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Modeling of microbial growth in chilled beef based on
the E-nose and hyperspectral imaging techniques

LIU Xiaohua', ZHOU Binjing', PENG Jing', TU Kang', WU Juqing',
XU Jing®, WU Jie”™ , PAN Leiqing""

(1.College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China;
2.School of Food and Biological Engineering, Bengbu University; Bengbu 233030, China)

Abstract: [Objectives] The paper aimed to investigate the feasibility of growth simulation of the microorganisms in chilled meat by
the E-nose and hyperspectral imaging techniques (HSI) . [Methods] The total viable count of the chilled beef stored at 4 °C was
determined by the plate count method, and the E-nose and HSI data were collected. And the Huang model and Baranyi model
obtained from the plate count method, E-nose and HSI information were compared. [Results] The growth models based on the
traditional plate count method were highly accurate, with the model coefficient of determination (R*) of 0.993. Compared with the
plate count method, growth models constructed by Method i and ji based on E-nose feature information were slightly less accurate,
with R* greater than 0.871 and correlation coefficients (r) of 0.917-0.994 between them. The model established by Method 1 based
on HSI had a comparable R*, with r of 0.998. Whereas the model based on hyperspectral values (Method 11 ) performed slightly
worse, with R? of 0.749-0.918 and r of 0.761-0.859. [Conclusions] The information of E-nose and HSI could be used to simulate
the growth of microorganisms in chilled beef, which provided theoretical support and technical reference for the application of non—
destructive testing techniques in predictive microbiology.

Keywords : E-nose ; hyperspectral imaging; chilled beef’; total viable count;curve fitting
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Table 1 Kinetic parameters and model evaluation of the microbes in chilled beef by the plate count method

i 5 AL 247 Growth parameter AT Model evaluation
Maodel No /g (CFU+g™ ) N, Mg (CFUg™") g /b Alh RMSE R AlC
f£1F Gompertz Modified Gompertz 5.360 9.356 0.034 0.300 0.168 0.988 -39.677
Logistic 5.500 9.296 0.033 64.210 0.227 0.976 -32.453
Huang 5.550 9.332 0.033 0.300 0.129 0.993 -46.016
Baranyi 5.547 9.332 0.033 0.280 0.128 0.993 -46.203
FEANC SRS B AE ] Akaike information eriteria. [ [d] The same below.
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Table 2 Kinetic parameters and model evaluation of the microbes in chilled beef by E-nose information
HiE (Kl B2 Growth parameter B PR Model evaluation
Method Model Lo IH7! Alh RMSE R? AIC r
ik Huang 0.071 63.25 0.786 0.887 -2.645 0.946
Method | Baranyi 0.119 87.40 0.731 0.902 -4.386 0.917
il Huang 0.019 16.61 0.008 0.871 -112.745 0.994
Method i Baranyi 0.044 57.46 0.007 0.883 -115.950 0.990

HE o T T R AR ST T MO S A A AR B 2 8] B A % R B (Pearson A AR 40 HT) o
Note:r is the correlation coefficient between the growth models based on the E-nose information and the plate count method ( Pearson correlation
analysis) .
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Table 3 Partial least squares regression (PLSR) quantitative prediction model for microbes in
chilled beef with different pretreatment algorithms (400-1 000 nm)

i Ab B 7y ik HEBLAE Calibration A W UEF 4 Cross—validation T4 Prediction
i 5 RPD
Preprocessing method RMSEC R} RMSECV Rpy RMSEP fies
JR B Raw spectra 0.457 0.878 0.585 0.801 0.541 0.852 2.649
B AL 2nd derivative 0.513 0.846 0.692 0.724 0.592 0.825 2.436
priEfk Autoscale 0.498 0.855 0.624 0.774 0.572 0.826 2.443
1E22 15 5 K2 IE Onthogonal signal correction 0.259 0.961 0.537 0.835 0.507 0.855 2.676
i S HL 15t derivative 0.405 0.904 0.529 0.838 0.511 0.862 2.743
it IE A28k Standard normal variate 0.405 0.904 0.541 0.829 0.495 0.873 2.860
% U HLS B2 IE Multiplicative scatter correction 0.378 0.917 0.501 0.853 0.459 0.882 2.967

I RMSECRMSECV 1 RMSEP 43 5| 2% 75 A 42 SR UE SR T 8 (10 8 7 AR 32 RE W RE, R RE 43 3 8 R A 48 L 5 SO AIE B 0 7
Wi PR B8, RPD:AH A TS 6 -

Note: RMSEC, RMSECYV and RMSEP represent the rool mean square error of the calibration set, cross—validation set and prediction set,

F(-‘ﬁll'(:.’(:li\-‘(-!]_\";R;'!-l-Rf-_\ and Ri". represent the coeflicients of determination of the calibration set, cross—validation set and |1|‘E.~[]i('tiull s6ly

respectively. RPD: Relative percent deviation.
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Fig. 6 Growth curves of microorganisms in chilled beef by hyperspectral imaging technique (HSI) information
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Table 4 Kinetic parameters and model evaluation of the microbes in chilled beef by HSI

R 2 ET Growth parameter B EET Model evaluation

Model P A/h RMSE R AIC r
Fik 1 Huang 0.034 0.30 0.187 0.983 =37.105 0.998
Method | Baranyi 0.034 0.25 0.187 0.983 -37.105 0.998
HEM 155 Huang 0.000 9 69.25 0.012 0.749 —103.458 0.823
Method 11 555, Baranyi 0.030 158.30 0.012 0.756 -103.014 0.822
P go0 Huang 0.000 4 49.55 0.010 0.897 -107.389 0.859
Method 1T gy Baranyi 0.024 190.30 0.009 0.918 ~109.918 0.761

i AT HSTAS BRI HE T B 52 i A AR 2 (6] 0 4 55 R A (Pearson AR5 14167 -
Note:r is the correlation coefficient between the growth models based on the HSI information and the plate count method ( Pearson correlation

analysis) .
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Table 5 Results of model validation
Hik & 4
Method Huang Baranyi Huang Baranyi
“FAf i #3: Plate count method 1.019 1.019 0.988 0.988
L b Jrii i Method | 1.414 1.249 0.933 1.075
I-nose JriEdl Method jj 1.005 1.005 1.001 1.001
G Hik 1 Method 1 1.021 1.021 1.005 1.005
EIIJIE:;I’ ;U "l): H 755 nme Method ]I 755 nm 1.015 1.015 1.007 1.008
) Ji: W g0y Method 11 g0 0 1.012 1.013 1.004 0.999
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Fig. 8 Distribution of residual errors for the validation experiment
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FH AT A, 1% 0] I 7 2 AR IR — P BRI .
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