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Fig. 1 Visible/near infrared spectroscopy and
machine vision inspection system
1: Drive motor; 2: Keyboard; 3: Slide plate; 4: Diffuse reflection
probe; 5: displayer; 6: Optical fiber; 7. Spectrograph; 8: Camera

obscura; 9: Digital camera; 10: Ring light source; 11: Conveyor
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peanut samples contaminated five different levels of
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Fig. 3 Original and gray scale images of peanut samples con-

taminated different levels of AFB,

(€) 50~100 pgkg” (f) >100 pgkg' (h) >100 gk’

120
1184
Hed T Te——

g 1141

3 1121 -
110 —e— G
1084 —A— B
06 o T —,
1044 \/\\
1024

52 16595 53579 77559 >1I00
AFB, 7 fit(AFB, content)/(ug-kg™")
4 7T [E AFB, 2 EMEEH M RGB EETULE
Fig. 4 RGB value of peanut samples contaminated
with different levels of AFB,



3868 % A 5 Rk A 540 %
2.3 EESSMW o] 3 . 2;5) - i
s e _— R Lo« 020] -k )
SRy 3T N B A A Y T AR ORI K AR D B R A ¥y 30 0.15 | o,
- . . " . PN ! T el ™ o e = | :Z: B
D4R e AR 32 B . PCA BUE R B o 1T 2R 3k BCRRAIE I S ,V;’sv"gvgwi ég‘(l)g & o3
5 . o . S o : & T 005 1 g o
Ko B FR B0 S i Ry 8 o e g A0 g A1 0 R TT A S 2 — A 3 {g\fs}v « Qoo0q ® vv“"%‘%“% Y "o !
PR _ . s . Al ? ¥ 005 %ow % 3y oo
FRAE SR, BB 5 o, PCL ki th ki M 18, Bt S 010 ¥ s Y
. . v g -2 =7 o
KA E, M PC2 F1 PC3 & kW & 1 W {H, £ 630, - )| I A
. 215 -10 0.5 00 05 1.0 0.4-0.3-02-0.1 0.0 0.1 0.2 0.3 0.4
1067, 1150, 1227, 1390 f1 1415 nm /ENEAFEWHEK. PCI(77%) PCI(78%)
(a) A= B (bYFFAER: I
1 = Kk 67 = ik
0.10 - 1415 nm Z viﬂw‘jv i @wl .
M v R
= v v “oagh o 24 LA =uﬂvv39,v w
2 0.054 % 24 o foe B % § o 5V -
2 S 4 4 M LI AR S T T v
& 207 " eteERe L v R, i, T
15} SEREENRAS ¢4 1) D vo
S 0.00 . Gl A l 5
?D \\ RN 3 % 6 o
§ N 1067nm./<. \\!.‘1390nm 3 6 4 5 0 5 4 6 T8 6 42 0 2 4 6 8 10
-0.05 - N s PC1(57%) PC1(55%)
T I ©F% Crelp
--- PC2 Y \Y_.- ‘ B
0104 ---pc3 1150 nm T227nm BHe6 HEHRE—. F_ERNETHE
(a): W[ W-ELr b4 B (b) . FRAEJE K 5

600 800 1000 1200 1400 1600
Wavelength/nm

BS5 HEERPAIERINERYE
Fig. 5 Weighting coefficients for PC1-—PC3 of peanut samples
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Fig. 6 Score plot of PC1 and PC2 of peanut samples
(a): Visible/near-infrared full-band; (b): Characteristic wavelength;

(c): Image; (d): Spectral and image fusion characteristic parameters
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Table 1 Results of LDA classification model of peanut samples based on different data forms
HE R/ %
R BIRIER Original SNV MSC Baseline S-G
AR RS AR fiRIIES AR T 4 AR fiRIIES AR T £

kB 94 90 94 90 94 92 94 90 93 92

LDA FRAE I K 88 88 89 83 89 86 85 74 88 82
&4 86 84

A 96 86 92 86 95 86 94 86 96 86
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Table 2 Results of SVM classification model of peanut samples based on different data forms

HEHR/ %
i Y 44 R IRIE =R Polynomial Radial basis function Sigmoid
AR fiRIIES R IS AR T 4

B 66 54 89 82 85 74
Nu-SVM FRIE P K 65 54 89 80 89 78
& 1% 89 86 96 90 75 64
A 97 90 94 92 87 74
B 65 50 87 76 85 74
C-SVM FRAE I K 76 50 86 74 82 74
& 1% 83 78 94 88 76 50
A 84 78 95 92 85 72
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Visible/Near-Infrared Spectroscopy Combined With Machine Vision for
Dynamic Detection of Aflatoxin B, Contamination in Peanut

YAN Chen', JJANG Xue-song'* , SHEN Fei** , HE Xue-ming”, FANG Yong®, LIU Qin*, ZHOU Hong-ping',
LIU Xing-quan®
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2. College of Food Science and Engineering, Nanjing University of Finance and Economics, Nanjing 210023, China
3. School of Agriculture and Food Science, Zhejiang Forestry University, Hangzhou 311300, China

Abstract Peanut is an important oil crop that is susceptible to Aspergillus infection to produce aflatoxins, of which Aflatoxin B,
(AFB,) poses a higher threat to humans and animals. The traditional AFB, detection method is more complicated, such as
cumbersome operation, the material is destroyed and long time-consuming. Therefore, it is of great significance to develop a
rapid, non-destructive and suitable online detection method for peanut production and processing. Firstly, peanuts were
purchased and stored at 28 °C and 85% relative humidity to mold. In the 0, 4, 6, 7 and 8 d time periods, the spectral and image

information of peanut samples were collected dynamically at a rate of 0. 15 m = s™'.

After collecting the information, the AFB,
content in peanuts was determined by enzyme-linked immunosorbent assay (ELISA). Data processing steps are: pre-processing
of spectra by multiple scatter correction, baseline correction, standard normal variable correction, and Savitzky-Golay
smoothing, principal component analysis of spectral data in the range of 600 ~1 600 nm, 8 characteristic wavelengths (630,
1067, 1150, 1227, 1390 and 1 415 nm) are determined according to the principal component weight coefficient; the image is
subjected to grayscale and threshold segmentation processing, and 12 image color feature parameters are extracted. Finally,
using linear discriminant analysis (LDA) and support vector machine (SVM) to establish a qualitative discriminant analysis
model for peanut samples (with a national standard of 20 pg « kg™ '). ELISA results showed that AFB, peanut exceeding 58 %.
Visible/near-infrared spectrum analysis showed that the absorbance gradually decreased with the increase of toxin intensification
at the peak of 1 180 nm. Machine vision analysis showed that with the increase of storage time, the RGB value of peanuts
decreased overall, the surface gradually dimmed and covered with hyphae, and the level of toxin infection gradually increased.
The principal component analysis showed that the spectrum showed a clear clustering trend, but the clustering trend of image
and data fusion was not obvious. LDA and SVM models constructed based on full-spectrum and characteristic wavelengths can
quickly identify over- and under-standard samples, the best recognition rate based on the full-spectrum model is 92% , and the
best recognition rate based on the characteristic wavelength is 88 % ; compared with spectral information modeling, the nonlinear
SVM model performs better on image color feature parameter modeling , and the best recognition rate is 90% ; combining the
internal and external information of peanut samples, the SVM model based on spectral and image information fusion has the best
discrimination accuracy of 92%. It is feasible to use the visible/near-infrared spectroscopy and machine vision technology
combined with stoichiometry to realize the dynamic discrimination of peanut AFB; content exceeding the standard, which

provides a theoretical basis for the quality and safety detection of peanut.
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