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Climate classification model of co-occurrence characteristics of eight mycotoxins in
wheat based on Smote-KNN
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Abstract: Objective To analyze the co-occurrence characteristics of mycotoxins in wheat, a classification model
based on climatic regions of China was built. Methods A total of 887 wheat samples collected from 12 provinces/
autonomous regions were analyzed for the concentrations of eight mycotoxins, including deoxynivalenol, nivalenol,
aflatoxins, ochratoxin A, fumonisins, zearalenone, T-2 and HT-2. All the samples were divided into three groups,
temperate continental climate, temperate monsoon climate and subtropical monsoon climate, according to the climate
types of their sampling sites. The borderline-SMOTE method was used for sample augment to balance the data set.
Principal component analysis (PCA) was applied for data dimension reduction, and the first two dimensions with a
cumulative contribution rate of 97% were chosen as the characteristics of the original data. The classification of the data
feature was implemented using the k-nearest neighbor (KNN) nonlinear classifier, and the parameters of the KNN model
were optimized using GridSearchCV. Confusion Matrix, accuracy, recall rate and F1 score were used as the indexes for
model evaluation, and the performance of this model was compared with three other common models, including support
vector machine, random forest and artificial neural network. Results The classification accuracy of eight mycotoxins in
wheat using the combination of borderline-SMOTE, PCA and KNN model reached 98.31%, and the performance of this

approach was superior to other frequently used methods. Conclusion The classification model established in this paper
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can effectively categorize the wheat samples into three climate regions based on the co-occurrence characteristics of

mycotoxins, which provides a basis for region-specific cumulative risk assessment of combined mycotoxin exposure and

puts forward a food classification method based on multiple food safety indicators.

Key words: K-nearest neighbor; wheat; mycotoxin; co-occurrence; classification model
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Figure 1 Process of Smote-KNN model
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PCA dimensionality reduction
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Table 1 ~ Contamination of 8 kinds of mycotoxins in wheat

HR - Hit/ (ng/ke)

[LES i P25 P50 P75 P95 I KfH
DON 66.2 184.62 15.00 58.30 191.25 690.11 7 599.00
NIV 9.3 20.82  1.45 10.00 17.50 50.00 2 190.00
ZEN 8.6 564 1.00 250 250 12.51 1150.00
AF 14.9 152 045 070 182 377  84.90
FM 10.6 24.08 4.50 10.00 35.00 50.43 2279.00
OTA 22 0.87 025 025 100 250  60.30
T-2 4.1 754 050 1.00 150 5.00 478.00
HT-2 4.1 10.54 3.50 882 125 30.00 412.00
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Table 2 Parameter meaning and value range of KNN model

ZH Weights n_neighbors p
HE I [distance, uniform] [1,11] [1, 6]
SHEX T B A 2R Y T AR B I 2 Y 5

AR EACE | “uniform” R ALE AN S
K IT 4R 2B A S H IR &

FI F GridSearch % 3% X} Weights . n_neighbors
FREEL p 3 SR F LRI 3~5.

99.0

98.5¢ 9831

97.75

96.5

96.0 -
uniform

distance
B3 PRI A TR 2 B T i A AR o Ay 24

Figure 3 Accuracy rate of the model corresponding to two

weight types
1.000
0.995 -
0.990 -
0.985 -
E 0.980
& 0975
0.970
0.965

0.960 L 1 1 i 1 1 1 1 1 1 J

n_neighbors
K 4 ZH n_neighbors BN %

Figure 4  Optimization of parameter n_neighbors

09851

0.980
0975
4 0.970
E 0.965 |
0.960 -

0.955

0.950

l.IO l.IS 2I.0 2i5 3{0 3{5 4I.0 4I.5 510 5I.5 6{0
p
K5 Z%p iy SLss
Figure 5 Optimization of parameter p
SR Weights (FE SR ) FHLE5 R WA 3,
24 Weights 4 distance, B} i FH #5252 11 58 A 5 1
R HERG R A 98. 31% 524 Weights 4 uniform , Bl
AN G K LA A B G R RN 97.75% .
PR, A SCHE e TR AR S KT AR AR (1] B



H£T Smote-KNN By /N 8 il LT 2 28 3L 775 YL A0 05 70 ZE B RLBE 5

JH 4 —811—

KA K I RBAE A S 0T DA A 2 S R AR

2 #0 n_neighbors ( % i1 4B 2% & ) 310 45 1 I
L4, D1 3 11 385 o 2 v AR o ) 296 5l I e
T AR ER B BN T A = L B S TR T R Y d T AR Ak
IR F 3 B o R A B W 98. 31%, IS5 KL
AN B B0 T R RS LR R R A B B AR
M iy T e o A BT AR R 3

XFFZE p(BERE 0, th K 5 Al A, p i IRE
T B 6, BERYAERG AR T B, PRI, Y p=1 WA
R HER R e =, 98.31%

i3 2 S 00 E B R R B fE S Hcn 3k 3 B
7~ Bl &%k Weights % $& “distance” , n_neighbors ¥
B 3,p L

# 3 2 GridSearch ZHU S5 AL IR S 41
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parameter optimization
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