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ABSTRACT: Objective To rapidly and non-destructively detect aflatoxin in mildly moldy Zea mays using
near-infrared spectroscopy (NIRS) technology. Methods Mildly moldy Zea mays samples were selected as
experimental materials, with the content of aflatoxin B; (AFB,) as the detection indicator. A total of 153 sample

images were collected using the NIRS imaging acquisition system. Three kinds of preprocessing methods, including
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multiplicative scatter correction, standard normal variate transformation, and moving average smoothing (MAS),

were applied to preprocess the raw near-infrared spectral data (RNSD). Backpropagation neural network (BPNN),

extreme learning machine, and support vector machine were employed to model and analyze the preprocessed

spectral data along with AFB; content data, evaluating the impact of preprocessing methods on model performance.

Furthermore, the stepwise projection algorithm (SPA) was performed to select characteristic spectra from the

preprocessed data for comprehensive comparison after incorporating them into the models. Results

The optimal

spectral preprocessing method was MAS. Ten characteristic spectra were selected through SPA, and the BPNN model

exhibited the best prediction results, achieving a coefficient of determination of 0.932 and a relative prediction

deviation of 3.922. This model demonstrated good performance and reliability. Conclusion

It is feasible to

determine AFB; content in mildly moldy Zea mays using NIRS technology. The findings of this study provide an

important reference for the application of NIRS in identifying other agricultural products.
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Fig.3 Structure of the backpropagation neural network
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HE TR/ (ng/kg) 0~20  20~40 40~60 60~80 >80

FE SN 36 51 36 18 12

H1Z 1 W1, AFB, &% 54 H7E 20~40 pg/kg HIFEAA
Bk, A S14. 1 AFB, f KT 80 ng/kg RIFEAS KA
B, h12 4 B B 153, R GB 2761—2011¢ &
m R E AR AP A SRR ), Bk BRI
(# . F) Je B KA s ) AFB, BREEFER N 20 pg/kg, Hrp
36 MHEARFE T RABIR, 117 MEATE S BB,

22 PEABRTREBEERMFHEIRIELIINGE

P 1 K AR AFB, & R8RS TOREEAR T4, X440
JEFEAS RNSD sKF341E, 155 4. MIE 4 AT, AFB,
F AR FOREEA, JERAP R SR K . X2 E o F KRS
AT, 8 S RO U KA AR, B0 Y R AR
B, B SsE ERTPRTER . B EBTRARN SRSy, X
e A2 i3 (R B AR R BCHT AT A (R W 4 1 e 2 AR A
AR ) FOKE PR K S RS N, YA oK
Jes, BEZ MM S BRSO AN S A, T SR A
RATEE TR, EHith, FOREARMR™E, HaiMeikrE ik
PR BAR N

— 0~20 pg/kg
80 - ——20~40 pg/kg
—— 40~60 pg/kg
60 | —— 60~80 ng/kg
>80 pg/kg
. 40r
=
= 20 +
S T
0 Y.
[~
'\// Py
-20 | [
800 1000 1200 1400 1600 1800

F K /mm

4 reRRE FORPEA B2 JFUANIRS
Fig.4 Mean raw NIRS of mouldy Zea mays samples
after grouping

23 [RIAFEETALIE

X153 AN FKEBEARDEST T NIRS F3#, 5854660
Bl 5A. M SA FIUL, JRUAIETE 2R 7740 B B LAk RS BN
%, I MSC. SNV, MAS %} RNSD #47 7 Fiab i, &%
RILKE 5,



22 B b % A IR S

%16 &

S I%

S
j‘]‘_w‘
1
40 L L L L
1000 1200 1400 1600
P /mm
C
1 L
0 L
X
Ll
jlj_R—;
X 2
-3
1000 1200 1400 1600
WK /mm

oe}

1000 1200 1400 1600

K /mm
D
=
=
1

1000 1200 1400 1600
WK /mm

AL JREIREIE R, B. MSCAEHDEER]; C. SNVARHIERER; D. MASAL B REA
BEIS  TRAR SRR T 2T AN S5 R AL B A P i

Fig.5 Original near-infrared spectroscopy of Zea mays samples with different pre-treatments

M 5B, C Al L, 25 MSC #l SNV Bikb B, Stk
2 2 Eom AU RRAE, R B AR2) T A 5L
kR, 1EAh, ME 5D AL, MAS P ab B —42 T+ 1%
MR . IRt ZoR R, AN FEEEH
) B ARAE B IRAS L AR R — e AR I . BRI &,
BRI EATE 1180 nm KTy B kA, Wi7E
1100~1500 nm B, P60 R 2 2 BE ARG a4,
FFAE 1550 nm IR BB RIG(E, BEE B0 TR XLk i
RIS RSN SR T AR AR Y
2.4 FFENIEIEER

FRIEREIGE i i D BR A . BRI B 2 L 2
RN o A NP A A N 155 wo g N D= = M U
B RLIA P (stepwise projection algorithm, SPA)R] LAV /b4 A
FRIERHERE, AEAb B s, WIS EGRRT, i
8 7= R R BT ) AT AR AR . T SPA X EOKAE A RNSD
PEATHERAEETE R B, BT 980.9, 1023.2, 1059.4, 1119.5,
1173.4, 1215.1, 13333, 1467.2, 1547.6. 1581.7 nm, —
I 10 NMRRAESEIE S, WE 6 IR .
2.5 HRBAYENL

# RNSD, 3 Fhgad Bigh H i) it 4 di 5 SPA HRHE%
TEBHE /3L BPNN, ELM, SVM 3EgEAT A, 455 i3
2, £3,

80

60 -

IS
==
T

SUIT2R1%
8

800 1000 1200 1400 1600 1800
WK /mm

Fo  FRFEMITLLIM GRS SPALL U RHIE G A
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5 ROEAET 1. SR, FEWINAE T, AR MAS Higk
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Table 2 Data modelling results of Zea mays sample spectral data

o . plEss fibllES
T AL B Ty 9
RMSE RPD R RMSE RPD
RNSD 0.746 9.485 1.996 0.343 13.442 1.253
MSC 0.824 6.392 2.394 0.379 11.372 1.289
BPNN
SNV 0.758 2.189 2.160 0.674 4.150 1.762
MAS 0.964 2.967 5.348 0.909 5.064 3.375
RNSD 0.602 12.256 1.593 0.254 16.698 1.175
MSC 0.704 2.554 1.849 0.357 12.412 1.267
ELM
SNV 0.600 2.932 1.590 0.310 7.425 1.222
MAS 0.942 3.898 4.202 0.790 6.839 2217
RNSD 0.998 0.854 22.768 0.397 16.241 1.307
MsSC 0.996 0.262 18.233 0.450 3.608 1.370
SVM
SNV 0.996 0.303 16.098 0.375 4.473 1.026
MAS 0.975 2.324 6.414 0.843 7.768 2.565
R3OEBEHENIE S BUIREIES
Table 3 Data modelling results after selection of feature spectra
- A YIZ5aE AR
JEit RS Ak 3 57k
R RMSE RPD R RMSE RPD
RNSD 0.776 9.372 2.068 0.461 11.092 1.383
MSC 0.846 6.192 2.565 0.591 8.872 1.588
BPNN
SNV 0.820 1.975 2.371 0.657 4.465 1.714
MAS 0.967 2.815 5.586 0.932 4.539 3.922
RNSD 0.701 10.945 1.894 0.436 14.345 1.458
MSC 0.767 2.231 2.021 0.679 12.142 1.884
ELM
SNV 0.801 2.612 2213 0.773 7.190 2.367
MAS 0.971 2.822 5.903 0.885 4.367 2.999
RNSD 0.995 0.898 14.245 0.621 12.824 1.634
s MSC 0.997 0.394 20.274 0.773 8.329 1.907
VM
SNV 0.998 0.200 25.034 0.632 5.473 1.712
MAS 0.977 2.309 6.684 0.864 5.408 2.796
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