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Rapid evaluation of the oxidative stability of rapeseed oil
based on fusion spectroscopy
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Abstract To achieve the real-time online monitoring of rapeseed oil oxidative stability, a custom-built
portable near-infrared and Raman spectroscopy (NIR-Raman) device combined with spectral fusion
techniques was utilized to assess the oxidative stability of rapeseed oil quantitatively. The NIR and Raman
spectral data were collected from rapeseed oil samples exhibiting varying degrees of oxidation. Eight
preprocessing methods and three feature selection approaches were applied to construct partial least

squares regression (PLSR) models using data-level, feature-level decision and multi-block fusion
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strategies. The accuracy of the models was evaluated using the prediction set determination coefficient
(R, and the prediction root mean square error (RMSEP). The results demonstrated that: 1) Taking
peroxide value (POV) as an example, in the NIR spectrum, the SNV+MSC preprocessing method
displayed the best performance with an R,* of 0. 84 and RMSEP of 1.05; In the Raman spectrum, the SNV
preprocessing method was the most optimal with an R,” of 0.85 and an RMSEP of 0.99; 2) Among the
spectral fusion schemes, the sequential orthogonal partial least squares (SO-PLS) method with multi-block
fusion outperformed the other two methods, achieving A of 0. 978 and RMSEP of 0. 392; 3) The prediction
of rapeseed oil oxidation indicators, including malondialdehyde (MDA) , anisidine value (AV) , and
conjugated diene value (CDV), using SO-PLS integrated NIR and Raman spectroscopy, R’ values reached
0.98, 0.98, and 0.97, respectively, and RMSEP values were 0.871, 1.039, and 2. 132, respectively. In

summary, this study applied the SO-PLS fusion of NIR and Raman spectra for rapid, non-destructive, real-

2025 4F 45 30 %

time dynamic and realized the monitoring of the oxidation level of rapeseed oil. This study provided

technical support for quality control in the processing of rapeseed oil.
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T 57 P R0 43 B 5 oK Rl S SR e AT Al Ay O IR R RS
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data fusion, HLDF) D J 2 X He il &, 1E B 58 £ fill &
R X 45 A AU (14 72 Ak 8 7 R0 R AR LS KUR: 2
REE ZERC ) Z T &5 8 )
T S PR S 0 DL B b A S A s L R
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BIX 25 R B T HLDF 768 fi i 4343 87 A 5 Ak
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BRI o 2 AR (R TS R R At R R
MR T = T, MR T 50
TR R R AE RS 210 B R R L S 9, 7E 500 nm
R AR T WO R o TR R T mL AR
T 10mL @8 W, 0. 05 mL &AL 2w e, 1 =
SAH e+ R IR B HE 70 3D IR A VR TR B &= 2
LRLFEL) o B RV T 500 nm AR RE WO R L fi
LR ARG R A AR

c— ¢

X:

V,
m X —— X 55.84 X 2
|4

A X O R St AR E  meq/kg; ¢ M A I R 2R
r A P R Y BT g s o SR b T TR e 7 2R
AR Y T N 35 0 o A s Y VS R o o R b 1 7
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Fig.1 Schematic illustrations of three fusion strategies: (a) Data-level fusion, (b) Feature-level fusion, and (¢) SO-PLS fusion
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AR AL A BRI R 1 3 S R D R
ol =R R LR G W AL R (CD V)& X
S Y B — 0o R 0T BRUE IR A, ®
ST A R Wk

AT 28 Schaal I3 A L LS, kB A A
6 =N, 7E 0~15 d 38 & 0 POV AV . MDA FI
CDV By 2L FI Wi s br i AL R EE (R Do fEA A
e w4, 22 K il B9 POV 2y 3. 062 meq/kg, £ 15 K
i, POV £ il I 7+ & 13.770 meq/kg, # £ 2
4.54% o P AES 9~15 K& fb ol 5 2 bk, 5t i
AN LN G 17 R 1 oy i L SR B A AU RN T L Lk
i, AV MDA Il CDV # 2 3 203 E T4 %, 53 51
ik F) 66.500.27. 910.32. 638 nmol/mL, ¥ i 1
0 PR, 33X SR H TN AR R R B R G AR TR S 2 L 2
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Table 1 Variations in the peroxide value, anisidine value, and contents of conjugated dienes and malondialdehyde
during the oxidation process of rapeseed oil

B 6 b5 25 5 HOR B3R 56K EICEN $12°K 15K
Indicator Indicator category Day 0 Day 3 Day 6 Day 9 Day 12 Day 15
i A fi 14 {8 3.062 3.741 3.709 4.540 7.369 8. 645
(meq/kg) Bkl 3.063 4,042 4,382 5.903 9.795 13.770
POV FoME 3.061 3.431 2.925 3.369 5. 646 5. 602
N IK(E) 17.677 24.040 25.813 25.959 34.001 46. 889

I — 5 1H o
CDV e KA 18. 000 60. 200 60. 200 36.879 49.816 66. 500
e /IME 17.510 20. 100 19. 831 18.138 17.585 22. 300
2 {E 1.510 2.822 7.184 7.963 13.982 18. 207

[EE ) o
AV e RE 1. 870 3. 000 10.673 12.692 21.075 27.910
i /ME 1. 260 1.270 2. 200 2.670 4.118 4.954
T e g/ T fE 0.313 3.463 6.420 7.196 9.832 15.871
(nmol/mL) B KAE 0.314 7.349 11.238 11.900 16. 780 32.638
MDA B/NMA 0.312 0. 584 1.157 1. 540 1.879 1. 900
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Fig.2 Near-infrared spectroscopy and Raman spectroscopy original plots of rapeseed oil

2.3 RiETAAEERSH

TE 3T 21 /b (NIR) Al 47 2 (Raman) Y6 3 43 ¥
W R 5 S B LER F 77 A JC M | 52
T S v P DR O A 3 A S o B P R G
WER . AR SG.SNV MSC . FD fil SD, 4
KA 7 A4 SNVAMSC . SG+FD il SG+
SD, 3 8 Fh i kb BH 7 ik, DA 3G o A TR A B L LU
POV 545 A 1], i 1 fi A% 1904k B0 5 9, 25 SR I 36 2,

NIR 1 Raman J i 28 7 &b B J5 A5 74 o 1 P 1
A . Hod, SNV-+MSC 2 NIR G i iy & 13
A B 5 vk, MR B KM 0.87, RN 0.84,
RMSEC 1 RMSEP 43 Jjll 2 0.93 #1 1.05, i 7£
Raman Y& 3% 43 A7 H , B— B SNV AL B 2 3005 B
HE, REA RS 43 ) oA 0.89 1 0.85, RMSEC Al
RMSEP 73 5l 4 0. 89 1 0. 99, #kifi, 24 % M SG+
SD Y414 Fil b B2 75 3 B, BT (%) R AN R,AE AR,
S R T A0 O BT B B 1R b B o L DA ) S5 T A

Y T 7 o
2.4 REERKTEEE

A5 {5 I 2 R B 25 5 e SR TR0 45 SR 1Y
ATREPE IO Bt 2, BT Ga 17 o B A B 08 5 AR
f Bk A, W) 25 38t e O B8 5 8, ok 559 A A
PR, A BF 55 ok H 35 4 1k A AE Ny E A R R
(CARS) I T6 i B A8 5 18 bR CUVED 553 ok $2 B fe
IR G746 THAS A (Y FRIUORG 2 . CARS & —Fh 4 il 52
FE RV AR AN PLS (0] U A Y 1) A8 i e PR R 1%
AR AT B 3 I H AL R 6 9 R R 2 B PLS 8 A rh
AN IR, I % B RMSECV X 0 T 4 v fi
5 08 A8 B AR by die A PR U AR AE DR K o A CARS
7 ¥ i 1 AR i B IR SR AR B 100K, 28 G IE
HECH 1041, CARS $2H NIR F1 Raman Y % $#AiF
O v o AR K 45 R UL 3. T LU HY, CARS 2 B
NIR S 3% F¢ i 3 4 2 b (B 3Ca) ), 72 58 1~51 1k
KRR, T8 AR B8R B W N R, 5 51 YR FE



88 OoE kOl K IR 2025 4F 55 30 &
F2 TR RN B BE B 200
Table 2 Effects of spectral pretreatment methods on model performance
Co " 2 4E Training T4 Prediction
e e Waie il K
i H AR i 42b B N o i o i
Spectral type Pretreatment Principa PUERB HOTRIRE RERE BIOTRRE
component score R/ RMSEC R/} RMSEP
JE iR 26 0.80 1.11 0.71 1.39
Savitzky-Golay -3t 28 0.86 0.96 0.79 1.09
o o 1 25 AR 12 AR 27 0.80 1.08 0.77 1.36
L ICHU R IE 27 0.82 1.08 0.77 1.22
— B S5 29 0.85 0.99 0.73 1.25
LT A —Br 29 0.83 1.04 0.75 1.25
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ear-inlrare spec ro%copy f/](?ﬁfﬂi@ﬁiﬁﬁﬂ’ 27 O 87 0 93 O 84 1 05
ESTH:1 € RS ’ ' ’ ’
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a;;% olay *F 1 29 0.86 0.94 0.80 1.15
I z
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4};12%2& olay *F 1 40 0.82 1.06 0.75 1.43
— I 4
JR IR 9 0.84 0.99 0.75 0.97
Savitzky-Golay - 10 0.85 0.91 0.78 1.57
i v 1E 25 78 AR 4 9 0.89 0.86 0.85 0.99
£ G R IE 8 0.84 1.03 0.79 1.09
— B %k 7 0.89 0.85 0.74 1.18
B ISR 6 0.85 0.99 0.72 1.29
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g§§;§§1ﬁ+ 8 0. 84 0.97 0.81 1.30
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—PI
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Fig.3 Process and results of wavelength selection for Near-infrared and Raman spectroscopy
based on the Competitive Adaptive Reweighted Sampling (CARS)
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Fig.4 The process and results of wavelength selection for Near-infrared and Raman spectroscopy
based on Uninformative Variable Elimination (UVE)
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Table 3 Comparison of PLSR models based on single spectrum and data layer fusion
S A I Bk F A B Il 4E Training Tl £ Prediction
JEIHE o
Number  Score of principal ooz =k ; s oz p ; by
Spectral type princip RERT WITRIRE  RERE HITRIRE
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L
i S i 2 048 9 0.89 0. 86 0.85 0.99
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SIAR /S TA-Diy 7
b2 i 2 560 26 0.94 0.54 0.84 1.02

NIR-Raman spectroscopy
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Table 4 Comparison of PLSR models based on different methods of feature layer fusion
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Fig.6 Results of the regression analysis and the comparison between the actual and predicted peroxide values
of rapeseed oil using SO-PLS
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Fig.7 Regression analysis results of the true and predicted values of rapeseed oil oxidation stability indices
based on the SO-PLS fusion method
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