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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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PROT LR T SR B N B4, R? {HIXE) 0.843, RPD N
2.565, T HABASE R A T 25 SR A ARG, Ik 3 R,
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F2 EREMAETMLEBHEERER

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




24 B dn 2 4 R R I A 4R

%16 &

2.6  BUBRTUN

Zek MAS WA PR S, SPA SEHR P RHIE S HF BPNN
LS R AR, R 7 Bis, LSRR T AR
SAH S INE Z 0] 0w A . e R (R ik
0.932, RPD fH i F| 3.922, 7EABIR H, 0 NIRS FiA
TNEEAS TR AFB, & a i £ 2 N Z WS A3y
il 22 S AR IR iy 2L B IR R W], &) MAS Tl Y
PR B S A TR AR I 7R 3 R AL, {# ] BPNN
AR, WO LS e H o Rl SPA RRAE G AR EL
B I TR A RO RN AT S

60 |- o %
50 b o
=0 o %//
fn 40 o ,o/
< "o
= O _-0
@ 700
= 30r e
= 00
20 - L5%°
o //, ° o
o_ .7
of @ 8
10 20 30 40 50 60
HIAH/(ug/kg)

FEl7  ZMASARIE RS ECE BPNNAUE I A WU 45 R %
Fig.7 Comparison of test set predictions for BPNN modelling of
spectral data after MAS processing

3 &

AHFFTEF X B BB TS YRR K, R NIRS £
AREMIL A AFB, i, 78 RNSD R T 3 Firifigb B
J7k, 15 RNSD AT LS YETE B fan A 3 Rt AlgEs 73
B, IfYiE ) SPA MEHURAIE G IS A I 25 SRt A . 25 R 3R
B, SFFRERATK, 76 3 MBI rEd, MAS B0
75, BEMSEIARLF AL . 75 3 FBA Hh, BPNN R BL
F ELM H1 SVM, Jf H % SPA EBURHE YGIE a0 45 51
F U B, fn, 4l MAS TAFE NIRS %X
P, 1€ SPARHAE GG HE RIS, it BPNN #RAS T 4 FiAd
ISR, R MH i ik 0.932, o B s i fa e P Al §E bk
PRI, 320 30 T A 0RO A D3 TE B RS

FRARAHIFSE 2] BPNN SRy dpc A5 7Y, (H HL At AR 7R (14 75
TR EAIE . BN, XFF SVM, °] IERRA R B i
BHMSHA A LA, Bsah B IR S, el gk 2 5 v]
SR FH At R AR B 38 3%, 0 =8 1 40 43 W i e 031 o A
VLA B0 L w05 R . /R4 NIRS BT
BEAR ORI TCAAG I rp o AT TS T, ARATAAE SR R,

it —oe . [, AW R REA K SRl T BE i A
AR VLB )2 B MBI i R, TORAR SRR E AR EEE] AFB,
A RE U OR BE IR BT ISR AR, B AT R A R
R FRFEABIDIFE o BeAh, B8 F K8 S5 5 TR AR X B
—, A RSN AR AL 2 AL RE D T D4R T . R,
JREATI R RADTFE o

SE Mk

(1] WA, BUREL ey, &5 ST ITLAMEREEOR I ™ X EOK BT
Hi[1]. wh ERIm AR, 2024, 39(6): 36-42
CHANG L, QIAN CJ, SHI XM, et al. Quality analysis of corn in major
producing areas based on near-infrared spectroscopy technology [J].
Journal of the Chinese Cereals and Oils Association, 2024, 39(6): 36-42.

[2] Lflh, Xmew, 4BEE, 45 4 FhErii e R WA AL LA
JEAYFZIA]. RIS, 2023, 48(4): 75-80.

JIANG DM, LIU XM, ZOU QL, et al. Effects of four aflatoxin adsorbents
on the overall quality of peanut oil [J]. China Oils and Fats, 2023, 48(4):
75-80.

B3] FOOHE, B, JET Rt G P M TR TR R B, FIRe:
ST S INT]. B S AU, 2018, 34(11): 64-69.

WANG GH, YIN Y. Detection of moldy maize aflatoxin B, and gibberellin
by hyperspectral coupled with neural network [J]. Food & Machinery,
2018, 34(11): 64-69.

[4] XIWERS, A2, LR, 5. 4™ i Ka i i & 205 o ).
R E IR E AR, 2022, 44(4): 729-738.

LIU XH, BAI YZ, YUE XF, et al. Study on aflatoxin contamination in
agricultural products and foods [J]. Chinese Journal of Oil Crop Sciences,
2022, 44(4): 729-738.

[5] Zoorife, BARER, W EE, 45 Bilok £ AR R BRSO TRl S

BER TG YN OL A ERIFE]. & RGN ~# 4, 2024, 15(11):
26-34.
JI LB, ZHAO DX, GU YX, et al. Study on the contamination of different
colored moldy kernels and mycotoxins in newly harvested corn and
dominant fungi [J]. Journal of Food Safety & Quality, 2024, 15(11):
26-34.

[6] JRTHA, AT, WL, FACRUR (R TR A o o o e g
B WE S SHIRI]. PEES Tk, 2024(11): 125-127.

SU SC, SHI L, LIN YH. Key points and steps for determining aflatoxin B,
in edible vegetable oils by high-performance liquid chromatography [J].
China Food Industry, 2024(11): 125-127.

[7] LIU P, LIAO YH, ZHENG HB, et al. Facile dispersive solid-phase
extraction based on humic acid for the determination of aflatoxins in
various edible oils [J]. Analytical Methods, 2020, 12(18): 2308-2316.

[8] BAILLY S, ORLANDO B, BRUSTEL J, et al. Rapid detection of
aflatoxins in ground maize using near infrared spectroscopy [J]. Toxins,
2024, 16(9): 385-385.

[9] MIEE, Kanth, 28, & AT EM&GRERN I AP BERBTS
VER[I). v ERMEYI2R, 2024, 46(4): 712-718
SHANG QY, ZHU JM, LI H, et al. Research progress on biosensing
technologies for aflatoxin detection [J]. Chinese Journal of Oil Crop
Sciences, 2024, 46(4): 712-718.

[10] MUHAMMAD A, SAMREEN A, MUHMMAD N, et al. Detection and



o5 4 1 Z

A, AF: UTLLAMETERA PR GG I B

AR gk 25

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[191 %

[20]

[21]

quantification of aflatoxins in spices stored in different food packaging
materials [J]. Journal of Stored Products Research, 2023, 101: 102081.
BALAJI S, WEI L, CR J, et al. Rapid quantification of aflatoxin in food at
the point of need: A monitoring tool for food systems dashboards [J].
Current Research in Biotechnology, 2023, 6: 100153.

bR, BliPH, FIEBE. K o O R A AR T T
T, 2023, 48(6): 111-114.

TAN L, LU Y, WANG ZS. Research prograss of detection technology of

JE]. e

mycotoxin contamination of maize [J]. Grain Processing, 2023, 48(6):
111-114.

LM, PRI, TR, AF. frah P e s R A BRSBTS
HERT). B b i l~A4, 2023, 14(24): 124-131.

YUAN D, HONG B, ZHANG S, et al. Research progress on sample
pretreatment and detection techniques for aflatoxins in food [J]. Journal of
Food Safety & Quality, 2023, 14(24): 124-131.

TAO F, YAO H, HRUSKA Z, et al. Detection of aflatoxin B; on corn
kernel surfaces using visible-near infrared spectroscopy [J]. Journal of
Near Infrared Spectroscopy, 2020, 28(2): 59-69.

YI Z, REN Y, L1 Y, et al. Development of portable and reusable optical
fiber chemiluminescence biosensing platform for rapid on-site detection of
aflatoxin B, [J]. Microchemical Journal, 2023, 186: 108305.

ZHAO Y, DENG J, CHEN Q, et al. Near-infrared spectroscopy based on
colorimetric sensor array coupled with convolutional neural network
detecting zearalenone in wheat [J]. Food Chemistry: X, 2024. DOI:
10.1016/j.fochx.2024.101322

LORENZO S, GIORGIO M, MARIA C, et al. Use of near-infrared

spectroscopy and multivariate approach for estimating silage fermentation

quality from freshly harvested maize [J]. Italian Journal of Animal Science,

2021, 20(1): 859-871.

B P A, RAWE, & EAIMNERE TR R RS IS

FITEFIRE T[] Sl 506404, 2022, 42(6): 1716-1720.

MENG FJ, LUO S, WU YF, et al. Research on feature extraction and

discrimination model of ear rot disease in corn seeds using near-infrared

spectroscopy [J]. Spectroscopy and Spectral Analysis, 2022, 42(6):

1716-1720.

. AT LA BT AU FOR BT A I N 0], AR,

2024, 30(4): 101-103.

GU ZC. Analysis of the application of near infrared analyzer in corn

quality testing [J]. Modern Food, 2024, 30(4): 101-103.

IR, XUE, BB, S FET RO TIE L MBI

UEE R S B R I K 43I Y SR B ST, OB A Ok A AT,

2021, 41(10): 3184-3188.

LIPC, LIU H, ZHAO LL, et al. Key parameters for measuring moisture in

corn leaves using near-infrared cameras with filters based on hyperspectral

data [J]. Spectroscopy and Spectral Analysis, 2021, 41(10): 3184-3188.

R, %?&S‘C ’Eﬁ*f G5 b LR EE R IR A RN SO
TERAMF T UERELT]. &Rk, 2023, 44(17): 235-247.

ZHU JJ, RONG YW, JIAO TH, et al. Research progress on

surface-enhanced Raman spectroscopy detection of common mycotoxins

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(30]

in food [J]. Food Science, 2023, 44(17): 235-247.

WANG GH, YIN Y. Prediction of aflatoxin B; and deoxynivalenol

contents in corn based on hyperspectral fusion neural network [J]. Food

Machinery, 2018, 34(11): 64-69.

WA, B4, Wl G T R AT LTSN SR ) L B

KAGII]. H E R 244z, 2015, 30(5): 143-146.

YUAN Y, WANG W, CHU X, et al. Detection of moldy corn based on

Fourier transform near-infrared spectroscopy and support vector machine [J].

Journal of the Chinese Cereals and Oils Association, 2015, 30(5):

143-146.

CHENG X, VELLA A, STASIEWICZ MJ. Classification of aflatoxin

contaminated single corn kernels by ultraviolet to near Infrared

spectroscopy [J]. Food Control, 2018, 98: 253-261.

GASPARDO B, ZOTTO SD, TORELLI E, et al. A rapid method for

detection of fumonisins B, and B, in corn meal using Fourier transform

near infrared (FT-NIR) spectroscopy implemented with integrating sphere [J].

Food Chemistry, 2012, 135(3): 16081612.

TeRR, WA, K, L AL LLAMEREES A LR SE sh A KA

iéﬁﬁh@ﬁ%ﬁ B, 55 []. il 5ok 4T, 2020, 40(12): 3865-3870.

YAN C, JIANG XS, SHEN F, et al. Dynamic detection of aflatoxin B,

contamination in peanuts using visible-near infrared spectroscopy

combined with machine vision [J]. Spectroscopy and Spectral Analysis,

2020, 40(12): 3865-3870.

R, THEE, RS, 4B IRLLAMERE AT TR BORPRLE Al LS

PR PR R R[], Sk 506 Sr T, 2020, 40(7): 2229-2234.

ZHAO YK, YU YB, SHEN BH, et al. Influencing factors of near-infrared

spectroscopy analysis in the authenticity identification of single grain

varieties of corn [J]. Spectroscopy and Spectral Analysis, 2020, 40(7):

2229-2234.

BB, i, FEZR, S TN EOR RO Ak B

ANIR] it JEGHEEE TOA S N AT 1], £ 2 A i Ay I =4, 2019, 10(24):

8204-8210.

LI SK, LI P, DU GR, et al. Non-destructive identification of different

brands of oats based on near-infrared spectroscopy and optimized

pretreatment methods [J]. Journal of Food Safety & Quality, 2019, 10(24):

8204-8210.

FRAREH, B8R, BEHIH, 4. JLZLMERE P
JE[T). fb2EidH, 2024, 87(8): 898-912.

SHAO CY, ZHAO YM, LU LL, et al. Progress in the application of

GigiiEs & NIV s

near-infrared spectroscopy for rapid analysis [J]. Chemical Bulletin, 2024,
87(8): 898-912.

Tk, wERE, TrRiE, 5 EHERGTLAN GO AERO B R
BLRD]. TLIRARAE RN, 2022, 50(7): 10-17.

WANG Y, YANG GY, QIAO JF, et al. Portable near-infrared spectrometer
and its application in agriculture [J]. Jiangsu Agricultural Sciences, 2022,

50(7): 10-17.

(%5 THH hoesr)





