MR EmBE Modern Food Science and Technology 2024, Vol.40, No.10

BEEMIMTERBERXKEMESE. EYERE
R RE 77 A ELFE 5 B (A R4

i, NEE, TR, , KIS, A=

(%%ﬁﬁk%%%%%%%,%%$&w%%%ﬁn5ﬂﬁﬁm%%§,%%%%K%S%MU

TE: ATHRBEEmIAT T &5ERNHRANMEEL. LWPRTRESN . MEE ZAWPIRT Al XA
Regth ., RALEERNHRAMEEBRLENAT RN LR ELEELN A REZEHHRAWMEL S
FAAMHIET e H, FlETiEiE PCR 7y e R ER HHRE R AWM ELZARF 10 A A DBIEH sA8 X AR,
N MELZEH ARG EMEFHRILLTFAMNT, A 30MATMELZOHK. MEEZARGLNT, A 35HE
L EELR, Ak EH8536%, BASF—FREMMmEZTLARGHEN. 280mEZEROEEFESR A sea
(29.27% ).seb (29.27% ).sec (4.88% ).sed (65.85% ) Fo see (2.44% ) ; # A & A B 094 B F 53 4 sel (36.59% ).
seg (29.27%). sem (17.07%). seu (17.07%). sei (14.63% ). seh (7.32%) #= sek (0.00% ), #5584 %N T H
MRAEMBIER, AN T, T F AR 5] 4 39.02%. 43.90% Ao 17.07%. & Bk EFS mAl & 2L B g 48] o
clfB. luxS A= clfA t94 d 539 4 100.00%, H K& sard F2 ccp 3 A 97.56%, sigB. cna. icad. agrC ¢ &
2R A 8537%. 65.85%. 41.46%. 2.44%, bap KAy, sksb, FTAH BARHHAEF S A A MAIEAD XA R R,
g T AR E O EARR S (1541, 36.59%). 4B FmIAT 5T eHERHRAGLERS W aF LA DK
T RAE 48, TUMZsE Fm IR 2R ERN ARG LA RN, AEIIRTDH T EOBERNL.

XA BT ARG, WAL, AWBIRT RS AWAER AR £ R

MBS :1673-9078(2024)10-370-378 DOI: 10.13982/j.mfst.1673-9078.2024.10.1145

Detection of Staphylococcus aureus Enterotoxins, Biofilm-forming Ability and

Associated Genes in Pigeon Slaughtering and Processing

DOU Tao, LIU Yingyu', WANG Jinquan’, MA Lan, ZHANG Liuging, HU Yun

(College of Veterinary Medicine, Xinjiang Key Laboratory of Herbivore Drug Research and Creation, Xinjiang
Agricultural University, Urumqi 830052, China)

Abstract: To understand the enterotoxins, biofilm-forming ability and biofilm formation related genes of
Staphylococcus aureus in pigeon slaughter and processing. The enterotoxin contents and biofilmforming abilities of 41 strains
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of Staphylococcus aureus were determined using the Staphylococcus aureus enterotoxin enzyme-linked immunoassay kit and
crystal violet staining method. Meanwhile,12 enterotoxin genes and 10 biofilm formation-related genes of Staphylococcus
aureus were also amplified by PCR. Among the 41 strains of Staphylococcus aureus, 30 strains were enterotoxin-producing
strains in enterotoxin enzyme-linked immunoassays. In the detection of enterotoxin genes, 35 strains of bacteria contained
enterotoxin genes (with the detection rate being 85.36%), and have carried one or more enterotoxin genes. The detection rates
of classical enterotoxin genes weresea (29.27%), seb (29.27%), sec (4.88%), sed (65.85%) and see (2.44%), respectively;
The detection rates of novel enterotoxin genes were se/ (36.59%), seg (29.27%), sem (17.07%), seu (17.07%), sei (14.63%),
she (7.32%) and sek (0.00%), respectively. The detection rates of the strains with weak, moderate and strong biofilm-forming
abilities determined by crystalline violet staining were 39.02%, 43.90% and 17.07%, respectively. In the detection of biofilm
formation related genes, the detection rates of c/fB, luxS and c/f4 were the highest (all at 100.00%), followed by sar4 and ccp
(both at 97.56%); the detection rates of sigB, cna, icad and agrC were 85.37%, 65.85%, 41.46% and 2.44%, respectively, and
bap was not detected. In addition, all strains were found to carry multiple biofilm-related genes, and the number of the strains
carrying 7 genes was the highest (15/41, 36.59%). The Staphylococcus aureus contaminated in the pigeon slaughtering and

processing had more enterotoxins and higher biofilm-forming ability . It was predicted that the Staphylococcus aureus found

2024, Vol.40, No.10

in the pigeon slaughter and processing was pathogenic and had potential risk of causing food poisoning.
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Mix 13 pL, ddH,0 9 pL, E F5[4#% 1 uL, DNA
BEAR 1 Lo

PCR [ % 2&fF : 94 CTAZ M 5 min, 94 ‘CAZH
30s, BKREMRIER 11 Tm HRE 30s, 72 C
FEAH 30, 35 AMEH: 5 72 ‘CHEH 10 min, 16 C
RIS

HUPCR 7240 6 uL T 1 wt. % #E/B T #E4T sk,
HEIE AR RRIAT S AT
122 &% &F #RA A DPIR 9N
1.2.2.1  4h R etk il A= Pl IS () T R g

AR MERE SR Tk, R A SR Y AN 41
PR o €57 2 BK TR ) AR WD SO 1 g 0 i3 AT R N
IRUNT + 4 ODgog um 75 1 ZE AT IRV LA 1:100 11
Lol % 4% T TSB Wiz, BEEWRWRS), BB
W 200 pL 42 F0 T 96 ALK, MR BE RS 6 fL, R
TEATANE, BT 37 °C, 24h. WHEH 1%
PBS 47 Mk, B H 3 RJE, A 56 CHEF
HEF [ 2 1 h, P& 8 1% 45 RV It
5~15 min, PPHERET, WHL 200 pL A& 4 £ 95%
LT 96 FLBCHAT I fE,  BEFRACIE ODsyony 1H o

2 v R 2T O 1k A T AR B T B 5
SSHEAT AT, s FE ODe (25 [ 0 IR K~ 48
b3 A A IRIIAREZS) 5 ODyyg e FH LRSI I,
HAKS) N: ODsy,in<ODc I}, AWM iGE
ODc<ODyy),n<20Dc I}, NLEWIHE I Bl e S5 555
20Dc <ODyyy ., <40Dc B, A=W B B fg 71
&3 40Dc<<ODgyg,, I, HAPIHNETE FLRE ST 58 o
1.2.2.2 AW ST ROAH D 25 A1 Fr e il

12 2 SCHR A R4 B 0 AT ER B 10 10 Fh
HE WD R BOAH SC HE K] (elfBy clfAs sarA. icad.
cna. luxS. ccp. sigB. agrC. bap) Wi5|¥. 5%
PRI 1.




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.10

R EHEBAEKEHSEERMEYREXEESMF5)

Table 1 Primer sequences for enterotoxin genes and biofilm-related genes in S. aureus

Mpg (5-3 )

BKGRE/C KJE/bp

F-GAAAAAAGTCTGAATTGCAGGGAACA
R-CAAATAAATCGTAATTAACCGAAGGTTC

560

F-ATTCTATTAAGGACACTAAGTTAGGGA
R-ATCCCGTTTCATAAGGCGAGT

404

F-GTAAAGTTACAGGTGGCAAAACTTG
R-CATATCATACCAAAAAGTATTGCCGT

297

F-GAGGTGTCACTCCACACGAA
R-TGAAGGTGCTCTGTGGATAATG

349

F-ACCGATTGACCGAAGAAAAA
R-ATTGCCCTTGAGCATCAAAC

264

F-AGAATTAGCTAACAATTATAAAGATAAAAAAG
R-TCAGTGAGTATTAAGAAATACTTCCAT

496

F-TGATTTAGCTCAGAAGTTTAAAAATAAAAATG
R-TTTCTTAGTATATAGATTTACATCAATATG

466

F-CACCAGAATCACACCGCTTA
R-CTGTTTGATGCTTGCCATTG

205

F-TGGAACAGGACAAGCTGAAA
R-TGTTTGCCATTAACCCAAA

529

F-ATGAATCTTATGATTTAATTTCAGAATCAA
R-ATTTATATCGTTTCTTTATAAGAAATATCG

545

F-ATGAAAAGAATACTTATCATTGTTGTTTTATTG
R-CTTCAACTTTCGTCCTTATAAGATATTTC

720

F-AAACATTAAAGCCCAAGAG
R-ACACCGCCATACATACAC

215

F-TGCAAGTGCAGATTCCGAAAAAAAC
R-CCGTCGGTTGAGGTGTTTCATTTG

194

F-ATTGGCGTGGCTTCAGTGCT
R-CGTTTCTTCCGTAGTTGCATTTG

292

F-ATGGCAATTACAAAAATCAATGATTGC
R-TTATAGTTCAATTTCGTTGTTTGC

F-CCTAACTAACGAAAGGTAG
R-AAGATATAGCGATAAGTGC

F-AAAGCGTTGCCTAGTGGAGAC
R-AGTGCCTTCCCAAACCTTTT

F-GTCATTCACAAATACGACATTCG
R-CCTGTACCGAAAACATCATGCC

365

F-ATGATGTAGCAAGAGAAGCGCG
R-TAACTGATGCTATATGTGCATCC

456

F-CGGATCCGGTGTGACAATCAGTATGAC
R-CGGAATTCGCGACATTTATGTGGATACAC

937

F-TAGTGACCATGATCATAATGTATTTGAG
R-CTTCTTGATTTCGTTTGTATTTCATCTC

399

F-CCCTATATCGAAGGTGTAGAATTGCAC
R-GCTGTTGAAGTTAATACTGTACCTGC

971
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PCR Jx B & % : (1) clfB. sarA. icaA. cna-.
luxS ccp FE R e MAK R 3£ 20 pL, A $5 2xTaq
Master Mix 10 pL, ddH,O 7 pL, EF5[4#% 1 uL,
DNA B 1 pL. (2) sigB BRI MR R : 3£ 25 L,
fu4f 2xTaq Master Mix 12 uL, ddH,0 9 pL, LT3l
Y% 1 uL, DNA i 2 uL. (3) agrC. bap %: A
SRMNARFR: 4L 25 uL, fHE 2xTaq Master Mix 12.5 pL,
ddH,O0 10.5 uL, £ F 51 % % 0.5 uL, DNA #
MR 1 uLe (4) clfd B R NAA R : 3L25 ul, fdE
2xTaq Master Mix 13 pL, ddH,0 9 pL, EF3¥%&
1 uL, DNA 542 1 uL.

PCR J¢ B 2k 14 : (1) clfB. sarA. icaA. cna-.
luxS ccp FEHR AT« 95 CHIAEPE 5 min, 95 C
AEPE 1 min, 1Bk 30s, 72 CZEH 30s, 35 PMEH;
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94 ‘CTIANE S min, 94 CA&PE30s, 1Bk 30s, 72°C
A 30s, 30 MEH: 5 72 CLEMH 10 min. (3)
agrC FER s N 264« 95 “CHIARYE 5 min, 95 “CAE
1 min, Bk 30s, 72 ‘CHEM 30s, 36 NMEHK; HJa
72 ‘CHEAH 10 min. (4) bap FEF B : 94 C T
AP 5 min, 94 CAZME 10s, Bk 30s, 72 CIEf
30s, 35 MEHR; B)a 72 CZEH 10 min. (5) clfA
TR L2 AT - 94 CTAEYE 5 min, 94 CAZE 30 s,
Bk 30s, 72 CZEfH30s, 35 MEH; fJm 72 C
ZEAH 10 mino. & HE R IR FE WK 1.

EUPCR 7“4 6 pL T 1% 35 i BB e v 64T K
BB R BT R AT
123 HFSHT

FIT A 256 B s S F Office 2019 Excel #4740 11
53#T, GraphPad Prism 8.0 {E&].

2 HR5VE
21 2 FCHGREHEZLMNE

211 BEEKA RN LR

25 2% MERCY 0 T v P I AR 2 X B
+0.15) 5 OD fH EL Bk #I W 45 &, 24 OD fH
ANTF i FE I 9, OD 8 KT 8% T il A8
I BAME . X 41 VR4 0 60 B BRI AT I B R
BRI S Bk Rl FLOm Ikt 30 #k ™~ I d J B Ak,
GERNE 2.

212 MaFRBEPCREM LR
XF 41 #k 4 v (R & BRIR EAT 12 Bl R R 2R
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kI, A 35 PRk A I iR R A, A R
9 85.36%. 1X— 45 B S EI o 5 v B AR N 25 RAFAE
—RE B ZE R, RN B IR S g% 2k R DAAR PR ) A
MH RN, HEIE R R & =it
AT PRI, X %€ W R R I B ARE R AAE
1M PCR ¥ 14 77V R AR U 1) %5 08 A W & R (2 A,
ERL I 7 A DU i B 2K I, mDKg R O VA AR 4 A kAT
gioa/ 8
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Table 2 Number and OD value of 41 strains of Staphylococcus
aureus

AH%S  OD/A AH%S  ODML
SA 7 2-1 0.268 SAT2-2 0.297
SA 7 3-2 0.226 SATI-1 0.352
SA 1) 4-1 0.216 SAB2-2 0.199
SA 1) 5-2 0.843 SAC5-2 0.395
SA 1 6-1 0.455 SAMI-2 0.468
SA 7 8-1 0.256 SAC3-2 0.286
SA K 10-1 0274 SAD6-3 0.320
SA K 11-1  0.221 SADS-2 0.249
SA K 14-1 0271 SAE1-2 0.267
SA® 15-1  0.208 SADI-1 0.423
SA W 16-1 0277 SAHI-1 0.654
SAW17-1  0.537 SAH2-1 0.273
SA A 182  0.281 SAH3-1 0.232
SAP10-1 0.316 SAH4-1 0.267
SAK5-1 0.293 SAHS5-2 0.458
SAP16-1 0.267 SAN3-1 0.333
SAMS-1 0.281 SAN4-3 0.889
SAM7-1 0.225 SANS5-1 0.246
SAT7-1 0.211 SANG-2 0.279
SAA9-3 0.302 = xR 0.051
SAC6-2 0.896 ] k2ot BB, 0.113
SAC7-1 0.283

12 Pl ae R AR B0 R 2R L 1, b & sl
B 7% N DL sed (140 tH 26 0 =18 65.85%, H ka2
sea Fl seb 16 H RN 29.27%- sec ¥ RN 4.88%.
see for 2R 2.44% 5 B BB 2% BE DR A R tH 28 A iy
FIMEAK IR N « sel (36.59%)+ seg (29.27%)- sem Fl
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seu CHF A& 17.07%) sei (14.63%)+ seh (7.32%)-
sek (0.00%). ILAb, 35 Bkl #E 3R PHAE A 5 —
ek Z Fhlnd R AR G oL (R 4D, Hrf 10 #
SR EEARE R W MR RER, 28R
sed 2[Rl ;. A7 9 MR 5 2 Pl s R AL, LA seb-
sed N AL 2 MREIET 7 Ml s L. ABF
& U EER IR LS RS TSR
TE b T R VR I 4 0 ) BR R T seb (1) Y
RigEfrEZ R, HlhRROEEE RS 5
SRS ) S IR I A b R T B TR M 4
) BRI AR VG 48 XS B SE T TR sek H1 sep A HY
RimtUAEZER, RPN A FERIER
FE it T 4 B €0 260 BR B W 15 2R 1N 45 i A DU AR A 22
Fo 1M IX IR R B SE D0 T ER YT 4 B 0 A BR A
RN RS, FERSERIKEYhE
T AE & 6

80
60 -

401

K= /%

20+

0
sea seb sec sed see sel seg seh sei sek sem seu

Jora 2 2 A
B4 REHBAERARSERERNRHE
Fig.1 Detection rate of enterotoxin genes in 41 strains of

S. aureus
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TR BE I B 552 4y Forb s % 0 rh 5 1 B R A
%, H 18 ki 43.90%, LKL IR AE /155 1B Fk
A 16 Bk 7 39.02%, FEERE TR R A 7RG
17.07%, ¥4 R e 7154, {H1Y Costa 5P, fHHE
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Fig.2 Crystalline violet staining results of biofilms of
representative isolates
12 BRARMERE S 3~4: PHERMEHE S 5 BRI
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Table 3 Biofilm formation capacity of S. aureus

i BlE (%) /mbki ()
PR pammm kR

e o g A %
PR OERF BKF flfr) ( ni )
Ae (n=11) (n=15)
% 54.54 20.00 46.67 39.02
- (6/11) (3/15) (7/15) (16/41)
b 36.36 66.67 26.66 43.90
(4/11) (10/15) (4/15) (18/41)
. 9.09 13.33 26.66 17.07

(1/11) (2/15) (4/15) (7/41)

N[5 SR T PR ZE ) W BT J e 1 A7 AE — E 22

S, 0 DALY AR A R TR P A 265 I A 2l T 1 1
T RRAE Pt FEE B8 05 IR A7 8 ol T R 35 PRI HR 2R )
BRI e SIS IR 2, 2 5l 54.54% (6/11)
1 46.67% (7/15), A& 2 1 H A V)95 B TE B RE

P EREZ, N 66.67% (10/15). AWFRMN=

ol AN [ SRS R it A ASE 00 2810 A 0 e JE 2 ol E 0

Mk, HPmRETRERE. 2 RN, AR

SRV B T R A R T R RE I AR AE R 22 5
BE, AR XS A [ R A 0 A W A AT VS Y,

DX £ o

222 AYIEA KA R AL R

AT FUNS 41 PR < B0 A 2 3RO 2R AT 10 Al A

W)W L TV RS AR DG JE ER (R R, B bap JE R b,
MR IR Y, Hodt clfBy uxS TN clfd (R F N

100.00% 1% 71, FL R N sard. cep- sigB F cna &
K, Kt 2552 97.56% 97.56%. 85.37% il

65.85% (& 3). IbAh, FHREYEH 4~8 FiANEE
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P EMPRR I AR ORI ], A 8 R B HIRAH 5%
FERER (R4, H B HWE clfA-clfB-luxS-sard-
cep-cna-icaA-sigB M clfA-clfB-luxS-sarA-ccp-cna-sigB
(A B, 48 R 31.71% (13/41) Al 26.83%
(11/41),

VIR TG e B AR Eh AR, 23 2 M
R sz, FALE] 5> PIA #O8UZ A PIA HE 4K
B, b PIA HRBVE Y 208 T 2l I ica #R9\ 1 4
i, AT 41.46% H B PRAE A icad FE . R
M0, AW TC R BLIE A2 BT A BE Y B VA5 B 1 T
PRI REARS Hh icad®D o IR B T AR 04 I 1 T AR
WAFAE PIA AR AL E . LA, ica RIBIE R
sigB. sar Fl agr R, {EARBFF A icad )
PR [ I 48 5 sigB. sard M agrC iX = Fh R A,
UESE I — Uik AT clfA M clfB Kk H 1)
N 100%, Tk s kU iz R R AR R,
BE T HEIRT clfA TN clfB 5 K 75 AR ) B 5% jcd 78 o
R EEMAIEH. bap 5K GEH T ALV BT

TR AH H T bap HIAG R FE W78 30 55 R 070
PR AEAE, AR AEHASRIT R AR A, ASHETT
w53 BERR I RS bap FEH, 1X 55 Chen 25y fff
FARAL AT hoeS (A H 0 100%, HH
HIT AT TE R BE WA FuocS ik D)X < 3 €00 81 4 BR A A
P R SR, B Rt — D7,

150

100

(SR AT

50

O SHB sarA xS clfA vep ons feak sigB agrC bap
A IEAH R T R
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Fig.3 Detection rate of genes related to biofilm formation in

41 strains of Staphylococcus aureus
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Table 4 Enterotoxins, biofilm-related gene profiles and biofilm-forming ability

HaekB BMHST MEZARE  BIRLAK A YRR AR AR B 2Ry €
SA K 2-1 sel fa clfA-clfB-luxS-sarA-ccp-cna-sigB ++
SA A 3-2 / [A clfA-clfB-luxS-sarA-ccp-icaA-sigB +
SA A 4-1 seg | clfA-clfB-luxS-sarA-ccp +
SA % 5-2 sel-seg fa clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB -+
SA A 6-1 sed fa clfA-clfB-luxS-sarA-ccp-sigB ++
SA K 8-1 sed Al clfA-clfB-luxS-sarA-ccp-icaA-sigB +
SA A 10-1 sed fa clfA-clfB-luxS-sarA-ccp-sigB +
AR SA K 11-1 sea-sed-sel FA clfA-clfB-luxS-sarA-ccp-sigB +
SA 1 14-1 / [ clfA-clfB-luxS-sarA-ccp-sigB o+
SA A 15-1 sea-sed-sel | clfA-clfB-luxS-sarA-ccp-sigB +
SA A 16-1 / fa clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB +
SA 1 17-1 sel fa clfA-clfB-luxS-sarA-ccp-cna-sigB -+
SA # 18-2 sea-sed fa clfA-clfB-luxS-sarA-ccp-icad-sigB -+
SAP10-1 / i3 clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++
SAP16-1 sed-sel fa clfA-clfB-luxS-sarA-ccp-cna-sigB ++

376




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.10

gk4
HaERR EHRST  BEZARE  BRKLAE & W AEAR K IR B 3 Rt REk

SAA9-3 sed fe clfA-clfB-luxS-sarA-ccp-cna-sigB +
SAC6-2 / ] clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB +
SAC7-1 sea fe clfA-clfB-luxS-sarA-ccp-cna-sigB +
SAB2-2 seb-sed A clfA-clfB-luxS-sarA-ccp-cna-sigB ++
SAC5-2 seb-sed Fe clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++
SAC3-2 seg-sem fa clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++
SAHI1-1 seb-sed-sel-seg Fe clfA-clfB-luxS-sarA-ccp ++
SAH2-1  seb-sed-sel-seg-seu Fe clfA-clfB-luxS-sarA-ccp-sigB ++
SAH3-1  sea-seb-sed-sel-seg FA clfA-clfB-luxS-sarA-ccp-cna ++

IRk SAH4-1 seb-sed-sel Fe clfA-clfB-luxS-sarA-ccp ++

F & SAHS-2 seb-sed-sel fe clfA-clfB-luxS-sarA-ccp ++
SAN3-1  sea-sec-sed-sel-seh 2] clfA-clfB-luxS-sarA-ccp-cna-sigB +++
SAN4-3  sea-sec-sed-sel-seh fe clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB +++
SANS5-1  sea-sed-sel-seh-seu A clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++
SANG6-2 Set;-eife-;e_i::g- Fel clfA-clfB-luxS-sarA-ccp-cna-sigB-agrC ++
SAKS-1 sed Fe clfA-clfB-luxS-sarA-ccp-cna-sigB ++
SAMS5-1 / fe clfA-clfB-luxS-sarA-ccp-icaA-sigB +
SAM7-1 sed-sel FA clfA-clfB-luxS-sarA-ccp-cna-sigB
SAT7-1 sed A clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB
SAT2-2 sea-seb Fe clfA-clfB-luxS-cna +++
SAT1-1 seb-sed fe clfA-clfB-luxS-sarA-ccp-cna-sigB +
SAMI-2 seb-seg-sei-sem Fe clfA-clfB-luxS-sarA-ccp-cna-sigB ++
Ak ) SADG6-3 sed-seg—sei—sem-setf ______ [ clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB +
Hefikd SADS-2 sea-sed-seg-sei- 1] clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB +
sem-seu

SAE1-2 seijff;:ij:g- Fe clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++
SADI1-1 seb-sed-seg-sei- Fe clfA-clfB-luxS-sarA-ccp-cna-icaA-sigB ++

sem-seu

R HE i SR 3
3 g

AW TR T SR A E 41 B < B €0 ) BRI AT
P ee A, Wi I S VR SR AR HH 30 PR BE K T
Fis PCR 4 HEVEICAG T 35 MR R IHIE R, Kl
Wi, B X AR B 3 5 R B B T
FESG IS o X AN R R U ) < B €00 ] 2 R T HEAT R Y
HTE PR A 5 PR RO A BIAS [ SRRt < 3 o
B BRI RE T R A, HAS R RIS R A
PNEIE I BE IAFAEZE ST s A WIREAR SGIE DR kg A N
FKIAE A R A T Pk b 56 AN R U ) 0 A, O HL
T PR 25 W 0 55 R T BRAFAE PIA AR OB RS BL AR,

P2 0 [X B Y1 < € 0 2 BRI ) ZE D T R
2%, X R if < 5 R & BRI 51 AAH R
RGBSR

(17 RAEHPREN,S SRR OHEREnER
FEDR )AL T 24 B o BRI (D] S T BT 15 24,2023,
30(3):257-261.

[2]  5RIE, 5K 5t AR 4 B 0 4 3R i 7 R AR TR I
HAEAGI [T 7 [ fr 27 412,2020,20(1):246-251.

[31 AYERIM G, CARLOS M, ROSA I J, et al. Methicillin
resistance and biofilm production in clinical isolates of

Staphylococcus aureus and coagulase negative Staphylococcus

377




MR B

Modern Food Science and Technology

2024, Vol.40, No.10

(4]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

378

in mexico [J]. Biomedica, 2019, 39(3): 513-523.

ONEILL E, POZZI C, HOUSTON P, et al. Association
between methicillin susceptibility and biofilm regulation
in Staphylococcus aureus isolates from device-related
infections [J]. Journal of Clinical Microbiology, 2007, 45(5):
1379-1388.

DIANA G, SUSANA D, DANIEL V S, et al. Incidence of
Staphylococcus aureus and analysis of associated bacterial
communities on food industry surfaces [J]. Applied and
Environmental Microbiology, 2012, 78(24): 8547-8554.

SHE PF, LIUY Q, WANG Y X, et al. Antibiofilm efficacy
of the gold compound auranofin on dual species biofilms of
Staphylococcus aureus and candida sp [J]. Journal of Applied
Microbiology, 2020, 128(1): 88-101.

SURESH M K, BISWAS R, BISWAS L. An update on
recent developments in the prevention and treatment of
Staphylococcus aureus biofilms [J]. International Journal of
Medical Microbiology, 2018, 309(1): 1-12.

o O R BORX KB AT H O 157:H7 b FAE Wi
{1 % B LA 53 [D]. B 5L VL 75K 2,2020.

AXER A, R, T B, A AN [R) BE 0 B AT T A
JBEIE FCRE 7 BRe 1 (9] 5 R 2 28,2022, 58(7):1-8,13.
SAMROT A V, ABUBAKAR A, FARADJEVA E, et al.
Mechanisms and impact of biofilms and targeting of biofilms
using bioactive compoundsa review [J]. Medicina, 2021,
57(8): 839.

I3 588, 25 Rk N < B €00 0 7 o T 2 D MR FROAH 5K
LR R A 7 vk T FT Bt Je (0] 5 B Tk, 2016,
42(2):265-269.

I 4, AT 2, TR 3, A O U < B 10 2 R A A
AE /75 MLST 73 AT I (37 ] i 27407, 2023,23(7):
353-362.

PN, R P 2K B il AR R P T AL o) 2 T 4
i 7. H £ 2 41,2021,21(4):375-383.

ERITE R, F %55 R A L h B s R A R

S G B 5 R 0 L DA 0] B sE AL B 42,2021,
58(1):182-189.
VARSHNEY A K, MEDIAVILLA J R, ROBIOU N, et al.
Diverse enterotoxin gene profiles among clonal complexes of
Staphylococcus aureus isolates from the Bronx, New York [J].
Applied Environmental Microbiology, 2009, 75(21): 6839-
6849.

[16]

[20]

[21]

[22]

(23]

[24]

[26]

(28]

IR, o DR 7 2, 55 0% A D8 < 20 €0 46 BR T I PR 70
BERRIITE 2559 1 . AWM S FOAH SRR R 4 A T 9 (] 7
ARl 24%,2018,31(7):1530-1535.

T L AR IR, 2 UK, B T O A BR T I 2 M 5 AR b
JEERE ) 1 25 52 (] DR i RH,2014,30(3):69-75.

X EE 1 B IR T [X VR <0 7 (O ) BR A VS e A R
VIR SRR PRI [D]. 5 S R S5 B 3R AR VoK 22,2023,
G190 [ O o R = /8 C T e Wi Ny R R TR TR
T A P P T RSB A S i TR A G 0[] BAK ot
$4,2020,36(10):41-49.

238 R, W . 3 9Bk e e X 7 24 LR AR 1 < T (T
BREE LRI S FEAH S JE DR AR U (0] 3 BLACR 22
#,2012,24(4):1-6.

K MR A 2 L < B €0 4 TR A P PR A W % i 24 4
W FL[D].5F F 55 & Talk K%72,2017.

T Fa R R, AR AR, 5.2009-20204F 16 5T T 9 FH X 1138
U P < B € R B T 4R AR fi 7 R 2R
REEREA 570770 B (7] 8 22 4 o R A U 2
#%,2022,13(5):1670-1677.

TRME AR, 5, A ARG J 52 BT b < (U ) IR T
(RRAT B 3 T RPAE AN 2548 [1]. 8 i BE2#,2022,43(14):
302-310.

T EES, 2 [ WY, DTS 5t < T (T 4 BR B AR IR 1B
Je HL A PG MR AT DG [ v [ 7 2 4 35.,2018,35(1):
14-16.

T AL, WK o8 J R0 A < B €00 6 R T I PR 70 B PR
YR T 1R 77 B FAH I HE DR IRASHI [7] VL 95 K2 23 (=
2FR),2012,22(4):332-335.

COSTA R A, LIRA J V, ARAGAO M F. Biofilm-formation
by drug-resistant Staphylococcus aureus from cow milk [J].
Journal of Consumer Protection and Food Safety, 2019, 14(1):
63-69.

SALINA A, GUIMARAES F F, PEREIRA V B, et al.
Detection of icaA, icaD, and bap genes and biofilm production
in Staphylococcus aureus and non-aureus Staphylococci
isolated from subclinical and clinical bovine mastitis [J].
Arquivo Brasileiro de Medicina Veterinariae Zootecnia, 2020,
72(3): 1037-1038.

CHEN Q, XIE S M, LOU X Q, et al. Biofilm formation and
prevalence of adhesion genes among Staphylococcus aureus
isolates from different food sources [J]. MicrobiologyOpen,
2020, 9(1): 946.






