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ITIRHE W E T 4 C&MAF,5 000 r/min, 2.0 10
min, Pk L3, BV 0.85%0 4 B K e 2
W, R 4 41,56 1 4 | Bl (Ultrasound
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ST EF S VAL (400 W, 50 kHz) ;55 4 41 .
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e 1 PEE IR, WG AW C Y 0.01 mol/L
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M (US,400 W,50 kHz) &b # | 1] 4= 9 B8 o fin A 1
mL JCFE 4 0.01 mol/L. PBS, & T i#f 7 1 PEHLH &
AR B R TR I ] A3 ik EE O 5,10,20,30,60
min; 55 2 41 . FLB2 (0.5%LA, 1%LA ) B 4b B 43
Bl AP A 1 mL 0.5%3% 1% FLER , A% 14
A B A B A A 4 58 5,10,20,30,60 min; 55 3
20 B A A FLR (US+0.5%1LA ,US+1%LA) Ab 3 |
Iy A R A 1 mL FBR (0.5%LA,1%
LA), 57 Z) & F 8 7 3 PEAL (400 W,50 kHz) , &%
A B I8) 4 1) 3% B M 5,10,20,30,60 ming 55 4 41
XPREAL, m AW H A 1 mL JEH 0.01 mol/L
PBS, NMMATfT A B, 45 5,10,20,30,60 434 HURE
A FRAE RS, F TR (A 25 45 24 fL IR & LI o5
Fr M FLREFIICHR 4 A= W BE B L s — e i B
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T
1.3.3 HERMARIESUE  RHAHE T 85
BEULEE VD 1] TG TR 125 R A B8 240 L %) 24 O 25 2
fb, WITKREIFEMBYRE T LS % 1.3.2.1
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BT, 2.5% 1% B [ %2 30 min, ZJ5 W
B AR T, R BRAL IR R AR, R 5 38 Ot
e R A A B UL A W R A0 A 40 o AR
f-21,
1.3.5 WP HE JBd S0 RE TG PG 2 = 23 DU a0
ALY (TTC) 50 A2 — i FH ke 0 7 248 it vl O W i
JI5t T ) T Y g A B S X BRZH Y
oI T 2 AR B A IR 1 mL 5 2 mL
(0.05 mol/L)Tris—HCI Z& #if% (pH = 8.6) ,2 mL(0.1
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LR TR 37 CHIFRA P BN 2 hy 4G
B 1) BN RO A 2 T R 4 AR R 1k
B IR BRI S mL A BEE A S A BUE HL
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A Wy B A P B 3R R Ab B k35 1.3.2.1 T
1.3.2.2 75, U0 1) QTR I 2 A0 A W R 4 L A 4 C
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THWCE T UK EARAE, U0 TT G G i 2 A ) e 4
i 1) A 2% S AR B I 2 Ty i 4% BROATP R &
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1.4 HE|HITE5HH

IR EE RN N B HE 22 T A I
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mL), M4 0.5%LA 1 1%LA A 60 min, i 15 7>
I PG TR U0 5 TR 4 B ) 3 TR AR A IR LT X
Ui B 5 A L, 2L R TR A X S, 28 US+
0.5%LA Z-¥F 30 min J5, VD11 GG 25 240 B 0 I
AR 6.88 1g(CFU/mL) , A AR i #0L T . —
AhFRZH (P<0.05), BLAR, 2 US+1%LA Ab#E 20
min, AT VDT TG R Ui TR 200 A 8 A PR LA
T, W4 1%LA 4B 60 min 7 A8 1k 2 AH [\ /Y 5%
S UGB A b 3RT LR R R AR 4R R TR
i 1]
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Table 1 Inactivation of Salmonella planktonic cells by different treatments
o3 W KA 3 B AR A % A &g (CFU-mLT)
5 10 20 30 60
poiict 9.46 + 0.04" 9.43 +0.01™ 9.40 + 0.03" 9.41 + 0.02™ 9.49 +0.11™"
US 9.29 + 0.04™ 9.21 +0.08" 9.17 £ 0.05™ 9.07 £ 0.01™ 9.06 + 0.06™
0.5%LA 8.26 + 0.12% 6.42 +0.14% 4.90 +0.15% 4.58 +0.07% <l.4
US+0.5%LA 8.13+0.10% 6.12 £ 0.05™ 4.67 +0.07™ 2.53 +0.23™ -
1%LA 6.53 +0.07™ 6.27 £ 0.05% 3.24 +0.07% <14 <l.4
US+1%LA 6.15+£0.07™ 242 +0.05™ <14 - -

TE:US. M LA, FLIE; US+LA. B IR A FLI AR 9 RS 5B 3R R [R] 910 22 53 W 35 5 R TR B0 /NG 5 BE 3R TRV AT 22 3 W 3 s <14, Rk Al

K- T,
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R FLIR LA S R A A B XU T T G R AR
YR A R RO WL 2, VDT R A A 4
Jitd 40 4 B A 29 9 1g (CFU/mL) , 22 US Ak # 60
min, A= 49 200 6 1 TR 455 6 IR A A B RIS 0.33
le(CFU/mL), M £ 0.5%LA F1 1%LA A2 60 min,
oI I T AR P S A L Y R B o N T B 421 g
(CFU/mL)H1 5.79 1g(CFU/mL), 4,48 US+1%
LA Zb 3 60 min, {1 45 A= 49 H5E 200 JEL 1% 17 9% 77 176 0%
SRR LA, i s i R R FL R A B TE 60

min [ 20 SIS [R] A AR R 8 BHZOR RASCR . 48 US+
0.5%LA AbFE 60 min, V511 [ P& A= ) B 200 Jf 147 25
K% 5.87 lg(CFU/mL), I 28 1%LA 50 4k BE 60
min, V0[] EG TR AR 9 R 20 i o 550 B 5.78 1g(CFU/
ml) . R PRI v LI Ak B 20 1 5% T RS R
B vk FEFLR A EACR , UL ARG SR AL
PEAT DAREAR M HZLRR Mk B, —H B G AL E A
B Jb 1 PR R B0

F2 FAEAEXNDTREEVEERBEHRERR

Table 2 Inactivation of Salmonella biofilm cells by different treatments
o WITKE A B % /g (CFU-mL™)
5 10 20 30 60
xR 9.38 £0.07* 9.38 £ 0.02* 9.40 £ 0.03* 9.41 £ 0.02* 9.43 + 0.04*
us 9.37 £0.03* 9.27 +0.03* 9.25 + 0.06™ 9.17 £ 0.02% 9.10 = 0.05%
0.5%1LA 9.35 + 0.06™ 9.13 £ 0.02" 7.96 £ 0.08* 6.84 + 0.05% 5.22 £0.07%
US+0.5%LA 9.16 £ 0.04™ 7.22 £0.08% 5.93 £ 0.06™ 495+0.11™ 3.56 + 0.04™
1%LA 7.20 £0.15% 7.08 £ 0.04® 4.80 = 0.09" 4.58 +0.14" 3.64 £ 0.09™
US+1%LA 6.96 + 0.04™ 6.44 £0.18"™ 4.55+0.10" 2.62 £0.13" <14
1H:US. B LA, FLAR ; US+LA. WA BE FLIR ; AW 09 RS 7 R RR [R 9 28 53 35 A A /NG 5 BE ROR R AT 22 7 W35 5 <14, ToaEAa il
K-
22 FAHMBRTOHNRERSMEMERBE SRR RM LA (1A2,1B2), £ 1%LA 4t
EEREES P30 min, BRI 46 AL B A0 i A B

FAHE FLBE T U 1T TG TR i 5 R A A S 4 i 1) 7R
ISR 1 fias, X RELL 70 ] FG o Ui
AR Py 65 40 S22 AR A AR, SR TR i HL Gt
(I 1A1,1B1), 4 US &b P 30 min, #4465 H P
BRI WA | 3R AT 4R R A, AR AR 5 B

.

MR (8 1A3,1B3), £ US+1%LA 4EFF 30 min, B
PR H BALI TR A 20 R T 4 80 B — RS, D2
YR R R o B AR 25 45 4 9 58 A i R (&
1A4,1B4), X5 US+1%LA B[R] Ak B X B 4 £
P05 R FE W I s T 5 US FH 1% LA b3,

US+1% LA

. US. A LA, ZLER; US+LA. MAIEEZLR .,

& 1
Fig.1

AEEBEDITRERS (A)MEYER(B)BENAEBEREHARE
SEM images of different treatments on Salmonella planktonic (A) and biofilm cells (B)
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23 HMAHREBETHITREHFESMEWE
MR B RS

V1T TG TR 17 5 R A A B TR S 2400 1 e S 2R
B W 2, RAT Al b B V01T I B Ui
FAE Wy RS A M AE 0 B8 B L i R ek e, Uil
A B 40 RS R s R Y, G B R kAR
AR (] 2A1,2B1), 28 US Ab# 30 min, #0343
FA) U 25 R A 0 M R A B S 2T €5, R BH US A FRAY
T /D o TR A 240 PR 953 43 (16l 2A2,2B2) &

19%1LA Kb 3R 30 min, 2 5U00HF 25 A1 AL P RS B A4 2 21
G, R AR IR S 2 (0 138 I SPL R A 3L
NN O A T 7 N DS st S S e
Jif 5% 3 375 1 i S (K] 2A3,2B3), 45 US+1%LA B
[ b 3 4 R4y TR FE T, 4T, (A D 8
B R S (0 (] 2A4,2B4) , 154 BA B[R] &b B X B4 4
20 If0 40103 R A v, I TD A 2 X T A 4 i S
(AR DR BE W 2 v T B — Kb P

A4 US+1% LA

1% LA | B4

US+1% LA
¥

. US. #r;LA. FLER ; US+LA. BA A FLIR
B2 AELEMNDITRKEES(A)MEYEB BEEANEXLEREREREERE
Fig.2 CLSM images of different treatments on Salmonella planktonic (A) and biofilm cells (B)
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ZH VD 1T TG A T 25 R0 26 40 RS20 B AE 490 nm I 1K
b BTG 43 5 0.336 F10.371, 4 US,1%LA
DL K US+1%LA Ab 3 30 min, 7017 FC B 0% 25 40 i
TE 490 nm %+ &b W2 SGAE 530 4 0.300,0.076 Fi
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Absorbance of 0D,
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Jib #1755
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0.059, VI TIRE AP EAE 490 nm P K Ab TG (E
3504 0.347,0.139 1 0.091, X FHEA FLIK
7 7 I ) 2L T 8 X 1) R i 5 R A S 240 L o
(18 W 2 % It Sl A A R VE T, L 3 bk 3 7
X WP 1 e R 0 it 0% P ) 10 ) 4 T LA B k2 5
(P<0.05), HFEIEFLIRAN B S , VD 1] QTR I 25 1
A 0y 5 A4 L N ) IO O S O SR P N R i 2, FL
PR PR A LR, I A B ) 0 R N B A

US+1% LA
1% LA
US+0.5% LA
0.5% LA

us

2R

000 005 010 015 020 025 o030 035 0%
490 nm Ak WG {E
Absorbance of OD.,,
(b)

. US. #7;LA. FLAR ; US+LA. BABA 3L
B3 AELEMDIITKERS (Q)fMEWR (b) AT RERSBEETETN
Fig.3 The activity of RCD in Salmonella planktonic (a) and biofilm cells (b) after different treatments
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b U RH LR XTI 1 s B S R TR, ELRE S
K LR A JRONE P 1) IR U 5 0 A= 00 M5 00 i A )
IV 1R % 150 S0 9% M ) 4 ) VR 9 W v TR — b
A,
2.5 Hash ATP IRE
JitAh ATP e FE 1% 35 T 5z 1 240 BT 240 i J5E o %
PESZ BIRIR , GnE 4 s R ZATAT A BV TT IR
TR U0 5 ORI AR ) TS AR L ) B A AT Vi BE 43 )
6.30 nmol/mL #1 7.37 nmol/mL, £ US, LA Pl K&

US+1% LA
1% LA

US+0.5% LA

VLS.
Treatments

0.5% LA

us

by |

II;O 1;0 2(;0 2;0 3!;0 3;0 -“.)0 4;0
Mo oh ATP ¥

Intracellular ATP concentration/noml - 0D

(a)

L
0 50

Ab 37

US+LA &b 3 30 min, Y017 FC TR I 25 R0 AE 4 165 4
(4 LA ATP e J32 BH I 18, 158 B Ak 34 1 % 200
IS ) 308 3 P 25, 6 A A B () LA ATP VR
FHm TAHE TR B (P<0.05), H
US+1%LA AbBRALFHIAM ATP ¥ B 8 2% i T HE
AEERZH (P<0.05) ,iX Ui B US+1%LA 1] Pk i 38 v
I EG A 2 R A 0 RS 240 M %) 200 MRS 3 A Y
ATP ¥ B2 /BT

US+1% LA
1% LA

US+0.5% LA

Treatments

0.5% LA

us

borcy I

L s s s s
0 50 100 150 200 250

AN ATP e

Intracellular ATP concentration/noml - QD!

(b)

1 US. #7H ;LA FLI; US+LA. #E A3,
B4 FAELEHDITRERS (Q)fMEWER (b)AEEIM ATP Tk
Fig4 The release of ATP in Salmonella planktonic (a) and biofilm cells (b) after different treatments
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7 B LR X U 1) TG T U 25 R A g 6 A
BAW WP R EAER, SORY BT 5 — 4
B3 2 B PR R R S A P A B A
2 LR T - b 1 AR, DA 3 381 PO ) % 7R 1
H AR, 8 [ P a] Ab 2 0 ol 70 5 A B 8 i
PN E S TR BN, AN Zhang SEPHZ3E | A B R AR
G W A0 ) R P AT A1 R B 2 A 2 0T R TR 1Y
ATy A B i B B3 R 2800 5 Shao 452 E | R
P H AR K A A — ik B UK A0 B BB AR 3.01 g
(CFU/mL), i B2 P i i 7K 558 75 25 4 ] DL 20>
4.81 lg (CFU/mL), Yu %0k B i B p Ik
(HIU,20 kHz,60 W) fil %4k 5 (4 mg/L) 45 &
T 4 B €0, 8 4 3K A A= 0 RO 4 T K 0 A B S )
[FAEFH o Guo %28 B Pl 75 B LA Tl 4 oK
FLAE R AT BT VR R B0 i 2> 0.69,4.13 g
(CFU/mL) , M8 75 5 F1 BLA RS T 49 K 2L A b 2
ALK R R 1R B TR S B0 7.42 1g(CFU/mL) , 2%

1M, IS T 7 I LR Ak B 1 I [R] 3% B AR
A WLARIE

7 P IBK 7L R Ak LRI S M 4R R ) 4
A 7 LB R A0 R 4 S B, DA 5 L S
ATP g2 5, 3 2 2 P ) LS Bl 3L R
PR A, AT SR A R A ) R L
Hb I LR AL FRE W OR A 1 B A A, S 2 A
BRI IR Sl P A A1, L SPIBIE 58 0 TR LR
BRAS PR IE R A K HA W B A I R R AR, =%
WK A Ak L Ao T S B DA A AT A 400 B ) e R
S8 ATP it E% , Lin SR 5 % LR FLIR AT AR
AR T B 90 o T T 1 S, B ATP S5 T R
TR AR . RSSO T R B 1%L R
{45 B8 B AT A ML A ATP ik BE 8 3539 0 Liu 5551
R, 5 5 P A 2 A S, S AT T I i
SN PEZ W AR MRORRIIE | B R B ARk B
A 3 AR 0 TR R B 2 SO A T 1 I i A
SIS TR LTI T, 24 40 AR R A 1 o B
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Z BB 51 40 i ATP (¥ 1k 58 0 0P g % 5 40
Pl P ARG, DT S BCA R PR T A, P
A TRCR AN B S ok A i 7= A — S A4, AR T X
MO R DL B R AR T . A B LR A
PR B A AR LR A 200 ., £l 200 R ) 0
HA, SR M A Y B R S ER AR IE T 2R L
R P I L R Ak BT 4 I AR TR IS ], R AR T
i HFLRR Ak, H A B A A H T o PR R
&

4 g

WFFE 1 8 P I LR A BT U0 1) R 9l 2
A W I AR A A AR, S5 SRRBIE0.5%,
1.0%FLRR A A RACK , Horfli = S ZLIR Y 2R
RO B, =3 BT LR i B R0 13 B
LUK RS PR A RS 20 1 A4
B E IR RHR 23 4 S T 8 R B TR AR A R O
SRS A B IR R, B S S FLAR AL B AT
A 7 4 5 AN AN MO Y T G M AT ATP R
T S, P IR A A B T S R A T
R B S8 BE A L e A PR I S LR A B SRR A
T BT B I SR A A 25 b AR FLR
Ak P B S O 2 A S 0 S B S
PSS 7 M, S BUKL A ATP K B2 T a5 K 20 i 0 1
i ot U PR R AT, e R BRI H B

2 % X #
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Sterilization Effect of Ultrasound Combined with Lactic Acid
against Salmonella Planktonic and Biofilm Cells
Sun Jinyue'?, Zhang Heng?, Zhang Jiaojiao>, Sun Zhilan?, Liu Fang'?*, Du Lihui’
(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095
Institute of Agricultural Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014
*College of Food Science and Engineering, Nanjing University of Finance and Economics, Nanjing 210023)
Abstract This study was to investigate the germicidal efficacy and mechanism of ultrasound combined with lactic acid

against Salmonella planktonic and biofilm cells. The results showed that ultrasound (400 W) combined with lactic acid

(0.5% and 1.0%) had synergistic germicidal effects. The ultrasound (400 W) combined with 1% lactic acid could inacti-

vate Salmonella planktonic cells to zero within 30 min, and could inactivate biofilm cells to lower than the detection level

within 60 min. Scanning electron microscope (SEM), confocal laser scanning microscopy, and the ATP leakage analysis

showed that ultrasound combined with lactic acid could seriously damage cell morphology, increase the permeability of

cell membrane and cause the release of intracellular ATP. In addition, the activity of respiratory chain dehydrogenase

significantly decreased after treatment with ultrasound combined with lactic acid. Therefore, ultrasound combined with lac-

tic acid had synergistic effect against Salmonella planktonic and biofilm cells.
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