UE SRR S0 e S AT R g (DLER 3D
R3 BESRIIERIRS
Tab.3 Sample numbers of validation set of each component

M BEAE /No.

2,6,10,14,18,22,26,30,34,38,42,46,50,
54,58,62,66,70,74

A

3,5,6,18,19,20,22,24,27,35,40,52,53,
54,57,61,62,66,76

AEAE T

9,13,15,16,20,24,30,31,36,38,40,49,50,
54,57,63,66,70,71

Z IRk

ARG T IR T S %
4 ETPLSEEPHZAHENMEAMPESASTNER
Tab. 4 Prediction results of components in ternary blended edible oil based on PLS

e S b B b3 B o Wy KCE%%% ﬁl%ﬁ]jﬂﬁ Eﬁﬁ%%ﬁé %ﬁﬁ%ﬁ]ﬁ*ﬁ
Factor AB R 7% RMSEC ZH R %7 RMSEP

AT i NO 9 0.982 8 0.275 7 0.979 1 0.027 7

SNV +de-trending 11 0.977 6 0.0315 0.976 2 0.029 5

0OSC 9 0.9911 0.019 9 0.990 4 0.018 8

FEAE NO 9 0.967 3 0.038 4 0.955 4 0.043 3

SNV —+de-trending 9 0.941 5 0.051 3 0.930 1 0.054 2

OSC 8 0.967 6 0.038 2 0.965 8 0.037 9

2R NO 9 0.974 7 0.032 4 0.973 5 0.028 2

SNV —+de-trending 8 0.938 9 0.050 4 0.9351 0.044 2

OSC 9 0.977 4 0.030 6 0.977 1 0.026 2

A FiR T PLS BRI AEA T 2
BRI S m N 4 ad AL B R4 5L SNV 4 de-
trending A OSC P 71 Ab R 75 7% N 14 e 43 35
L Factor AR IE e E REL RE R AR IR
22 RMSEC A5 R 1 45 4H OC R 4k R Je 3 7 fid iR
22 RMSEP., R Fll RS {4 B A5% 4 13 0] (& 11 S i
FAH &M, B3 1 84, RMSEC fil RMSEP
A BRABS TR f1% T 00 255 SR W A N G L kT

HL LT PLS BB SENF I | AE A i 2RI 3
9 OSC FIUAL Bl f) A6 0CR LE At T Ak 2R #Y

2 [16]

AR T L R R B R R AR E M

[ BE KR 36 2 FNEE 4 X A5 345 414 & OSC
Ak B A9 26 ME PLS @B E bb IR 45 45 10 F A4k
P SVM HER G 1 4, B = 20 0 98 Al b 45 4143
T PLS &R LT SVM B M dlip
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Fig. 4 Correlation between actual and predicted values of prediction set in optimized models
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