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# E: BM EIELIMEI%(near infrared spectroscopy, NIR)-5 2 58 i 8 1% (surface-enhanced Raman
spectroscopy, SERSYFEZ i mh A () B hik A4 8 fi e/ T [51 JH (partial least squares regression, PLSR)E %!
SEBAEAE M B 22 R By (aflatoxin By, AFB) & RPN, ik B, /M HPRAFHIFEA A NIR 5
SERS Jti. HIK, ¥RAEM NIR 55 SERS JGiE 3 B OGS WAL R IRJ, TR FIEE T A KAV URE - i 2 AR i 37
HED 4725 B 2 [A] 3% AR A AR 35925 (Hilbert-Schmidt independence criterion based variable space iterative optimization,
HSIC-VSIO) 3l NIR 5 SERS itk MRFAEAE i . e, B0 B8 AFE AR 5 HEA Tl 44 8 PLSR A7 ]
TR AFB, i, GR 5 NIR Juif ¥l . SERS Yl il NIR 5 SERS il EL Rl
Bk PLSR AU LE, NIR 5 SERS JGIl IR 15 Rt 22 19 PLSR B HAT I ARG IR RE: A2IE
LI R 25 (root mean squared error of calibration set, RMSEC)A 0.1569, #%1FE4EH 5 Z %X (coefficient of
determination of calibration set, R2)>4 0.9908, FWiilifE ) 5 Hii% % (root mean squared error of prediction set, RMSEP)
7 0.1827, FUMIAE s Z % (coefficient of determination of prediction set, Ry)Jy 0.9854, Y:fREM 2 H (ratio of
performance to deviation, RPD)>y 8.2761 o $4 A J5 ik 5l Jr i2:43 BRI ELSE 545 AFB, MAEA TlAEAR, 4530
P BRI BE JC i 5 11 22 59 (P=0.84>0.05) . 48 A A SEBiEA it AFB, & i PRI . ok e
S, WISIE T NIR 5 SERS Sl G 0 Al 471 5 250

KR TLUAOGE, RimigeRh SO0, JLiEdER G, WIS ER B,

Rapid determination of aflatoxin B, in peanut oil by the fusion of near
infrared spectroscopy and surface-enhanced Raman spectroscopy

WU Sheng-De'*, ZHU Jia-Ji**, QIAN Hao?, JIANG Xin?, XU Yi’, JIAO Tian-Hui’"

(1. Yancheng Products Quality Supervision and Inspection Institute, Yancheng 224056, China; 2. School of Electrical
Engineering, Yancheng Institute of Technology, Yancheng 224051, China; 3. College of Ocean Food and
Biological Engineering, Jimei University, Xiamen 361021, China)

EEWH: ERARFARATH (32302211), TLHE i MBS HUR R TTII5 H (KJ2022050) , TTIRE S 220 L RERL 22 (B R R#)
T _ 35 H (21KID550002) . fRE4 F AR B2 5L 4 7 4R 51 H (2022J01233199)
Fund: Supported by the National Natural Science Foundation of China (32302211), the Science and Technology Project of Jiangsu Market

Supervision Administration of China (KJ2022050), the Natural Science Research of Jiangsu Higher Education Institutions of China (21KJD550002),
and the Natural Science Foundation Youth Program of Fujian Province of China (2022J01233199)

#RTHE . RFE LR —EH

#WU Sheng-De and ZHU Jia-Ji are Co-first Authors

SREEE: ERE, WL, P, FEOR I E SPGB AR . E-mail: jth@jmu.edu.cn

*Corresponding author: JIAO Tian-Hui, Ph.D, Lecturer, College of Ocean Food and Biological Engineering, Jimei University, No.43, Yindou Road,
Jimei District, Xiamen 361021, China. E-mail: jth@jmu.edu.cn



55 23 3]

ST, S LN R SR 2O R A BOR PO I AE A= h S i B RE R B,

71

ABSTRACT: Objective
aflatoxin B; (AFB;) content in peanut oil based on the fusion of near infrared spectroscopy (NIR) and
First, the NIR and SERS spectra of

To construct a partial least squares regression (PLSR) model for rapid detection of

surface-enhanced Raman spectroscopy (SERS) feature layer data. Methods
samples were respectively collected. Second, the collected NIR and SERS spectra were processed by spectral
preprocessing techniques. Then, the characteristic variable of NIR and SERS spectra were respectively selected by
employing Hilbert-Schmidt independence criterion based variable space iterative optimization (HSIC-VSIO) algorithm.
Finally, the selected characteristic variable were fused, and then a PLSR model was built based on the fused
characteristic variable for rapid determination of AFB, in peanut oil. Results Compared with the PLSR models built
by NIR spectra, SERS spectra, and the data directly fused by NIR and SERS spectra, the PLSR model built based on
the fused characteristic variable which were respectively selected from NIR and SERS spectra possessed superior
prediction performance: The value of root mean squared error of calibration set (RMSEC) was 0.1569, the value of
coefficient of determination of calibration set (R?) was 0.9908, the value of root mean squared error of prediction set
(RMSEP) was 0.1827, the value of coefficient of determination of prediction set (R,Z,) was 0.9854, and the value of
ratio of performance to deviation (RPD) was 8.2761. The detection performance of this method and the standard
method for real peanut oil samples containing AFB; was not significantly different, and the results showed that there
was no significant difference between 2 kinds of methods (P=0.84>0.05). Conclusion = The proposed method is a
promising alternative for rapid and high-precision determination of the content of AFB, in peanut oil. The feasibility
and effectiveness of the fusion of NIR and SERS spectra are also verified.

KEY WORDS: near infrared spectroscopy; surface-enhanced Raman spectroscopy; spectral data fusion; aflatoxin B,
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i Ei 72 & B, (aflatoxin B,, AFB, )& —F L7 i) E. 7
B, B AR RS R A . AFB, J2 H T
C A Ak 2P 0T P SO A SR A — A, 35T T ) R
BUE U, 1 AFB, EEZX TGN EEIEREENE
ARG RR Z — P IRHEYI (AR . ERSF )M T
TKEE, ARSI TR bR S B AETAR, Nz 3]
AFB, W5 4%, [, AHICHETT 5 SRR I B
AFB, (RN T BE, B b8 di e = R i R 2k

H AT, £ H B R 0w R kA (1)
A A S BT 5, N o= B30 AH €235 5 (high performance
liquid chromatography, HPLC)F1 AH 4 3% - 5 1% 1 (liquid
chromatography-mass spectrometry, LC-MS)%:731; (2)
B E A A A T, Tl BB 4 5 W B 43 BT (enzyme-linked
immunosorbent assay, ELISA) I 1k 2 & 6 5% o i
(chemiluminescence immunoassay, CLIA)YZ8 T ik
IriE TR B ZR M REAS T AL 38, o e LA 2 o 1
iAo AR TP I PR A I T R . B, R R — R
EREEER AFB, Rl vk, W OR R A e 2R
FR GG B RN E L

WAk, DAL 2140 6 3% (near infrared spectroscopy,
NIR)FIHI & i (Raman spectroscopy) A1 ) ik ik |
ToARRTINFE A ST ZE 585 o H F NIR F7 8 1 i Lo 8 3B |
— AT E AL H 5 S I ORI LS, DR

il

mn S G ek I SRR R T T M . B,
FERNANDEZ-IBANEZ %5PLR Fi (% HL 5 i 21 S5
S5 ) TR R RN ZE e Bl AR R R, TN A e M A
0.80~0.85 [, # 1 FRTT ik 20 pg/kg, DURMS 21005
NIR Z5GBCRG sk, i TR ih&EHEE 5 m T
R, HBIEATIKE 100%. B NIR #ARES NP EFEE
R, Joiise Iy B A AR N R T, Bl T
EMPERSEXTEM. TR/, B RS E E
DL 35 30 [ Br A K0 E A PR o 2 T 1 5 2 ik
(surface-enhanced Raman spectroscopy, SERS)ZH & ik
FIRER, BEHAE SRR A FIRAIEE T, HEAE RBUE W
AN, AN S R A F YR AR T B g,
KO ZE2h 4 17 —Fh — S AL RE AL Y 28 S 4k BURAE A
SERS HLJI, THFI FHRERE 73 58 F1 s F B i T 9K 4T,
SEEL T AL AFB, A BRE A, K HBRGERI T 0.1 ng/mL,
K1) /NT 30 min, FANG 2530 845 i —Fh 4 fu 2 5
BEVEQNASBURAE N SERS R, i Bh 3% 4 1t s T By
T TR EK R AFB, BHER, K BRIAE] T 0.05 fg/mL,
TAREICRH 87.4%~117.7% . R4 T SERS 3 it
AL AR TR A E AR Y AFB,, 1GR3
FHT FC ARG 19 440 DU S8k = Bk 1 9 Kok A R i S
)5 S A T R LA M B i ) 4 A — S AR RE R TR
S RET LA, WRLE A AFB, RS A T LIS R
WERIR Y BE S RE, INIMSZBXT AFB, BRI, AR
IBE]T 0.37 pg/mL Wiz ¥k TS bRAE S h AFB, 9434,
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JIFR IS A 98.0%~110.0%, AHXTARIENR 22 A 3.9%~5.7%

HHT, 7EE 5 FIE TR WGP . JeavR I
{/52R I NIR = SERS Hi—HART-Br. MBS A EARE, NIR
S 2 AR R R A S R R 3l, SERS B2 43+
WAL R RS, PIROLIEE BT 5 B3Rk ERAE
AN R, A B BRI BT A, SCEUE
JEAN, LB SRS R

BT, AT LAEET TR AFB, RIS bR, 2>
SRAEH NIR Fl SERS Jtilk, SRJ5 R HIHE T A /R A ¢ -
Jih 85 AR S T ) g A2 k2 i) 3R AU A B 5 (Hilbert-Schmidt
independence criterion based variable space iterative optimization,
HSIC-VSIO) il NIR 5 SERS JtilfiyRHIEA i, H i
VERRRIE AR B EA T R B TR 7E M A A 2 OU e AL,
AL AFB, RPRIE | RS REE AN, R b E
TR 2 ARSI SR LB R D LB, X ORPE R AN A R
BON M RCR . dip A HATE R E X

1 MR5ERE

1.1 RS

EAERRAE W T2 Mk KRR T

HEECrpral, EZERAERFIARAR); AFB, B
HESL(BEEE 99%, RKEFT/RIBFRHLAHBR/AF]); SERS HE# It
Jt i Q-SERS(TLEARIFN Ml F AR FRA F]); SLHeFH K
B kB4l .

1.2 UFE5E%

FA1004E 43 Hr KF-CRE FE 0.0001 g, Sz i TR 5%
HIRAF); RMS1000 FHEHi 2% TS9214 Jr£1r4h
FEREA (i A e R A FR A F); HY-2 IR iEHR A # (L
TR EA AR AR AT PR Hl ), PS-20A 75 P 4IR % (IR
YIS R A R A A
1.3 SKWHE
1.3.1 #XRH&

14 AFB, FRifl b i T F B il 45 B, S RS KA
JREWEME N 1.0x107, 1.0x107, 1.0x107, 1.0x107
H1.0x107" pg/mL i) AFB bRfEE I, Frfsi s BHAE T
4°CTF LA o PRI S g AE2E T 50 mL .08, SRJ5
A LOx107 pg/mL {9 AFB, FRUEVR, BJG I RIE 2 5
25 mL JFRERS], BETEFAIRGE T 20 min, BURGHER
VERTEMBEAUCL o B AR REA B M 46
132 REHERE

SERS Wi sREeE: BAFNFEATT A Q-SERS Kl X
3, RH RMS1000 FHUH SRS CREH SERS Hilf.
FREH 2 HOE TR E Sl 50 mW, UM IR B
1 2s, ERERBOEE R 3 K. NIR JEIEAIRAE: A IRE
ABAGIEH AN, R TS9214 TLTAMNERECRER;

DFEA ) NIR S o S 2LAM GBI [R5 &l 3 s, 49
OB E R 5 Ko W TRMRE M RAIFEA L RE 10
2% SERS JGIE A NIR OGHE, B3R5 T 50 5% SERS JGHE Al
50 4% NIR Jti¥
Fe CARAFROEIE AR AR 7 A E AR S TN (1)
1B/ NIR i /& SERS S ¥cdhs, X T4 Mk B RO RRIAE A,
MREER 10 ZOotrErhREHLEKE 6 405 ARIELE, i)
NIR 5, SERS % iE £ OIS I ER5 365 (2)JEiE /& NIR
72 SERS S, Xf Ak B iR IAEAS, KR A
4 4 ZEE R A TIIAE, # NIR 5 SERS Fiill4E fholti i
Kool 24,
1.4 SEHIETALE
TGI8 S NIR G HEIA J& SERS Y% 14 SR AL #0Ks — i A2
e AT IR R, QAU | SRR IR RO HIU 55 .
I, XGRS RICHE A T AL IS T S Y M B A A U
WPER S E R AW B . 5 — D A e, thT
NIR JEiEEdiE 5 SERS S B 7E LI B2 Ak,
45 —E IFAAAER] A% BRI, R T SR BDGIEE R
AUREAS, X A RIS EE BT — TR, B 3
0 T R 3 A6 Ee A R — ek U AR R, i B
A SRS SR BT 5 LA 4 AR BRI (1R A A %
A8 5 in A FE $1) B2 /)y 7€ (adaptive iteratively reweighted
penalized least squares, AIRPLS)B AT RLERIE; (2)%
JH £ JCHU K 1F (multiplicative scatter correction, MSC)&
DT CBUR A, (3)R A P18 (Savitzky-Golay, S-G)
ST 5 A AL PR (4)2R A Min-Max JH—1k55
ol A BOERER AR R 0 5 1 Z 0.
1.5 BERE
1.5.1 Afamh=Fke )z
e /N — 3 [8] )5 (partial least squares regression, PLSR)
Je— Rl AR 2 R A Ty i, AR S A JE B EL
PERFREAB R AR BRBEOERSEE R X, R
M2 Y, PLSR 3R Kb X 5 Y Z IR )5 22, LA
AR AR G, SRR RN T X BRI AR, T
HALi R S Y ARG, PLSR AR FF X 50
M Y I i an A= (D). Q)
X =TP" + Ey (1)
Y=UQ" +Ey 2)
Horb, TR U 53500 X T Y BR3P AL Q 4351 X R Y
(AT A Ex F Ey 4352 X R Y 1) PLSR LG54
T 5 U ZIBAFELE R, B U=bT, b R KR
XFRHRE TRFIOR, RS XHBop 87230 T, AIfA3):
T=XW 3)
Hrb, wRRESE I, Bk, X5 Y RG2S 2tk ¢
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F AR R A (4): ()i AR APV -l 5 e S D)

Y =bXR + Ey (4)

Horp, R=wQ" R IR RBOE M HEFE XYY X 5 KRR
IF (R RRAIE ) T S .
152 RidadE Aisakd R

AT B R A — R B A R AR
B, Kok B TS FDGTE IR i G B+ — 2 B AR A
— AR, SR JE TE UL A DA T R AR A (AR A A
R FH PLSR A4 S AR AY), DA B 418 ey A5 20 39 00 44 R 11
HEP, F B, TG 6 A ot AT A 3 1
G . JETEEE B AR s BRI E | iR,
1.5.3 e dtdg A i & ak b Rk

ISR FRAE 2 Al A R 2 T IR IR G SR R
BIZEHTHRA . Bk B T ARG IR 0635 5o 28
S T AL B O RRAE AR R, R O R Y RRAE AR R —
FE BN B 4 B — AN 46 B, SR 7 SRR T M el
TE AR (ARG SR PLSR 4 o B )24 g T 5
RGBS A R ITAR AR &, SURRE 2 Al G 1
RE 2L T B ARG o JETE B R AR 2 5 SR s A
2 FioR .
1.5.4 & F HSIC ¢ X & 2 R A RAAL Bk

AHIFE, SRR IE AL B R - HSIC-VSIO 523,
ZHE EEAARE LT A

(LA B 4 RAE SR

JINAY —AB%E 1% % ¥ (weighted binary matrix sampling,
WBMS) 5 % J2: /1 — {8 4H % 2K #F (binary matrix sampling,
BMS)HE M A8 1 oK . 7F WBMS Hh, AR AR BEAOALEE, K4
—H A3 BN R B0 B <07 A1, BIAY Bl ok it A8 G 9l ik vp
FIAE R A

NI (| T
| =

NI — > |

AL P i
NIRJE S

HSIC 275 54 B A /R 1A 47 25 ] (reproducing  kernel
Hilbert space, RKHS)J:Al 32 H R/, X FREFLAS & X Fl
Y, W F R — AL RHE WU 1 RKHS(®: X—F), X
T x€X, M d(x)EF, XMW, &K G WRE—MHAELM
FAIEWUY RKHS(Y: Y—G), XF yeY, Ml Y()EG. F
5 G ZIase L7 26 5wl SCR A (5):

Co=Eay (@) = 1) © (W () = p1y)] ®)
Ho, w=E[@)]; 0y=E[P0)]; Exy Ex T Ey 3 HZXHA
BRI L BREL Py DGR BE SR AR P FIL AR R
BREL Py I, ® R IKERVIZFHAT.

HSIC Y BREAE W] 37 K 58 LU 7 22 551 i A /R A
SRR GOR Sy (AW (F

HSIC(X,Y) = Cyyis II=E,

eI |+

Ey  [keex) |E,  [100) |- 2B [E (e )] - (6)

EQOUG»,)1
HA, k() =<®(x), O(x)>; k Se—MEERE(k: XxX—R);
Uy ) =<V V)= TR LRI YXY—R); Eqyyy
FRBARNT (e )R (x B A IR,

UATE N ABSEIEL, Z={(q0)... (ondn)} € (XD),

HSIC Y2568 R 23 37>

HSIC(Z,F,G) = (

S tr(KHLH) (7
N-1)

Hrh, K, H, LERY™; Ki=k(xi,x;); Li=l(viyy); Hy=I-N'ee'(e
R4 1 ), or FORHFE KHLH Wik,

QAR AR SR A B L Y, thATTRY HSIC E R
%, W HSIC Af FH 40 7 it

FlT GRE RO B R E SRR B A

Fig.l Schematic diagram of spectral data direct fusion strategy

[
NSRRI > | Sl | = | 4
I

|
SERS it et el I 5t s M Y I e 0
|

FAb PR Y
SERSY: i HicH PLSREEA
]
NIRJE#:  SERSIGi
— [ BLSRZEE

B2 SRR E 2 il A S A

Fig.2 Schematic diagram of spectral data characteristic layer fusion strategy
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(3)%: T HSIC il K Ar iy F T
R A T B R X AN [ Ry, e Ak
T 20 IR, A (8):
Y= S (31 Xp) + Eypp (8)
Hor, frn 275 B PLSR M HEA 2061 2 0 IE BT eq 35
T TR 8% 2%
K58 m AP INBR, WHZ K IEBR, A (©9):
y:}m(xl,...,xm,l,me,...,xp)+£m )
Mo, f, 2o PLSR B £ TR F R, ¢, R T
W2z, HALE T M S IR AR B PR B
Rk, mTLGE R 2E « St y Z BT
ST PEZE B SAT R TR AP WA x, 1Y
B (W) AT X (10) U7 A 5261,
_ HSIC(y,&p)
™ HSIC(y. &)
(4) HSIC-VSIO H AR5 26 I8
BB AR R AR R R, AT R

m=1,2,....p (10)

T=[WI,, Wh, ..., WL], SRJ5 X8I AR i B i AT
H—fab B, ana=(1):
WI{:L i=L2,...,p (11)
,i Nz

Hep, wr FOR5 i AR E RN LRI, JHH%
TEWRE T=[W, Wi, ..., WIL](0< W <1).

AP 2. T WBMSOE, “MHMEMERIR TN Mxp,
RN AR A IR LN 0.5), WIAT4S M 4~ PLSR
PR Z 0RO EAR R, TG A5 2 45 S SR S s B
JEF M3 % 22 (root mean squared error of cross-validation,
RMSECV), M #R b kit it HAA 5 RMSECV {E1Y
A T RS LB o), 14 5/ i RMSECYV {Eid
& minRMSECV,,

BB 3 AN R AR R PR B A
RMSECV {H AN LR35, ana=R(12):

Ni
fi= M xo
Hr, N RORE AR AR B E PR EE 0 B BN
RMSECV {5 A (55l Mxo) TP BRI, W f R
i R AP D I B B0y RMSECV {H IR (B
J Mxo) P BLAIER, FHAEEAEM R O=[/, fo .. ol
HUBH AR AR B RLE W=0.5%T+0.5% Q0.

YR 4 AT HEREKAS R AT W & WBMS
deng, B PLSR #93 M MR Z oo IEAE R, 58 2
AL, MFA B skt B B0 RMSECV A 9RERY,
Fd S T /M RMSECV fH.

HIE 5 41 minRMSECV,<minRMSECV,_, (I A%

i=12,...,p (12)

WED), BEPATHEE 3~5, B0, EACH I H B R m
WA,

HRHEZ25 3R [27-28] P 94518, HSIC-VSIO F2 S
BN 1) WBMS R AR AT RO M=1000; 2) AT
A BRI PPk kB H A B/ RMSECV B AR T 11 L 45
0=10% TEANIFE 2.2 150 SHOCE A& IPEE T T 36
16 R

R T PG S AR R, — R AR IE R TR IR
7% (root mean squared error of calibration set, RMSEC) . Fiiilll
1477 HEi% 22 (root mean squared error of prediction set,
RMSEP), #ZIE4EE R % (coefficient of determination of
calibration set, R2) . i il 4 e 5 & % (coefficient of
determination of prediction set, Rﬁ)*ﬂ‘@ HE i 22 LE (ratio of
performance to deviation, RPD)ZEAEEIPEM 545, WA
(13). (14). (15):

1 ~ 32
RMSE = [~ 3" £(7 - 7;) (13)
L
L “ 2
-y
Rzzl—iz’_:_‘ i~ %) (14)
Zl—l( o )2
L Wiy
RPD = (15)
1-R?

p
P, ORI,y FORTUNE y FORESEA I,
ML FORRIESE P EEAR MBI 3)XE N
RMSEC, K (14)%HR KRS 24 L F/R AL R A B BCR E,
W (13)%F 3 RMSEP, R (14)% 1 R, ABFSE A 50k
JisB5 4 i Matlab R2020a SZF

2 HER5HH

2.1 HIEBEHER

T ARFEMREE AFB, 11 5 20 ML A I AR RE AR
) SERS SGiGani&l 3A BioR, &l 3A Y SERS FHIETE
W R I B AP 597 e (C-O W4EIRZh) . 742 em™ (C-H
&b 4R . 835 em™ (C-H f4E¥R3)) . 1249 em™ (C-H
T2 AR Sh) . 1343 em ™! (CH; Z8JE4R ) . 1486 cm ™ (C=C
AEPREN T 1557 em ™' (C-C MG RSN). % BT EE 0
&, M T SERS JGiEXIH(500~1800 cm )EME L& HAUE
T EERAE S, SO SOl I SR T AFB, 1
ST A AR RO AFB, 1 5 ZACFMERAELE A
FEA Y NIR Y & 3C fiR . Bl 3C H NIR $5#iF %5 L H
158 AP 930~970 nm (CH, 5 CH; — WS4 dR3h) .
1090~1130 nm (C-H %1% 5h) . 1210~1240 nm (CH, —Firfi%
AR 4ER ) 1270~1300 nm (C=0 Z & Hifh4edRsh .
C=0 & Hilfeah S N-H 4% 5)). AFB, 55 NIR FHEIEH A
HHYVIKR, LR TAEMPHECR . KA
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— 1.0x10°% pg/mL
A 610 B 1.0 597 742  Lox10 g/mL
97 . . Hg
— 1.0x10” pg/mL 1.0x10° pg/mL
— —4
5 s 1.0x1073 pg/mL osh — 1.0x102 pg/mL
‘\ 1.0x107 ng/mL 4 — 1.0x10"" pg/mL
3 4f j — 1.0x107 pg/mL o 1343
= — 1.0x10"! pg/mL X 0.6}
g 5
B3y I
I 1249 1343 =
- = 04}
=
2 L
i 0.2
0L— : : : : : ol— " . . .
600 800 1000 1200 1400 1600 1800 600 800 1000 1200 1400 1600 1800
b2 /em PrE i F/cm™!
C 54 x10° — 1.0x10° pg/mL Do ~ 1.0x10° pg/mL
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AL S FACEMEM AR SERS JEi; B HAMHS (1 5 40P SERS Yti; C. 5 4 E MM A NIR J6iE;
D. WALHLF ) 5 203 PEM) NIR S
3 GAAFRREIRE AFB, AL M FFIAEA T SERS 5 NIR i

Fig.3

K RRIiTR 5 525 AFB, (5200, M50 7 1R 80 . Toie
J& NIR i /& SERS S, 7E06i%REL TP A TG L
AR R TO TR SR Y, O B G T B A T AL, &
AIRPLS J:Z6#¢1E , MSC JEHUEF A IE . S-G Vil DL &K
Min-Max J1—Ak AR HE 2 J5 B9 SERS 5 NIR Y6143 5l in & 3B
53D R, SRR 3A 5 30K AR, BATEE
A SERS Fll NIR Stk AYFELR AL A3 T, Yok (55 o
TP, A RS2 TR B T BRI E R
2.2 HSIC-VSIO BZAS#gE S B ML

X HSIC-VSIO SikS0R B MM T R Ak
BEAFMSHED T, 434 NIR Fil SERS i % ik
FRAEAR B, HRE AU A R A A5 B 0E 1 TRl A #2537 PLSR
5%, 5% RMSEC. K>, RMSEP. RiAl RPD {HiE47 %t H
AT

(1) WBMS (B RE AT IR E0E M

B, B oo B SIBEE R 10%; SRI5, ¥ M 5

SERS and NIR spectra of peanut oil samples containing different mass concentrations of AFB;

W% E 1000, 1500, 2000 F1 2500 FEA7%F LA b, HI5R
1 B TaE R, BRI RER M IR, (B
B, R M pEBOR, BRI RS B E R, A
FERIRUREE 554, ¥ M 3R 1000 4R,

R 1 S8 MITEBTNMEE R0

Table 1 Effects of parameter M on model’s
prediction performances

P KIS ﬂii}ﬂﬂ%
RMSEC R? RMSEP R, RPD
1000 0.1569  0.9908  0.1827  0.9854  8.2761
1500 0.1571  0.9901  0.1831  0.9849  8.1380
2000 0.1570  0.9905  0.1829  0.9851  8.1920
2500 0.1572  0.9899  0.1832  0.9845  8.0321

()M BT R Fr Bk ik Y HAT 42/ RMSECV {H (5 1
B L1 o
e, W MPEIEE R 1000; R, & o BE S
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B 10%. 20%. 30%F1 40%HEAT XL AT, HiEE 2 Hig
BATEE RO, Y o=10%0, R ETERER L, HARFEH
3, RMSEC il RMSEP {H#%/)\, R, Rfll RPD {H#% K, #L
¥ oo BE N 10% S5 .

®2 BY o PRETNMERENTIT
Table 2 Effects of parameter o on model’s
prediction performances

EIESE
RMSEC R2

fbIES

E il
RMSEP Rg RPD

=

10% 0.1569 0.9908 0.1827 0.9854 8.2761
20% 0.1642 0.9886 0.1925 0.9830 7.6699
30% 0.1735 0.9869 0.2011 0.9747 6.2869

40% 0.1778 0.9861 0.2032 0.9738 6.1782

23 BREERMNER

H NIR S . SERS Yif%idi . NIR 5 SERS ¥
T E RSB0 LUK NIR 5 SERS YGiE4HIE )2 ml & 56 2
BIHE PLSR Lo IERRIAGINAEA P AFB, & i,
PLSR # I R, SRt PR i 4K (latent variables, LVs)H 5
P32 HIE A2 1) RMSECV {HFTHE o 4% 7 Wk R 25
Rk 3 s

I3 3 AL, 6T NIR DG4 ) S A 45 SR A

LVs=10, RMSEC=0.2812, R’ =0.9533, RMSEP=0.3447,
R=0.9211, RPD=3.5601, fE/E{HiF AFB, %t PLSR il il ¢
HHSMEZ AR NE 4A Fin, HT SERS JEiE
ERMISE R T Lvs=8, RMSEC=0.2105, R’=0.9726,
RMSEP=0.2349, R;=0.9689, RPD=5.6705, 75/ il AFB,
& PLSR TN{E 5 HSLEZ M OCR MK 4B s,
F NIR 5 SERS Stifk B £ fl -G E0s & kil 25 5 F
LVs=10, RMSEC=0.1923, R’=0.9836, RMSEP=0.2117, R;=
0.9703, RPD=5.8026, {£/E i+ AFB, & PLSR Hil{E 5 &
SAHZ A5 R WA 4C 7R, £ NIR 5 SERS i HE
2 BlE B R BRI S5 AN R . LVs=9, RMSEC=0.1569,

R’=0.9908, RMSEP=0.1827, R;=0.9854, RPD=8.2761, 1£/:
M AFB, it PLSR FNE 5 B EZ M9 5C R Q1A 4D
Ft/R o B HSIC-VSIO §fi it f) NIR SEiEFFEAs & U E 48 B
w, HPEHARHEAEE S T NIR FHEE 930~970,
1090~1130, 1210~1240 F1 1270~1300 nm. H HSIC-VSIO
i1 1Y) SERS YGIiB4FAE A8 /e QN E 4F s, Ho o eiras
BT T SERS #HEIEA 597, 742, 835, 1249, 1486 Al
1557 em™,
24 BHERMNLERITEE S

K07 T PLSR BERIPEAN 48 b i) AR fL a3 an & S i
7, WAR, B ONIR JGIEEE Y PLSR AL FOMm M: A i
2, FELETHAM TS AFB, SR8, TR0, s
SE iR Sh 7R UL 2T A1 XY (g LA, %0 PGS 5 5,
SO T ARG IKE B . AHAS T NIR SGIESEM 1 PLSR
T, i SERS &%l (NIR 5 SERS Y& i B e & 5 LA
J NIR 5 SERS Jtitf FRAE 2 il A 208 i 8 (1) PLSR #5E7
BITRIPERES AR T IR . LI NIR JEils St @iy PLSR
FERL BTN PEBEME e, SERS J&ilk#dii . NIR 5 SERS
i B AR DA NIR 5 SERS Sl RIE 2 Bl K
fr kg PLSR BEFUE) RMSEC 43 BIFRAE T 25.14%.
31.61%A1 44.20%; RUTHIHERT T 2.02%. 3.18%F01 3.93%;
RMSEP 43 BIREAR T 31.85%. 38.58%F1 47.01%; Rosy 4
BT 5.19%. 5.34%F1 6.98%; RPD /35485 T 59.28%.
62.99%R1 132.47%. %5 Bk, th SERS SiEEIEHI &M
PLSR AU T 1 REBH .38 5, F2LAET SERS £ T
HEGEIEE Q-SERS AR 7 B 1 5 0N A 4548 A ol PR
AFB, 5 54K 45 THOR, i T IHA RS B . AT
K NIR 5 SERS Sk i — Al £ R, K NIR 63 5 SERS
g EEMG R, SR TOUEE BN ERN, A BT Rk
B . AR, DB EEMA SR RS KRR
TUAHZE TR, R HSIC-VSIO 43 5%t NIR 5 SERS
e FRAE AR 5, SR N O A B AR AR AR ET TR
FFFg7E PLSR BEAY, HAGIIRS BE 3RS TR R MIER .

#3 BRHEAEEWNELEMP AFB, SENER

Table 3 Quantitative determination results of AFB; content in peanut oil by various methods

R IE4E T 4
ViRis LVs
RMSEC R? RMSEP le RPD
NIR 10 0.2812 0.9533 0.3447 0.9211 3.5601
SERS 8 0.2105 0.9726 0.2349 0.9689 5.6705
NIR Y SERS Hi%ml& 10 0.1923 0.9836 0.2117 0.9703 5.8026
NIR 5 SERS HHiEJZ & 9 0.1569 0.9908 0.1827 0.9854 8.2761
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2.5 ELEERENSHEER

T S BB A ) T ARG RS F) WKL &47 AFB, (1)
TEAIMFEA(AFB, & BYEFIN: 1.0x10°~1.0x107 pg/mL).
ANBEASFRIR A NIR 45 SERS YGHERHE E A& Bt 2
PLSR MR LA RIFRCIHEAFERL S 7715 LA SR e 772 (HPLC)

Kl AFB, %, RrgsRAans 4 FiR . iy ik msm
ZER O BN ¢ K5, SRR E LR EER
(P=0.84>0.05), R4EKE H BRI AT 3SYK (So WEA2
FEAMANAERAERS, K ONRBIEMZR AR, v EbEE:
TERE JrEt AFB, A ik ORHHBR A 5271070 pg/mL. RK%S
P E A AFB, SRFRERBREE 5 2.0 pg/kg Al
20 pg/kel'ls AT H EIRARAESEA T E, RURRA (R A T
+AFB)HEEB N 1 g/mL, MIMTSEE 5.27x10 ¢ pg/mL KL s
BN 5.27x107 pgkgo SOAHFZEAR HOEREEFIE RS 7k
A SR XA AT R AFB, 2 2 A AR 5 A

F4 RBHFUERMEHFESHRERERNEIEEH
HARH AFB, & B LR (n=5)
Table 4 Results of spectral feature fusion method and
standard method for detecting AFB,; content in real
peanut oil samples (n=5)

AFB, 71 i Kol 4 o/ (pg/mL)

FEA — -

ST ERAE Bl s HPLC
FEAS 1 0.94x1075+1.28%1077 0.97%107°+0.82x1077
FEAS 2 0.92x107°+1.57x1077 0.98x10°+0.89x10°7
FEA 3 0.95x10*+1.72x10°° 0.99x10*+0.85x10°°
FEAS 4 0.95x10°3+1.61x107° 0.97x107°+0.76x107
FEA 5 0.93x10°+1.45x10°° 0.97x107°+0.80x107°
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ARFSTEEE T —Fh AT NIR 55 SERS JGil 4 E 2 a4
Bl £ PLSR BEAISCENAE L irh AFB, PRl . Sk G
M. 5 NIR JiE 58 . SERS Gl %dE Ll & NIR &5
SERS Jtilk HiEm & Sia g PLSR BLRIAHLL, NIR 5
SERS JERERHIEZ Al G B R 8 PLSR H7 ELA Fefk )
T 1 B . RMSEC=0.1569, R’=0.9908, RMSEP=0.1827,
R=0.9854, RPD=8.2761. [Wlisf, 45 AWI5E 7 ik Shri ik
Sy SR FL LA TR A T AFB, it S5 RRIIH
4R I B T 55 5 25 5 (P=0.84>0.05), ZSBIFSE 7 1 A
R R, 5.27x107° pg/kg, TEIEALTRREE 5 =& B 10
FEA I AFB, S K 5% BR B 2.0 pg/kg #1120 pg/kgo 25 b, 5
B2t SRR WA ST )y ] SCERAE AR T AFB, S i AR |
EORE BE RN, BSUE T NIR 5 SERS JGilkah & 0 a1 5
Bk, THIRSFHMEASRIESS, NIR 5 SERS Yk #id
TERFIE JZ ARl BEAS Foe A PR3 1t 12 re TR P A DA
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