9174 58 JEg I R Vol. 17 No. 8
2026 4 4 H Journal of Food Safety & Quality Apr. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20251203005

SIS PhGEe, FLEnHE, %, . IS SR ARG IRE AR Wi B O 4 500 Fh R A X i SR [J]. B R A BTk
24, 2026, 17(8): 68-75.

SUN XY, KONG LY, ZHANG HH, et al. Research progress on the application of spectroscopy and intelligent sensing
technology in identification of vegetable oil adulteration [J]. Journal of Food Safety & Quality, 2026, 17(8): 68—75. (in Chinese
with English abstract).

Jeilk SR RE I EORLER S D3 v g I
IR U

ek, LW, KER, K4, BF M, XIMFE
QLHT &2 WA IRRT, TRBH 110122)

8 F: MYIR N SRE b SN AR R A 2 AN IR AN R Y R UR, AEERPILAR G FEAE IR h
AR BN o T AN R Z R AR R I 2 T E 22 57, BOMT N AELE )" S ild B i S ke, ™
TR A I A AL o TAESR, DG M R RE A TSI N R s R | TE L RBEEEOL S, BT
R FL S S B B S . ASCR SRR TITLAMEHE L [ RM-LLAN . motiEaR . fiEo
TR RSO CIEBARTERL M B ORI v B SRR o I, RS T B AR WL IS . TR RS
B RE T UL ARG B 4 5 R AL B DB R A R R BUIR, R TP S A2t 25 5, TR RO A At
MR R . ASCETE TS 58 R AL R RO R i LS Dk | B RERI P SR R 2 25
Bt S £
REEIA: MY, OLIEAT, BRELIE ks B0

Research progress on the application of spectroscopy and intelligent sensing
technology in identification of vegetable oil adulteration
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QIU Shuo, LIU Peng-Yu"

(Shenyang Institute for Food and Drug Control, Shenyang 110122, China)

ABSTRACT: Vegetable oils are the primary dietary sources of monounsaturated and polyunsaturated fatty acids in
human diets, playing a crucial role in maintaining human health and nutritional balance. Owing to the substantial
economic disparities among different types of vegetable oils, adulteration events frequently occur during production
and distribution, posing serious threats to food safety and consumer rights. In recent years, spectroscopic analysis and
intelligent sensing technologies have attracted increasing attention for the authenticity identification of vegetable oils

due to the advantages of rapidity, non-destructiveness and high sensitivity. This review systematically summarized
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the research progress of near-infrared spectroscopy, Fourier-transform infrared spectroscopy, hyperspectral imaging,

Raman spectroscopy and fluorescence spectroscopy in the detection of vegetable oil adulteration. Meanwhile, this

paper comprehensively reviewed the development of intelligent sensing technologies, such as optical and

electrochemical biosensors, electronic nose systems and smartphone-based detection devices, discussed the

integration of these techniques with chemometrics for adulteration screening and prediction. This review aims to

provide scientific references and data support for the development of rapid and intelligent detection strategies for the

authenticity evaluation of vegetable oils based on spectroscopic and intelligent sensing technologies.

KEY WORDS: vegetable oil; spectroscopic analysis; intelligent sensing; chemometrics; adulteration identification
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Table 1 Comparison of 5 kinds of spectroscopic techniques

kAR i X [8] FIEAE R P B s EE PN
. C-H. O-H. N-H#pfH P, i, pEk KRB RE
NIR oA 800-2500 nm AR 4 IR e A M S [13]
FTIR # A 4000~400 cm”! (}OJQ%QEQGC% RER . Pk SR AR 2 R [16]
. N FRAEES . E6E HdsEk. &
S " Z S5 5234 =¥ o
HSI Hi A 400~2500 nm Gy F PR3N 578 [ 43 A AL S A E A e, [17]
=i - _ A= 7 52, B
EUL=D N Er N 200~3500 cm™ CC‘CQfH%M%m fEHE | P EXE%Kﬁ [18]
58 Tk
BEIEHAR 200~800 nm WL R RS R Vig eyl [19]
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TSR, NI RER A P IRVEA T AR T R A

NIR FARTEA Y HE O 4 50 v Jee 91 L R 4 iy P,
FEHEACEFBRIR R TR RPN . R, X TIE
FBEOKE I R O A2 T 2R R A A T4
4T .
1.2 EEMTHRIIMEIER AR

15 NIR $EARAA L, FTIR HAREDEIHEIL B 5, U
TWRE N R IR E SRS R, et . R
ORI MR RPN T T FTIR b i b2yt
Y, AT ISP RESHRH G 8. w2, Eit
PR ORI, S TR 2R KRGl . ORI . SRR
B LU AR SR A AT, AR S BR AT 3K 5% o 3225125 AT SE BN
WNZSTMB N AT B 8, S RLTE L 25 T S B e R 32
Fo BPHERTE SVM BIL N FTIR 454, S8 T 6 Ry
TP A28, Fri LAY PCA 455 WUREL I SVM B335,
O3 AR R I MERIA Il (extra virgin olive oil, EVOO), K
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Table 2 Application of different spectroscopic techniques in the detection of vegetable oil adulteration

i A HiiEes B VAR IDIRES RMSEP EZ PN
B -l FokM . AR FRAIh . ZEAEAFI PCA. PLS-DA 1.7 [23]
NIR
2 E S NP NCA NS 2 PLS. SVM. DT ?ﬁ [24]
Sy . et AL PLS-DA. KNN, B
FIIR P KEIM. FKM . A PCALDA 1.42~10.39 [26]
PR AR i T FEIEFAIN SVM - [27]
FEGA) A T RS AT . RS T . BRI PLS-DA. RF, KNN . [30]
HSI A BB N SVM. LR, LDA.
%KY T EEY 3 i _
- SETEHFIN . BRI . YRR A I RE. DT. KNN [17]
o 2RI K. FORM . SR, ZEERFIN PLS-DA - [33]
0L TG TE
11457 SR . EOR . FEAET PLS-DA. PCA 1.45 [34]
R KEM ., AE4ih . SEEAm 2D-CNN 2.43 [37]
Dot
IR L GRL A . FTOKIM . AFAE KNN. CNN. RE. 1~5 [38]

SVM. PLS

A RPERIBN 4347 (linear discriminant analysis, LDA); 12 [1])- (logistic regression, LR),
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Table 3 Application of different intelligent sensing techniques in the detection of vegetable oil adulteration
LoRllpIR7S ik B BRI /% Tk S 30k
AEAE @ IEZ S 1~100 LOD=0.45% 43
St L R=0.998 e
WIVERRF-Ih B3 20 KBt (A1 3~5 s [40]
s s gz R*=0.981
NP 2RI SEAFI . ZEAEAF I 5 RMSE=0.0178 [44]
TS b0 21 b S I R*=0.8565
Fr IR SFf 5~20 RMSE=2.7125 [45]
SEFHIET ALK R R S T R 5-50 Rﬁ;ﬁ%Z [46]
B B3R A 5~30 LOD 0.2~0.3 ppm [47]

A BR(limit of detection, LOD),

UEAER, /v b2 A WAL B S A H v SR AL g o e
G F/INEIAC R A, SO AN B Dkl ) S B F B
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SEGIENTY . HOSSEINI Z M & T — 3L T4 B Ak
LB/ (metal oxide semiconductor, MOS)HL T &, 454
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MR, SCEYGE . BRERESSEITEAN, Kok il —
R J Il KR S A
23 ETEBEFNHENEE

Sy IOE X6 i B GG I Ko R | SR A 4 Y 2 R R,
ETHEETF YRR & Z RO L . IKIEERET
HUERMGAAR . eIl s 5 R AR S B A Ty T L3, 3@
T AN . L AR AL DL R SO 3t
S NRME AT RRT, SEBRE LR S I PRECR A | A IR 5 45
kg SONG %I FH BE FHL4S & G b B A1k
AR, LT BIREETE 5%~50%35F P EVOO i
WM B IR S B S . 1% IR i U RS [ B e 2k
BT R A R AL, I L3 i B i 1 718
AT, RIS K R T — R A R T R
DENG 5B % 7 —Fi B T NIR FIE fE FHLAY — e s
MRGE, X 243 A FEBEBAR P LU ASIHAR ShFF T 458 .
WL NIR 3R T B 24mAe a5 8, R RRFII0E
EUR FIATFRAT 18 2R RO I DE BB, X b S A R
W A L B O S Bk B T L . BILAL 451y



%5 8 44 PIERE, 45 LIk S RE

e B AT AR I 2 Oh 250 v 1O P ) W5 3k e 73

TR TR AR TOLR LGS AR, 456 Zonseit oy
Br, SEBL T SRR BAE A I (5%~30%) I PRSI . PCA
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