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Abstract

Food safety is one of the livelihood issues, and is closely related to people's lives.
Escherichia coli O157:H7 is a typical pathogenic bacterium. However, most E. coli testing
laboratories cooperate with professional technicians. How to carry out large-scale, fast and
easy to operate E. coli detection is an urgent problem to be solved. In this paper, cyclic
voltammetry is used to detect the relationship between the concentration and current of E.
coli, design and construct an electrochemical integrated immunoassay platform, and
propose a rapid detection method based on electrochemistry and embedded microcontroller
STM32.

The main work is as follows: according to the functional requirements of the system,
established the overall design scheme. The binding degree of Escherichia coli O157:H7 to
antimicrobial peptides and antibodies at different concentrations and temperatures was
studied. Through the experiment, it is found that temperature and concentration will have a
great impact on the experimental results. The influence of these parameters on the
experiment is studied, and the optimal conditions for the reaction are summarized. Cyclic
voltammetry was used to explore the quantitative relationship between E. coli concentration
and current, which laid a foundation for the subsequent work. The electrochemical
biosensor was designed and the electrochemical horizontal immunoassay platform was
prepared. An embedded detection system based on STM32F407 chip is designed. A set of
APP software with perfect functions is developed, which can realize the functions of
underlying communication, automatic data storage, result discrimination and so on.

The detection system mainly consists of three parts: electrochemical integrated lateral
flow immunoassay platform, embedded detection system and mobile APP function module.
The electrochemical horizontal immunoassay platform consists of sample pad, binding pad,
test strip, absorption pad and screen-printed electrode. The sample pad can absorb the drip
added E. coli O157:H7 solution. The combination of the pad and test strip provides an
electrochemical reaction environment for the platform, and the screen-printed electrode
provides a current loop. Embedded detection system integrates detection, analysis and
communication functions, which can realize data detection, processing and sending,
including I/V conversion circuit, filter circuit, A/D conversion circuit, system power circuit,
main control module and so on. The I/V conversion circuit can amplify the current signal
output by the electrochemical integrated lateral flow immunoassay platform into a
detectable voltage signal. The filter circuit can improve the signal-to-noise ratio and reduce
the experimental interference. A/D conversion circuit can convert the analog signal to the
digital signal recognized by the main control chip. The main control module uses STM32
microcontroller as the bottom control center, which controls the operation of embedded
system and transmits real-time information with mobile APP. The mobile APP function
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module is based on Android studio to develop human-computer interaction interface,
including one main functional interface and five sub-menus functional interface. The
software is embedded with data processing and result discrimination model, which
enhances the automatic analysis ability of the system.

After testing, the linear detection range of the system is 102-10° CFU/mL, the lowest
detection concentration is 10> CFU/mL, the detection error is less than 4.5%, and the
system repetition error is less than 4%. In the optimization of system performance, the
wavelet algorithm software processing is carried out to reduce the influence of basic noise
of the system. The system uses baseline drift, curve crest calibration and reconstruction
algorithms to reduce the specific errors of the system, and uses MATLAB data fitting to
establish a discrimination model. All of the results show that the system can be effectively

used for the detection of Escherichia coli.

Keywords: E. coli O157: H7; Differential pulse voltammetry; Rapid quantitative testing;
Lateral flow immunoassay; STM32F407
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Jiik, SEIL T ORIAT B B E B4, RIS DY 103-107 CFU/mLI7), P Baraily %5 A
5 AR PR SR B BRI PCR BN KA B AT R, RIS SRS
TR B R A AR e e B, AU R U DY 102 CFU/mMLI®), Jin-Hee Kim %5 A%
AP SR G-I % i, fE % A iaoml 2%, SEBl 7 R AT v 1 PRkt
SEPERTI, A IE Ay 30-107 CFU/mLII,

1.1 KIGFF BRI T b

(=2 A 7592 el B R A

RiFPELr, RRE R

== 0 YT

{RHEEAN %5t PCR K 102 CFU/mL e

o S A1 SR PRBULE, SRIERT

ST Kol 5.1 CFU/mL AR RGE, FE
S 2 N TE L

Hu Jinqiang RN A 4.4X 102 CFU/mL RALEEEDR, ATk
ik R, 52 R



1 E R

Miotto Marilia SE B PCR Rl 103 CFU/mL JE FE AT
P Baraily WA R 1 102 CFUIL i@zﬁ%n%%ﬁ%
oRilRPS 5 7E SE0 2 N 5E R
Fin-Hee Kim WA PR - 30 CFU/ML REDRIE, IS
M ARTE T (PR G ¥ el

1.2.2 KB BEBRLFEEIERBMRIAR

AR, AEMBBEREARRERE, O 2R HT KRG ®EOEN . T
RS R AT s A 77 52X, AR A T L A R IRk, BRI, A5 A
WREEWI A VLR B wRE (Clark) $#2H, 1962 45 i v & W
TR, R RTIE EOK T, R SRR GUR K, ik, FFE T A
VG IR I T 50 . ERRE S NRI R BER SR R A K ZnO M RMHE TH T —Fhig X
TR PG s, AL RS X K AT B O157:H7 1) 2 Al i [ Dy 40~4 X 10
CFU/mL, iR 40 CFU/MLRY; & SCASE NF A G 9K R AR ic ML A 12 1 FE Ak
SERL T AR S S AR AR R, AR ORI AT B, A IR R £ 1 Y
FEl A 102~106 CFU/mL, #&iiFR A 70 CFU/mL2Y; Zhao Dong %5 A\ FH & 1 B /1 1 5%
PAa e BUR T T RIBFTH O157:H7 WAL 8%, H 2R M I YE Bl Y 103~107
CFU/mL, # PR ik F] 43 CFU/mLR?; Ping Geng 25 A\ FI| H 4% 1 B2 VE )y DNA &
B, 5 KRB DNA JPHIAT A, Wit 7RI B B 22 A AR IR s, AR ik as
[ FEIR B 7 BT A I & 2R (23] Ankan Dutta Chowdhury %5 A\ 3% T+ 3 H B R i i 3R 1)
M EREPUA R PUR RS G5, & 7 B YU IR A, 1208 a8 A
TER AL ZE 102 CFU/mL F KRBT E 0157:H7, il EFR v 107 CFU/mL24; Wen-
Jie LU 88 N$& HH 17— Fol 2k T W0 A bR 0, 58 <0 R 1 5 0 DK OR8PS P A S
F T3 1 35 e K W AF B R A I, A W YE BBl 102~10° CFU/mL, A Wl FR 24 70
CFU/mLI%]; Gayathri Chandran Hema %5 A\ Fl| B Z BR 1& 1 R & B mc AR, Beih 77—
Pl R A G AR RS, AT DABRIE . RS I K R R K R AR B, A% TR 1) 4 A
JEFN 102~10° CFU/mL, Hi R B IAF] 7.2uA20; Mohammed Sedki 25 A\ K A 5545
- ST T REGOR A MEHME N B RAE7), ZE AR A R IF 0 b D ge,
VAW S RS I R FR = 1 10 £%127); Haruki Shiraishi 26 A A K% AT 1 16S
rDNA &1 AR 1 B T FAL S AR AR IR, SE R T 0 KA AT B DNA J7 51 (1 R ) 281
Ahmet Giiner %5 A\ Rl FH 44K & & #FBME A 4T 2 MR 58 s AR R T — Flor 284 4 928 4% J8%
&, AR R AR T R AR e M, R IYE A 30~3.0 X107 CFU/mL, fu
JER Ay 30 CFU/mL2,



PLEAB AR SRR TS, AW RSB —FEHNE.
BERREAER4A, BiH: https://d. book118. com/56623510303
0011002



https://d.book118.com/566235103030011002
https://d.book118.com/566235103030011002

