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Laser Induced Fluorescence System for Assessment of PV of Sunflower Oil

MA Shaojin LI Yongyu PENG Yankun YAN Shuai LIU Yachao
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; With the aim to develop a rapid and nondestructive method to assess oxidation level of
sunflower oil, fluorescence spectra were collected by a self-developed 365 nm laser induced fluorescence
(LIF) system. Both thermal oxidation at 60°C and room-temperature degradation were implemented to
obtain sunflower oil with different peroxide values (PV). Fluorescence peaks at about 440 nm, 495 nm,
520 nm and 680 nm were identified. Sunflower oil with lower PVs had lower fluorescence intensities.
A control part was designed in order to detect the fluorescence response at different spectral acquisition
times. In contrast to the LIF spectra acquired from 10 s to 60 s (with a interval of 10 s), the spectra
acquired at 1 s appeared to have the strongest response, and therefore it was used in the following part.
After SG smoothing of the original LIF spectra, three different pre-processing methods were operated to
correct the spectra. Top six normalized weights were exiracted for evaluating the correlation between
fluorophore in sunflower oil and PV. The peaks for hydroperoxides, chlorophyll and vitamin E had a very
close association with the PV. The best partial least squares regression resulted in R” of 0. 999 5 and Ri of
0.997 2 and RMSEC of 0. 008 8 g/ (100 g) and RMSEP of 0. 0227 g/(100 g) for MSC pre-processing.
The accuracy of the proposed LIF system was validated by using an independent set of samples with an R’
of 0.968 1 and RMSE of 0.041 1 ¢/ (100 g). The absolute residual values below the national standard
limit were all below 0. 08 ¢/ (100 g). These findings demonstrated that the proposed LIF system could be
used to detect PV of sunflower oil with high accuracy, thus providing technical support for subsequent
design of portable device and construction of edible oil oxidation warning system.

Key words: sunflower oil ; peroxide value; laser induced fluorescence spectra; fast detection

Wk H. 2020 -12-20 & H. 2021 -01 —12

E4&TH.: EZEEAMAITRIEHE (2016 YFD0101205)

EEEIT: DRIEE(1997—) 2o, R R ENFRE 7= i i T 2 & e I B AR5 , E-mail : msj19970731@ 126. com
BIEESE: 2KE(1971—) , Lo, BB A R0, F 2N FARE 7 fOG O R A AR 5Y  E-mail: yyli@ cau. edu. cn



F12H

HhphEE A5 SRR AL EROETE S 2OE PRSI AR T 387

0 355

FEACKFIM S 5 09I ER HER AN R T R
BRI R Al e A A et
ARk FREZE AR FIM AT P R W, HR S5 A
FEh i B AN AR A R & e th R UL 5 g Ak,
A SR SR B A FH A AR TR AR AR A B e A A AR T
AR BEACA I 2 7 A 2 i 2 S0 AR R
BREW, B0 KM, TEAEYINE i 4
FARUEH IR, & AR ) R (AN e ik
0.25 ¢/ (100 g) , FEA-HL B & 22 k5 8 AR il
i AR AR S LA

H AT FH i AR A A2 oAl 5 i £ 1k
PR BRI 4 FE B TR A #EAE
SRR AR B T HLAS BRI 2 PO SE R AR R, A
i A% S A2 T B e B R I ™ A B v o 5 A 7 e
FRME 1 25 B AT 1 8 I A 48 A DR A D
HROREEED Y Hod et I R B
2 g P b 5 A8 AR AL B AR DGR A By 2 Jox
MAEA: R E SE5OCY R, 768 H il A AR
VAL 7 AT 2R &, i 2P B 3T = gEe
I BB I =GR R ECA S
IR, PRI R0 96 15 5 A A AT 1 A OGO
R0 ST BEAS [ B S B S i it
PR RS AR AL (A R LA B i A
&, AR = 4E 58 0% 1 5 /3 et BT AR B 3
KA 5, JFAS ELA 2 FH I o o4 4 W 0 Pl 75 1Y
ERPE S, BB T 98t (Laser induced
fluorescence, LIF) Y3 W o] DLsR &b LA 2 e Aa il o7
AL, AT DS F i o SRR A A B S e
W, SR 5E TUOEE 9O & it A A B T
E T RN A A DA AR UL AR E

ASCER R AW A A A 2R A B A
A AR BE R G W 5 R R AR I A 7
e BN Y S5 AR SR T OGIE RO
$a& A PSR I R S, 4 5 A R L8 il
FFAZEACRF I 20T 5, i 9 ' ) 107 B[] 456
WERESHET AT & R REA F o F AL E
FEACKFIH B DGR R R A B O i Y
WEIERIRE T ZE AP I S A (B S P o PO A AR
A ZE AR P A A R TCH PO

1 KBHRETE

1.1 SEe##t
SELCRT I AL i 0 T S| T, 4 b A2 2 H
2019 11 A 4 HA12020 426 H 10 HFHLKR, R

il £ N R R AR B S5 A6 R TR i 8 0 S 1) BE AL K
MBI CE T 60°C HIRAE AN 25°C 1Y & IR IR 85 £
17, 60°CTHIRAN A AL FE 5 PR 6 h HURE—
K, IR AL FRRE S AR 5 d BURE—R, e 4% 90
AR AR BE S5 A AT IR i
1.2 SEWKE(PV)WiRERLENE S E

28 GB 5009. 227—2016 H Y i & 2, A
AERFIMAE AT IE 3 RECE Y (AR A A E Y
PR

2 ERAFMAENERNREER

DA FHH i o0 22 4 304 S B A B A it
M, BATIEE T R THOE S 0O06IE Y 251
MR RS, R EALFE IR > R = e R
ERHR AT MRS DA RIS 43, a1 s, JGTR
W E AN LED SBUR e i S EHiES:, LED
SCIEIHFN 3 W, LK R (365 £10) nm, LED #
RICVE K IS A e e LB T
17 R BIAE S Z NIRRT FE S S AEAR B R T
FRELBETE, 3T B A ORI, I H T DLSIEAE
A P LIS 3% Y6 A S8R0 & 56856 H 5 14 3
LT LR, S = B EE s, °T LA PR AR
Lo 8 AR 5 AT 63 R AR R SZ S BB 5%
M, JEUR RG0SR i % R — AR it, DTk £
Bl 8 LA SR ARSI 2R 48 A S8 8l iR 4R
oy EEAAFE LA 5 UK FI 25200 ~ 1100 nm Y
JEIEX (USB2000 + %) SGiE /3 #E%0 1 nm, Kk
FESE AR DOUE S, ST ASHE T 10 %381
MR IAL ASGIEA | P OGS {GE i USB 4% 1
bR €7 e el = VN = 7 e 2 2 D L R
LED HLURDR 2 2% 5 L YR AL i, 45800350 o0 B T RR i
ZE RO, 43 e TR R3S I 88 LA 1 ' TR
I35 IR AL TR ) i B DA SRR il A H 5
S B — 8 O BB G PR A [ A
R DRI LR B O SOOI R

6

K1 #OEESIOURIN RS
Fig.1 Laser induced fluorescence detection system
LN LED SBIR 2. 30bR 3. MEELEHR 4. KM= 56K
6. ML 7. RS



388 P

b BB R

2021 4F

GERDEIRES 73, R B, T CE I A
M, BEAERF i AL EARI RGeS antal 2 fos

3 4 S,
K2 FEdekrimad A AL IR &R S
Fig.2  Physical drawing of sunflower oil PV testing device
LRSI 2. lEm 3R E 406 E 5006k
{CHEEE 6. 06X 7. Hi itk

B G R AT

FTF ARG —> ARG S AR

S SN

FITFGIR T

FFUhiEAT
ﬁMt
R

Tratit

30 min

Py Jox 1) ¢ 5 5 25 it 2 e SRT B () %) 38 I R
B BIFEAE DGR RN '~ SEAEAF I e
SR AR )RS L5 FE AT R BRI, R s/ N R A
B X S 6y 45 R BN A SE e, BT LabVIEW 4
5T R R Gk S i R, LI O R AR
A T] g ] R TARE AR an i 3 s, g Lk
AFESE G, RSN YRR T il & 3556358 4, 45 638 4
S RIEAF T TR T AR TS 1 e i st
(i) [0 B LR 1 3R 4 R DR AT G 1 s, ik 31k
FE S BEOGHERAE A 1R I DL e 4 AR A,
b Matlab FR0XF SRS 34647 1 4 B A 3 7 B A
Il A AL AR R DL, m SO T L 245
R ANZEAEAFIMAE S AT OB, AT LabVIEW 8 F

R !
! b | g
| !
! i
[ @
DRt |

(25 |1 S 5T LabVIEW i ]
f’?JJ:JIﬁha?k% = ’fjﬁﬁ )
Lt Bt A
IR A TR

K3 HOGHESIOOLIERE RGN AR

Fig.3 Block diagram of software in LIF spectrum acquisition system

oL ] o e e S NG = N A a1
KA TG N, Gn I 4a B, ANAEIETR 365 nm
ACFELEWEAE , AR 75 OB LA S5 T, T
A ATHE IO SR R SR EA R AR
JE AR PO GG I 4b FiR . ATLIES], Y
FEAEKFINAZ 3 365 nm 28 A BRI, 7 440 495
520,680 nm i 7= A= S G RFAE UG , H Rl o A A E
B, o o B B e, FE 400 ~ 600 nm
1 1B P 9 Y5 1 el B i 3, L 520 nm BT )
PRI R 1202 22 AL FF I 4B R B 7 A
[0, 680 nm BAHIE 2% 28 19 2 6O 1% 58 B B 421k
TR A T i B A, BV 5 A0 AT Tih v 1) it 25 b 25 i
BRI BT MR IR, DL B BT (AT
(O ORI 2R GE RE IS F b J2 WL e
5t FE A 25 AR FF I S A (B 1 22 Ak 1 HL 58 4 mT DU
3] [ SEATHEBR E 0. 25 ¢/ (100 g) LA T B ZE4EHF
T E A,

SR GT ARSI N X} 55 AEAT I 2 B ()5
M, T TR RS R 10 s A BRE T Ak
4 0. 12 g/ (100 g) Y ZEAEAFIMZE IS, % 2L
KAV 7 %, FEAKFMBOLISE S YOI R

2.5x10" ¢
2.0x10" |

1.5x10%
Fid
#

1.0x104 |

5.0x10° | J {

00 300 400 500 600 700 800

(S J==)

T /nm
(a) & EIGHE
2500
AR ALAEO.09 ¢/ (100 g)
-~ 1 ALAEHO0.26 ¢/(100 g)
2000 . == A ALAEO.54 ¢/(100 g)
N
1500 | 3“
i B
1000 i/ \QE-,
500 F i \*\
{ W
!
o woe! . , M
200 300 400 500 600 700 800

K /nm
(b) BOGESTOL 1

K4 ROk SRRSO

Fig.4 Background spectrum and sunflower oil fluorescence

A (B A 2 S R A 5 F7 . 1 s BFFE 430 ~ 468 nm



F12H

HhphEE A5 SRR AL EROETE S 2OE PRSI AR T

389

F1480 ~520 nm [l NG EE I M T 10 s &
60 s B GG IR B, UL, 76 J5 22 I BIF 9 Hh 3508 2%
FHIER RS RIBEE N 1 s,
35001
30001
2500+

20001

550 600 650 700
WK /am

KI5 SEAERFI LIF JEi% OGR4 i 1A] A9 22l i 2
Fig.5 Change of LIF spectrum of sunflower oil with

500

spectral acquisition time

3 #R5WR

3.1 ERfFmERUEERLS T
AN [ AU A AL B ] A5 75 31 80 N ZE AR R IR
i I e S AR AR HEFRAL (R, 80 MR L 4
TS B 0.03 ~ 1.19 g/(100 g), FHI{H K
0.39 /(100 g) , {7 %R 0.30 ¢/ (100 g)
3.2 EIFHMRHAETLIER S
RAOCIEHT O A TR R B AR08

SEHRE I 22 B0 T 30 min , B E K 100 ms, %
4500
4000

SR
2
S

550 600
K /am
(a) JEIH 61

500

2000
1500

1000

TR

500+

~1000 . . L . ) )
400 450 500 550 600 650 700
WK /am
()R BT SRR
Ko

EOCTERAER A 1 s, R RAE 3 YOGS, 3
R EAE 3% i 9 LR D1 . 80 AN 2E 4L KT
THRE At B B SETE AN 6a BT/

PRUUR ' 1 W P 4K, SR SG (Savitzky —
Golay ) SIS HAEAT V-1 . ZELERFIM AR B2 2B
S IRRE S B IR T 8 T 4, AT RE S B RE L 2
] RGP A 22 5 AN AN R 28 A0 R AE i 1O
TR KA ER . /N BB TR
AL SR TR AN M 2 0, ) % DL 2 D't ' 1 ok
172 JUHUF R IE ( Multiplication scattering correction
MSC) G K AT 54 IE ) (Optical path-length
estimation and correction, OPLEC) #niff IF 528 & 4%
# ( Standard normal variable transform, SNV ) il &b
B, MSC AL B LA A FE 5 OGS 7 54061 A
FRAEE B B A OGS AR X T 20635 1 2k A
A% (RER) AR () A2 1, 4R 45 e e A
IE SR YGRS AL E R Y & 6b s, T LLE
i, 280 MSC Ak B B8 18 B T R T AN )
ZEAERFID GG R ILL RS . OPLEC F HIE A $5%
AR BT, K DG RS R0 DA B s ' 1% v 4 Ok, A
TRB S oA R REiE 2L . A 6¢ AT LUH
W, 266 RETE 450 ~ 700 nm T B P 8% 43k 2 1] B
A JLBL, SNV FHIAL 2 78 2% A A G35 (B s
AEIEZS I BRI T BEAT HY 0 I iR O 35 Ko
17 7 hriEdL, Ab 35 B 256 TS B AL 5 MSC
2500

2000}

1500+

550 600 650 700
WA /am

(b) ZITHUGIEIE

500

SR

-1.0
400

550 600 650 700
WA /am
(d) PR T A48 B AR i

450 500

FEAEAFIM AL B LIF 3%

Fig. 6  Pre-processed LIF spectra of sunflower oil



390 P

b BB R

2021 4F

KL, 6d FR

FIFH CARS'™ (58 4 11 38 I J N AR ) 3 0 3%
FERFIN L RR G Y i K FEAT 07 8 |, $2 PR AL AL B
R BYHT 6 A, Hoth KE/NHES O 440,580,495
680,520 458 nm, F 1,440 680,520 nm Ab X N fH
FOCRHER T I e St A AW S X YR R
E(BERTAEY) . WTUUE TR R L f b, 2548
Frah b e S0 A e A I POLTE 5 S A E
SRR, T R FNAEA R E Y% it [ 4 S ke
AL E R 2L
3.3 E=WHmMTENMETNERET

| FI SPXY ( Sample set partitioning based on
joint X —Y distance ) 83 1 80 A ZE LT IHAL 3%
3 13003 g R T AR AT 4. | 28 AN [] 1% Ak B 3
Jt45G CARS Ffi BB 5, PRI 3 Y 7 22 14
T PLS AR S J5 A G35 F 3 b f5i 40 21 S (1Y
DT ARG 3] 1) T 44 5 AR 15 22 B T A SO
AL IE 7 R JE ARG  MSC A OPLEC fil 4k
PR A U B T AR B 107 9, &
SNV T4 B 5 A9 92 56 0 1% 2L 2 1 i, i 2% 38 B
VA O 5,

0.16 N
’ —~ JFA i
—— MSC
o 0.14 SNV
o~ - OPLEC
S 012t
2 0.10F
o
= 0.081
=
& 0.06F
E

0.041

0.02

0 i A‘fé ﬁs 1‘0 1|2
WA

7 T AR 2 B v A e/ A

Fig.7  Plot of RMSEP vs number of latent variables

ST B TS B ST I SR L S AR
PLS (i Fe /N — 38 ) [0 JA B A AL G0 36 1 fif, &8
OPLEC SNV \MSC Filih 35 () AR 25 3 5 R R ol
TEAHZE AN, Xt Ul B A A7 48 0 6 F i o AR (e
WOLIE S POOERE RS L ERE AT &, Hi2
OPLEC SNV Tii &b 385 A9 25 46 k7 i 2k 480 A (L T 00 5
RIYLE 2B /NF IR G 1, 3807 iR 25 R 1R
Wi, HAZ MSC 1AL # s 7 AR A H A I 4R
PE RE R, TR Ve RECR 435174 0.999 5.,
0.997 2, ¥ Jy M & 2 4 il h 0.008 8,
0.0227 g/ (100 g) , 4 T I b 3%, HHUS KWKl 8
JIi7 o MSC TRAR LA < Tk 5 i 1 T vk 85 0L ™
AN R A5 A3 A T G 1 7E AU AR R 1 R A Y e

AR, DRIk A E Athy 9 A Ak B T ik B R AR R OE
x®1 FETLEFENSSLERIER
Tab.1 Results of PV model built on different

pre-processing methods

——— WAE BIE S I UFEE Y AR
I N N
, AR I/ R R/
VRS 5 . B _ B
(g-(100g) ") (g-(100g) ")
JFUEEIE 10 0.999 6 0.007 3 0.996 0 0.0322
MSC 7 0.9995 0.008 8 0.9972 0.0227
OPLEC 9 0.9980 0.007 0 0.992 4 0.0333
SNV 5 0.9992 0.0116 0.984 1 0.0370
127
Lot
= o8l
8
5 06F
&
= 04r
0.2
0 02 04 06 08 10 12

S/ (g- (100 g))
8 It ith A (T
Fig.8 Results of optimal PV prediction model

3.4 EIEIFiME | ERER N RSN EBIGHE

BRI 10 /NS 5 EEAR 0 25 AL R IR X it 4
A o T A TR R AT AR UE 3k 4R Ak {75
S EMEN RPN 0.968 1, ¥ iRiREN
0.041 1 ¢/(100 ), W & 9a fr/n, & %A 4k H 7
0.30 ~0. 80 g/ (100 g) 7t Fl A H LI 5 22 55/ )N , R A
THE bR R 0.25 g/(100 g) Y 5k 25 48 % i 2 78
0.08 g/ (100 g) LA'F , il 9b firzR . 453 wow , FlH
WOLE S 3 OEH R ZE S PLS [l BRI BEf% LU
FA)H R R A 1 S B X 25 A0 KT T o A Ak 1B 7 Bl ik
iRl

4 HRIE

BT E R MR 7 B % v it o W g S FH G SR
T T ROCE FIOGIE R & b A A E R
MR RS, ST T S50 i A S Ab A i T 0 A
RIGFHEAT T ANER IR UE, 45 R £ W, & SG F ¥
MSC AL PSS G CARS Sk e DO CRRIE I K f5
SR AR PLS JE U RUSCR S f RS F R
43970 0.999 5 10, 997 2, 4% 1E B2 4 5 AR i 22 A6
UESE 4 J5 AR 12 22 43 51 o 0.008 8 ¢/ (100 g) Al
0.0227 g/ (100 g) . [FIEF, HEHL 10 RS 5 @R



9512 HhphEE A5 SRR AL EROETE S 2OE PRSI AR T 391

0.8r 0.10r
R2=0.9681 008k
07F  BjrfRisiss H0.0411 /(100 ) ‘
0.061
= 0.6F . _
¢ T 004
= o S 0.02f
< g
;D 0.4 \_./ o—4Lh—
& 2 00}
= 0.3 4 -0.02
= % -0.04F
= 02 =
" ~0.06}
ol —0.08}
0 01 02 03 04 05 06 07 08 010, 02 0.4 0.6 0.3 1.0
S/ (5 (100) 1) LA/ (5 (100 £))

() (b)
SN I SRR ol A

Fig.9 External verification results of prediction model

FEALKE I AR i 0 i S AL E AR R AT AR ER SR 0.08 ¢/ (100 g) LLF, S5 REM, g @ AR5 L
UE, o A0k T (B 5 B A e AL A R RP O SEERE SRR T A AR (B Y T A PR S T
0.968 1, ¥ HHiRZEH 0.041 1 g/ (100 g) , FEART W, )i 24 #5 X AL 3 o F A& FH i 4801k B &
bR PR 0.25 ¢/(100 g) F 4% 25 46 XF (5 ¥ 78 SRR T,

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

(12]

2 % x #t

SKORIC D, JOCIC S , SAKAC 7, et al. Genetic possibilities for altering sunflower oil quality to obtain novel oils[ J]. Canadian
Journal of Physiology and Pharmacology, 2008, 86(4) : 215 —221.
HESE, df, TR, 55, ARE AT E M LT FE[ ], hIElR , 2018, 43(3) 144 -49.
HE Yawen, LI Mengjun, YU Xiuzhu, et al. Comparison of oxidative stabilities of different edible oils[ J]. China Oils and Fats,
2018, 43(3) :44 —49. (in Chinese)
FREE, PhGERE, XUARFY, 4. PS8 OGIEEE G i fie/ ) 3R xf £ bt B s AS MBS [ 1], i, 2019, 38(12) .
171 - 174.
DU Xin, SUN Xiaorong, LIU Cuiling, et al. Rapid detection of edible oil quality by Raman spectroscopy combined with partial
least squares[ J]. China Brewing, 2019, 38(12) :171 = 174. (in Chinese)
WOJCICKI K, KHMELINSKII I, SIKORSKI M, et al. Near and mid infrared spectroscopy and multivariate data analysis in
studies of oxidation of edible oils[ J]. Food Chemistry, 2015, 187(15) ; 416 —423.
B, CEOR, PR, 2. R PORIE T AFUIR B AU A R (1], 0Tk, 2018, 46(4) : 543 -549.
LI Xue, CAO Jun, BAI Xinpeng, et al. Monitoring of oxidation process of human milk lipid substitutes by molecular
fluorescence spectroscopy[ J]. Chinese Journal of Analytical Chemistry,2018, 46(4) ; 543 —549. (in Chinese)
SRR, PMVOHE, BT, AF. R TR IOOLIE 5 k2 m PE AR A il AR [ ] iR 5 O6IE A #T
2020, 40(10) : 3113 -3117.
ZHANG Weiwei, SUN Yanhui, GU Haiyang, et al. Application of synchronous fluorescence spectroscopy and chemometric
models for rapid evaluating peanut oil oxidative stability[ J]. Spectroscopy and Spectral Analysis, 2020, 40(10) ;: 3113 -3117.
(in Chinese)
VINCENT R, RIZA D F A, GIAMETTA F, et al. Thermal oxidation assessment of Italian extra virgin olive oil using an
UltraViolet ( UV ) induced fluorescence imaging system [ J ]. Spectrochimica Acta Part A; Molecular and Biomolecular
Spectroscopy, 2020, 237 118373.
LIU H, CHEN Y, SHI C, et al. FT —IR and Raman spectroscopy data fusion with chemometrics for simultaneous determination
of chemical quality indices of edible oils during thermal oxidation[J]. LWT—Food Science and Technology, 2019, 119;
108906.
MANZANO J D, PENA A M D L, MERAS I D. Front-face fluorescence combined with second-order multiway classification,
based on polyphenol and chlorophyll compounds, for virgin olive oil monitoring under different photo- and thermal-oxidation
procedures[ J ]. Food Analytical Methods, 2019, 12(6) ; 1399 - 1411.
GUZMAN E, BAETEN V, PIERNA J A F, et al. Evaluation of the overall quality of olive oil using fluorescence spectroscopy
[J]. Food Chemistry, 2015, 173(15) : 927 -934.
GU H, SUN Y. Enhancing the fluorescence spectrum of frying oil using a nanoscale probe[ J]. Spectrochimica Acta Part A .
Molecular and Biomolecular Spectroscopy, 2019, 218 27 -32.
CAO J, LI C, LIU R, et al. Combined application of fluorescence spectroscopy and chemometrics analysis in oxidative

deterioration of edible oils[ J]. Food Analytical Methods, 2016, 10(3) ; 649 - 658.



392 PO AT A S 4 2021 4

[13] POULLIK I, MOUSDIS G A, GEORGIOUS C A. Monitoring olive oil oxidation under thermal and UV stress through
synchronous fluorescence spectroscopy and classical assays[ J]. Food Chemistry, 2009, 117(3) :499 - 503.

[14] MR, 007, BEE, F. ETIOOCERAR RS ACRSE BN [T]. St 56T, 2019, 39(1) .
137 - 141.
SUN Yanhui, LI Shuangfang, GUO Yubao, et al. Intelligent evaluation of rapeseed oil oxidation state based on fluorescence
spectroscopy[ J]. Spectroscopy and Spectral Analysis, 2019, 39(1): 137 - 141. (in Chinese)

[15]  PMRE, 4625 DU, 5. SORFMBVEALE 2 h 2L IR RHE BB TS [T ], b fks, 2013, 41(9) 11373 -
1377.
SUN Yanhui, CAI Huazhen, JIA Xiaoli, et al. Fluorescence spectroscopy characteristics of rapeseed oil during thermal
oxidation[ J]. Chinese Journal of Analytical Chemistry,2013, 41(9); 1373 = 1377. (in Chinese)

[16] GUH, SUN Y, LIU S, et al. A feasibility study of the rapid evaluation of oil oxidation using synchronous fluorescence
spectroscopy[ J]. Food Analytical Methods, 2018, 11(12) : 3464 —3470.

[17] BOTOSOA E P, CHENE C, KAROUI R. Front face fluorescence spectroscopy combined with PLS — DA allows to monitor
chemical changes of edible vegetable oils during storage at 60°C [ J]. Eur. J. Lipid Sci. Technol. , 2021, 123 2000088.

[18] ZHANG W, LV R, SUN Y, et al. Fast evaluation peanut oil quality by synchronous fluorescence spectroscopy and statistical
analysis[ J]. Agricultural Science, 2021, 12, 565 —574.

[19] SIKORSKA E, ROMANIUK A, KHMELINSKII I, et al. Characterization of edible oils using synchronous scanning
fluorescence spectroscopy[ J]. Polish Journal of Food and Nutrition Sciences, 2003, 12(SI 2) ;108 — 112.

[20] SIKORSKA E, WOJCICKI K, KOZAK W, et al. Front-face fluorescence spectroscopy and chemometrics for quality control of
cold-pressed rapeseed oil during storage[ J]. Foods, 2019, 8(12); 1399 - 1411.

[21] R&&, WEY, Ml 55 freoCi el rh 2l Ik KR e (1], Bot 5t 5Aut g, 2018, 55(9)
58 -69.
ZHU Leilei, FENG Aiming, JIN Shangzhong, et al. Fluorescence suppression methods in Raman spectroscopy detection and
their application analysis[ J]. Laser & Optoelectronics Progress, 2018, 55(9) ; 58 —=69. (in Chinese)

[22] WG, R0, 652, % JOLM O 5 R2OEIE L TIHERT]. Stk 56, 2019, 39(7): 2034 -
2039.
YAO Zhixiang, SU Hui, HAN Ying, et al. Fluorescence fading effect and Raman spectrum baseline interference cancellation
[J]. Spectroscopy and Spectral Analysis, 2019, 39(7) : 2034 —2039. (in Chinese)

[23] GONCALVES R P, MARCO P H, VALDERRAMA P. Thermal edible oil evaluation by UV — Vis spectroscopy and
chemometrics[ J]. Food Chemistry, 2014, 163(15) .83 - 86.

[24] CHEN Z, MORRIS J, MARTIN E. Extracting chemical information from spectral data with multiplicative light scattering effects
by optical path-length estimation and correction| J ]. Analytical Chemistry, 2006, 78(22) ; 7674 —7681.

[25] LI H, LIANG Y, XU Q, et al. Key wavelengths screening using competitive adaptive reweighted sampling method for

multivariate calibration[ J]. Analytica Chimica Acta, 2009, 648(1) .77 —84.



