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Abstract Rapid detection of foodborne pathogens is one of the most effective ways to overcome food safety
problems. To realize a rapid, efficient and label-free detection and classification of foodborne pathogens, this study
aims to improve the performance of existing optical fiber confocal backscattering spectrum system. Through this
process, the light field diameter is reduced to fit small biological samples, and single spectrum level detection can be
achieved. Furthermore, the backscattering micro-spectrum of three categories of common foodborne pathogens

(Salmonella enteritidis, Escherichia coli, and Salmonella typhimurium) with similar morphology is measured
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without labels. A multivariate analysis model is established by combining principal component analysis (PCA) and

fuzzy cluster analysis (FCA) at the characteristic wavelength range of 500-800 nm. Results show that the top five

principal components contain 80. 41% characteristic spectral information. The scores of the top five principal

components are taken as the variables for the FCA. The accuracy of 100%, according to the degree matrix of

membership, is achieved for the clustering results of three kinds of bacteria. Also, results show that optical fiber

confocal backscattering spectroscopy, combined with PCA and FCA, can be used to analyze and classify a single

spectrum rapidly, efficiently, and without labels.
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Table 1  Characteristic values. contribution rates and cumulative 30 glehem.Cthwl;i' .
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Principal ) Contribution Cumulative A 18 ‘ i
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component rate /% contribution rate/ % _20 ¢ 9% »
b/ S
PC1 365.68 51.22 51.22 10 5
PC2 153.48 21.50 72.71 < 910 ' “
PC3 34.85 4.88 77.59 T 1o 20 30 40
. - -30 5, _20-10 0
PC4 11.86 1.66 79.25 =30 PCl
PC5 8.23 1.15 80.41
2 e/ 5 &
PC6 3.88 0.54 80.95 3 EBI ST
PC7 2.75 0.39 81.34 Fig. 3 Scatter diagram of principal component analysis
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Table 2 Sample centers of three categories of bacteria

Category PC1 PC2 PC3 PC4 PC5
Salmonella enteritidis —21.5369 9.490555 —1.04738 —0.11298 0.61074
Escherichia coli —2.00409 —16.7138 0.859515 0.530634 —0.38007
Salmonella typhimurium 24.69104 7.681297 —1.05527 0.375939 —0.34884
Fe3 SIm B BG4S 50 4, 0 =l 40 B 1Y 0 3 o g % 2k B
Table 3 Degree matrix of membership 100% , Ui BH = Fh 4 B 09 FF A FE AR #4853 T 1IE 1
Number Category 1 Category 2 Category 3 nk,
Fe 4 =0 B G R 5 o B 5 AR
4 0.027233 0.958289 0.014478 Table 4 Discriminant analysis results of three
5 0.018191 0.972088 0.009721 Kinds of bacteri
inds acteria
6 0.036999 0.942856 0.020145
7 0.027408 0.958441 0.014151 Category Discriminant analysis result
8 0.017165  0.973906 0.008929 Category 1 Category 2 Category 3
Salmonella enteritidis
0 50 0
63 0.954039 0.025693 0.020268 (50 g.rou‘ps ) A
64 0.977193  0.012438 0.010369 Escherichia coli 50 0 0
65 0.970293  0.016502 0.013205 (50 groups)
66 0.981302  0.010118 0.008579 Salmonella typhimurium 0 50
67 0.992609  0.00412 0.003271 (50 groups)
Discriminant
. 100 100 100
112 0.028499 0.020526 0.950975 accuracy /J%
113 0.041780 0.031539 0.926681 N
i 4 v ®
114 0.027153 0.016674 0.956173
115 0.105551 0.093608 0.800841 ﬁﬂl'ﬁ‘%]ﬂ%ﬁ%}%%u@ﬁ‘&ﬁio %%Eﬁéﬂiﬁﬂé
116 0.008976 0.005843 0.985182
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