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Abstract: The antibacterial and anti-biofilm mechanism of ultrasound treatment (US, 400 W, 50 kHz) , lactic acid
treatment (LA, the mass fractions were 0. 5% and 1.0% ) and ultrasound combined with lactic acid treatment ( US+0. 5%
LA, US+1.0% LA) against planktonic and biofilm cell-type Staphylococcus aureus were studied. In addition, treatment of
US+0.5% LA was used to sterilize the S. aureus on mutton. The results showed that, US+LA treatment had obvious synergis-
tic bactericidal effect on S. aureus cells and decreased the content of exopolysaccharides (EPS) in the biofilm significantly
(P<0.05), while destroyed the extracellular matrix of biofilm. It was discovered by scanning electron microscope that, US+

LA treatment caused severe sunken of the bacterial cells. Results of laser confocal electron microscopy and nucleic acid leak-

age showed that, US+LA treatment caused severe damage to
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permeability of cell membranes, decreasing EPS content in the biofilm and causing the leakage of inner nucleic acid.

Key words :

FREFYBEE , 55 WAL G D5 & 5 A iHE
[ P AR AR ARG, TR S R T 1 IR Z IS SR A
BEN L (BAEE RN T A ekt R TR
i 2 BT DA B i LR BRI AR 2
5% 3| — SR EUR W BTG g Y S A
BREE ] LA [ NS 0% T WP 38 T2 AR A ek
Yo 5] I AE A A0 A 4 A BR T
AT R (4 A W I RE Y — B A B
B, TR T 2 R e S R o R AR B
TR B T B L AT A A ] i B
I AR5 % 4 0 48 2 3K T A 0 A 1% v R T T
DA 2 A P 4 B R AT BR B A0 A Kol AR L
=,

AR BN R — KL a AR PE R,
FLRRAE Ry = KA HLIR () —Fh  ZES0 i & 5 i)
R EA B AYYER ., Anang AR T LR
TS A M PR B2 28400 7 T B B S R B Rl LA
A55CES ) k) PR H R PR TR Y TR R AR . Youssef
FEVPURIE T 5% M FLIR vT LA 2F IR AR R B T T B v
Hib 4lg(CFU/g) LA, Li %G8 T 29% 3L
P& AT A S5 s S 7 I R VDT T IR A A
VER—F AR B AERCR R 7 A AR 3 1Tz W)
N, AR A R, AR Ik AT AR KRR B b
PR B8 £ b P BT, P o B 41 TR RSCR AS 2  J31) BH
WU R R R A A By T — A U R A
FH ., B o5 R T D B A FLIRR B R T 2 AL
PRI DIAT R hlA S N RO, SRR R
T TP A P B T DA A5CE i AR W v i
W, HAS 23 % A= 0 b 57 A AT el AN R 1) B2
Cichoski %7 RIFFE S5 SR R P B A Rk v fi
TRAL TG R R, AT A 250 a2 X i PR g Y A L FL
FF e AR IR B P R, HOR SR it PR 1 B
R, Yu 258 TR A A A BT L
DM S5 ) 4 B A A R A A I A K 4R
1M, & TR P A LR AL BRI D[R] e v AT A= P i
B A B R 7 g 106 B LR ALk B 3 TR v 4 B (R 2
BRI R VR A B BT 580 R WARGE

PRt , ARG DA 4 v (0 B A 3K T N 7R T, 0 )
WS U | LR LA R 75 U1 + L R X 4 B (i 24

ultrasound ; lactic acid; Staphylococcus aureus; mutton

TR T 5 R A A0 I 4 Y R e ) AR TR AROR, , I ELV
AP I+ LR IR 7 Ak B A BB FR] 7T T A7 A 0 AL o
BEATOESE, LA FL AR PRI L

IR ik

1.1 #HRENEE

F8 75 TR 4 B (0 B BRI ( Staphylococcus aureus )
AT E LRAFAI R . ORI R ( BHI) A
BHI [#{A3: 5, 7 A S A YR A R A,
S, e EAER AR AR A, AR, ™
FI RS I A B S 06 28 A A PR A 7], Nune™ Lab-Tek ™ 8
fUER S RG, " AP CHRBHE A, 24
LRALIER I, - A RERT AR, R, WA
R MR A BR A

BHC-130011A/ B3 BUAE 3k v 2 44, 7 1 95
HAE AR A F], PE(Ulta View VOX) % %204
JEILTR AR AR, 7 A 35 E AR R BRI A R A
Al, EVO-LS10 H#HF W 35s , 7~ F AR E < /R 4% ]
JBeAR A F) . KQ-800KD i A I Il BEHIL, 7 F [ RS L
AR A AT PR F] L, BiEFRAX, 7 A 22 [ BioTek In-
struments A PR/ ], Centrifuge 5810 R 5.0 HL, 7= H
f8i[% Eppendorf /A F, THZ-C & EEIEZ %, ™~ H
P ENTTREE LA T
1.2 KW HE
1.2.1  Erey3z s F 4 o008 4 BRI R
-80 CHRAF A HLH , 75 BHI i3 4L v 37 C K%
FREXTEOY SR JE A A TR AR SR IR 19% 1 3
BHEFPT BHI BEFR IR 12 b TS A 75
SRR
122 RER LB A FERA LB AT A F
CHEARBHE R AMB @I FAER B
Yy 4 v €0 ) %60 3K TR TR VRS 0 (5000 g, 10 min, 4
C)Ja, Kb BJRRFR 5 K UTTE ] 0.85% A FEER K
Pedk 3 P, BRI (400 W, 50 kHz) Bl Ab 2
(US) B, 1 EUE o A SEIARFR Y 0.85% A= BHER K IF:
FEAMRA], BT A RE AL FLRR (LA) Hpikb
PR EHN 0.5% 1. 0%) I, 16 37T 3 v 43 Sl
NSRBI EE H 0. 5% 5 1. 0% I FLER IT 7870 1R
SLEERAG TR EAE, —HKA A H



1688 e

2022 4F 4 38 % e M

(US+0.5% LA US+1% LA) W}, [ B I8 oo A 25 44
TR 0. 85% 4= FLER KT FL A0 IR 5, SR 5 B T A I
THVEPL(400 W,50 kHz) i, AN, fE =R
Sl TR B A E X R T A AL FRESAE 5 min 10
min .20 min 30 min .60 min FPEURE 3158, dUEE I HL
I ml RS 9 ml 0. 1 mol/L 1Y # Mg 2% v £h VA Mk
(PBS) 77 pH, W4 WA BEEA T AR T4k, 5597 4%
2k 37 CH#pE 24 W2

A Lin 2582 0907 35, 8 B R EAT 85 37 000
b, Z JE E NS Nunc™24 FLERE 25 M,
B JE K LR AE 37 CERFERTFR 3 d, B R R b AR B
SEHEA 1 d SR BHI A7 55 37 3, 3B R e A4
FLEEIS IS PLERE 75 3L | SR IS SR8 I A BT fif 1) 15 77 3
DA, 5595 3 d T, e R i e, T
1 ml 0. 01 mol/L PBS it EMR 3 KA, &%
07 4 BR A A PR R B I RN 5 T ik 2
% G AR R BRI AR R R B R
1.2.3 AHBls AL S RICHK
[21] [ 23] W i - R A b 2 & 1, AN
ALFRJE  WSCHE AL A A5 0 S A i LA S 2
OB TN 3 AL AR P B N AR
GIFELO  BATE ] T 1 — 20484, iR T e
A2 R, KU MA ST A 0.85%
NaCl } 0.22% B EE Wb, K3 30 min, 2K
80 C,7E 4 C &M F &> 30 min, 5% 3 12 000
r/min
1.2.4 #a#eF s fgb 2 RE R ME S

HFITVE1.2.3 ¥ 455 US 1% CA H1 US+1% CA
AbFHE 30 min J5 A9 4 B VR BRTE AR R E S 0. 1
mol/L PBS A, B> (6 000 g,5 min,4 C),7E 4
CH 2.5%1% —BEFE 2D 12 h T HHH 7 25
BEorAT, AR, 8 B0 JE TR AR B UL TE ] LIVE/
DEAD BacLight ™0 75 2= N B BG4 F N T Qe
A3 30 min, 2R 5 FRK G (6 000 g,5 min, 4 °C),
FH 0.85% EBEER /K R Z Wik 3 Ik, I FHob R 45
BT,

EYIRER R ESE T 1.2.3 (e E 1
HRCE RIS 8 FLIEE B A, H3Rg A,
B BB 1 US 1% LA Fil US+1% LA 438 30
min, RGBS BR L2 IE W, K AE W IR s TAE G
AR BT 5 10 A ) i BE A% 2 B TT, 4%
ST RS TE 4 CCTRACE 12 h i AR T, 205

19 PUAALHE [ 72 2 h, 75 2. 5% I 1 [ 2= /0
12 b, FHAH L I 0 410 5 46 v €0 3 4 3K TR AR )
JEEZH B, B AT 5 9 A= ) B A LIVE/DEAD Ba-
cLight ™37 75 % T DL S PRI 451 N b AT et i 2
30 min, 285 FH 0. 01 mol/L PBS ¥4 3 UK, B A= Wy
TR, I R BRRm AR A BO6 6 R 4 B s
TP 4 B O R A BR A A Y IR A0
1.2.5 #HERMAeEsme B%E1.2.3 3%
G (0 %0 BR B U B R A W A i, fF & US,
0.5% LA 1.0% LA US+0.5% LA #l US+1.0% LA
ANFEAEFE 30 min J5 B PR AR B0 (4 °CL,3 000 g, 10
min) , B W E H 0D, 5,
126 RFEEBELSILBAESERNPLEENH
R 0 REAE R BT W pH $1%
1.2.6.1 FRILIE B PR TR R TR
TIVIRGE T IR, B3 10 g, 14 5600 E 2F A 5
AR, 2970 41g(CFU/g) o SRR - AR
TES N Tlg(CFU/g) Y 4x B 00 3] 4 3K T/ W i 2
h, FADNAS 2 P b 1 4 00 ) 25 2K O TR RE AR R 2
6. 11lg(CFU/g) o, ¥E R US+0. 5% LA 43l kb
B 5 min 10 min .20 min 30 min .60 min,
1.2.6.2  TlAYIIHEL  H IR E R AR AT B TR
BB A v R AT ER B R A B E L K 10 ¢
LAY B4 b 7E S 45 T iIfA 90 ml 0. 01
mol/L PBS, I 4 CHEIRYRE 1 h, H 0.85%4:
HERKIAT 10 fF SR SRIG S IRk 1.2.
3 AT AE T
1.2.7 &A% 554 ALY 3 K
IS IRES - Y E, RN OE A e bR iE R il
JH SPSS H i ik 75 22 53 Bt (ANOVA) #4752 141
Mr. 18 H Origin 9.5 A1 T EIIE 2
2 HREH
21 BERIBUR_EZHESLENSECES
BRE B AR A R E R

BT BoR TR FLIR LA B — 3 kA A )
0 R A IR AN [ R AR S R TR ROR . X R
RS M 91g(CFU/g) , US B b BH 30 min i,
3 AU 4 % 00 7 TR R U0 5 R A 0 S 400 M T X
F&AIK T 0. 311g( CFU/g) A1 0. 221g( CFU/g) , X 5 Li
LTRSS R —%, 400 W (%) US Ab3 15 min,
ASCASU AR A5 45 5 €2, ) ) 3K T U 25 200 B 1 P 9 AR T



RIS 7 IR S L R (0 4 BRI B AR B AR 1689

0.31lg( CFU/g) . 0.5% LA Fl 1.0% LA HYFLER &b
I 30 min, 4 (00 R 45 K TR B 40 0 1Y T 48000 i)
MK T 1.821g( CFU/g) 1 2. 64lg( CFU/g) , 4 B {1
A BR DA A 0 T A R 1 TR A B IR T 1. 02
lg(CFU/g) i1 2. 011g(CFU/g) , Wang %57 38 T
0.5% LA FJLASE S Sl B v 11 IR K
BRI BAZ I A PR TR R 2R L Omord 25 4fE
T0.5% LA Fl1.0% LA 7] LIA 55 b P AR B A% 448 A
PEZR I RE TR 14 T 7 B

FE A S LRI G AL B (US+ LA) X T (A A 40 T
VeI B35, US+ 0.5% LA 1 US+1.0% LA 4b3
30 min B, 4 €004 25 Bk B U0 B3 400 %) TR % 50 3l
WA T 2. 731g( CFU/g) F1 3. 511g( CFU/g) , 4> B (5,73

10
E 9
o 8
@
b 7
= 6
&
;S
E

w
(=)
—_
(=]
[
=3
w
S
IS
(=
W
S
=N
(=]

AEFEIS ] (min)

IER T A W AN 0 B 95 B0 B BRI T 1,96
lg(CFU/g) f1 3. 391g( CFU/g) , 4/ US+LA 4bHHT,
US 38 [ B 1425 A AR A T4 1) 4 A 5 375 1 3
T, LA AT LA 8 A 4 1) 24 FBE A TR A 448 2 4 40
PRI R, 3 BT AR 4T A N B4 S i 2, DA T S 80
YHREFET, PR, A AL EA B B B R R R
BRI 2 US+0.5% LA MR BERCRF 1. 0%
LA BARAG PR A 5% TR AR AL, VRS R g 4
SRR R U S5 R M r A IR A A T LA A5
Al A S BRT A BRIV B He S50 RGE TR
U5 A BRI AR ZLIRI B b BT DL = X 4 v
IR BRI R AR

%51 (Ig CFU/ml)

0 10 20 30 40 50 60
AL 6] (min)

= X1 -8-US; -0-0.5% LA; -0-1.0% LA ; ~-US+0.5% LA; <>- US+1.0% LA

BEl1 #BAEK(US) ZLE(LA) M US+LA RAIEX & B GFERE NS (A) EME(B) AREMNIERR
Fig.1 Bactericidal effect of ultrasound (US) ,lactic acid (LA) and US +LA treatments on planktonic cells (A) and biofilm cells (B) of

Staphylococcus aureus
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Fig.2 Soluble (A) and insoluble ( B) polysaccharide contents in Staphylococcus aureus biofilm cells after treated by ultrasound ( US) ,lac-

tic acid (LA) and US +LA
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Fig.3 Scanning electron microscopy and laser confocal electron microscopy images of Staphylococcus aureus planktonic cells after treated

by ultrasound (US) ,lactic acid (LA) and US +LA
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Fig.4 Scanning electron microscopy and laser confocal electron microscopy images of Staphylococcus aureus biofilm cells after treated by

ultrasound (US), lactic acid (LA) and US +LA
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Fig.5 Release of nucleic acids in Staphylococcus aureus planktonic and biofilm cells after treated by ultrasound ( US) ,lactic acid (LA) and

US +LA
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