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Abstract: The issue of adulteration in the high-end edible oil market is becoming increasingly se-
vere, with a notable lack of effective rapid detection methods. In this study, Xanthoceras sorbifolia
oil was used as a case study. Artificially adulterated samples with Xanthoceras sorbifolia oil content
ranging from 0% to 100% at 5% increments were prepared, and their near-infrared (NIR) spectra were
collected. Partial least squares discriminant analysis (PLS-DA) was employed to develop a method
for identifying adulterated Xanthoceras sorbifolia oil. Several preprocessing techniques were evaluated
and optimized to enhance the performance of the model. To address the issue of quantifying the adul-
teration ratio in Xanthoceras sorbifolia oil, a model was constructed using partial least squares regres-
sion(PLSR). Model performance was further optimized by integrating different spectral preprocessing
techniques and wavelength selection methods. The results indicate that the PLS-DA model, using
convolutional first derivative preprocessing, achieved a 98% accuracy rate in identifying different
types of adulterated oils. Furthermore, combining first derivative deconvolution preprocessing with
competitive adaptive reweighted sampling (CARS) variable selection yielded NIR model RPD values
of 5.90, 40.00, 5.20 and 4. 90 for the adulterated oils in Xanthoceras sorbifolia oil, demonstrating
excellent predictive performance. This study successfully conducted both qualitative and quantitative
analyses of Xanthoceras sorbifolia oil samples adulterated with various types and proportions of other
oils, offering an exploratory approach for rapid quality assessment of Xanthoceras sorbifolia oil adul-
teration.

Key words: Xanthoceras sorbifolia oil; adulteration; near-infrared spectroscopy; qualitative anal-

s EE: 2024-08-16; fEEBEH: 2024-10-03
EEWHE: JHAEPESRPESRWIEH (BHFEGE) (20224046) 5 H RS R 2A SR EFE24 T 0I5 B (CISTI2024) 5
SR i W PR 24 S DA B AR T S TSRS (K 2022006 )
«EWREE: BT, W, @I, WFTORn . P AT SR, E-mail: erxiaohappy@163. com



254 SR AR (http://www.fxesxb.com) 44 3

ysis; quantitative analysis

Wit 2 v i 24 £ PR R AL T D P S R % B RE S IR SN 4 H 85 P SIS 2% i) 8,
BB RAMURZIC TIH S EBES N 9% 2 10 (g A BT CE U, T s st bt A = oMb 10 e 4 e i 1k 17
ASFREMA 1 SO R R PR ORI, AR B 2R GRS F Wi . AR,
B S5 SR A P AR AR TR SR B 07, T35 LB SRS I = i 25 5 32 B 5 2% () LR s, 6 S
PPN WL JR A B T Pk

AESR A 2 PRI AR B T s 3B A, AL TR 2B E G ik . BT
FOAR WA - B I R AN 2 i AR BOR S H BRI TR B R AR L B D, SRR
BORAR . 4EPRAR T, AT T RIEASI . 40 AMERE (NIRS ) BAR BAGE | Fofit . RS
o, 2P AREN T T2 M NIRS 38 i 4544 5 P 30 SR 20 (0 A5 ABUFD S A3l , WS
Y IRE R, SEIUS AR R A I PR E PR E BT, R P AMIR ST N B EL A NIRS X 2 Fhifi 2k
FEMIEAT T PR E S ST, AR SRR M 5 0  PE B e = S e b . AR5 R H
AWE R, 45O A G AL BRE AR AR S 8071, AR SGESR I T84 0 & PR iR
HUE BT, BFERE, — R | ORI SRR B AP S I ik, A SEBLHE T P SR
MEM =%,

1 Xy
1.1 s=5%m

SupNIR-2600 24T 2T 4N HEAY (R IERHE (WU Bt A PR 22 7)) . YP50001B 2 - K% ( LT
JRACES B AR ) . A P YAl (FE 1 Elma 22 w)) 5 Vortex—2 FRHETR 2IHL (LD B LA PR 25
")) . RZSCF220-65-02L 24/l S AL H i & (R @A 2 e I SR & AT BR ) o SCE R IH GRYIR 3
AREAEYEAAR A RS, S0 FORMM GEIEE MDD RMARR AR | R A MEROE i (v
PEF EXIOM FOOD S. L. ) . B3l 25 A sL 5= A il
1.2 XERMEBERHE

FESALN . SCRESEI . Zoih . ORI . BRIl . ORI il SOE SRR A T . MRS - SR
IR A . BRI -SGESR IR AT . EoRM-SOERMIR A . BREFSAN, Haadl, 5Ll 5%
BR324 (0%~100% ) Bt ) SCRESRE T EL A, il 5 i SCTeE SR iR B T il o
1.3 NiER&E. RBESFEGE

SEBHT, R/ RE T 30 min BEATIX B HAS, DIPRIEAEE THaE . T E b7 S 1A
ST, DETER A 1 000~1 800 nm, Z3PEE A1 nm, WA 25 °C, TR 60%, A4 RIMP Client,
Dz H s AZ . A E T 2 mm G AILA) 2/3, BARENEATH R R 5 5K 61V A ke it
BEHE

SR i fhwidne /N 3R T R BB A v . AT R RS YGRS (None ) . ARiEIEZSAR
BASR(SNY) . —F GBS E(1 Dec) . MBS H0(2 Dec) . REIH—A(VN) X ELHE BE1 7750
QbR PREEAS ] FAL R 5 700} A 5o, BRI FEE PR 2 AR R
SRR, WA K2 R A B A, SR B S g REL(RY) . AHRT o BT iR 2
(RPD), LLRASAIRAYAE SLIRAIEI 7ML IRZ(RMSECY ) . T}y 7 iR %4 (RMSEP) ,  NIA Rk Sasite
1.4 EHEAIE

% The Unscrambler X 10. 4 ()& Camo analytics 23 7], Demo) 04X 6 1% B i 25 47 P00 4b B A i 5
N FVE (PLS) BRI 3237 ; Matlab #44:(R2024a, MathWorks, Natick, ZEE)XGiEHEHT=4H
TR E NIBCRAEAS 8 R EE(CARS) BE | e/ NS4 5 1~ (LASSO) BkAb L, SEal R FEAR )
0 e AT B e PR . CARS By R MR Z 5 1 TR O BE AL, 38 1880 s o 0 4 T AR B A (R B R
SINTHERIERE AT (MPA) RS, RHER TS & ) 2RO T A LG HT 7. LASSO Bk it
— PP LR I VA O RRAE I e 5 i, I ERE I S N SR 0T, 4 D U5 2R 0 4 6t BRI



552

WRIESCH : ST IELAMGHE R AT SGER I ARG S A 255

HOBRELIN ,  [F]I de M AR B 5 221 7 A o %07 TR S P AR AR PR N SRR AE , o R R
HOW WV FFIERE A A SUE ™ o LASSO BIEAENL &8~ >) Ul )2 T Sl 45 el

2 HR5iTE
2.1 RiESHFAMERLS D

B 1R T 45 25N ELAAI35 2 A S AN R AL B 7 VA B S I 2D/ s . 1A, RS
M EES, A1 AR BEREHE BELLIX oy . TEREITLAMEIEEHR T, ek 32 2IHUT
WM R SRR RN, R, TESTATZ A, AN AN T 2 7 TR e R e R A T 4 Y T
REFR, ZSBFSE R SNV, 1% Dec, 2" Dec Fll VN ZETiAFRFE A, LIS GIEERE Y o] K401k, 81 )RR

TG BERE AR

I,

° o
il

Absorbance =

=)
1

Absorbance =
=T SN
L
Absorbance
Lo
] L
e

=

y 1
1 000 1400 1800 1000
Wavelength/nm

D
= ]
E 0 ——— N [’\J\
z ]
1000 1400 1800
Wavelength/nm
1 BEAEFHEA IR
Fig. 1

T 1 T 1
1400 1 800 1 000 1 400 1 800
Wavelength/nm

Wavelength/nm

80
401 J\'\
Ao,

T I
1 000 1400 1 800

Absorbance =

Wavelength/nm

EZS UGS S my U BURAW] S i 6

NIRS of oil samples with various adulteration ratios following different pretreatments
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Table 1 ~ Optimization results of PLS-DA model by different pretreatments

Method LVs Calibration set accuracy/% Prediction set accuracy/%
None 8 96 95
SNV 7 96 96
1" Dec 5 98 96
2" Dec 5 97 96
VN 9 98 98
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Fig. 3 Confusion matrix of the optimal pretreatment models

A: cross—validation set; B: prediction set
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Table 2 Quantitative modeling dataset division

Sample Total sample Calibration set sample Prediction set sample
ARl - 3O A 110 75 35
(L GRTIIR &% S 105 75 30
BRI -SSR 110 75 35
FKh - SOE A 110 75 35
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Table 3 Comparison of quantitative model preprocessing

Calibration set Prediction set
Sample Method LS R RMSECY RMSE R RMSEP RPD
A5 - SO S None 9 0.83 14.01 10. 20 0.88 13.28 2.91
2" Dec 8 0. 83 13.78 13.50 0.83 14.23 2.43

1" Dec 8 0. 85 12. 86 10. 70 0. 88 12. 04 2.97
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(8:33)
Calibration set Prediction set
Sample Method s R, RMSECY RMSE R, RMSEP RPD
SNV 6 0.79 15. 43 17. 00 0.59 23.10 1.56
VN 11 0.91 9.92 8.20 0.92 10.79 3.69
RS I — SR None 9 0.95 1.89 1. 40 0.99 1.55 23.50
2" Dec 2 0.98 3.41 2.20 0.99 2.19 14. 46
1" Dec 3 0.99 2.43 1.80 0.99 1.76 18. 04
SNV 8 0.99 1.52 1.20 0.99 1.32 26. 14
VN 9 0.99 1. 80 1.20 0.99 1.39 26. 00
BRI R None 6 0.59 20. 02 16.30 0. 64 19. 16 1.68
2" Dec 2 0.37 24. 86 15.20 0.41 23.36 1.30
1" Dec 3 0.59 20. 60 13.90 0.57 20. 07 1.53
SNV 7 0.38 17. 64 13.30 0.76 14.87 2.05
VN 6 0.59 20. 06 16. 40 0. 64 19.25 1.67
ORI -SSR None 9 0.95 6.39 4.95 0.97 5.02 6.59
2" Dec 4 0.93 7.70 7.17 0.94 8.26 4.27
1" Dec 4 0. 94 6.90 5.69 0.97 5.57 5.90
SNV 8 0.97 4.73 4.12 0.98 4.22 8.00
VN 9 0.96 6.08 4.81 0.97 4.84 6.83
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Table 4  Comparison of wavelength selection for quantitative models

Calibration set Prediction set
Sample Method Wavenumber LVs 2 2

R, RMSECV RMSE R RMSEP RPD
Zo =3RRI CARS 144 6 0.93 9.18 5.62 0.97 5.85 5.90
LASSO 60 10 0.93 7.33 5.31 0.97 6.05 6.40
None 800 8 0.85 12. 86 10. 70 0. 88 12. 04 2.90
Y I — SR CARS 144 6 0.99 1.03 0.81 0.99 0.91 40. 00
LASSO 41 3 0.99 2.12 1.67 0.99 1.68 19. 80
None 800 3 0.99 2.43 1. 80 0.99 1.76 18. 00
BRI - SO SR T CARS 163 7 0.94 7.30 5.42 0.96 6.15 5.20
LASSO 66 4 0. 89 10. 07 7.43 0.93 8.35 3.80
None 800 3 0.59 20. 60 13.90 0.57 20. 07 1.50
T K-SR R CARS 128 5 0.92 8.53 6.14 0.95 7.14 4.90
LASSO 86 5 0. 88 10.53 10. 09 0. 87 12.32 2.70
None 800 8 0.97 4.73 4.12 0.98 4.22 8.00
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Fig. 4 Internal validation results of PLSR
A: tea oil-Xanthoceras sorbifolia oil; B: olive oil-Xanthoceras sorbifolia oil; C: peach kernel oil-Xanthoceras sorbifolia oil;

D: corn oil-Xanthoceras sorbifolia oil
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