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ZaHm Y RREY, & R £ A% 2O, AREY
(L. Fhykm - S BT BRI, il 224056; 2. ERIN AR AU LARERE, Fhik 224051,
3. EERFEHFEM ST EER, EI 361021)

# E: BM EIELIMEI%(near infrared spectroscopy, NIR)-5 2 it 58 i 8 %1% (surface-enhanced Raman
spectroscopy, SERS)FEZ i mh A () B hik A4 8 fide /s T [51JH (partial least squares regression, PLSR)f&%!
SLIAEAE M B 22 R By (aflatoxin By, AFB) & RPN, ik Bk, /HPREFFIFEA R NIR 5
SERS Jtii. HIK, ¥REM NIR 5 SERS JGIE /- BIHA OGS WAL R, SRJ5, SR FIHE T A R AFURE - 2 R 37
YED 475 B 2 [A] % AR A AR 35925 (Hilbert-Schmidt independence criterion based variable space iterative optimization,
HSIC-VSIO) 3l NIR 5 SERS Hilk MRFIEAR i . e, Pt BE M RAAE AR B HE T Al 44 8 PLSR A7 ]
TRERMMAELMF AFB, it GR 5 NIR Juiffdls . SERS Yl il % NIR 5 SERS il EL Rl
Bty g PLSR IR LE, NIR 5 SERS JGIRHIE)Z 5 Bt t 2 (19 PLSR BERY HAT S ARG IR RE: A2IE
ST MR 25 (root mean squared error of calibration set, RMSEC)A 0.1569, #%1E4E#xE Z X (coefficient of
determination of calibration set, R2)> 0.9908, Fiill4E14175 #1525 (root mean squared error of prediction set, RMSEP)
7 0.1827, FUMIAE i Z % (coefficient of determination of prediction set, Ry)Jy 0.9854, V:fREM 2 H: (ratio of
performance to deviation, RPD) 8.2761 #4415 2 SRtk Jy i2:4r BRI ELSE 545 AFB, MAEA TlAEAR, 453
P BRI BE JC i 5 1 22 579 (P=0.84>0.05), 483 Ay iE ] SEBiEA it AFB, & i AP . ok e
arill, WIEUE T NIR 5 SERS SGif @l & el 4Pk SA %M.
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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 X B, (aflatoxin B,, AFB, )& —F ML 7 it B 1A
TR, EIE AR AW R A . AFB, S H T
C A Ak 2P 0T P SO A s A — A, T T T i
BUE U, 1 AFB, EEAXH BN EEMEREENE
AR Z — P IRHEI (e | FORS )R T
TKEE, EAMfES I T RS R AR, iz 5]
AFB, W75 4%, B, AHOCHETT 77 B 0 R I £
AFB, (RN T BE, B 1kl ie s iy R 2

H AT, £ B R 0 R AR kA (1)
A A o BT, AN s B30 AH €835 5 (high performance
liquid chromatography, HPLC)F1¥ AH 6 3% - 5 1% 1 (liquid
chromatography-mass spectrometry, LC-MS)%:731: (2)
B RE A A A Tk, Tl BB A 5 W B 43 BT (enzyme-linked
immunosorbent assay, ELISA) I 1k 2 & 6 5% o i
(chemiluminescence immunoassay, CLIA)YZ8 T ik
Ik TR B ZR M REAS T AL 38, ot e LA 2 o 1
i AR P I PR A I T R o B, R R — R
EREEER) AFB, Rl vk, WO R A R e 2R
FRGEA B RN E L

WAk, DAL 2140 6 3% (near infrared spectroscopy,
NIR)FIHI & i (Raman spectroscopy) A 12 ) ik Rk |
ToARRTINFE A S ZE 585 o H F NIR FI7 8 1 i g 8 3B |
— AT E AL H 5 SE I G ORI LS, DR

il

hh A 5 ek SRR R T N . BN,
FERNANDEZ-IBANEZ %5PLR Fi (i HL 25 s 21 S5
3 ) R R RN 22 o Bl AR R R, TN A e M
0.80~0.85 = [i], # HFRTT ik 20 pg/kg, DURMS 21005
NIR Z5A#=CRN ik, eSS TR B s Z 5 L
R, HBIEATIK 100%. B NIR #ARES NP EFEE
R  Joiise I gy B A R AR N T, Bl T
EMPERSEERTEM. TR/, B RS E E
DL 35 30 [ Br A R0 E A PR o 2% 1T 1 5 2 ok
(surface-enhanced Raman spectroscopy, SERS)ZH & ik
FIER, BEHA SRR A FIRAIEE T, HEAE RBUE W
AN, AN S R A F R AR T B g,
KO ZE2 4 1 —Fh — S AL RE AL (Y 28 S 4k BURAE A
SERS HLJI, FHFI FHRERE 7 B F1 s F B i T 9K ET,
SCEL T AL AFB, A BRE A, K HBRGERI T 0.1 ng/mL,
K1) /NT 30 min, FANG 25030 45 il — b 4 2 4
BEVEQNASBURAE N SERS R, i Bh 3% 4 1k G s T By
T TR EK R AFB, BHER, R BRILE] T 0.05 fg/mL,
TAREICRA 87.4%~117.7% . R4 T SERS 3 it
AL AR TR B AR AFB,, 1GR3
FHET FC B 19 440 DU S8k = Bk 1 9 Kok A R i IS
)5 S A T R LA M B i ) 4t — S AR RE R TR
EERET LA, WRLE A AFB, RS AT LIS R
TRV S, MSZENT AFB, ARG, 46 H: R
IBE]T 0.37 pg/mL Kz ¥k TS bRAE S AFB, IR43HT,
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JIFR IS A 98.0%~110.0%, AHXTARIEN2E A 3.9%~5.7%

HHT, 7EE 5 F AR WGP Joav I
/52R JH NIR = SERS Hi—HAR T Br. MBS A EARE, NIR
S 2 AR R R A S R R 3, SERS LB i) 43 +
WAL R RS, PIROLIEE BT 5 B3Rk EHAE
AN R, A B BRI BT, SCEUE
JEAN, LB SRR R

ST, AR LRI AFB, R R bR, 43
SIRAEH NIR F1 SERS DGk, SRJ5 R LT A /A -
Jit 2% 2 N D) g 78 2 ] 3k ARG 4K Bk (Hlbert-Schmidt
independence criterion based variable space iterative optimization,
HSIC-VSIO)Zlfi NIR 5 SERS i AFHEAS &, K i
TE YRR S BT G T AE ML B AL A 2 U RO A,
SEAELE I AFB RPRIE | RS REE AN, R b
TR 2R ARSI SR LB R D S LB, X ORPE R A R
BN IEERCR . g A A EEE X,

1 MR5ERE

1.1 RS

EAERRAE T T2 MK KRR T

i al, EZERAERFIARAR); AFB, B
HESL(BEEE 99%, KEFT/RIBFHEAHBR/AF]); SERS I
Jt i Q-SERS(TLEARIFN Ml H AR FRA F]); S256 HK
B kB4l .

1.2 UFE5E%

FA1004E 43 Hr KF-CRE FE 0.0001 g, N iz i iR 4%
HIRAF); RMS1000 FHeHi 2 g . TS9214 £ 4h
AN (I A SRR AT R HD); HY-2 iR iR A4 ( E
T CBREA AR B AT PR ), PS-20A 75 I 4IR % # (UR
YIS A R A FD.

1.3 SKWHE
1.3.1 #XRH%&

14 AFB, FRif i va T H B il 45 B, S RS IR AR
JREWEME N 1.0x107, 1.0x107, 1.0x107, 1.0x107
H11.0x107" pg/mL i) AFB bRfEE I, P s BHAE T
4°CT LA o FRELS g 4645 3TF 50 mL B0 9, SR
A LOx107 pg/mL () AFB, FRUEFR, BoJG I RIE 25 5
25 mL JFRERS], BETEFAIRGE T 20 min, BURGHER
VERTEMBEANCL o B (ORI REA B M 46
132 REHERE

SERS Wi sREeE: BAFNFEATT A Q-SERS Kl X
3, RH RMS1000 FHrUH S5 CR&EH SERS Hil.
FRER 26 HOE TR B E Sl 50 mW, UM IR B
S 2s, EIRERBOEE R 3K NIR JEIEAIRAE: HREIkE
AEAGIEHAIE, R TS9214 TELIAMNERECRER

DFEA ) NIR S o S 2LAM AU I (Rl 35 E ol 3 s, 49
BB E R 5 Ko W TRAMRE M RAIFEA L REE 10
& SERS JGil Al NIR Jtilt, SAE3R4E T 50 4% SERS Jeifi Al
50 4% NIR i,

He CARAROEIEBAE AR 7 AR AR S TN (1)
1B/ NIR i /& SERS Jeif ¥cths, X T4 Ml JE RO RRIAE A,
MOREER 10 ZOotrErhREHLEKE 6 405 ARKIELE, i)
NIR 5 SERS % iE £ OIS IR 36; (2)JEiE /& NIR
ifJe SERS JGili#idls, % ARk BRI IAEA, KR4
[ 4 ZEE R ATINAE, #& NIR 5 SERS Fiill 4 fholti i
Bl 24,

1.4 JIEHIETALIE

TGS NIR G HEIR J& SERS i 14 R A8 #0Ks — o A2
A AT IR B, AnfLARme s | SRR IR RO HIU 55
I, XTSRS A T IRAL BT T S Y M B A A U
WrER SRR AW B . B DR RN e, thT
NIR Sty SERS SEil B feotigam i 22 K,
15 —E I ARTER] — DR R, R T EBOEEE R
HURE, Xt F RIS T — TR, B 3
T R 3 2 EE A R — ek U AR R, i B
T BOR M EBAL LA 4 AR ()R A %
A 5 in AUFE $1) B2 /)y — T (adaptive iteratively reweighted
penalized least squares, AIRPLS)B AT RLERIE; Q)%
JH £ JCHU K IF (multiplicative scatter correction, MSC)&
DT OCBUR A, (3)R A5 P (Savitzky-Golay, S-G)
SR TG 5 1T T AL FE; (4)R F Min-Max JH—fL5
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— R AR 2 R A Ty i, AR S A JE B EL
PERFREAB I AR BRBEOERSRE R X, iR
M2 Y, PLSR 3R Kb X 5 Y Z IR J5 22, FE LA
AR, SR R AU R T X Ry, i
HALim R S Y ARG, PLSR AR X 50
M Y B i sl an =X (D). )

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

T5 UZRFEEMCR, B U=bT, b WEE FHERE
XFRHRE TRIOR, R XBop 8250 T, AIfA3):

T=XW 3)
Horb, wRRESE I, Bk, X5 Y RG2S 2t ¢
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F Al AR R AT (4): () ZR APV e 5 e S D)

Y =bXR + Ey (4)

Horp, R=wQ" J IR RBOE M A FE XYY X $5 KRR
IF (R RRAIE ) T TS e
152 RidddE Aisakd Rk

A5 B B Al A — R B A R AR
B, Kok B TS FDGTE IR i 6 B+ — 2 B U R A
— AW, SR 5 TE UL A DA T R AR A (AR A S
R FH PLSR A4 S ARAY), LA B 418 ey A5 A 35 00 44 R 11
HEP, F B, TG 6 A ot AT A 3 7
G . JEIEEE B AR s B EE | iR,
1.5.3 e dtdg A i & Ak b Rk

ISR FRAE 2 Al A R T IR AR G SR R
BIZEHTHMA . Bk B TARDGIE IR 00635 5o 22
S T AL B O A AR 5, R U R Y RRAE AR R —
FE BN B 4 B — AN 4R B, SRS 7 SRR T M el
TE A ARG SR T PLSR 4 i SR )24y T 5
TGRS A RE TR AR &, SURRE 2 Al G 1
RE SO T B ARG o BT B R AR 2 5 SR s 1A
2 FioR
1.5.4 & F HSIC ¢ X & 2 R A RAMAL Bk

ABIFE R, SR RFIE AL B R i HSIC-VSIO S23H,
ZHE EEARE LT A

(LA AR 4 RAE SR

JINAY —AH%E % R 4 (weighted binary matrix sampling,
WBMS) 5 % J2: 1 — {8 4F % 2K #F (binary matrix sampling,
BMS)HE M AR 1M oK . 7F WBMS Hh, ARIEAS AR, hHF
— G A3 B [E B B <07 A1, BRAY B B oR 1 A8 JE gk
FIAE R A

TSROl —> || s
| =

SERSi%ct [mmmpy |

AL P i
NIRJE S

HSIC 275 54 # A /R 1A 47 25 ] (reproducing  kernel
Hilbert space, RKHS)J:Al 32 H R/, X FBEFLAS & X Fl
Y, W F R — AL RHE U 1 RKHS(®: X—F), X
T x€x, M d(x)EF, MW, K G WE—MHAELM
FAIEWUY RKHS(Y: Y—G), XF yeY, Ml Y()EG. F
5 G ZIase L7 26 55 mE SCRH A (5):

Co=Eay[(@(x) = 1) © (W) = p1y)] ®)
Hor, w=E[@)]; 0y=E\[P0)]; Exy Ex T Ey 3 HRXHA
BRI L BREL Py I GMEARE BE SR AR P FIL AL R
BREL Py I, ® R IKERIVIZHAT.

HSIC RS W] 37 58 U 7 22 351 i A oA R
Tt R T, i A=K (6):

HSIC(X,Y) = Cyiis I B,

e |+

Ey [k E, (10030 2B [E Th(x)] - (6)

EQOU(. )]
HA, k(ex)=<®(x), O(x)>; k S—MEERE(k: XxX—R);
yy)=<V(), P(0)=; TR LRI YXY=R); Eqyyy
FRBARNT (e )R (x IR A 1R,

YA N ASEIEL, Z={(qp0)... (o)} € (XXD),

HSIC Y2568 N 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 ), ir FORHFE KHLH Wik

QAR AR SR A B L Y, thATTY HSIC E R
%, i HSIC Af FH 0 a7 it

Pl GRS RO B Ra 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 B Z
A YIS B R X R B[] iy, YA A
T 20 IR, A (8):
Y= S (31 Xp) + Eypp (8)
Hod, frn /8 1 PLSR FEEAY 063 2 00K IEAR T eqy
N T 5% 2%
5 m PR IR, W EZ TR IERER, Gn/A9):
y:}m(xl,...,xm,l,me,...,xp)+£m 9
Mo, f, 2o PLSR MBI £ TR IF R, ¢, R T
B2z, HALE T MR S IR AR B x PR B
Rk, FTLGEA R 2E « St y Z BT
M7 P22 R FAF K RS B . R X, 1Y
B (W) AT X (10) AT A 526,
_ HSIC(y, &)
™ HSIC(y. £
(4) HSIC-VSIO H A& 5L 26 8
BB AR R AR R R, AT

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

T=[WI, Wh, ..., WL], $RJ5 xR AR i i B AT
H—fab B, ana=R(1):
ngzﬂ i=L2,...,p (11)
,i Nz

Hep, wr FOR5 i AR E RN LSO, JFE4
TEWRE T=[W1, Wi, ..., WIZ1(0< W <1).

A 2 FTF WBMSEH:A, “{HIEMER TR Mxp,
B R AR R AE R IR TN 0.5), WIRTH5 M 4~ PLSR
PR Z 0RO EAR R, TG A5 2 45 N R S Prac B
JEYY 7 MR 2% (root mean squared error of cross-validation,
RMSECV), META B bkt HAH/N RMSECV {HY
RN BT A B LR 0), ¥R/ RMSECY {Hid
>4 minRMSECV,

BB 3 AN R AR R PRI B A
RMSECV fH (S s B B AR, anAa(12):

N
fi= Mxo
H, N RORE AR AR B E PR RE 0 B BN
RMSECV B A (55l Mxo) P BRI, W £ R
i R AR AR PRE ) A /N RMSECV A A7 (4
J Mxo) P BLIIER, FAEELEM R O=[/, fo .. Sl
HUBH AR AR B RLE W=0.5%T+0.5% Q.

R 4 ST HOH MK AE RACE W & WBMS
deng, B PLSR #93 M MR Z oo EAE R, 5588 2
Ffel, M B b Bk H HLA 8/ RMSECV H A5,
Fd S T /M RMSECV fH.

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

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

WED), BEPATHEE 3~5, B0, EACHHOIEH R m
WA,

MR85 3R [27-28] P 94518, HSIC-VSIO 24
BN 1) WBMS AR AT IR M=1000; 2) AT
A BRI R Pk kB H A B/ RMSECV B AR 7 11 L £57]
0=10% TEANIFT 2.2 15 h 0 SHCE 15 BT T B6IE
16 R

R T VA S AT AP RE, — R PR IE AR 34 AR R
7% (root mean squared error of calibration set, RMSEC) . Fiiilll
1477 HEi% 22 (root mean squared error of prediction set,
RMSEP), #ZI1E4EH5E R % (coefficient of determination of
calibration set, R2) . i il 4 e 52 & %L (coefficient of
determination of prediction set, Rﬁ)*ﬂ‘@ HEfW 22 Eb (ratio of
performance to deviation, RPD)ZEAREEIPEM #5845, WAL
(13). (14). (15):

1 ~ 32
RMSE = *ZiLzl(yi—yi) (13)
L

L ~

-
Rzzl—iz’_:_‘ i yj) (14)

>

; Oi-y
RPD = ! (15)

1-R?

p
Horh, y FORESAE, p, FORTUNE y FORECSER I,
ML FORMIESE P EEARMECER, W 13)X N
RMSEC, K (14)%HR KRS 24 L F/R AL sPREA BB
W (13)%F 3 RMSEP, 2 (14)%F 1 R, ARSI 50k
Jis %5 4 i Matlab R2020a SEF

2 HER5HH

2.1 HEBEHER

T ARFEMREE AFB, 11 5 203 ML A I AR RE AR
) SERS SGi%an&l 3A BiiR, &l 3A | FE Y SERS FHIETE
W R I8 AP 597 e (C-O Wi4EIRZh) . 742 em™ (C-H
AN IR SN) . 835 cm ™ (C-H Mh453R3h) . 1249 cm™' (C-H
TS 4R 30 . 1343 em™ (CH; 28B43R 3h) . 1486 cm™ (C=C
HAFPREN T 1557 em™' (C-C MFi{REh). % BT E 0 1
&, M T SERS JGiEXIH(500~1800 cm )EME L& B &
T EERAE S, SO TPl I SR T AFB, 1
ST SR AR R AFB, 1 5 ACFMERGAELE i A
FEA Y NIR Y& 3C fiR . Bl 3C H NIR $5#AF %5 L H
I8 HE%: 930~970 nm (CH, 5 CH; — M ES iR 3h) .
1090~1130 nm (C-H %1% h) . 1210~1240 nm (CH, — i fis
AR 4ERE 3 1270~1300 nm (C=0 Z & Hifh4e 4R .
C=0 & #ilfeah S N-H 4% 5)). AFB, 55 NIR FHEIEHT A
HHYILR, &R TAEMPHEAR. KL EL
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— 1.0x10°% pg/mL
A 610 B 1.0 597 742  Lox10 g/mL
97 » : e
— 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 4l j — 1.0x102 pg/mL S 1343
< — 1.0x10! pg/mL X 0.6}
g 5
B3t b
I 1249 1343 el
- = 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
— 1.0x10* pg/mL — 1.0x10* pg/mL
30 F 1.0x107 pg/mL 1.0x107 pg/mL
— 1.0x102 pg/mL 0.81 — 1.0x102 pg/mL
o 25¢ — 1.0x10! pg/mL ; — 1.0x10"" pg/mL
=
s < I
& 20} b 0.6
= 8
= 15 = 04}
1.0H
02}
0.5}
0 . : s : " ; 0 s : : : - ;
900 1000 1100 1200 1300 1400 1500 1600 1700 900 1000 1100 1200 1300 1400 1500 1600 1700
WA /mm K /mm

WAL 5 FACFEMER IR IR SERS YGil; B. FiALFHE Y 5 440 F MR SERS J6iE; C. 5 A0 F MR IR IR NIR Y61,
D. ALELE ) 5 203 PE M) NIR Sl
3 HAANFRERE AFB, AL MR IAEA T SERS 5 NIR i

Fig.3

KRRIiTR 5525 AFB, 5200, M0 2 R 8l . Toie
J& NIR #£J& SERS i, 7E06i%RELTPHA TG L
AR JC R G0 Y, WO B G AR AT AL EE . 2
AIRPLS J:Zk#1E . MSC JEHUAF AL IE . S-G Vil DL &K%
Min-Max JH—Ak A FE 2 J5 9 SERS 5 NIR Y6143 514 3B
53D fioR, SEIEGIEE 3A 5 30)M AR M, WikEE
A SERS Fll NIR Stk AYFELR RS A3 3 T, Seik (55 o
TP, AR SR TR B T BRI E
2.2 HSIC-VSIO BZAS#gE S B MEIE

X HSIC-VSIO SikS0s & MM T R Ak
BEAFMSHENT, 434 NIR Fl SERS i % ik
RRAEAR I, HRE AU A R A A5 H 0E 1 TR #2537 PLSR
5%, 5% RMSEC. K>, RMSEP. RiFI RPD {HiE47 %t .
AT

(1) WBMS (A RE AT IR E0E M

W, B o BESIBEE 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 Hr. HIER
1 B T a5 R, BRI PERER M IR, (B
B, R M pEBOR, BRI RS B E R, e
FERIRUREE 554, ¥ M BE R 1000 4 FH

R 1 S8 MITEBRTNMEEE 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 427y RMSECV {H (5 1
B L1 o
e, W MPEIEE R 1000; R, & o HES 11
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B 10%. 20%. 30%F1 40%HEAT X LT, HiEE 2 Wi
BATEE RO, Y o=10%0, BRI ETERER L, HARFEH
%, RMSEC il RMSEP {H#/)\, R, Rfll RPD {H# K, #iL
¥ oo BE N 10% S5,

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

EIESE
RMSEC R2

fibIES

S o
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 it %l . NIR 5 SERS ¥t
T E RS B0E LUK NIR 5 SERS YGiE4HE 12 ml & 56 2
B PLSR Lo IERRIAGINAEA: P AFB, B & i,
PLSR # A R, SRt R i 4k (latent variables, LVs)H 5
P52 HIE A2 1) RMSECV (T E o 4% 7 Wk R 45
Rk 3 s

I3 3 AL, 6T NIR i 4ot i)t A 45 R An

LVs=10, RMSEC=0.2812, R’ =0.9533, RMSEP=0.3447,
R=0.9211, RPD=3.5601, fE/EiHi AFB, %t PLSR Fi il (i
S AR NE 4A Fin, T SERS G
ERR ISR Lvs=8, RMSEC=0.2105, R>=0.9726,
RMSEP=0.2349, R;=0.9689, RPD=5.6705, 1£/E it} AFB,
i PLSR TME 5 HSEZ MG R MNE 4B Fos. %
F NIR 5 SERS Stifk H #emh & 5o & kil 25 5 F
LVs=10, RMSEC=0.1923, R’=0.9836, RMSEP=0.2117, R;=
0.9703, RPD=5.8026, {£. Lt AFB, % PLSR Fiili{E 5 &
SAHZ [AI5C R WA 4C iR, ZEF NIR 5 SERS i HE
2 BlE B R BRI S SRR LVs=9, RMSEC=0.1569,

R’=0.9908, RMSEP=0.1827, R;=0.9854, RPD=8.2761, 1£/;
I AFB, it PLSR FNE 5 B EZ M9 5C R A1 El 4D
Ft/R o B HSIC-VSIO §fi it f) NIR SEiE e A4S & W [El 48 B
N, HPEHARHEAEE S T NIR FHE% 930~970,
1090~1130, 1210~1240 F1 1270~1300 nm. H HSIC-VSIO
(i1 1Y) SERS YGiB4FAE A8 /e QN &l 4F s, Ho B 4eiras
BT T SERS ##EIEA 597, 742, 835, 1249, 1486 Al
1557 em™,
24 BHERMNLERITEE S

K07 BT PLSR B RIPENFE bR i AR fL a3 an & S i
N, WAR, B ONIR JGIEEE Y PLSR AR FOMm M: Al i
2, FEETEMP AFB, S 2, TR/, IHEE
SE iR Sh 7R U 2T A0 X BE AR, X OGS 5 5,
ST GRS B . AHAR T NIR SGIESEM 1 PLSR
B, i SERS &%l (NIR 5 SERS Y& itk B e & 5 LA
J NIR 5 SERS i HRAE 2 il & 2080 i 8 (1) PLSR #5i7Y
FITRIPERESS ARG THE R . LA NIR JEil st @iy PLSR
FERL B TN BEAE Sy, SERS J&il#dii . NIR 5 SERS
it B R A BRI K NIR 5 SERS Gl 4k )2 B4 $icdis
PR PLSR BEIfY) RMSEC 439K T 25.14%.
31L.61%F1 44.20%; RUTHIHERT T 2.02%. 3.18%F01 3.93%;
RMSEP 43 BIFEAK T 31.85%. 38.58%1 47.01%; RofyHi#
BT 5.19%. 5.34%F1 6.98%; RPD ZF 5485 T 59.28%.
62.99%F1 132.47%. %5 Bk, th SERS SiEEdEH &M
PLSR R T 1 REBH S48 5, F2LAET SERS £l T
HEGRIEE Q-SERS AR 7 £ 1 5 0N A 4548 AR ol PR
AFB, 5 54K 45 THOR, & T AR B . AT
K NIR 5 SERS J:ik i — Al £ R, K NIR 3% 5 SERS
ek HEEAL G T, ST OGRS B E AN, A7 B TR
B . AR, DB EEMA SR RS KRR
TUAHE T &, R HSIC-VSIO 43 5%t NIR 5 SERS
eI FRAE AR 5, SR K O A B AR AR AR B ET TR
FFFg7E PLSR BEAY, HAGIIRS BE 3RS TR R MIER .

#3 BRHEAEEWNELEHP AFB, SENER

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

R IE S T4
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 H %G 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 ) T AT RS R SE— L & 47 AFB, (1)
TEAIMFEA(AFB, & BYEFIN: 1.0x10°~1.0x10~ pg/mL).
ANBEASTRIR A NIR 45 SERS YGHERHE E A& Bt 2
PLSR MR LA RIFRCIEAFE RS 7715 LA SR fE 712 (HPLC)

Kl AFB, %, RrgsRAans 4 Fios . iy ik asm
SER OB BLXT ¢ KK, SRR E LR EER
(P=0.84>0.05), MK HBRIIHTE AR 3SyK (So N2
FEAWANAERAERS, K ONRIEMZR AR, nIEEAaEbEE:
TERE it AFB, A ik ORHHBR A 5271070 pg/mL. RK%S
P E AT AFB, SREREABR L5 2.0 pg/kg Al
20 pg/kel'ls AT H EIRARAESEATXTH, RURRA (R A T
+AFB)EE AN 1 g/mL, MTTSEE 5.27x10 ¢ pg/mL HLIE s
BN 527107 pgkgo SOAHFFEAR HROGREEFIE RS 7k
A SR XA AT R AFB, 2 2 A AR 5 A

F4 RIBHFUERMEHESRERERNEIESE H
HAH 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 o/ (pg/mL)

FEA — -

ST EAE Bl s HPLC
FEAS 1 0.94x1075+1.28%1077 0.97%107°+0.82x1077
FEAS 2 0.92x107°+1.57x1077 0.98x10°+0.89x107
FEA 3 0.95x10*+1.72x10°° 0.99x10*+0.85x10°°
FEAS 4 0.95x103+1.61x107° 0.97x107°+0.76x107°
FEA 5 0.93x103+1.45x10°° 0.97x107°+0.80x107°
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3 & i

ARFETEEE T —Fh AT NIR 55 SERS Gl E 2 &
Bl £ PLSR BEAISCEAE L irh AFB, PRl . Sk K
M. 5 NIR JiE 58 . SERS S&il%%dE Ll & NIR &5
SERS Jtilk HiEm & S @ PLSR ALRIAHLL, NIR 5
SERS JERERHIEZ Al G B m i 8 PLSR #7 BLA Fefk )
T 1 B8 . RMSEC=0.1569, R’=0.9908, RMSEP=0.1827,
R=0.9854, RPD=8.2761. [Wlisf, #5AWI5E Jr ik Shni i ik
Sy SR FLSL AR R A T AFB, it S5 RRIIH
R U B TG 5 5 25 5 (P=0.84>0.05), ZSBIFSE 7 1 A
R R, 5.27x107° pg/kg, TEIEALTRREE 5 =& 519
FEA v AFB, S K 5% BR B 2.0 pg/kg F120 pg/kgo 25 b, 56
B2t SRR WA T )y ] SEERAE AR Tl AFB, SRR |
EORS BE RN, B8UE T NIR 5 SERS JGilkmh & 0 a1 5
Bk, THIRSFHMEARIESS, NIR 5 SERS Mk #id
TERFIE JZ2 ARl A5 BN Foc A PR3 1t 12 e A R P A DS
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