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Predictive Model for Detection of Maize Toxins with Sample Set Partitioning Based on Joint x-y Distance (SPXY)
Algorithm and Successive Projections Algorithm (SPA) Based on Hyperspectral Imaging Technology

YU Huichun, LOU Nan, YIN Yong*, LIU Yunhong
(College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: In this paper, a rapid, non-destructive and accurate method for detecting the contents of aflatoxin B, (AFB))
and zearalenone (ZEN) in maize using hyperspectral imaging was established by developing predictive models. Among
5 spectral pretreatments tested, standard normal variate (SNV) was found to be the best method for preprocessing the
original spectral data. Sample set partitioning based on joint x-y distance (SPXY) algorithm combined with partial least
squares regression (PLSR) was used to screen the differences in the predicted contents of AFB, and ZEN from different
calibration set samples, and 130 and 140 calibration set samples were selected for AFB, and ZEN, respectively. On the basis
of dimensionality reduction by the uniform spectral spacing (USS) method, the two variable extraction methods: successive
projections algorithm (SPA) and competitive adaptive reweighted sampling algorithm (CARS) were compared. The results
showed that 17 characteristic wavelengths were selected for AFB, and ZEN, respectively and the PLSR model established
based on fewer calibration set samples with the characteristic wavelengths had better predictive performance. The
correlation coefficients (R?,re) and root mean square error of prediction (RMSEP) for AFB, and ZEN content were 0.997 3
and 0.681 5, and 0.997 7 and 1.144 1, respectively, while the initial Rf,m and RMSEP values were 0.994 4 and 0.984 6, and
0.991 6 and 2.320 9, respectively. The results indicated that despite reducing the reducing the complexity of the model, the
predictive accuracy could be improved. Therefore, it is feasible to non-destructively predict the AFB, and ZEN content in
maize by applying hyperspectral imaging technology.
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Fig.1  Schematic presentation of the hyperspectral image acquisition system
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Table1l AFB, and ZEN values in 5 grades of moldy maize samples

B AFB,/ (pg/kg) ZEN/ (pg/kg)

SR OpEE B R BREE BE e
1 4.42~4.98 4.68 0.197 9.08~9.92 94 0.276
2 8.42~931 8.96 0.305 24.12~2552 248 0352
3 16.12~1698  16.68 0.338 49.11~51.72 50.2 0.791
4 30.06~3032  30.18 0.355 68.25~70.52 69.2 0.966
5 38.86~40.84  39.96 0.722 74.05~76.55 753 1.106
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Fig.2  Spectral reflectance curves of 250 maize samples
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Fig. 3  Average spectral reflectance curves of five grades of maize samples

23 OGiBEERE AL B

BEHLIEEL 200 MFEARME N IEE, FIRMS0 SFE
AAE R TIMAE o K FHAS [F) T Ak B2 753255 i 4 o't 1% 24
BEAT TARHE, I3 45 T Ak 2 5 (1 % 1% 4 22 2 PLSR
R, SERWMR2F N, HR2AA, S5ETHEGEE
O IO 25 AL, 5 PR IRALBE DTk, JE TSNV
AT JPLSRAE Y XX 2 Fh 85 3% 2 & 1 Tl 280 R A
X . AFB | A1 ZEN 75 £ (1) 15 42 #H O¢ 2 £0R0 35 5 i i
% (R}, RMSEP) 703l (0.994 4, 0.984 6) Al
(0.991 6, 2.3209) , KA ESNVNTIANEE V5.

R2 BFARBAETHEMPLSRAEBELER

Table2 Results of PLSR models based on different pretreatments
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Table5 Predictive results of PLSR models with different numbers of
spectral intervals
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HkE AE > ” >
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3 341 17 09970 0.7230 18 09986 0.8871
4 256 17 09970 0.7184 18 09985 09303
5 205 16 09972 0.7042 18 09985 09103
6 171 16 09973 0.6821 18 09984 0.9699
7 147 16 09972 0.699 1 18 09988 0.8354
8 128 16 09974 0.6734 18 09985 09251
9 115 16 09970 0.7179 16 09980 1.0622
10 103 16 09970 0.7216 16 09976 1.1812
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20 52 16 0.9970 0.726 4 16 0.9976 1.1705
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Fig.5 Wavelengths selected by SPA
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Table 6 Parameters of PLSR models with characteristic wavelengths

extracted by SPA
#R FHER KA BT R, RMSEP
AFB, 17 15 0.997 3 0.6815
ZEN 17 15 0.997 7 1.144 1
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Table 7 Parameters of PLSR models with characteristic wavelengths

extracted by CARS
R FHIER AN T4 R, RMSEP
AFB, 18 15 0.996 1 0.849 1
ZEN 19 15 0.997 4 1.2676
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