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Fig.1 Multispectral imaging system
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Fig.2 The count of Aspergillus ochraceus in corn

at 0, 4, 8,12, 16, 20, 24 and 28 days
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Fig.3 Multispectral reflectance values of all corn kernel samples (a) and average multispectral reflectance values

of comn kernel samples (b)
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Fig.4 Principal component analysis of corn kernel samples from eight time periods (a)
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Table 1 Data statistics of Aspergillus ochraceus for calibration set (Ncyipion = 80 samples)
and prediction set (Vi = 40 samples)
AR AR & AME/(10° CFU/g) & K 18/(10° CFU/g) F3#18/(10° CFU/g) ARfE
RAEL 80 5 194 79.5 69.4692
R 4 40 5 190 81.85 71.6969
#*2 3MAREL(BPNN, PLS and LS-SVM) #¥ ill 3 5 bk 4%
Table 2 Comparison of prediction effect of three different algorithms (BPNN, PLS and LS-SVM)
I F 5k R. RMSEC /(CFU/g) R, RMSEP /(CFU/g) RPD RER
BPNN 0.9534 2.6693 0.9494 2.7743 7.5466 11.4051
PLS 0.9597 19.5280 0.9489 22.8668 3.0580 8.2653
LS-SVM 0.9476 26.8512 0.8938 36.6260 0.5238 5.1603

Y1 /NF PLS, W] BPNN A5 AU (1 T 0 52 25 22
e PLS # %1/, 3f H. BPNN /i RPD {f A1 RER {&
YIRTF 3 M1 10,20 %18 7.5466 Fil 11.4051, 8 & K
T O3 AP RIAEE AL 350 B 2R A B O AR R4 TR
Ut KA BPNN AR T oK vl il 25 B 108 000
R,
2.6 #HEAESRYRITMH

R TS A () J e B ] EOR AR AR 8 21 %
Lt iHh 5 A EORFE S 2 an gk 3 in . R
Al LLE R A, 5 PLS Ml LS-SVM # AU AH L,
BPNN (%43 23R e i LA, R A, 53518 100% Al
80% , FE A5 A TN 42 £ 152 43 S I RE AR B0 53 51l O
ASFN 8 AN, AR A K Bt 11 il B A R A
AR AR, BRI AR 3 AN K e E T T
PE— 25 1 5y JEWE 5, LB F 78 SEBR A 7= 2 F epoxsf
T K v R DA AT A AR e, ik 3

N IR T 8 Al Ay 2 R YR R A A 1 T, 3
SRR T ERG R, o BPNN 9 A, F A HB
IKEN T 100%, PLS #9453 2 68 J) 78 A% O T 0 15 3]
TRMERETE, A, A, 83T 95%L) I, it
A DAAS AN TR B 6 3 K v i il 8 R R e R
KA H R, Rk, BPNN #EEUR S A
[ % e R B S s 1 2 TR A [R) A i I LA R
B 1) I 5 SR

3 it

R R ) T R L 8 R R IR A BRI
SMEERE, ERSHFESNERYIEAL
FEEORIE  TEAE P U S i R P EORR
] 3k 1 A2 0 A TR YRR, far Al A
SRRV ST walll IR S Qs R ol R PP Y V3 - e S e
)G R R, A BIESR 20615 UR BOR 51t
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Table 3 Comparison of classification effect of three different algorithms (BPNN, PLS and LS-SVM)

with different time

) L ABEHEERS R TR AR KW

NP ] Fit STk R A J% - A )%

8 AN B 1] B BPNN 0 100 8 80
PLS 13 85.5 15 62.5

LS-SVM 28 65 14 65

RIS S BPNN 100 0 100

PLS 97.5 2 95
LS-SVM 30 62.5 13 67.5

WIS A P O A T K A 49.

M A KR oL, 25348, 3 A A (BPNN PLS |
LS—-SVM) ¥4 ELA7 3 4 i W 8 4, FE b BPNN 1)
Rp {H 5 7 M 0.9494 , RMSEC I RMESP {i iz % ,
S35 M 2.2743 1 2.6693 CFU/g, RPD I RER {43
A 7.5466 A1 11.4051 , 2 W H UM RURf 4f 1
Ah TSR 28 M HR 6 b BPNN 2 fie 4 14 43 2 1
MRS A 3 A B A KT AL R A, A F
100% ., HH S5 A oK v i il 8 57 75 2 174 W ) it
BETH T, I ERAE RN S 2R AL T HoR
TRFE

2 % x M
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Non-destructive Detection of Aspergillus ochraceus in Corn
Based on Multispectral Imaging Technology

Ren Lin', Liu Wei*, Liu Changhong", Zheng Lei'
(’School of Food and Biological Engineering, Hefei University of Technology, Hefei 230009
“Intelligent Control and Compute Vision Lab, Hefei University, Hefei 230601)

Abstract Corn is easily infected by Aspergillus ochraceus, which is severely hazardous to human health. As the tradi-
tional methods for Aspergillus ochraceus detection are time—consuming and destructive, it is necessary to develop a rapid
and non—destructive method for monitoring the growth of Aspergillus ochraceus in corn during storage. In this study,
multispectral imaging technology combined with chemometric methods was used to obtain the optimal model for predicting
the count of Aspergillus ochraceus quantitively and classifying the infection degree qualitatively. The results showed that
compared with partial least square (PLS) and least square—support vector machine (LS-SVM), back propagation neural
network (BPNN) showed the best prediction performance with correlation coefficient of prediction (R,) value of 0.9494,
and the lowest root—-mean—square error of calibration (RMSEC) and root—-mean—square error of prediction (RMSEP) val-
ues of 2.6693 and 2.2743 CFU/g, respectively. In addition, for the -classification experiment of the infective degree,
BPNN was also the best prediction model with the accuracy of calibration (A.) and the accuracy of prediction (4,) both
reached 100%. The results indicated that multispectral imaging combined with chemometric methods provided a promising
technique to evaluate the infection of Aspergillus ochraceus in corn.

Keywords Aspergillus ochraceus; corn; multispectral imaging; non—destructive detection; mold growth



