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ABSTRACT: With the frequent occurrence of edible oil adulteration, the quality control of edible oil is very
important. The establishment of effective edible oil adulteration identification system is an important means to ensure
the quality of edible oil. Due to the complexity and diversity of adulterated substances in edible oil, traditional
physical and chemical detection has been unable to accurately analyze the complex adulterated components in edible
oil. Therefore, it is necessary to establish a fast, accurate and efficient identification method of edible oil adulteration
by using modern instrument analysis technology and related data metrology processing method. This paper reviewed
the detection research progress of edible oil adulteration by chromatographic analysis technology, spectral analysis
technology and new analytical technologies, and analyzed the principle of adulteration model based on the difference
of edible oil composition and content by means of stoichiometry, and summarized the application progress of the
model at home and abroad. On this basis, this paper prospected the present methods of edible oil adulteration model,

in order to provide theoretical reference for the establishment of edible oil adulteration identification model.
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B N8 H W A 3 I 45 R 0 A AT G A £
A NS HELEA 2R NIRRT IR R B IR R ST E
FERAN s AR b AR P R, R GO B A 7
AT B R AT O S B s R R, dnm)
UhEG €y Rl R R R R 1N (3 W NS R i N A Xa e i KX TR R R
1] £ P R R IO A AR RS ) A | R E b 1)
AL T FR P BRT L, BhE R AR AL
A0 T IH S B S X 2 ek e v v A A P DR,
XS 45 Py B T8 00 AR 45 30 £ it 2 4 5 A 4 40U R
AEEE S, MR PR, ToH A I £ Fh 2R B 1 1500
B AT R B B0 Ame S5 C e S
Y B G 30 7 v e B RS HE AR A TR o Hs 94k
H, RAETBY BRI S B R E B 46 20 B
HOGIE: . BT R T S AR IR 1 i S U
TV DS G H 7 ST B AR SRR AR B S B T RO e
PRI SRR . ZUEE AR Bt S sesh, N
T HORS HEHD XS B D W B A T T AT, K A SRR
ARG T2 5 A ES G H B IS Oh S 5 BT Y 7 1%
W O o T AR A ik B O MR AR IE, (H H AT
¥ B /DR S AN TR () A T S, BRLCA T X TR
PR S B HE i v 2515 2, A LZXE AmEOh %
SRR S AT R G HZRIA

ASCEENR T OIS | Ak S R E AR &
FMB AR PR, IS T FEN AN Rk
[ 4343 #r (principal component analysis, PCA) . /)y —
e [0] 172 (partial least squares regression, PLSR). 540
£ (cluster analysis, CA), 5143772 (discriminant analysis,
DA). #Z M4 | L HF LIk (support vector machine,
SVM) 1456 IR 3 G DA 7 T 45 DA R AY g F 5%
HEE, LU R £ 5 Oh M 0 A2 1 v i At v Atk v 2%
e -

1 RS HENRA

1.1 KBS EAR
LL1 B R

AN EIE (ultraviolet spectrum, UV 5k T AR FhZE
T & AR TR RPN, S BUER AN R IE RS A AR
—REMMZE S, ARARRRAL TR S ™ AR o7 B AN [R] W %o £ FH 3
Tt M ORI A R R, R BAAE 268 nm Ab 6/ E
TCEEIERFI . R . SRR . BRI A FRAE TR
U, TAE 280 nm BT HAGTEA M ICHRRAE R s . Etk, )

il

FPEA 268 F1 280 nm ALFHEWEXT BB AL A I HEA T 8 M43
Bro [RIRE, S0 ELZEOE 200~900 nm 3K T %2 Jfkh B
iy AT UV 334, RIZRRIMTER K 299,291,310 nm
A 3 AMFRER g, oA 299 nm A sR i, (HIE
B — i AR AR T, I X — 22 S 2RI B DA
W, KR 0.06 mg/mL, UV & HA RS, Pk, 148
MBS, B T a2 e, MRS YR 2
MESIEENS, KIS R,

112 ¥bk#

Wi (fluorescence spectrum, FS)K 25 FAE4
TP RERE = AR ORI IR, WIASHIRR & A i C=0 JLH | 4t
RTINS NRE, E—ENBEEKT, REEH
AT DO IR BRI e & B AR & S EEOLR g 1 22
SR, Ak — IR FS 7 £ A b B 18 26 B S5 ssi g o
IR FS X A A R A T S, E BT
Jol ISP R 3 R B il i 1o S T s At
JFAFEAS R EIMTER A K 360 nm A5 47 50 9¢ Jels 258 T
T4, (HREHEFER I EE R, & C=0 JEH R 23,
PNIIES € RO Al ek W E B R 1957 N 5y N |
Az R BB T 4B BP0 R S S B, M A R ] Gk
100% . BEAh, YUAN %5 50 AR 35 afi g B 6 16 3800% I K
330~550 nm Fl & HHR K 350~750 nm 3 [F P A 966 H 1)
PSR, SCELT AN]SR BRI A 4325 . TR G R I E
R PR BT 2R A v, A GE FHTE RIS, (H S5 4b Rk
s R LR S IA AN SS A HEA TR AT 9 KOk X &
AT A SR I
1.1.3 4uohkit

A1 o b LN T I N 4 AN (B URAR L S
& (near infrared spectroscopy, NIR)FIHZLANEIE7E £
BV R % o IELT MRS B KA T AT ALK A
FRZLAN X Z ] Y R, T L Dl 780~2526 nm. NIR
FHEAHY TS EEE X-HE#X H C. 0. N, S%)
AR AT RIS AT . NTR AR 1 P P A 37 AR A I s 6 4
TR LLAMR OIS B O B . e B 4 5 S, X
T R S R AE 20 43 (LA W R ) 3R AT A o AT T, il
SANCHEZ 2O Fi NIR T 1 BHE ot b 5 o R0 B i iR
(RN, HE T 95 2% At £ RO A9 0 R, JECVE B a8 )
94.8%. MIHZ T, PLLAMX LT A B9 E RE IR (R ) &
C-H. O-H. N-H 5} C=0 F:@N)H4HG Wik, HAFII & mma
SYHEFLTAL 4000~1500 cm™ B AER] X AT 1500~400 cm™!
H6 50 X I AT SR B A B AT S S B O Y i il
54 o AE 2T A XN B AR 46 21 41 5 3% (Fourier
transform infrared spectroscopy, FT-IR)®] DA yE#RA 1R 51 iz
RS AR R T 253, HIL eI B0 & R T 4 51 .
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fil4n, NEVES Z£0 258 11 %t 4000~400 e 47 B9 4R AE 15 1,
PEEL, BBl TSR . ORI . SRR AR
W%E . [AFE, HAN ZEPERCT 1744~721 em™ 1 7 M3
HE, X B AT AL S 45 A T s, wHB
SEATII A A T HERR 22 100%

LIAMEE AT PR | AR | R A
S AR ST A8 AR AL AT 2 (8 22 8] A S
B2 b Bk, B SR A O R 2,
VATFF A HERfG . RS 0 0 S 270 R A IE AR AR
1.1.4 =%k

i E % (Raman spectrum, RS)IETF4 IS T-1E
£ FF I RIRE I 54 rh AR B3I T A A ik S A 2 i i A
FERMEAT, It BT T35 ] FE LG YRR
BWTE S ETE, TS RS X6 b R4 404 K
B A FEEAY. CARMONA 2517 100°CF,
W 22 A THh R 4 A AR Sk 43 9 4E 2800~3100 cm™' Al
800~1800 cm™' ¥i [ N HEA TG IEAG I, 2 BH N #4 o A e
3010 e b BT Tl Y C-H BRI AR, 2245 3] RS AT
FATFAEAS A [ S RO 0 89 BB . 1 VELIOGLU 45Ul
T M PR D RR 4R ASTR], K B R S5 v T
FETF SR B — - E O 5 AT, 2% ST R AT A X
EAMF R T IRS, FFE TSR . RS HoA RE S A Ak
PRELRAL . FRARRED | KT Pe s S5, (HR TR
P 7 52 2% B A5 AR, T RS R IGI R ZL, FAFEE:
TIE W e 1 A3 IR A B ok, A IECX 5 Bh PR I v B 14 2
P BRSNS RE HE
1.1.5  AxmhskIp ki

Wi IR Y61 (nuclear magnetic resonance, NMR)H A
MOy H RO (CHL P, TP RS B
WEIAROEIE . HRT, SR THNMR R o s
%, PARKER U2 60 MHz '"H NMR 775, SHBA
BEFIM AR I A T o007, 8 BB A Al Y i R 22 R
PRI T8 %), B 13%. BARISON ZEl8Iff
B "H NMR %, JEFRE 5 R s B ol i T g 1]
THFRAY, K EE R0 G 7 R (A A A5 5 5 H s 415 5 e i AR
Z I BT E R, IR R T SRR, 1 H 2
Fok L RO FBIME 3 P B W AR 4L AT E . NMR RT3k
A AR LG, B0 T K A A 5 ANl A LY A,
{HELF BRrirss & B, NMR =525 BR T X0 it a9 i 53
FH, iR At B F I e 0
1.1.6  Rirzk kg

K#F%% (terahertz, THz) &4 Tl FE LT 402 8] 1) —
PRGNS, & HAT A 2R RO MO R . TR Y
FEBOGTERRE, K226 1% BN B2 5 b B 1S 1
iz — ., YIN Z095% i THz Yt 5 Fe A 7402
G, IR 1,68, 1.99. 2.30 il 2.59 THz $di HEATHHR,

BT TR BRI, AR B AT 100%, i THz Stk
£ 0.2~1.3 THz 3% A9 AR, ZHAN 2520 oy s o6 i ith
AT T MR . THZz el HA R . AT
I BRI . FRSCEITE R L s SRS O R SRR
N TR A I S . MEARZ A5, THz S5k
THE AL G I 0 KRR & BUF T8 b T oiEef . R
TR RIS TR I o (H E AT T THz $2R A TR B a5
FEBEL, I R,
1.1.7 =it

YIS R AN IR S R L TR RS X
W R BN 4k, kb A0 22 SUIGARAIL T oG ol
S8 AR AL 2 A AL AS R A BAMS B . Bildn, LU 221
R FVAR R T & A A OCOEE, ms i
T PREAS ] 7= b2 SRR A — 2 4548 LAt 0 ek X AR il 4
KRB AR, YANG S22y 1R R A0 540 4k
HET ARG IS X 2 RIS F ORI A TR O S T R A v
R R LE A RN A 5 S0 EAF %< 1T 7K 98%F1 100%; T GU
BRI BT R LT AT B D AE A T UEAT T U
R RS . AL T —4iG5g, 4 tnb o T F 5 & 0%
TCIEMERA S A B AN R A B i, B FIh 4B O A £ 1t
B2 AT REM AT o
12 ‘®iE5aE-REs AR
1.2.1 &t

IR S AR 63875 (gas  chromatography, GC)FIi
AP (liquid chromatography, LC), [E4rEiEHe . Fabh
FHAL/ NS, & AW O E e &S BRIIR . k=
B, A= H EYSERAEY 0 i B A AR AL SIS Tl . GC it
A3 T 4l 515 O i I 7 R e B A R B BN o
XING Z5PYH] GC X2 BB DR T3 . AT L SEIEATH
TR TR A2 BRI R RT BSR4 R AR A T X EE A AT
PR ORI ELE 97.27%~100%22 7] . JABEUR 2] GC
W2 R GCRe Aot b i 3 S Ui T R, AT IR B O A
A, R PR TR E] 5% LC kil & B th 2511
WHLTF-Be . MEL PO s ook €235 % (high performance
liquid chromatography, HPLCHR$i5 484 I a-/y-A & B HeA51)
JEFE R R HEA TR D 4 5. WANG 5] HPLC X7 ik
FEMBON RN . SFF . SEIER P BT & H Ik =B EA 7%
HearHr, G5RFIB ORI . Sk . SEEAT IR Ao
RAHIH 80.0%. 83.5%. 80.0%.
122 &3

g -FUHEERA SRR . REJEE . /M
LS il B AN v A 7 WV i Fu ol = Bk R ab
JTHR | R 415 B 22 S E A 75652 . DRIRA P8 A M 23
-Jitii%y% (gas chromatography-mass spectrometry, GC-MS)X}
W RAFAERET BT By R « W IMBRIEAT 04T, 2 SR i A v
BER 1%~20%, ATHERH B0 5 5. HEIDARI %
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Fi GC-MS XU A5 th % 1ih o T & 1A 558 R R el A 7
ST, BOVRAE 5%~75%2Z M 5 RAFRIZPEC R . Ik,
DOU % POUR FH W AH €313 - Jit 1% 9% (liquid chromatography-
mass spectrometry, LC-MS)X} 4 Fh-F 85 | 528 22 WAl
IR R AT, RIS AT
b rp, L RRAE AR IR A A B b ST T L A
BOESR
1.3 HFBEME AR
13.1 &FEanHEk

HL - 52 3 H AR 0 & P 43 SR F A% IR e
ST R [ 2 DR L SR LAY e R D SRR
SR FH B S B AR 22 BRI B 4B Db 25 A8 REI AOTR A& 2 PRI IR
PKERE, T AR R X 2 R LR ALY . A LR
ARSI R, S5 ARRECHE B . T R B S50 M IR
THRHIE RS e T . T H ROY EBF R TRT 4R
ALY PR RAE R 1 T 5 RGN R B th & ik
FEHT, A2 90.90%.
132 &FE&MEAR

BT RS AL R AR 8] | N 282 45
g TR RIS SR S 18 45 LA T K50 Ak R XU ) vk 4
Ao B A A B 5 T & A SO, 7 A
R R AR AR AR . PTIE A F A 5 T A R
. PTG R G i S R 2R s . R %
RUAY 2 AL SRR A ) AL 2 AR IR, A% A B8 il T AR
HIHL . S HH AR R B F B 41 . OLIVERT ZEB4D) 438 1Y
TR B TR AR, LA AR A H AR A R
A [ R VR O AOASE T A TR e 4T, Al e A [
b SRR T T X400 4R, BOUGRINT 25521
T4 R A AL 21 S AL R AR U AR B AR 22 X
A T B S A B 7 IR X 43 T2 AR AT AN ]
L B35 AR (10%~70%) 1) & Al . 5 B TR
RN R A A F I R A o8 8 2 ) R R A
INE, RIS 2 AR S AT AL PR AR, DU AR IR R T AR
X SRR S P R S BT R VR
1.3.3 DNA #a# K

TR 0 ORI S R E DNA BUR TR BAa 2, #fr
PRI FHIE DNA FIF PCR BEARY3, 15314 DNA J¥ 41 ]
AT B S 5], CHENG Z5P9L0 DNA #6ilH; A 0
SILZSIMAB OISR . KR AR, EEGHEET DNA,
FH PCR Fi AR Xt ) 3 A5 19 A 171, B —Fhg
Stk DNA, 261 DNA Wl BT HL, mahdtTisth
e, FiEELBTR] DNA K AR EE B AKE
TMFRERI EATRIFSE, AR AR S PN P DR A L PCR B
PRIt E it PCR HEF R BUE R 0.1 ng. 7EH L PCR X
N A S, B ARSI R H BRA 10%, DNA
TR — R RGO R RS AT, AT LA R e A R

YRR T, BEasErs Ik T a5 18
1.3.4 REFHEEIHK

LR A% J AR R A0 Sy 0 5 S 1Y) R 4 P AL 7%
MR S BN | SR B AT | iR ) AE 1k, Xt
AU B AT R RIS A B HE AR . PUSPITA 240
AT S0 B 7 A0 TR R G 1 0 22 BE B AN KA 7 4% S
SEMOE B OB, BEE B OV MBI, JraRmoR,
SEPEREAR . LIBISH 25V FHH JE 30 M AG 0 0 4 5 M
HEMAB IR ZEAE M, oA ARSI R B IR B 4% B354
Mo S HARBUN, mipi . REER . AZBETHT
S AT R h % e
1.3.5 MBEBALHEAR

B 5E 32 2 R PR A% 8% A0 B AL G 58 43 A,
UG A% S nT RGN 9 RO RS 15 8., T4 B gk B R B
AR AT AL T A AL B, € O B AR 4 BT S
W AL SE B AT BB P 4 50 3 AN R A 0 e e
A BRI E D ) &R A R 23K
F Y 6 5] B )5, KADIROGLU 25000 5 B 0,25 5+
ST X 7 Ml A5 AT AR S A T T AN [ e R U ) S5 2
%43 RASHVAND 25U B HLES ILSEH AR XHB A K il
(AN ] it AR S A T T 48 ORI, HEHERf 1T 3K 100%.
H A SE AL LS8 B2 AR A2 it R AE R 4520, 3T
R R T ML R0 BE o 1 PR AN w8, 6 1 I B 5 SR A v T
o Bk, $8 R B 1 43 38 DA S AR XA 114 5
Wi 2 H AR LS B A T 1T I APk K

2 ETUEHEZEESRNEARELRAHE
ek ¥idl
21 ERSAE

PCA S id FAREE AEEON T HERR A 245 B kA7
MHEESNEL, LR R D BULA AR L5
BRI —Rh 200G T k. SR PCA 4
& GC AT ZSkAm . KW . FAMEE 10 Fkirimaong
U R A A R A B I B i, AR 5 AN F A ST I AR
BT R 92.253%. KAUFMANN 255 51 PCA
454 NIR Wi RAB P . KOG . At A8
BT S AR AARIIRR, $EHC 3 AR B PR
A XBIEHERR 243 5 90.7%F1 81.5%. PRINSIPALM IR
454y PCA HE AT FHERHB ONEEAR AR, R X bR
WERZZMRT 5%, PCA A THBRPEMHE AR 22 18] AR SR, s
PERRERE T AR, 38T IS O S R ) £ 5T

22 BESE

CA RAERIEEEA A B8Pk, Fi BRI uk 22
SEVEFEBR I E REAS 2 18] A9 55 5 06 28 T HURE B X R A kA 7
“i]—2 57, THEENSE A RS 5 CA 4548y i
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BB IRORY, JE T B8 07 R % 5 A T X Al et ath A i 48
AR RS 74325, SEBIB P S . S Rk S ORI T IR An
CA ST X Al I . 22 JBRIH AN 6 A TR AG I B 76 45 5 2R
1K 100%; 1 SUN 2704 3 452 2% il o R 2 1
AR A GC-MS K Ward BEEAHTEAEE, XHEA KM
ZONRI R LT AT 2, XTI BRI AT T
BRI . CA BERSHERN H AT EIE ) AR, WA —
BB IRAE, B e I RIRE SR — 00, 58
FR ARG AR 7R 4 37 Hp C A AT AAE by LA B3 3k B T B A5 B
YRR g Sy LA AR R .
23 fRE/NZEEVIE

PLSR &—F i T £ H A8 it i) Z o i - 5ds i 7
1, AIRE A AR R AU AR AR S, 2R B PT A R
ARG E )RR fEBD PLSR, Btil . (il (4
5 5T A N R [l AR R S o [R]H ARTR 1E 2
J7HR %2 (correct root mean square error, RMSEC)FIHLE &
BRI AR A TITMY . L1 2E18E 1 PLSR %28 RS A6
B A F 13 FH I 0 MOASS Teh R A 1 1 A 8 3R AT R Ak
(RMSEC=0.0503), 5 HiFEH 0.475%. [FFE, PENG 254 ]
GC MIZE 26 N2iFFEYIMAIABIIR LA K 720 A2 RRilE
MEERY IR B2, i PLSR &7 7 2 il iy oL m
RMSEC 7£ 1.19%~4.29%2[f), HiuHBR/NT 5%, PLSR %
FHF 58T 2 508 DE 43 B AR SR SR AL 2 R
91, RS AR R E, ARt THiaR
24 FRISHE

DA JE—MGit AR A AR, X —E B A r)
— g AR AU R A 2 e R R I B S, e s
2 5 HoAth 2 0 A8 B A5 8 BT B B RE AR S AT H 50 4 4 .
HUANG %P0V o fL BB FE S 454 DA BN i 4% 2 v Ay
HUAL & W0 I # Sr B OB R, 52 SR 3IF v A 2R O oK il
90.7%F1 K T3 81.5% . ZHANG 255 I ATA% it 1
254 DA SRR . FEATh . SRR . K B P RT
FESIT & H i = EE ) E 7 B O Y(R>0.93) . TEYE %1
K IR 4546 DA STAZRRII B A 75 PGSO R AR T AR 1
TfE BT A, R 95%LL . DA 4546 & K
B2 A 5 F R B AR E REL, IR IR bR,
FE B M AR IS TIN5 0 S0
25 ZHEEEHE

SVM 2 —FlrFE RRAE 2 [8] P9 3 454 sl St Mo Tt 111 245
BOEAE Ay B2, B T B O R h . S )
FIF RS 456 SVM X il Ak B 3 B R4 T s b 3,
SOt A, ek, Sk . KREIM
HERZE AT K 90%., HEHi > UR A SVM 454 GC e 2
JERIEH i U R I A s TS OO AR . R T T A MR R o)
Bk 100%H1 98.7%. SVM 454 FIMAG I R FHEB

FERL WERAPE R A ROR o o
2.6 MEMLK
26.1 ABRMZENL

HFA 2 M %% (convolutional neural network, CNN)if# iz
AR XA BRI T B RZ R, I A B PRI
GURRIE, T3R8 2 5 R TR0 R A5 T AW sl N
W2 i GO NI &, B ABE 28 EaRAL LS TR
BLAEE 24325 HOU 4RI CNN Al NMR * 11
PRI & M T B 32, RBUEET—4E CNN 1
B A st 08 (55 A B 432568 77, HATZE 1 min YT
AU T IE R 325 . A, HOU 250515 % AT CNN A B %
ABUNMR A 330 DX 53 1 SRS It FIAB A 8 - RN 28 A3 P A
Hidt, TEBIIABIELN 10%~100%3EEISCEL 2 min Pk %
1l CNN 1 B ARSI () d5 A s R4 s R 3% o
262 AILAMZEMW%L

N T2 W %% (artificial neural network, ANN)Z—F))
RESR I HE THLER 2 S 19025, oA ALt fe ) . &
FIEHUR) ANN, WEZEEAIG . % K E R Kohonen
W, TR T REHE 2. KARAMI V5T
FERMEA, X EAMESMRE . S8
MEEESEAT T E, HAERERRTTIR 97.3%., HHEERA
ANN F57 & F B I R SC A o 58 /0, % 7 0 75 it
— PRSI SE R, DURBETE 2 0] 52 1) L8 .

i b, gk SRk SO A E R S R AT IZ
N AT B RN, B2\ BT P R 3, Bl A
o 4 A A Rl 58 42 52 BN 45 PR £ P THORG Vv R 43 T
Wid e — R R it FB, I PCA. CA. PLSR,
DA Z AT BN I,  RRE R B T R R AT,
SEPLE I R 2 2 AT B IR P = AR RS HE A T (R 1)

3 45%RiE

BTN NR] B AGI 73 M 1 S 5 A AT R AR A A T
S S BT FIB BURERY phy TS S B A A P G AN ]
HAZ AR IR R GRS T2 LB B fs 20E i
XFH BB R, Bk, RE LA, iRk SR TR
FHMPE S RHEAR TR AN R, BAT > B ARE s . A ah TR
MDA BBIEARRIXAE R B3R . DNA | JENIMR S5 4T
K5, BARRME ., R Iie, flangs5. BT
AR b SRR R A TR S, AR IR B AR X
FEHT AL FRFRGI Ah RIS ROR ST ah i
SHIB VBRI R SE A IZBRI . H S — S REOR
i DNA R, BT BT L EOREE— P2
FHRBAT . B R 5 ST | AL SRR EAE 5 T
B T B A B AR S S B TR AR WTR A, T2
PRSI 7 TR AN W s, Al e, Ll R 2 P 0 5
KRB BT oK, AR PRI Bl B ) 22 4
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Table 1 Difference of edible oil adulteration model based on chemometric method

A% E et R il 2% ik
R R LI LRI =
gt 3 . S S B
PCAFTIR  HARAZ; s  onm i B2 G AR AT ORI T BRME 22 5% [44]

BIEA Y RIRE S 22
IR A TR AR

TR

CA-FTIR FEAGR 2, E MRS . HFIMBOEEF AT H 2%~100%K 42 1% [59]
PLSR-FTIR #4842 ook, %5 ii;gﬁzgjiﬁ% i;ﬁ:ﬁ%gm* - AT 10%~100% H45 53 [60]
DA-FTIR Z IR FRFEAH B 5340 gﬁ;ﬁ HRAE E$£§zg;§§ " FEREITINE R 100% [61]
SVM-FTIR TE TS5 g%ﬁg;ﬁ ;2&%7 # i;ﬂzﬁ%kﬁim ’ RERITFIAE F7 86% [62]
ANN-FTIR S O ﬁigg;ﬁ% e ﬁg’gﬁﬁ% I Y 100% 163]
% %Yﬁk matrix fluorescence and chemometric methods [J]. Food Control, 2020,

(1]

[2]

[3]

[4]

[51
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SALA WA, NOFAL M. Review of some adulteration detection techniques
of edible oils [J]. J Sci Food Agric, 2021, 101(3): 811-819.

RIFNA EJ, PANDISELVAM R, KOTHAKOTA A, et al. Advanced process
analytical tools for identification of adulterants in edible oils-A review [J].
Food Chem, 2022, 369: 130898.

IMERE, XGRS, (R, 55, 25315 th e T4 BT (% %) L 43 BT
[J/OL]. " AR 1-11. [2022-08-30]. DOL: 10. 19902/j. cnki. zgyz.
1003-7969. 210653

SUN TT, LIU JB, REN JL, et al. Comparative analysis of qualitative
identification models for camellia oil adulteration [J/OL]. China Oils Fats:
1-11. [2022-08-30]. DOLI: 10. 19902/j. cnki. zgyz. 1003-7969. 210653
Wi, T, EWT, 45 ST E A B AR ARt
2%,2012, 33(6): 186-189.

YANG C, YU XZ, WANG X, et al. Ultraviolet absorption spectroscopy
for the detection of adulteration in peanut oil [J]. Food Sci, 2021, 33(6):
186-189.

SUEL, ORGERE, PEHENE, S5, 45D/ NE AR f I T ik RS,
A iEHE, 2009, 34(6): 270-272.

WU GC, ZHAO ZL, PANG YP, et al. Determination of pure sesame oil
content in man-made sesame oil with impurities [J]. Food Sci Technol.
2009, 34(6): 270-272.

TR, PNV, AR BT RSOGO i %
SIBFFEN]. KR SihAR, 2016, 29(8): 71-75.

FENG SM, SUN SM, XIE YL. Identification of edible oils and frying oils
based on synchronous fluorescence spectroscopy [J]. Cere Oils, 2016,
29(8): 71-75.

YUAN YY, WANG ST, WANG JZ, et al. Rapid detection of the

authenticity and adulteration of sesame oil using excitation-emission

112: 107145.

[9] SRINATH K, KIRANMAYEE AH, BHANOT S, ef al. Detection of palm
oil adulteration in sunflower oil using ATR-MIR spectroscopy coupled
with chemometric algorithms [J]. MAPAN, 2022. DOI: 10.1007/s12647-
022-00558-1

[10] SANCHEZ LE, SANCHEZ RMI, MARINAS A, et al. Chemo metric
study of an dalusian extra virgin olive oils Raman spectra: Aualit ative and
quantitative information [J]. Talanta, 2016, 156: 180-190.

[11] UNCU O, OZEN BA. comparative study of mid-infrared, UV-visible and
fluorescence spectroscopy in combination with chemometrics for the
detection of adulteration of fresh olive oils with old olive oils [J]. Food
Control, 2019, 105: 209-218.

[12] NEVES MDG, POPPI RJ. Authentication and identification of adulterants
in virgin coconut oil using ATR/FTIR in tandem with DD-SIMCA one
class modeling [J]. Talanta, 2020, 219: 121338.

[13] HANJ, SUN R, ZENG X, et al. Rapid classification and quantification of
camellia (Camellia oleifera Abel.) oil blended with rapeseed oil using
FTIR-ATR spectroscopy [J]. Molecules, 2020, 25(9): 2036.

[14] ARSLAN F, AKIN G, KARUK E, et al. Rapid detection of authenticity
and adulteration of cold pressed black cumin seed oil: A comparative study
of ATR-FTIR spectroscopy and synchronous fluorescence with multivariate
data analysis [J]. Food Control, 2019, 98: 323-332.

[15] CARMONA MA, LAFONT F, JIMENEZ-SANCHIDRIAN C, et al.
Raman spectroscopy study of edible oils and determination of the
oxidative stability at frying temperatures [J]. Eur J Lipid Sci Technol,
2014, 116(11): 1451-1456.

[16] VELIOGLU SD, ERCIOGLU E, TEMIZ HT, et al. Raman spectroscopic
barcode use for differentiation of vegetable oils and determination of their
major fatty acid composition [J]. J Am Oil Chem, 2016, 93(5): 627-635.

[17] PARKER T, LIMER E, WATSON AD, ef al. 60 MHz 'H NMR
spectroscopy for the analysis of edible oils [J]. Trends Anal Chem, 2014,
57: 147-158.



6138

LR

G A A

13 E

(18]

[19]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

BARISON A, PEREIRA SCW, CAMPOS FR, et al. A simple
methodology for the determination of fatty acid composition in edible oils
through 'H NMR spectroscopy [J]. Magn Reson Chem, 2010, 48(8):
642-650.

YIN M, TANG S, TONG M. Identification of edible oils using terahertz
spectroscopy combined with genetic algorithm and partial least squares
discriminant analysis [J]. Anal Methods, 2016, 8(13): 2794-2798.

ZHAN H, XI J, ZHAO K, et al. A spectral-mathematical strategy for the
identification of edible and swill-cooked dirty oils using terahertz
spectroscopy [J]. Food Control, 2016, 67: 114-118.

LIU Y, YAO L, XIA Z, et al. Geographical discrimination and adulteration
analysis for edible oils using two-dimensional correlation spectroscopy
and convolutional neural networks (CNNs) [J]. Spectrochim Acta A Mol
Biomol Spectrosc, 2021, 246: 118973.

YANG R, DONG G, SUN X, et al. Discrimination of sesame oil
adulterated with corn oil using information fusion of synchronous and
asynchronous two-dimensional near-mid infrared spectroscopy [J]. Eur J
Lipid Sci Technol, 2017, 119(9): 1600459.

GU HY, SUN YH, LIU SL, et al. A feasibility study of the rapid
evaluation of oil oxidation using synchronous fluorescence spectroscopy
[J]. Food Anal Methods, 2018, 11: 3464-3470.

XING CR, YUAN XY, WU XY, et al. Chemometric classification and
quantification of sesame oil adulterated with other vegetable oils based on
fatty acids composition by gas chromatography [J]. LWT, 2019, 108:
437-445.

JABEUR H, DRIRA M, REBAI A, et al. Putative markers of adulteration
of higher-grade olive oil with less expensive pomace olive oil identified by
gas chromatography combined with chemometrics [J]. J Agric Food Chem,
2017, 65(26): 5375-5383.

MEI F, WANG H, ZHANG Y, et al. Fast detection of adulteration of
aromatic peanut oils based on alpha-tocopherol and gamma-tocopherol
contents and ratio [J]. LWT, 2021, 143: 111168.

WANG J, HAN Y, WANG X, ef al. Adulteration detection of qinghai-tibet
plateau flaxseed oil using HPLC-ELSD profiling of triacylglycerols and
chemometrics [J]. LWT, 2022, 160: 113300.

DRIRA M, GUCLU G, PORTOLES T, et al. Safe and fast fingerprint
aroma detection in adulterated extra virgin olive oil using gas
chromatography-olfactometry-mass spectrometry combined with chemometrics
[J]. Food Anal Methods, 2021, 14(10): 2121-2135.

HEIDARI M, TALEBPOUR Z, ABDOLLAHPOUR Z, et al. Discrimination
between vegetable oil and animal fat by a metabolomics approach using
gas chromatography-mass spectrometry combined with chemometrics [J].
J Food Sci Technol, 2020, 57(9): 3415-3425.

DOU X, MAO J, ZHANG L, et al. Multispecies adulteration detection of
camellia oil by chemical markers [J]. Molecules, 2018, 23(2): 241.
VESUIE, 8RS, FubYE, S5 M SR 4 A SR (Y B 5
[7]. &k Tl 2022, 43(2): 255-260.

XU WIJ, ZHAO H, WANG HT, et al. Research progress of electronic nose
in the field of food safety detection [J]. Food Ind, 2022, 43(2): 255-260.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]

[41]

[43]

[44]

[45]

I, Sk, R S A EEORLEZ BRI R BB s O e
MR ). Bk 5 & EE Tk, 2017, 43(6): 239243, 249.

ZHANG J, ZHANG WY, XU J, et al. Electronic nose technology
application of adulteration in sesame oil brand recognition and counterfeit
detection [J]. Food Ferment Ind, 2017, 43(6): 239-243, 249.

ROY M, HARIHARAN N, MANOJ D, et al. Development of metal oxide
semiconductor gas sensor based electronic nose system for adulteration
detection in ghee [J]. AkiNik Publ, 2021, 10(4): 30-38.

OLIVERI P, BALDO MA, DANIELE S, et al. Development of a
voltammetric electronic tongue for discrimination of edible oils [J]. Anal
Bioanal Chem, 2009, 395(4): 1135-1143.

BOUGRINI M, TAHRI K, HADDI Z, et al. Detection of adulteration in
argan oil by using an electronic nose and a voltammetric electronic tongue
[J]. J Sens, 2014. http://dx.doi.org/10.1155/2014/24583 1

CHENG X, YANG T, WANG Y, et al. New method for effective
identification of adulterated Camellia oil basing on Camellia oleifera-
specific DNA [J]. Arab J Chem, 2018, 11(6): 815-826.

FHRE, F505, WEAL 55 PCR Jydliie A iz IR sE ). e
5ig, 2014, 27(6): 56-59.

WANG DL, QIN FF, ZENG GQ, et al. Study on detection of adulteration
of peanut oil by PCR [J]. Cere Oils, 2014, 27(6): 56-59.

PUSPITA 1, IRAWATI N, MADURANI KA, et al. graphene-and multi-
walled carbon nanotubes-coated tapered plastic optical fiber for detection
of lard adulteration in olive oil [J]. Photonic Sens, 2022, 12(4): 1-10.
LIBISH TM, BOBBY MC, LINESH J, ef al. Detection of adulteration in
virgin olive oil using a fiber optic long period grating based sensor [J].
Laser Phys, 2013, 23(4): 045112.

KADIROGLU P, KOREL F. Chemometric studies on zNose™ and
machine vision technologies for discrimination of commercial extra virgin
olive oils [J]. ] Am Oil Chem Soc, 2015, 92(9): 1235-1242.

RASHVAND M, AKBARNIA A. The feasibility of using image processing
and artificial neural network for detecting the adulteration of sesame oil [J].
AIMS Agric Food, 2019, 4: 237.

WOEDE, E2HE, L, AF ETIRMIRRAA: T ALk
BHBIAIATE AT I]. H RHE, 2019, 44(1): 105-109

HUANG LQ, WANG XJ, LU ZG, et al. Feasibility of adulteration of
oil-tea camellia seed oil based on fatty acid and tocopherol compositions
[J]. China Oils Fats, 2019, 44(1): 105-109.

KAUFMANN KC, SAMPAIO KA, GARCIA-MARTIN JF, et al
Identification of coriander oil adulteration using a portable NIR spectrometer
[J]. Food Control, 2022, 132: 108536.

PRINSIPAL K. Classification model for detection and discrimination of
inedible plastic adulterated palm cooking oil using atr-ftir spectroscopy
combined with principal component analysis [J]. Malays J Anal Sci, 2021,
25(3): 388-398.

T, EFEEE, DR, S RIIMERYESh “ AR 2B
EAMEIN[T]. it 5ERE4 4T, 2020, 40(12): 3727-3731

YU YT, WANG JF, SUN YY, et al. Identification of adulterated olive oil

by two-dimensional Raman correlation spectroscopy with coming as a



%519 4]

fL4 5

[, S BSOS B EOR BT i 7 RO 5t

6139

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

perturbation factor [J]. Spectrosc Spect Anal, 2020, 40(12): 3727-3731.
IR, XIFRIS, A, A TLLAMNERE AR B AL 5 K iR
R AR R D). bR TR RS2 AR (A AR R), 2010, 28(5):
56-59.
WU JZ, LIU CL, LI H, et al. Application of NIR technology on
identifying types and determining main fatty acid content of edible
vegetable oil [J]. J Beijing Technol Bus Univ (Nat Sci Ed), 2010, 28(5):
56-59.
SUN Y, DOU X, YUE X, et al. Optimization of headspace SPME
GCxGC-TOF/MS analysis of volatile organic compounds in edible oils by
central composite design for adulteration detection of edible oil [J]. Food
Anal Methods, 2020, 13(6): 1328-1336.
LIY, FANG T, ZHU S, et al. Detection of olive oil adulteration with waste
cooking oil via Raman spectroscopy combined with iPLS and SiPLS [J].
Spectrochim Acta A, 2018, 189: 37-43.
PENG D, BI YL, REN XN, ef al. Detection and quantification of
adulteration of sesame oils with vegetable oils using gas chromatography
and multivariate data analysis [J]. Food Chem, 2015, 188: 415-421.
HUANG L, WANG M, LIU H. Identification of adulterated extra virgin
olive oil by colorimetric sensor array [J]. Food Anal Methods, 2022, 15(3):
647-657.
ZHANG Q, SALEH ASM, SHEN Q. Discrimination of edible vegetable
oil adulteration with used frying oil by low field nuclear magnetic
resonance [J]. Food Bioprocess Technol, 2013, 6(9): 2562-2570.
TEYE E, ELLIOTT C, SAM-AMOAH LK, ef al. Rapid and nondestructive
fraud detection of palm oil adulteration with Sudan dyes using portable
NIR spectroscopic techniques [J]. Food Addit Contam A, 2019, 36(11):
1589-1596.
TR BRI PG B D]. UM WITR2E, 2012,
ZHANG YQ. Study on rapid detection method of edible vegetable oil [D].
Hangzhou: Zhejiang University, 2012.
B2, AE/NGR, $20Y, SF ORCFRER N ISR LA S N
ek T Z IS R SE A [I]. AT Ak, 2013, 41(9): 1366-1372.
BI YL, REN XN, PENG D, et al. Particle swarm least squares support
vector machine combined with partial least squares method for quality
identification of sesame oil [J]. Chin J Anal Chem, 2013, 41(9): 1366—
1372.
HOU X, WANG G, WANG X, et al. Convolutional neural network based
approach for classification of edible oils using low-field nuclear magnetic
resonance [J]. J Food Compos Anal, 2020, 92: 103566.
HOU X, WANG G, WANG X, ef al. Rapid screening for hazelnut oil and

[57]

(58]

[59]

[60]

(e1]

(62]

[63]

high-oleic sunflower oil in extra virgin olive oil using low-field nuclear
magnetic resonance relaxometry and machine learning [J]. J Sci Food
Agric, 2021, 101(6): 2389-2397.

SANAEIFAR A, ZAKIDIZAJI H, JAFARI A, et al. Early detection of
contamination and defect in foodstuffs by electronic nose: A review [J].
Trends Anal Chem, 2017, 97: 257-271.

KARAMI H, RASEKH M, MIRZAEE-GHALEH E. Application of the
E-nose machine system to detect adulterations in mixed edible oils using
chemometrics methods [J]. J Food Process Pres, 2020, 44(9): €14696.
GANDHI K, SHARMA R, SETH R, et al. Detection of coconut oil in
ghee using ATR-FTIR and chemometrics [J]. Appl Food Res, 2022, 2(1):

100035.
Witk RESC, 2KT, 5. RG-S R AE 2 BRI Y
B SB[ EAR IR, 2014, 29: 114-119

YANG J, WU YW, LI BN, et al. Study on authenticity and adulteration of
sesame oil by near infrared spectroscopy combined with stoichiometry [J].
J Cere Oils Ass, 2014, 29: 114-119.

YE Q, MENG X. Highly efficient authentication of edible oils by FTIR
spectroscopy coupled with chemometrics [J]. Food Chem, 2022, 385:
132661.

ZHANG Y, LI T. Three different SVM classification models in tea oil
FTIR application research in adulteration detection[C]// Journal of Physics:
Conference Series. IOP Publishing, 2021, 1748(2): 022037.

XU Y, HASSAN MM, KUTSANEDZIE FYH, et al. Evaluation of
extra-virgin olive oil adulteration using FTIR spectroscopy combined with
multivariate algorithms [J]. Qual Assur Saf Crop Foods, 2018, 10(4):
411-421.

(A% RIRE K W)

1EZ & T

e, TEMRAFODARRRES
z%,
E-mail: 3050931946(@qq.com

FRARHR, HE, BIEER, TEMRASE
ABRBREEYEAREN
E-mail: chenlinl2013@126.com



