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Table 1 Parameters of the laser
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Fig. 4 Fluorescence spectra of bacteria samples
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Table 3 P=50 mW, A=405 nm, peak wavelength

and relative intensity of bacteria samples
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Table 4  List of intrinsic fluorophores with relatively high

fluorescence quantum efficiency along with their

absorption and emission maxima''?’
Chromophore Absorption Fluorescence
CRIEED /nm /nm
Tryptophan
. 220, 280, 288 320~350
i Z /) ’
Tyrosin(4% & fR) 220, 275 305
NADH, NADPH
N X R R 260, 340 470
GE SRR’ . I B
Flavins(# %) 260, 370, 450 530
ATPC=BERRBERE) 260 300~500
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(€Y 565, 620
Protoporphyrin 406, 505, 540, 633
(@8] 575, 630
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Table 5 Characteristic areas and values
No. HEAE B, R A
1 459, 473 al 1
2 482, 495 a2 a2/al
3 495, 508 a3 a3/al
4 508, 521 ad ad/al
5 521, 534 a5 ab/al
6 534, 547 ab a6/al
7 547, 560 a7 a7/al
8 560, 573 a8 a8/al
9 573, 586 a9 a9/al
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Table 6 Correct recognition rate of E. faecalis
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No. ; M . ; M
¢ S Bon OB BB fdR /%
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PE o ARSI BRI B T BCAIK  TJ7F R a 1 A A S 3 o A I
FEMU S, A A B AIG RUNH EE R, H AR RE SE T
RIRS IR . 2% 1 Bk v A0 BRLA05 2E 00 1) I P B 08 AL B AE RS 10 min
LA AT FCM (21 3 DY | PCR iR & (2 D% [
W, SRR ERSE B T 100 %3R5, ZE IR RS,

FAEHE 405 nm BOGIFE S R R G T X =
Tl L PR B0 TR 1) TE B A AR I L A DN R R R
= AR HTIT A PR B AR G 2 ot o 1 R AE AT B
58, WA VISR WTE R IR . WIRE B IR o AR v R A
2B A SR X HORH AR TR AW BT e



59 M itk 5 g 4 A 2821

S0 S Al 9 ol 20 0 5 06 T LA I o 4 1 B B B 4
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WOCR IR GBI R . N RAAEBOERIIRE IO R, KRR, MO A SR
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References

[1] KimY, Jett ] H, Larson E J, et al. Cytometry, 1999, 36(4); 324.

[2] GAO Wen-xuan, GAN Zhi-lin, CHEN Ai-liang, et al (i 50, H2 %, MR, %), Journal of Food Safety & Quality (£ f#
224 . 2020, 11(24) ; 9440.

[ 3] Shelly D C, Quarles ] M, Warner I M. Clinical Chemistry, 1980, 26(8);: 1127.

)
"
#
)=
]
=5

[ 4] Heéctor Enrique Giana, Landulfo Silveira, Renato Amaro Zangaro, et al. Journal of Fluorescence, 2003, 13(6): 489.

[ 5] Arabi DS, Abdel-Salam Z A, Goda H A, et al. Journal of Luminescence, 2018, 194 594.

[ 6] Hemant Bhatta, Ewa M Goldys., Robert P Learmonth. Applied Microbiology and Biotechnology. 2006, 71(1); 121.

[ 771 Jeanne L McHale. Molecular Spectroscopy(4+F36i%). Beijing: Science Press(Jt&t: Bl2# i fi#t) , 2003, 151.

[ 8] Koenig K, Schneckenburger H. Journal of Fluorescence, 1994, 4(1). 17.

[ 9] ZHANG Ling-ling, CHEN Yuan, WANG Cai-xia, et al(7k¥% ¥, [E &, FEE., %). Applied Laser(Jij IO . 2019, 39(6): 1035.

[10] WANG Jing-yan, ZHU Sheng-geng, XU Chang-fa, et al(EHEA . KFZP . K%, ). Biochemistry(ZAE¥fb%%). Beijing: Higher Edu-
cation PressCIt A0 : 48 B th Akt » 2002, 51

[11] YAO Meng, WANG Hai-shui(#k 52, F¥#F/K). Spectroscopy and Spectral Analysis(O3% 2% 5563540 4F) . 2020, 40(Suppl. ) : 27.

Fast Detection of Foodborne Pathogenic Bacteria by Laser-Induced
Fluorescence Spectrometry

LIU Yu', LI Zeng-wei’ , DENG Zhi-peng' , ZHANG Qing-xian'* , ZOU Li-kou®*"
1. Key Laboratory of Geosciences and Nuclear Technology, Chengdu University of Technology, Chengdu 610059, China
2. College of Resources, Sichuan Agricultural University, Chengdu 611130, China

Abstract In recent years, food safety accidents by microbial contamination is a considerable threat to health. The rapid detection
of microorganisms is of great significance to food safety. At present, the rapid microorganism detection technology is a difficult
operation and high cost. Laser-induced fluorescence spectrometry (LIFS), with the advantages of high sensitivity. convenient
operation, relatively cheap equipment, could provide a potential technique for rapid detection of microorganisms. In this paper,
we use a portable 405 nm laserto excitefluorescence of three common foodborne pathogenic bacteria ( Enterococcus faecalis,
Salmonella Typhimurium and Pseudomonas aeruginosa), and a fiber spectrometerto detect the spectra. By adjusting the laser
power (10~100 mW) to get the fluorescence intensity of Enterococcus faecalis. the relationship between the laser power and
bacterial fluorescence intensity has been verified, and the result showed the optimal laser power range of 50 to 80 mW. In this
experiment, the fluorescence spectra between bacterial samples are obtained at P =150 mW. We discussed the relationship
between bacterial structure and fluorescence spectra. According to the research result, It was concluded that E. faecalis
exhibited a fluorescence peak of flavonoid groups near 528 nm, and the fluorescence peak at 634 nm of P. aeruginosa
corresponds to the fluorescence emission of protoporphyrin. The results showed that, (1) the fluorescence peaks at 634 and 703
nm of P. aeruginosa for excitation are different from other two bacteria, which can be a feature for direct detection; (2) based
on statistics, the spectrum of E. faecalis and S. Typhimurium was divided into 9 characteristic areas, and the recognition rate
of the two bacteria reached 100% detected by the dynamic clustering method. The results show that the laser-induced

fluorescence spectrometry can effectively detect P. aeruginosa, E. faecalis and S. Typhimurium. Compared with other rapid
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detection techniques, LIFS has significant application value for the rapid detection of foodborne pathogenic bacteria with the

easier operation, faster detection speed and higher recognition rate.

Keywords Laser Induced Fluorescence; Enterococcus faecalis; Salmonella Typhimurium; Pseudomonas aeruginosa ; Dynamic

clustering algorithm
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