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Abstract: A high-resolution melting curve analysis (HRM) technique was established for simultaneous and rapid detection of Salmonella,
Listeria monocytogene, Campylobacter Staphylococcus aureus and Campylobacter jejuni in chicken meat. In this study, the fimY, hly, nuc and
orfC specific genes of the above four bacteria were used as target genes to establish amultiple HRM-real time PCR detection system that can
simultaneously detect a variety of food-borne pathogens. The specificity, sensitivity and reproducibility of the reaction and the artificially
infected samples were evaluated. The established HRM-real time PCR detection system produced specific melting curves for Salmonella,
Listeria monocytogene, Staphylococcus aureus and Campylobacter jejuni, with the TM values being 82.2 ‘C, 78.2 “C, 75.5 C and 73.5 C,
respectively. The sensitivity of the multiple HRM-real time PCR reaction system was 10% copies/mL for single pathogenic bacterium solution

E[BE 5

SR B A 0 PR AR I AR S & PGS PCR VARG AT 4 FhEr s 0 (0] DU £ i RH,2021,37(6):
296-303

ZHANG Jing, ZHOU Qian, TANG Meng-jun, et al. High-resolution melting curve analysis coupled with fluorescence real-time PCR for
simultaneous detection of four food-borne pathogenic bacteria in chicken [J]. Modern Food Science and Technology, 2021, 37(6): 296-303

ks EHA: 2020-09-29

HeTH: ERERNFEFEELTE (31700005) ; HNHHEKBHE (220200600 ; SIHEBATLRRER B ERTEE BI2018026) ; STHEIULRIL
PRl AR R R T I PR & 28] (JATS [2020]359)

1EEENY: ke (1987-), &, MLHisE, BEBMRA, HRAH: ARRERE

BEE: SEM(1967-), B, HIHMRE, ARR, WsAE: 2 TENIERRERS

296



MR EmB Modern Food Science and Technology 2021, Vol.37, No.6

and 107 copies/mL for multiple pathogenic bacteria solution. The intra-CV value in the repeatability test of the reaction system was good
between 0.03% and 0.32%, and the inter-CV value was between 0.45% and 2.12. The detection limits of the four bacteria for the artificially
infected samples all reached 5 cfu/25 g. The results showed that the multiple HRM real-time PCR system can effectively detect and distinguish
the above four common food-borne pathogens in poultry meat. The method has high specificity and sensitivity and good response repeatability,

thus, is expected to play a role in the detection of food-borne pathogens.
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Table 4 Reproducibility of multiplex HRM-real time PCR

REEH CV/%

RKEE] CV/%

B AR EL(#5 M 4/mL) - -
Wil B AW %% s
108 0.03 0.03 0.08 0.04 0.62 0.87 0.92 0.66
10 0.11 0.12 0.07 0.03 0.77 1.12 0.45 0.98
10° 0.05 0.11 0.06 0.21 1.12 0.99 1.14 1.21
10° 0.04 0.09 0.11 0.11 0.89 1.21 0.98 0.94
10 0.11 0.04 0.21 0.05 0.55 0.53 2.02 1.98
10° 0.12 0.07 0.32 0.21 1.01 2.12 1.69 2.01
#*5 ZEHRM-real time PCR AZRIT A TRAFAF AGURNE
Table 5 Tm value of artificaially-inoculated samples in multiplex HRM-real time PCR
A _ __ AT RFAEAR Tm/°C%» ‘ .
WITRHE IR EHEMERA W W HE
5CFU2S g 82.1+0.14 78.2+0.13 75.4+0.18 73.4+0.21
10CFU25 g 82.2+0.12 78.1+0.15 75.5+0.21 73.5+0.18
20CFU/25 g 82.2+0.13 78.2+0.15 75.5+0.19 73.5+0.11
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HERE MBS HE Tm H25008 8220 C. 78.24
C. 7545 ‘CH173.45 C. SLIKM, £ TmHL, 5
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25 FHNR, AT S BT AR

301



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

T RSN 7925, AW TR A SEIN 28 5 B PCR 4
B T PHE AR I Z T VEREAE— M R P RIS
QR BB I R R BRE AN i il
HABRMERR, PO, fprtiamssiin, et
PR T AR TSR O TR, AR
DN PR ] A G £ it = 22 RSO 115 e 20T B

P

(1]

(5]

302

Furst T, Keiser J, Utzinger J. Global burden of human

food-borne trematodiasis: a systematic review and

meta-analysis [J]. The Lancet Infection Diseases, 2012, 12(3):

210-221

TR, 2% A, I 7 7, 55.2008-2017 AFFR [E5 20 b X
TR AT IR BE LT 25 73 #r ([9]. b [ 3 R 9%,2019,
36(8):27-35

ZHAO Jian-mei, LI Yue-hua, ZHANG Qing-qing, et al.
Analysis on the prevalence and antimicrobial resistance of
poultry Salmonella in some regions of China during 2008 to
2017 [J]. China Animal Health Inspection, 2019, 36(8): 27-35
AR R 8, 5 Bl S e X AR Bk a
YOI TR G Gt o0 S i A L 0], L T L 27,2018,
30(9):755-758

GAO Fu-min, CHEN Pei-chao, CHEN Wei-xin, et al.
Salmonella contamination and its serologic research with raw
poultry and livestock foodstuff in Jiading district of Shanghai
[J]. Shanghai Journal of Preventive Medicine, 2018, 30(9):
755-758

FET B P, 0 R 5. T 65 PAY 1t o B 400 Jf e 1 2
Jr R BT G e D000 B T (9], 25 W n L #2020,
18(3):392-396

TIAN Ming-sheng, WANG Ying, CHEN Bo, et al
Contaminant monitoring and quantitative analysis of Literia
monocytogenes in retail meat products in Shanghai
municipality [J]. Chinese Journal of Bioprocess Engineering,
2020, 18(3): 392-396

BIEPLL AR P22 A5.2015 42016 4F ) PH M HB X A i
& B A B IR BOR TS YR L 2 (0] 3 B i R,
2018,39(4):132-136
ZHONG Shu-hong, LI Jun, ZHOU Qing-an, et al.
Investigation contamination of food-borne pathogens in raw
livestock and poultry meats in part of Guangxi from 2015 to
2016 [J]. Progress in Veterinary Medicine, 2018, 39(4):
132-136

PLFE, AR, 25815, 5. 20112015 4RI R T il &5 (i o
A MG A 2 B BT 1 bR B 05 7 A 9] S I 7 B

[7]

(8]

(]

[10]

[11]

[12]

[13]

2£2018,25(1):66-69
SHEN Tuo, JIAO Li-ping,

status

LI Tong-qing, et al
Contamination of Listeria monocytogenes in
market-sold food in Weinan city, 2011-2015 [J]. Practical
Preventive Medicine, 2018, 25(1): 66-69

2 Fe L, R, 2R Uk, 55 e 22 117 8 B A Th < B R AT R
15 e Je FR SR S R A 2 M (0], 7 B A o TR 2R 2R 35,2019,
31(3):217-221

LI Bing-bing, LIU Liang, LI Shuang-shu, et al. Prevalence
and characterization of Staphylococcus aureus in meats of
animal origin in Huai’an [J]. Chinese Journal of Food
Hygiene, 2019, 31(3): 217-221

S SL T B, AT 1 A AR 5% 0 AL S T B 1 5
M E& 72 & PFGE 43450 A[d]. H B 5 2R ~4,2016,36(5):
778-783,789

DENG Yi-zhen, GU Yi-xin, HE Li-hua, et al. Detection and
subtyping of Campylobacter from broilers reared in intensive
farms [J]. Chinese Journal of Veterinary Science,2016, 36(5):
778-783, 789

/N, B G B A S5 L5 X R YRS A 1 23 B 4
S 2t 7 [T]. 2K 8,2017,39(18):23-27

ZHANG Xiao-yan, ZHOU Qian, TANG Meng-jun, et al.
Isolation, identification and antimicrobial susceptibility
profiles of Campylobacter isolates from chickens in Jiangsu
province [J]. China Poultry, 2017, 39(18): 23-27

Tamburro M, Sammarco M L, Ammendolia M G, et al.
Evaluation of transcription levels of inlA, inIB, hly, bsh and
prfA genes in Listeria monocytogenes strains using
quantitative reverse-transcription PCR and ability of invasion
into human CaCo-2 cells [J]. FEMS Microbiology Letters,
2015, 362(6): 1-7

LIAO Yi-qun, WANG Xiao-bo, SHA Chao, et al
Combination of fluorescence color and melting temperature
as a two-dimensional label for homogeneous multiplex PCR
detection [J]. Nucleic Acids Research, 2013, 41(7): €76

BB, AV AR UB, 55 R T 0 A AR 22 0 400
A 3 FRRITRR IR [I]. A B RH,2020,36(6):285-
290,171

YUE Yuan, ZHOU Meng-shi, XU Juan, et al. Identification
of three Listeria species in foods based on high resolution
melting curve analysis [J]. Modem Food Science and
Technology, 2020, 36(6): 285-290

EI 2R, 3 R ARES T S SN OO 2 B R G RS-
IR W50 6 FBUETE K A v AT
FE[I] WL EE2E,2018,40(6):577-581,599



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

YAN Lixia, HUANG Zhi-cheng, XU Qian-ning, et al.
Identification of diarrheagenic Escherichia coli strains by
real-time fluorescence-based multiplex PCR and high
resolution melting-curve analysis (PCR-HRM) [J]. Zhejiang
Medical Journal, 2018, 40(6): 577-581, 599

Wik AR, UG K 3 A L, A8 S22 s Pt i 2 (HRMD £
ARAHTRER TR 2 ). B S E1E,2018,50(1):9-14
CHEN Yan-sen, SHEN Yong-qiao, QI Meng-fan, et al
Application of high-resolution melting curve analysis on
in pigs [J]. Animal
Husbandry and Veterinary Medicine, 2018, 50(1): 9-14

FIB USRI 7 PRI ARt 2 BOR K Tt R [0].22
PN ZE AR (B 24A),2016,42(5):55-61

WANG lJiao, YOU Chong-ge. Application advances of high

polymorphism of SSR markers

resolution melting technology [J]. Journal of Lanzhou
University (Medical Sciences), 2016, 42(5): 55-61
Mautischat S, Szabo I, Baumann B, et al. Rapid real-time
PCR methods to distinguish Salmonella enteritidis wildtype
field isolates from vaccines strains salmovac SE/Gallivsc SE
and AviPro VAC E [J]
Microbiological Methods, 2015, 112: 92-98
HE Pei-yan, CHEN Zhong-wen, LUO Jian-yong, et al.

Salmonella Journal of

Multiplex real-time PCR assay for detection of pathogenic
Vibrio parahaemolyticus strains [J]. Molecular and Cellular
Probes, 2014, 28(5-6): 246-250

Singh J, Batish V K, Grovrt S. Simultaneous of Listeria
monocytogenes and Salmonella spp. in dairy products using
real time PCR-melt curve analysis [J]. Journal of Food
Science and Technology, 2012, 49(2): 234-239

Rahimi H M, Pourhosseingholi M A, Yadegar A, et al
High-resolution melt curve analysis: a real-time based
multipurpose approach for diagnosis and epidemiological
investigations of parasitic infections [J]. Comparative
Immunology, Microbiology and Infection Diseases, 2019, 67:
101364

Ohshima C, Takahashi H, Iwakawa A, et al. A novel typing
method for Listeria monocytogenes using high-resolution
melting analysis (HRMA) of tandem repeat regions [J].
International Journal of Food Microbiology, 2017, 253: 36-42
. 3 AR I RIS £ i R B0 T T I
D] AR T oK22,2014

ZHANG Li, Simultaneous detection of foodborne pathogens
by high resolution melting analysis [D]. Guangzhou: South
China University of Technology, 2014

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Hoseinpour F, Foroughi A, Nomanpour B, et al. Identification

and differentiation of Campylobacter species by

high-resolution melting curve analysis [J]. Microbial
Pathogenesis, 2017, 108: 109-113

Forghani F, Wei S, Oh D H. A rapid multiplex real-time PCR
high-resolution melt curve assay for the simultaneous
detection of Bacillus cereus, Listeria monocytogenes, and
Staphylococcus aureus in food [J]. Journal of Food Protection,
2016, 79(5): 810-815

JET TRAE T, B A A ARl EEUR T MALDI-TOF MS £
T 5 N ). i AR, 2015,36(18):59- 64
ZHOU Qian-yu, ZHANG Yan-guo, HUANG Cheng-cai, et al.
Matrix-assisted laser desorption ionization-time of flight
mass spectrometry for the identification and detection of
foodborne pathogens [J]. Science and Technology of Food
Industry, 2015, 36(18): 59-64

R AT 2P 5. GeXP 2 E R AHRERUR RO 5
T LA YR 008 A (0], P L T AR 2 7 ,2020,32(4):
386-390

YANG Meng-jie, REN lJia, LI Yang, et al. Detection of 5
kinds of common foodborne pathogens by GeXP multiplex
polymerase chain reaction [J]. Chinese Journal of Food
Hygiene, 2020, 32(4): 386-390

MBS 2R R 2 B PCR KLl 4 P L BriRPEEL
T3 R[] i 22 A A N4 412,2019,10(18):6289-6295
YANG Guo-xing, YANG Li-xin, LI Wei-hao. Detection of
four common foodborne pathogens by multiplex PCR [J].
Journal of Food Safety & Quality, 2019, 10(18): 6289-6295
SRS NG, B R T, S5 LAMIP Ao 1 PR R =
B B0 B [ T = 4 2k E,2018,36(3):309-313
JU He-peng, DAI Jing, XIE Yi-xin, et al. Quick detection of
three food-borne pathogens by LAMP micro fluidic chip [J].
Journal of Preventive Medicine of Chinese People's
Liberation Army, 2018, 36(3): 309-313

Germini A, Masola A, Carnevali P, et al. Simultaneous
detection of Escherichia coli O175: H7, Salmonella spp., and
Listeria monocytogenes by multiplex PCR [J]. Food Control,
2009, 20(8): 733-738

BT A2 AN, ZE 28, 55 iR 0 R VA At i ZeAeril] 9 b i
PEFR B 7 VRN ] AR R AR RHE,2016,32(3):271-280
HU Shuang-fang, YU Yi-gang, LI Rong, et al. Simultaneous
detection of nine foodborne pathogenic bacteria using
high-resolution melting analysis [J]. Modern Food Science

and Technology, 2016, 32(3): 271-280

303



