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Aquaculture Pathogens Detection Based on Microfluidic System

with Magnetic Isolation
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Abstract; Aiming at the problem that the detection of aquaculture pathogens suffers from difficult
isolation, time-consuming and low degree of automation, a detecting method of aquaculture pathogens
concentration based on microfluidic system with magnetic isolation was proposed. A dedicated microfluidic
chip with automatic sample injecting, magnetic isolation and impedance measurement was designed, and
the experiment platform based on microfluidic detection system was built. The optimum impedance
measurement frequency, magnetic force and target bacteria capture time in the microfluidic system were
determined, and as an example of FEscherichia coli O157: H7 the performance of the system was
experimentally verified. Experiment results showed that compared with plate counting method the
proposed method was nearly the same in detection accuracy, and the detection time was decreased from
48 h to 50 min because of no-cultivation. The microfluidic system realized rapid isolation and detection
for aquaculture pathogens with increased automation in the prevention of aquaculture disease.
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Fig.1 Equivalent circuit of impedance measurement

system for detection of aquaculture pathogens
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3.2 RGEESW

F G0V BE U I LE AR I RS L o0 s R e H B Ak
FEEFSE . BU 1l mL YREER 1.6 x 107 CFU/mL [ K
FEEAE N B AR AR A0 2 FboA 5] v B2 140 AT
B REM AT 10 A HARTEAEA, 5 1 mL B4 BRI W I
AR ERESET #TRNE R REHTS A
PR E R HR, WME 7 . 45 REVIN E H
FREWEEZE 1.6 x 10° ~ 1.6 x 10° CFU/mL 35 [ 14,
REGRM TS B bR e T S v ¢ & R I 4 M
AR Hy y = —1021gx +929 ,R =0. 969, >4 H A%
W /N 1.6 x 107 CFU/mL B, 22 G0 K I L9175 1k
Rk, ek R AT A2 ok 1.6 x 107 CFU/mL,



% 43

FRAVE S5 o TG O B8 1 K 7 B0 TR O AR A Ty vk 281

< »
S 3
3 3
T T
]

oy
S
=3
T
]

RY KO
g
)

400 | 3 L}
300
s 3
21O.gx107 1.6><l10(‘ 1.6><|105 1.6;104 1.6:103 1,6><.102
KT BE/(CFU-mL™)
B 7 & Ge BT BE I FF 1 v B 1 R 4k

Fig.7 System impedance vs concentration of

Escherichia coli 0157 :H7

T 53 A S I 2 IR A AR AR I P RE L 0 Sl B
W BE Ry 4 x 107 CFU/mL (1 H 45 B RE AR 3E 17 86 3
BB BOE R, 15 i 0 40 B SRR
[ IF AR GEHEAT F b B R A 0, oK G 0 4 2R
PR R A I 45 R AT A DG L AT

P8 Dy SR JH 2 iy ik AT R M A T i A 0 3
PRI EE A BRI o SR (1A 23 B i A5 7 20 500 A o
AHOE 0.978, IR T5 ik 5 4R v D5 kR I R 22 X HE
N 1 s SRR 2 R I T 3 4 R G R 2 /N
T 4% o WBHE R A7k ST BeA M,
A B R AS AR [R] , (H A PR 52 B H AR R R #2200
R 8] 24 2% SO min, 7 > F P AR L 1 48 b
00 ki) 246 2 R 9 1760, SEBL 1K EOM R
PR e B Y PR 23 5 A SRR

4 ZERiIF

B 7K™ EO T R R B B ARSI e g A G 4

4x10° |-

[}
X
(=}
3

AR AR 45 H/(CFU-mL )

2X]030 3 . 3 . 4 L 4 L 5 1 5
2x10° 4x10°  2x10'  4x10'  2x10°  4x10
AR SCK NS5 F/(CFU-mL )

B8 BRI kS AR O [EE S A
Fig. 8 Regression analysis of the proposed method
and plate counting method
F1 AXAEEREFERMIREX

Tab.1 Error comparison of two detection methods

N AR B/ A7k b
Fe (CFU-mL~Y)  FH#/KQ ¥BE/(CFU-mL™') iR2%/%
1 2.1x10° 590 1.8 x10° 3
2 2.4 x10* 450 2.2 x 10* 2
3 2.1x10° 390 2.5x10° 4

O3 UL K B PG I 2 01 B BT O P A
SET RGP Y R IO A R I R G, A I R A B BT
R AR AR 4% ) e b Al AR N 18] 25 S R AT T
e 5L, 5P R B0k A Ee, A IR JEE R A A
[ i 2 1 7K™ 7 B 3 R P ARG I PR JBE 25K (] IS
AGLR A A AR 2 B S R AR 0 A s et AT, &
B 1A G N0 B SR R, A I (8] s S 2
50 min, SEHL 7K EOR A PUE 2 B SR P £
H 8 5 D K SR B A [ Sl A B A A
"T2%,

& % x Wt

U RS, EWE. BE K= IR R SR BUR S R (1], P EK™, 2010(8) : 9 - 10.

Wu Shuqin, Wang Yajun. The status and development trend of China’s aquaculture disease control[ J]. China Fisheries, 2010(8) ;

9 —10. (in Chinese)

2 Adams A, Thompson K D. Development of diagnostics for aquaculture: challenges and opportunities[ J]. Aquaculture Research,

2011, 42(Supp.1): 93 —102.

3 Cano-Gomez A, Bourne D G, Hall M R, et al. Molecular identification, typing and tracking of Vibrio harveyi in aquaculture

systems: current methods and future prospects[J]. Aquaculture, 2009, 287(1 -2) . 1 - 10.
4 BEBLER. ROK IR BTIE S AR R A IM] L A at . dr E ol hiit, 2005.

B G BOR RO AT T M ] e st B2 i At 2010.

6 Sharma H, Mutharasan R. Review of biosensors for foodborne pathogens and toxins[ J].

2013, 183: 535 -549.

Sensors and Actuators B; Chemical,

7 Garrido A, Chapela M J, Ferreira M, et al. Development of a multiplex real-time PCR method for pathogenic Vibrio
parahaemolyticus detection (tdh plus and trh plus) [J]. Food Control, 2012, 24(1 -2) :128 - 135.

8 D’hondt L, Hofte M, Van Bockstaele E, et al. Applications of flow cytometry in plant pathology for genome size determination,
detection and physiological status[ J]. Molecular Plant Pathology, 2011, 12(8) : 815 - 828.

9 AR R BOREES  Se B A [ ML Jb st Bl RCH: ,2008.

(THE 308 TT)



308

Ko BLOW % MR 2015 4F

10

11
12
13

15

16

17

19

20

Bradley D A, Seward D W. The development, control and operation of an autonomous robotic excavator[ J]. Journal of Intelligent
and Robotic System, 1998, 21(1) :73 -97.

W, LR, BEIR. S AR ERORER (], gAML, 1998(2) : 28 —41.

XG5, SRRPS, I, &5, — AR SR Bz I AL R S SE BT ). @ SHL, 2010(5) : 100 - 102.

HGIR, 2Rk, MEIC3E, 5. 36T AR SE iR REAO L E M SEmts aig i [J]. 4l HLdk-#4R, 2013, 44(7) : 210 - 215.
Tian Guangzhao, An Qiu, Ji Changying, et al. Real-time motion detection for intelligent agricultural vehicle based on stereo
vision[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(7): 210 —215. (in Chinese)

Seward D W, Pace C, Agate R. Safe and effective navigation of autonomous robots in hazardous environments[ J]. Autonomous
Robots, 2007, 22(3) :223 —242.

Le D H, Kyoung K A, Nguyen B K, et al. Trajectory control of electro-hydraulic excavator using fuzzy self-tuning algorithm with
neural network[ J]. Journal of Mechanical Science and Technology, 2009, 23 (1) :149 - 160.

Kwon S K, Kim Y S, Lee C D, et al. Development and evaluation of simulator for field robot[ C] // Institute of Control, Robotics
and Systems. Korea Machine Tool Manufacturers’ Association. International Conference on Smart Manufacturing Application,
2008 :419 —423.

Plonecki L, Trampczynski W, Cendrowicz J. A concept of digital control system to assist the operator of hydraulic excavators[ J].
Automation in Construction, 1998, 7(5) . 401 —-411.

Ha Q, Santos M, Nguyen Q, et al. Robotic excavation in construction automation[ M]. TEEE Robotics & Automation Magazine,
2002, 9(1) :20 -28.

DR, 20, A E, . ST CHLR RIS s A 4y B [T]. L TR ,2008, 31(3) : 992 - 1002.
Luo Wusheng, Li Pei, Li Guanzhang, et al. Method to measure the poses of the aircraft model based on the manmade signs[ J].
Chinese Journal of Electron Devices,2008, 31(3): 992 —1002. (in Chinese)

W S, SR HE , IR, S T 1 DR 7 L B I Y BRSSO [T] . Je s 24, 2012, 32(9) : 0915001-1 - 0915001-9.
Yang Bowen, Zhang Liyan, Ye Nan, et al. Camera calibration technique of wide-area vision measurement[ J]. Acta Optica
Sinica, 2012, 32(9) : 0915001-1 -0915001-9. (in Chinese)

(L#% 281 ;1)

10

11

12

13

18
19
20

Agrawal S, Paknikar K, Bodas D. Development of immunosensor using magnetic nanoparticles and circular microchannels in
PDMS[J]. Microelectronic Engineering, 2014, 115. 66 —69.

Foudeh A M, Didar T F, Veres T, et al. Microfluidic designs and techniques using lab-on-a-chip devices for pathogen detection
for point-of-care diagnostics[J]. Lab on a Chip, 2012, 12(18) : 3249 —3266.

Yang N, Zhang R, Xu P, et al. Latex immunoagglutination assay for rheumatoid factor in a microfluidic device based on light
scattering detection[ J]. Journal of Investigative Medicine,2013,61(4) :S25 — S25.

Jiang J, Wang X, Chao R, et al. Smartphone based portable bacteria pre-concentrating microfluidic sensor and impedance sensing
system[ J]. Sensors and Actuators B: Chemical, 2014, 193 653 - 659.

TR, RGP, SR, 5. ORGSR TR LA R U BOW E R E A P RS [T ] BUEY a4, 2006, 33(6) -
108 —111.

Zhang Shuhong, Wu Qingping,Zhang Jumei, et al. Application of chromogenic media in some foodborne pathogenic bacterial rapid
detection[ J ]. Microbiology China, 2006, 33(6): 108 —111. (in Chinese)

Van Reenen A, De Jong A M, Den Toonder ] M J, et al. Integrated lab-on-chip biosensing systems based on magnetic particle
actuation—a comprehensive review[ J]. Lab on a Chip, 2014, 14(12): 1966 - 1986.

Yang Y, Kim S, Chae J. Separating and detecting Escherichia coli in a microfluidic channel for urinary tract infection applications
[J]. Journal of Microelectromechanical Systems, 2011, 20(4) : 819 - 827.

Munir A, Zhu Z, Wang J, et al. FEM analysis of magnetic agitation for tagging biomolecules with magnetic nanoparticles in a
microfluidic system[ J]. Sensors and Actuators B; Chemical, 2014, 197 1 - 12.

RAFT . RES I WORAE S NGRS 1 AT R HGRALIR S 5 ML S (D], L RISl R, 2012,

FUfg -7 A8, hr - R AR e, A2 Or R R R N I M ] bt Ak Tl H A, 2005.

Varshney M, Li Y. Interdigitated array microelectrodes based impedance biosensors for detection of bacterial cells[ J]. Biosensors
and Bioelectronics, 2009, 24(10) ;: 2951 -2960.



