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Abstract: In order to investigate understand the biofilm-forming ability and carried biofilm-associated genes of food-borne
methicillin-resistant S. aureus (MRSA), the biofilm-forming abilities of twenty-two food-borne MRSA strains (including 4 isolated from raw
milk, 6 from raw chicken, 6 from quick-frozen dumplings and 6 from ready-to-eat foods) were analyzed using the Congo red agar (CRA)
method and 96-well plate method. In the meantime, fifteen biofilm-associated genes of the MRSA strains were detected by PCR. Among the 22
MRSA strains, 21 strains (95.45%) and 22 strains (100.00%) were found by the Congo red agar and 96-well plate methods to exhibit a
biofilm-forming ability. The 96-well plate method showed that the detection rates of the strains with weak, medium and strong biofilm-forming
abilities were 54.55%, 40.91% and 4.55%, respectively. The rates for the MRSA strain to carry the biofilm-related genes, clf4, fib and eno were
found the highest (95.45%), followed by cifB (90.91%), fubB (54.55%), icaBC and ebpS (both 45.45%), agr (27.27%), icaAD and cna (both
22.73%), fubA4 (13.64%), and sar, bbp and sigB (all 4.55%). In addition, the MRSA strains from raw milk and ready-to-eat foods had stronger

E[BEEW

SR, T4, i, 5. RS PP S R < €00 80 2 R A ZE DA (AT BB A SR PR ARSI L. IAX A RH43,2020,36(10):41-49

ZHANG Peng-fei, WANG Ting, ZHONG Nan, et al. Detection of biofilm formation and biofilm-related genes of food-borne
methicillin-resistant Staphylococcus aureus [J]. Modern Food Science and Technology, 2020, 36(10): 41-49

WiFsEEA: 2020-04-22

£eWH: EREAMFESEHEINE (31871894; 31271858) ; ERBAAMFESHKEESIE U1703119) ; BREEHSKXRIHHKBIE (20185F-110)
fEETE: KMETE (1993-) , B, HLWRE, AR BEMEYEN

BiRMEE: EH (1973-) , B, L, R, HRAE: RREEREREYRES FEYENARRE

41



MK EmBHL

biofilm-forming abilities than those from raw chicken and quick-frozen dumplings (»<0.05). The results showed that the 96-well plate method

Modern Food Science and Technology 2020, Vol.36, No.10

can allow qualitative and quantitative detections of biofilm formation, while the Congo red agar method can only qualitatively detect the
formation of biofilms. There were significant differences between the results of the qualitative tests obtained by the two methods. The results of
the quantitative detection by the 96-well plate method showed that the food-borne MRSA strains can generally form biofilms, with some MRSA
strains exhibiting strong biofilm-forming ability. Most MRSA strains did not rely on the ica pathway to form biofilms, suggesting that

enterotoxin-producing MRSA strains can form a biofilm and colonize in the environments of food processing. Owing to the difficulty with their

removal, the MRSA strains may become food safety hazards.
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PCR JXNAKZUITR: DNA #4% 3 uL, 10xPCR Buffer
2.5uL, MgCl, 1.5 uL, dNTP2uL, TaqDNA &7
0.125 uL. _EFIE519%58 0.3 puL, ddH,0 15.275 pL.
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Table 1 Oligonucleotide primers of biofilm-formation genes used in PCR

A ¥R 9 (5-37) KN bp BKRE/C B kK
CCCTATATCGAAGGTGTAGAATTGCAC
bap 971 62 [19]
GCTGTTGAAGTTAATACTGTACCTGC
b CCTAACTAACGAAAGGTAGG 1266 55 [20]
TTAGCGTTGGGTATTCCCTC
‘ ATGGTCAAGCCCAGACAGAG 1118 55 [20]
feaBc GCACGTAAATATACGAGTTC
CGGTACCGTTGATTTGGGTAGTATGC 867 55 [20]
o TTGCCATGGTTAAAACCTCCC
GTGCCATGGGAAATCACTCCTTCC 976 55 [20]
“r TGGTACCTCAACTTCATCCATTATG
. CGGATCCGGTGTGACAATCAGTATGAC 937 55 [20]
sigB CGGAATTCGCGACATTTATGTGGATACAC
GTGAAGTTTTAGAAGGTGGAAAGATTAG 643 62 [21]
fubd GCTCTTGTAAGACCATTTTTCTTCAC
GTAACAGCTAATGGTCGAATTGATACT 524 62 [21]
JubB CAAGTTCGATAGGAGTACTATGTTC
ATTGGCGTGGCTTCAGTGCT 292 62 [22]
<A CGTTTCTTCCGTAGTTGCATTTG
ACATCAGTAATAGTAGGGGGCAAC 205 62 [22]
4B TTCGCACTGTTTGTGTTTGCAC
AATCAGTAATTGCACTTTGTCCACTG 423 55 [21]
o GTCAAGCAGTTATTAACACCAGAC
CAACAGCATYCTTCAGTACCTTC 302 55 [21]
e ACGTGCAGCAGCTGACT
CTTAACAGTTACATCATCATGTTTATCTTTG 186 55 21]
<bpS CATCCAGAACCAATCGAAGAC
GCTCTTGTAAGACCATTTTCTTCAC 404 62 21]
fib CTACAACTACAATTGCCGTCAACAG
/ ATGTGCTTGAATAACACCATCATCT 575 62 21]
P

AACTACATCTAGTACTCAACAACAG

124 HBERLH 7iEL5HESRT
A EdE R excel 2016 BT BRS04

FFiz2H word 2003 4T =£k3R 4. KA Minitab 15

7 2 CRA 75355 7E MRSA F=E YK AR RE

Table 2 The biofilm-formation ability of 22 MRSA isolates by CRA assay

BRI EIR AT ST, SRR () K
BEAT 2 S BT

B E (%) Ahid (k)

CRAT AL (n=4) A2 ) (n=6) BP AR5 (n=6) & HAZTF (n=6) &t (n=22)
wb 25.00 (1/4) 83.33 (5/6) 50.00 (3/6) 0.00 (0/6) 4091 (9/22)
b 25.00 (1/4) 16.67 (1/6) 3333 (2/6) 66.67 (4/6) 36.36 (8/22)
vb 50.00 (2/4) 0.00 (0/6) 0.00 (0/6) 33.33 (2/6) 18.18 (4/22)
r 0.00 (0/4) 0.00 (0/6) 16.67 (1/6) 0.00 (0/6) 455 (1/22)

E:owb: RE; b 2E; vb: RE; rn 4é.
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Fig.1 The biofilm formation of MRSA isolates
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Fig.2 Comparison of biofilm formation ability between Congo
red agar and microtiter plate assay
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FEFEDERIRE, SRR A oS, H
Hh| i R R 1 TR VA A AR A T IR O 1) B R
T SR R TR TR B A e A R IS T B 553 PR R o
TEARTF R, 96 FLAIZ W A=Wl B B IR B ik 5
ISR 21355 75 514 0 A= A e I T S PR R AR A — 2
W 2 s, RIEHSE S RE 1 HA 2 — 2
IAHENE, X5 Arciola U HEGHE K45 FIFAR 3L,
SR, BERRTERI R L VA A BRI SR I PR A7
TEAAME SOX — I R i & A FERIR B, R
AP HUESL,

AN [ SR B AR T 1A 0 R P e 0 A7 E — JE 22
5, o3 E R FLATED S 2 1) MRSA B ARECAE XS A
FTE R KB MRSA B 1R T B AE ) 1 I RE 77 5t

(p<0.05) o AERSPIRIEIFR I T AV BT R
9917 MRSA Wtk %, $4883.33% (5/6) , HIE®
an AL EURLFL AR VD Y BCRE 77 R S5 ) MRSA B PR
%, 73508 83.33% (5/6) F150.00% (2/4) o AHF
FOMNFELAL MRSA B A A 21—k AR o T B
REJJSRINEE. 28 BRI, ARSI MRSA
WAV B RE JIAFAE RN 22 7 TRl ZEXTAN[H]
B A TIE YR, ARe—MImie, X7
TEF= A WA SR 1) B R TS G R & IS B T

2.3 AW BUBAR < AR AR

X} 22 k MRSA W#REEAT 15 FhAHE IR BSoAE 20
PRI, SRR bap BERIAE, Foe Bl RIS
Hort clfA. fib T eno BRI BIR H 2R 55, 4004 95.45%

(21/22) , HIKN clfB 90.91% (20/22) , fubB 54.55%

(12/22) , icaBC 1 ebpS 45.45% (10/22) , agr 27.27%

(6/22),icadD F can Y224 22.73%(5/22), fubA 13.64%

(3/22) , sar, bbp M sigB YN 4.55% (1/22) . It
A, FEFE MRSA B 3~8 PR () A9k IR i
KEER, LA 20 PV IRIL RS . Horp, JERIE
eno-epbS-icaBC-fib-clfA-clfB 1 eno-epbS-fib-clfA-clfB
R m, ¥4 9.09% (2/22) .

AFISRYE MRSA BEHRGRHY ica B TIERH L 44

Wl AR 4% KR MSCR AMMSs FiE BRI A6 HH A5 00 22 57 R 3%

(p<0.05) o X THl ica TR, BHEBTH
Bl & i MRSA Bk icaBC FIRHEH: R i, 43N
83.33%#11 50.00%, [RIINF FERFZLAHEZR BT MRSA
MR icadD JE K% AR &, 7l 50.00% Al
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33.33%. X TAEYIpE B S EE ], JFUREAL T MRSA
PRAE AT AE VR L4 L IR, U4 MRSA
Pk R 37 sar FER (16.67%, 1/6) , “EXYA MRSA
PR R agr 2K (33.33%, 2/6) FIRIFr £ 5 MRSA
HRIENT agr (66.67%, 4/6) F sigB (16.67%, 1/6) «
T MSCRAMM S [, JFELFL . ARG PIFER BT
MRSA XS fib, eno, clfB T clfA FER¥E i R e
¥R 100.00%, EPEEMST mbB HIURE R, ~
100.00%, VKN fib, eno Fl clfd, ¥4 83.33%.
AT, RKTAEDERIE SN E S A
VIR AT SR & — N BB AR, W R E R
(1) 22 3k R0 5, JLd i B ) 2 8 BT R PIA
(polysaccharide intercellular adhesin) &A= Y)H iR i
SRR AN R E A O BLEAESE PIA 5
FUR A — BRI, T PIA (260 3 3 e 6 B
# (intercellular adhesion, ica) EEH\TF-gugl!ol, p=
AP N 1 T AT R AT dca B, BN
RV S B R 2 . TEART T, 22 BRIEL
VIR R 59.00% M BEMRIET ica HRHMFEN
CicaAD 1 icaBC) , %45 F 52 HIE 1254,
XHAFSE R BB ica KIS B
o SRT, ITECAERELAIRIE YR, RRR ica FEA
(1 4 5 E6 8 4 B AT RE T AR DR, X 5 AHIE 5T
40.91% I A= P B BH P B MR AN IS A AT AT dica FEBRIAH

o IR, EVIERTESAFAE ica ARHHINL
14261

AR, ica MIFRIANZ o T sigB. & Bk
BT sar AAHBHIE R TR 7 agr (TR A
(i, TEARBFFHIENS icadD /3K icaBC FERK 11
PRBER A, R =Pk MRSA [FIR & agr sar 8 sigB
RN, EMSEPthse, A ica ISR
BEMRAS— BT sigB. sar BY agr FEK . IX$EIR ica 1]
FILFHAE R 52 sigB, sar 1 agr BRI, WTEEL
TEAEFERIRT R4

B PIA #F, MSCRAMMSs 7EAEVIHI Y Sid #2
iR AR mEEAM. 10 &~ MSCRAMMS #%
B 9 MM CEERRG ARG, H
ANFERIR IR IS T 25 . b R L. Ay
RIFHZR IR T MRSA WARXS fib, eno, clfB M clf4 K&
R e, TR 5h MRSA FEREXT fmbB, fib,
eno Ml clfA BRI R m. MR, AFESRIE
MRSA B k{7 MSCRAMMSs #H 53 R4 B 7 5+
BT281, SAT R B TR NI RS PR, 1S 30k
RIS AR EZE T o LIRS, AE NI AR AR K )
bap FEMN, FREEWHAEAG R I B AR 1AL,
TR TERIISRIF R AR A P, AR T bap 3
Rkt 25 R, AFESRIFZHE ] Geisid 284k,
#5117 MSCRAMM ZE[K], & S AR PR 26 A

R 3 EYIIRT AR R EER R

Table 3 The prevalence of biofilm-related genes of different resource in MRSA

A H » L s - Bit(n=22)
JRAFU(n=4) 4 28 A (n=6) BP A S (n=6) i HAZTF(n=6)
sar 1 (16.67%) 1 (4.55%)
agr 2 (33.33%) 4 (66.67% ) 6 (27.27%)
sigB 1 (16.67%) 1 (4.55%)
bap
fibB 1 (25.00%) 6 (100.00% ) 5 (83.33%) 12 (54.55%)
fibA 3 (50.00%) 3 (13.64%)
ephS 3 (75.00%) 5 (83.33%) 1 (16.67%) 1 (16.67%) 10 (45.45%)
icaBC 1 (25.00%) 1 (16.67%) 3 (50.00%) 5 (83.33%) 10 (45.45%)
icaAD 2 (50.00% ) 1 (16.67%) 2 (33.33%) 5 (22.73%)
fib 4 (100.00%) 6 (100.00% ) 5 (83.33%) 6 (100.00% ) 21 (95.5%)
cna 2 (33.33%) 3 (50.00%) 5 (22.73%)
eno 4 (100.00%) 6 (100.00% ) 5 (83.33%) 6 (100.00% ) 21 (95.45%)
clfB 4 (100.00%) 6 (100.00% ) 4 (66.67% ) 6 (100.00% ) 20 (90.91%)
clfA 4 (100.00% ) 6 (100.00% ) 5 (83.33%) 6 (100.00% ) 21 (95.45%)
bbp 1 (16.67%) 1 (4.55%)
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Table 4 Distribution of biofilm-related gene profiles and biofilm formation of the MRSA strains

2020, Vol.36, No.10

KR A IR B % MRk 96 FUtii%

eno-epbS-icaA D-fib-fubB-clfA-clfB wb +

Bl eno-epbS-icaAD-fib-clfA-clfB vb ++
eno-fib-clfA-clfB b +

eno-epbS-icaBC-fib-clfA-clfB vb ++
eno-epbS-icaBC-fib-clfA-clfB wb +
eno-epbS-fib-clfA-clfB wb +
A eno-epbS-fib-clfA-clfB wb +
cna-eno-epbS-icaAD-bbp-fib-clfA-clfB wb +
eno-epbS-fib-agr-clfA-clfB b +
cna-eno-fib-agr-clfA-clfB wb ++

fib-fubB-clfA b ++

eno-fib-fubB-agr-clfB wb ++

PO cna-eno-fnbB-agr-clfA-clfB wb ++
eno-ebpS-icaBC-fib-fnbB-clfA-clfB r +
cna-eno-icaBC-sigB-fib-fubB-agr-clfA b ++
cna-eno-icaBC-fib-fubB-agr-clfA-clfB wb +
eno-ebpS-icaAD-icaBC-sar-fib-clfA-clfB ++
eno-icaBC-fib-fubB-clfA-clfB +
eno-icaBC-fib-fnbA-fubB-clfA-clfB +
RART eno-fib-fnbA-fubB-clfA-clfB vb +
eno-icaBC-fib-fnbA-finbB-clfA-clfB vb +
eno-icaAD-icaBC-fib-fnbB-clfA-clfB b +

E: ar whbikE; b ZE&; vb:

ghig

EE: 1 + 55+ PE; e 0B,
o XWIIRES T DAL R, T

3 FRYRFEFEIN IR, H i 2530 B AR -E D T Bl

AR, BEEDUERMKEMA, WEMEYE
PUERIERE ST, AWndith. @82 MRSA Bk
WIRRAT, FIRMIIEE . P EYHIR T MRSA
MRAME T AER BT A 17, IERE B il 28550
M, — BRI MRSA kS S &4,
W th N2 A ROHGR . A T X A [\ >k
Ui MRSA BERA DI T S AR IR BRI, R A
[Fl BRI MRSA T - BE T2 BE IR, HANT]
RS BRAR A DML T B RE JIAAAEZE 5 o X AR AR
SRR, I PR AR A DR I TR BAFAE ica K
HipLE, H ica RIAWIFIER 32 sigB, sar Fl agr %
FEPIE . Ak, ASFERIR MRSA Bk, AVHEEIE
FAR IR (P A G AR 22 57, HHEAEIAN Rk
VR B ] REAE T AN R A I B DGR, TN A
[FIRIAIR 26 BUOR, IEABEHARRE MRSA FRItRAE
VIR B, Bt A0 A DR AP 8 BE IR N
CL 22 WA — Sl 42 DR 72 AE W S st A v () 4R

A LK

[1] Aung K T, Hsu L Y, Koh T H, et al. Prevalence of
methicillin-resistant Staphylococcus aureus (MRSA) in retail
food in Singapore [J]. Antimicrobial Resistance and Infection
Control, 2017, 6(1): 94-97

Buyukcangaz E, Velasco V, Sherwood J S, et al. Molecular
typing of Staphylococcus aureus and methicillin-resistant S.
aureus (MRSA) isolated from animals and retail meat in
North Dakota, United States [J]. Foodborne Pathogens and
Disease, 2013, 10(7): 608-617

Kim Y B, Seo K W, Jeon H Y, et al. Characteristics of the
antimicrobial resistance of Staphylococcus aureus isolated
from chicken meat produced by different integrated broiler
operations in Korea [J]. Poultry Science, 2018, 97(3):
962-969

[4] Chaehong R, Gunjo W. Emergence and characterization of

47



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

[10]

[11]

[12]

48

foodborne methicillin-resistant Staphylococcus aureus in
Korea [J]. Journal of Food Protection, 2010, 73(12):
2285-2290

Ivbule M, Edvins M, Liene C, et al. Presence of
methicillin-resistant Staphylococcus aureus in slaughterhouse
environment, pigs, carcasses, and workers [J]. Nephron
Clinical Practice, 2017, 61(3): 267-277

Papadopoulos P N, Papadopoulos T, Angelidis A S, et al.
Prevalence  of  Staphylococcus  aureus  and  of
methicillin-resistant S. aureus (MRSA) along the production
chain of dairy products in north-western Greece [J]. Food
Microbiology, 2018, 69(2): 43-50

WANG Xin, LI Guang-hui, XIA Xiao-dong,

Antimicrobial

et al
susceptibility and molecular typing of
methicillin-resistant Staphylococcus aureus in retail foods in
Shaanxi, China [J]. Foodborne Pathogens and Disease, 2014,
11(4): 281-286

Al-Ashmawy M A, Sallam K I, Abd-Elghany S M, et al.
Prevalence, molecular characterization and antimicrobial
susceptibility of methicillin-resistant Staphylococcus aureus
isolated from milk and dairy products [J]. Foodborne
Pathogens and Disease, 2016, 33(1): 49-53

TR, B, AR 50 5 I PR 20 T PR 4R PG AR 3 0
BREAAEAIIER BRI K ARSI 23 HT (0] S IR 222 3,
2015,31(5):830-833

HUANG Wei-bin, HUANG Jing, ZHU Jia-xin, et al
of biofilm formation and

Detection analysis  of

biofilm-associated genes of methicillin-resistant
Staphylococcus aureus in clinical isolates [J]. The Journal of
Practical Medicine, 2015, 31(5): 830-833

Laverty G, Gorman SP, Gilmore BF. Biomolecular
mechanisms of staphylococcal biofilm formation [J]. Future
Microbiol, 2013, 8(4): 509-524

AR BT YR PET PRS2 PG AR o R T BR B R 25 K 2R
VIR BRE ST RIWETE[D] 5 PE LA MBS R 24,2014
ZHANG  Wei-song. Investigation on antimicrobial
antimicrobial resistance and biofilm formation of foodborne
methicillin-resistant Staphylococcus aureus [D]. Yangling:
Northwest A&F University, 2014

SR B DX A B B T T TR T A B A DGR PR A
I R 2R D). 7 B T H K %,2017

WU Fan. Study on detection of bofilm genes and
antimicrobial resistance of Staphylococcus aureus isolated
from cow in Ningxia [D]. Yinchuan: Ningxia University,

2017

[13]

[15]

[16]

[17]

(18]

[19]

RS R, 2R A, . < B O 80 4 R T A M BT PR S 2k
TR B A 5322 A RTE 72 32 FRR D). 6 i 5 R B 10K, 2016,42(2):
265-269

LIU Mei-hui, LI Jian-ke, LIU Liu. Perspectives on the related
genes and detection methods of Staphylococcus aureus
biofilm formation [J]. Food and Fermentation Industries,
2016, 42(2): 265-269

2R DK, X5 =, 2 Ik, A5 <o £ ] SR T AR A I R LR 2 )
I T EEN] DU SRR, 2015,31(7):74-79
LI Bing, LIU Xiao-chen, LI Lin, et al. Molecular
identification of the genotype of Staphylococcus aureus
biofilm [J]. Modern Food Science and Technology, 2015,
31(7): 74-79

2505 F AL, T e S R I AR A T i S P AR
< T BR IR AR IR e 0 BRI F T 25 AR 1
THFE[I]. A AR A5 4+ 5,2012,6:57-59,62

LI Fang-qu, YANG Jing-hong, WANG Hui-yan, et al. The
relationship between resistance spectrum and biofilm
formation of methicillin-resistant Staphylococcus aureus
from two origins [J]. Chinese Journal of Microecology, 2012,
6: 57-59, 62

Arciola CR, Campoccia D, Gamberini S, et al. Detection of
slime production by means of an optimised Congo red agar
plate test based on a colourimetric scale in Staphylococcus
epidermidis clinical isolates genotyped for ica locus [J].
Biomaterials, 2002, 23(21): 4233-4239

Fox L K, Zadoks R N, Gaskins C T. Biofilm production by
Staphylococcus aureus associated with

Veterinary Microbiology, 2005, 107(3-4):

intramammary
infection [J].
295-299
Stepanovic S, Vukovic D, Hola V, et al. Quantification of
biofilm in microtiter plates: overview of testing conditions
and practical recommendations for assessment of biofilm
production by Staphylococci [J]. Apmis, 2007, 115(8):
891-899

Cucarella C, Solano C, Valle J, et al. Bap, a Staphylococcus
aureus surface protein involved in biofilm formation [J].
Journal of Bacteriology, 2001, 183(9): 2888-2896

PIVRZE AR, B0 0. I PR 7 B < €081 4 BR R A A A
FKERFM PCR 40 #[I]. 58 = FE 125 K224 4R,2009,31(15):
1447-1449

SUN Feng-jun, WANG Qian, XIA Pei-yuan. PCR analysis
of clinically isolated Staphylococcus aureus biofilm

associated gene [J]. Journal of Third Military Medical
University, 2009, 31(15): 1447-1449



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

[21]

[25]

Seo Y S, Lee D Y, Rayamahji N, et al. Biofilm-forming
associated genotypic and phenotypic characteristics of
Staphylococcus spp. isolated from animals and air [J].
Research in Veterinary Science, 2008, 85(3): 433-438
2R, 2 R 55 5 A FURR A T BR B AL
RSB 0], o AL 27,2011,44(1):160-166

LI Li, YANG Hong-jun, LIU Dai-cheng, et al. Biofilm
formation and analysis of associated genes involved in
Staphylococcus isolates from bovine mastitis [J]. Scientia
Agricultura Sinica, 2011, 44(1): 160-166

BUFELL, RIGETT 25 ) W] A8 < 08 €0 6T R T A DB B B
AHIREE R T[] e PR A B8 2% 75,2019,37(1):38-40

WEI Lian-hua, CHEN Xiao-qing, LI Ke-ke, et al. Biofilm
formation and analysis of associated genes involved in
Staphylococcus aureus isolates [J]. Chinese Journal of
Clinical Laboratory Science, 2019, 37(1): 38-40

2R, 2R A W A, 5 AR PR R BR TR AR R P S AR R
JE R AR AS I B TP AN (9], H S B B Sk g 2 2 76.,2010,20(4):
473-476

LI Yan, LI Dong-dong, TAO Chuan-min, et al. Detection and
evaluation for biofilm formation of Staphylococcus
epidermidis and related genes [J]. Chinese Journal of
Nosocomiology, 2010, 20(4): 473-476

SKEE, E . S5 F A o (R A R AR R T
R E AR 5 o AE DR, 2018,34(3):334-340
ZHANG Ming-jia, XIE Ming-jie. Inhibition  of

Staphylococcus aureus biofilm by baicalein [J]. Chinese

[26]

Journal of Biochemistry Molecular Biology, 2018, 34(3):
334-340

Erfan A M, Marouf S H. Biofilm-producing Staphylococcus
aureus screening in poultry farms and abattoirs reference
laboratory for veterinary quality control on poultry
production [J]. Journal of Animal and Veterinary Advances,
2016, 14(10): 273-279

Sahab, Atshan, Salman. Prevalence of adhesion and
regulation of biofilm-related genes in different clones of
Staphylococcus aureus [J]. Journal of Biomedicine and

Biotechnology, 2012, 1-10

[28]Ghasemian A, Peerayeh S N, Bakhshi B, et al. Comparison

[29]

(30]

of biofilm formation between methicillin-resistant and
methicillin-susceptible isolates of Staphylococcus aureus [J].
Iranian Biomedical Journal, 2016, 20(3): 175-181

LB 22 R I R R, S U < B 0 4 BR TR R P 3R
SEIRRIRGIN B R 1156 K A DNase T} BRRRA AR B 150
] & Tk RHE,2016,37(17):185-189,266

MA Yisalan, YU Bo-yang, CHEN Juan, et al. Detection of
adhesion genes of Staphylococcus aureus food isolates and
the effect of proteinase K and DNase I on biofilm formation
[J]. Science and Technology of Food Industry, 2016, 37(17):
185-189, 266

Vautor E, Abadie G, Pont A, et al. Evaluation of the presence
of the bap gene in Staphylococcus aureus isolates recovered
and animals

from human species  [J].

Microbiology, 2008, 127(3): 407-411

Veterinary

(E##88 307 70D

(18]

MR R, G B, 55 B B3 22(2018 F[M]. AL
BRSO AL A, 2018

YANG Yue-xin, WANG Guang-ya, PAN Xing-chang, et al.
Ingredient List of Chinese Food [M]. Beijing: Peking
University Medical Press, 2018

Kikugawa K. Prevention of mutagen formation in heated
meats and model systems [J]. Mutagenesis, 2004, 19(6):
431-439

Lan C, Kao T, Chen B, et al. Effects of heating time and
antioxidants on the formation of heterocyclic amines in
marinated foods [J]. Journal of Chromatography B, 2004,
802(1): 27-37

[21]

[22]

Jinap S, Mohd-Mokhtar M S, Farhadian A, et al. Effects of
varying degrees of doneness on the formation of heterocyclic
aromatic amines in chicken and beef satay [J]. Meat Science,
2013, 94(2): 202-207

M2 2, TR T, TP, A5 e RO C iR SR ) i o
5 FARIAIERE B] £l 5 S R AR 741, 2018,9(20):
35-41

ZHENG Duo-duo, ZHANG Xue-jiao, WANG Nan, et al.
Determination of 5 kinds of heterocyclic aromatic amines in
grilled meat by high performance liquid chromatography [J].
Journal of Food Safety and Quality, 2018, 9(20): 35-41

49



