Journal of Food Science and Biotechnology FA4ELE NP RE30H | 2025F 128 | ERS5EMHEARZR

DOI:10.12441/spyswjs.20250710001 (&S] 1673-1689(2025)12-0135-11

ETAREESAESIFEFEINLESR
HHESHE B S RIZERERN

£ OB GBI OEEEE Wb EEE TEE
(. L 8BREZREZHRAFER, £8 201318; 2. EHRUNERR"RREMESKMNBAHARER,
L3 201403)

BE:(BM] IR AEENBEFIRRKERALE T KB EEHEZ B (AFB) 7 f A2 KM RELA,
[ 77351 % B 400~1 000 nm T JL i 8 9h 55 900~1 700 nm 42 % i e sh Sk By ki , B AN B F AW E R4
AFB, T4 A ZMERD, B3I REANTFTEBHEORAF R LA TSR E L -5 R L0 <2 AFB, %
BREMHEBRIE AR SRS ICBAF AL E T AN FHR D FH . ZARMREAREES T
(standard normal variate, SNV )].2 P 4% ik K 2k 4% 77 k% 4 4% % H 0k L IE 1 & T 2 B % # K (uninformative
variables elimination ,UVE)]?FEr 2R HLS 5 5] 77 k[ X4 @ & #L(support vector machine, SVM) . R 1) 4% 4% 49 £
M 213 5 £ R H 0o [ LR ISNV-UVE-SVM &) 40 & K A& & 308 £ 3 A 545 b 3| 87 AFB, 75 £ AL K , &
900~1 700 nm L B iZ R A MR KK, L FAFIER K T2 E P A1 126~1 308 nm #= 1 588~1 720 nm, I %4 %
Fa X S A E R 100.00%. [E R ARRANEEZ R ESNBEF I L EMNENREAFB F LR LH R
MERA ARFRAFREFEFFTEOALMLURETHABRECX , A EFA I AT EEXZ LN LA
25 RME

X8k EEFEIB LA TSt HAE ME T

Rapid Detection of Aflatoxin B, Contamination Levels in Peanuts Based on

Dual-band Hyperspectral Imaging and Machine Learning

REN Lu' SHEN Shuyue' SHI Wanrong' RUI Chuang' DONG Maofeng’ LI Tingting'

(1. The College of Medical Technology, Shanghai University of Medicine & Health Sciences, Shanghai 201318,
China; 2. The Institute of Agro-food Standards and Testing Technology, Shanghai Academy of Agricultural Sciences,
Shanghai 201403, China)

Abstract: [Objective] This study aims to achieve rapid detection of AFB, contamination levels in peanuts
through dual-band hyperspectral imaging and machine learning. [Method] A peanut AFB, contamination level
warning model was constructed via a dual-band hyperspectral imaging system consisting of visible near-infrared
spectroscopy at 400~1 000 nm and short-wave near-infrared spectroscopy at 900~1 700 nm, combined with
machine learning. Peanut samples with four contamination levels were collected, in which the mass fraction of
AFB, was determined by ultra-high performance liquid chromatography-tandem mass spectrometry. The effects

of four pretreatment methods [first derivative, second derivative, multiplicative scatter correction, and standard
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normal variate (SNV)], two characteristic wavelength selection methods [successive projections algorithm and
uninformative variables elimination (UVE)], and two machine learning methods [support vector machine (SVM)
and back-propagation neural network] on classification performance were compared. [Result] The combined
model SNV-UVE-SVM effectively determined AFB, contamination levels in both bands, with optimal
performance in the 900~1 700 nm band. The characteristic wavelengths were primarily concentrated in the ranges
of 1 126~1 308 nm and 1 588~1 720 nm, achieving 100.00% accuracy in both the training and test sets.
[Conclusion] This paper pioneered the construction of an intelligent early-warning model for AFB,
contamination levels in peanuts by using dual-band hyperspectral imaging and machine learning algorithms,
providing a novel technical paradigm for non-destructive detection of mycotoxin contamination in agricultural

products. This approach holds significant engineering application value for real-time online monitoring in

processing stages.
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oA R —Fh B Z M RHEY) , H AFB, V5 3B
BHEXZEM T A . RIEGB2761—2017¢ &
i EE bR Bt EERFRRE)R M E,
164 e Hodfil 5 b AFB, IR &2 5 20 pg/kg. ¥ T
AFB, I Jill 25 4 A7) 8 280 B R AIE , 4 g 7 e 2 FE 4y
Pk R ARG bR a8 BER T H S IR RS A
JEE T 5 oy R N AR B P s i R R
Pz

BMFMERFRNAR T AT ERG TRE
PEAG A T BE SR RO A £ DL R A
AT SR S N AR (S B <5 5 N 7 P e o
V1R 2 0 35 B A R 5 4 5 o) 0, Ak DL s B AR
SR I o TH  ERG  9E B I S RS A 4 g B AT
15 S H R B AT S IR G A I CFE 2~4 h ] 3R R
S5O HHEAHEIREE R AFERERE, L
AR TR I R, R R S L B i v
JC B P TR BT AR W 4 R A SRR T 22 4 B
32 3L 390 1) O

T 2L A i 6 U AR & — P 2 T ok
() TG A5 A W 5 AR, ik A% e AR 5 O, RE T
7 3 2 0] 5 0 0 A5 R, S5 3 1 0 40 R A1 G
BE 7, OB T B T 5 A EE AT, AR, ok
WA B E A H 532 T, FONAR AL 38 B 4K ot
50 AR AL Gu b g T VE AL BRI . I AR L AL
57 2 B A 9 OK 00 B Ab B R RN R AE 4
HURE J7, N Vs (5 12 2= 1 Rk /b 28 56 S0 il
WAL TR BE AR, R R Al L kG FE B B R
FAT MR AL T ARt

Zhang S IR T B T AN 2 DL 4 R AR 1

SE B @ I 45 4 Savitzky-Golay - 5 B0 1%
T B 5 0F A5 % % Al AR A SR g, Al S
IR 4 ) K B L 91% , {H % B B R B K B
AR, HiR 2/ i & Ree A T8 Sk
W, AG s REFERAREEERE RS,
Savitzky-Golay ‘I8 B & — W S H HiAb B, #5017
SVM 75 B AL, 85 A8 A 1) 1R 1) 0 3 4 A e 08
95%. 8l 52 HF R v - Jo A5 B AR =Y BRI O O A
AIE % R A [ B8 B2 5 A8 R A HEAT B R A 2, - 3
IR A A 208 90% o 1% T VATE R WL B 2 TR
A H R R A, AE 6 Tk Ak 3% s H i A7 AR
(10 V8 7E 85 78 FFE A 10 R I R B2 479 75 B o R ) 2
P AE 4 W & K5 2 908 R B AR R Ay
EN

VR & K XU B v ' 1 AR R 5 WL 2% 2 2]
LR e S S P S (E N i = (SR = o N
gL T T RS B RV R AE R SVM AR B, DL
il VA Gt I BRI R RE A R R I 2 AR A
AN 5 Wz 10 ) R L B U O A TR R . 1%
BCR h A 7 i T Al A T AT A T A R 2k
(1 Sz B Ao N A R T R, B B I E AR AR T
1 MES5J)ik
1.1 #R5EF

T S BT AT A A 7 BT O e AT, iR
TE A5 215 1) 120 K0 FE A BEAT R0 s AFB, B 74 s < [7)
KL Z AR °C,-AFB, : 4l FE>98% , W 4% (_E ) LW
FHE AT BR A 7] 5 PR« (il 20, 7 [ 2R 0w A 7 R R
B (R4 | LR (% 2D (PTFE 3885 (0.22 pm) -
g 2 S B A AR A



Vol. 44 No. 12

12 NBFES5EE

G B &R G (AL % FX10.FX17 & 6 1 A
ML) : Specim SisuCHEMA #! , 55 2% Specim A A ; {H
IR 5% 95 48 : Esco Celmate %Y, 7 N 3% Esco 23 &) ; #8
o VA £ 1% A (BE ] BEH C18 {51 4, 2.1 mmx
50 mmx1.7 um) : Waters ACQUITY Premier i , 32
Waters A & ; = U & #F 5 i & 4t : Waters
APGC/Xevo TQ-XS !, 2 [E Waters A #] »

1.3 A&
131 #&4&

BAEAE 43 N 40 (n=30), B T 30 °C HI X iE
85% MG FRAAHAT I8 . #£0.2.4.6 dHUFE,
Py g AL B R V5 e VBT G (<10 pg/kg) I TS G
(=20 pg/kg) M Fr E A (>20 pg/kg) i #i 3k 2 A
AP
1.3.2 AFB, &4 M)

4 GB 5009.22—20164 & & % 4 [H 5 p #E
i P o AR R B R AT GO I e ) R e R
FH 7 e 250 A £ 3 — H B 5T B X 78 AR AFB, i &
Oy BUIAT RS B et

FREL1.00 mg AFB, FnE & , FH & i ¥ il 91 5 45
%100 mL, Jii &K E 2 10 pg/mL, # 5 2 5 5
F-20 °Ci#E J £ 47 . HL 1.0 mL () 1.0 ug/mL #x #E
fits % W, Fl 2 € 28 2 100 mL, Z # J5 T -20 °C it
JEORAF o 3 0 78 BOR & Ax e TAE W 10,50, 100,
200+ 500, 800, 1 000 pL % 10 mL %& & i , & i
200 uL /) 100 ng/mL ] “C,,-AFB, [F] {7 2 P bx T 1E
W WU I sl A 2 2%, B A% 0.1.0.5.1.0.2.0. 5.0,
8.0.10.0 ng/mL (1) & 51 b ¥ W

1 kg BL B RE B 180T 2 mm 7, VR ) 4
4100 g, FRELS gCRs i 22 0.01 g) T 50 mL & 0

Hodidk el b

F BE: ETVWKBRSAESNSEFINEETAMBESZB SREERERN

B, 100 pL [7 A7 2 N AR TAE W, IR B
30 min, f1120.0 mL ZJiE 7K (AR AR LL 841 16) , i i€ f5
IR % $2 B 20 min, 6 000 r/min &5 0> 10 min, B |
HW . B4 mL B35, NN 46 mL & 7R #1734
1% I -20 (7 PBS, ¥ 27 Jo 4% #£ % LA 1~3 mL/min
TR A I S % SR A, B 10 mL 7K bk e 4l T
20, B A 1 mL B EE B 1~3 mL/min ¥ Bt 5 4+
2 0, S BE VE I W, 50 *CR PR 23X T, il 1 mL 46
i BN AH IR B 30 s VAR 0.22 um P8 B8 JE BAL
for W o
133 mAgaERR

f87 F 75 == Specim 2 7] ) SisuCHEMA 75 Jt; 1%
AR &, $58 FX10 A1 FX 17 W2k M HLEEAT BE R
£, 018 RESAE IR LK 1. FF 5 L 20 mm/s
T E RS B, WG I A 3 ms, 45 Sk 5 FE S PR S 30 em,
25 [A] 43 Wk %N 640 pixel/line, ¥ B 3 224, i 47
50 Hz, JL R 120 MEAREA . 1] ENVI 4.6 3K
A 53 B b 3 v 1 R, B HORE A 1 $i s

1.3.4 HAERLAEZHHIER KL

I 2LAN 63 3 i 8 5 Z B B &R AR R
ISR = S b A L VS B B - AL I i B U A R )
) TRAL AR, AT DUAT RS A T RN R
P3P, R AR TR A TR . da
LR 4 o6 i Ak BB OR - — By 3 2 (first
derivative, FD) . - 5 #{ (second derivative,SD) .
% JC B 5 B¢ IE (multiplicative scatter correction,
MSC) LA SNV,

O B R A A R E R A, X
AR E R E S W H AR E R T HE B
DAL Lk S AR A 38 K 0 AT 0k B A3 oM N, 2 A
WE 2 $ 52 5 7% (successive projections algorithm ,

TR

™ A
v VA

400~1 000 nmA1900~1 700 nm
£l e

RHIEBACHLH

Hih 2

SVM# Y

BPNN/

B 1 784 AFB, & A4 M H K RAZ B

Fig. 1

Flowchart of hyperspectral detection technology for AFB, in peanuts
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Fig. 2 Original near-infrared spectra of all samples
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Fig. 3 Near-infrared spectra of all samples after pretreatment



Vol. 44 No. 12 T BE: ETWERSALEENRFEINEEPRMSEERB SRERRERN
F2 TLHEMES AFB, TE ISR & FN i &2 g 2
Table 2 Measurement of AFB, in peanut samples in the training set and test set
\ P A M A e
WAl /nm Pl — — — — AFB, Jii & 7 #/(pg/kg)
it 4 BIETS G SHEREE S TS G e
Pl S 24 24 22 26 96 16.23+0.20
400~1 000 o
pIREEE S 6 6 8 4 24 16.75+0.13
VIEzES 24 23 23 26 96 16.14+0.19
900~1 700
bR S 6 7 7 4 24 16.67+0.18

R3 TEIFAAEFHET 2KE SVM EE T BPNN R B iy 14 58
Table 3 Performance of full-waveband SVM models and BPNN models under different pretreatment methods

WA /mm  PIGREEE B HTT Ik

VE$ S

MRS

WM /% FEHR/%  HREERY%  FLaH/% #ERE/% BHE% JEER% FLYE%

RAW 93.75 93.47 93.86 93.58 62.50 66.67 62.20 63.33

FD 90.63 90.48 91.07 90.65 75.00 75.71 77.38 75.96

SVM SD 94.79 94.77 94.27 94.36 66.67 75.00 67.08 68.75
MSC 90.63 90.16 90.24 90.12 75.00 77.59 77.50 76.94

SNV 95.83 95.70 95.92 95.74 100.00 100.00 100.00 100.00

400~1.000 RAW 82.29 82.37 81.80 82.08 75.00 74.84 76.04 75.43
FD 81.25 83.40 80.70 82.02 70.83 72.50 73.57 73.03

BPNN SD 89.58 92.22 86.54 89.29 54.17 61.67 72.92 66.82
MSC 89.58 89.57 88.92 89.24 79.17 82.08 82.59 82.34

SNV 92.71 93.36 92.81 93.08 83.33 82.29 79.76 81.01

RAW 86.46 86.04 86.00 85.89 79.17 82.14 83.75 85.89

FD 93.75 93.39 93.85 93.33 91.67 88.54 88.54 88.54

SVM SD 100.00 100.00 100.00 100.00 91.67 92.86 91.88 91.38
MSC 100.00 100.00 100.00 100.00 91.67 93.75 92.26 92.23

SNV 93.75 93.48 94.64 93.42 95.83 96.43 96.43 96.15

900~1 700

RAW 89.58 89.49 89.13 89.31 79.17 86.25 82.14 84.15

FD 98.96 98.91 99.07 98.99 83.33 82.64 82.64 82.64

BPNN SD 93.75 94.17 93.60 93.89 87.50 89.58 89.29 89.43
MSC 92.71 92.42 92.37 92.40 83.33 84.52 86.46 85.48

SNV 95.83 95.94 95.70 95.82 87.50 86.01 86.61 86.31
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Fig. 4 Distribution of characteristic wavelengths for all samples after SNV pretreatment
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Table 4 Performance of SVM models and BPNN models at different feature wavelengths

PR NG ARBURRE R U UERS AIREES
nm B eRIUE KBRS WmR% W/ AREY%  FIAH% WHE~Y% BHEY% DAE%E%  FLAHU%
K 224 95.83 95.70 95.92 95.74 100.00 100.00 100.00 100.00
SVM SPA 41 95.83 95.70 95.92 95.73 95.83 93.75 96.88 94.76
UVE 77 92.71 92.48 92.87 92.50 100.00 100.00 100.00 100.00
400~1 000
LK 224 92.71 93.36 92.81 93.08 83.33 82.29 79.76 81.01
BPNN  SPA 41 73.96 73.78 73.83 73.14 75.00 74.11 76.34 72.80
UVE 77 87.50 87.23 87.59 87.23 91.67 91.67 91.88 90.56
K 224 93.75 93.48 94.64 93.42 95.83 96.43 96.43 96.15
SVM SPA 23 87.50 87.09 88.02 87.03 91.67 92.85 91.43 91.13
UVE 94 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
900~1 700
K 224 95.83 95.94 95.70 95.82 87.50 86.01 86.61 86.31
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