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Comparison of inactivation and sensitivity of antibiotic resistance
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ABSTRACT

The 20-kHz ultrasonic irradiation was applied to investigate bacterial inactivation and antibiotic susceptibility changes
over time. Applied intensities of ultrasound power were varied at 27.7 W and 39.1 W by changing the amplitude 20
to 40 to three bacteria species (Escherichia coli, Enterococcus faecalis, and Staphylococcus aureus). By 15-min irradiation,
E. coli; a gram-negative bacterium, showed 1.2- to 1.6-log removals, while the gram-positive bacteria, £nterococcus faecalis
and Staphylococcus aureus, showed below 0.5-log removal efficiencies. Antibiotic susceptibility of penicillin-family showed
a dramatic increase at £ cofi; but for other antibiotic families showed no significant changes in susceptibility. Gram-positive
bacteria showed no significant differences in their antibiotic susceptibilities after ultrasound irradiation. Bacterial re-survival
and antibiotic susceptibility changes were measured by incubating the ultrasound-irradiated samples. After 24-hour incubation,
it was found that all of three bacteria were repropagated to the 2- to 3-log greater than the initial points, and antibiotic
inhibition zones were reduced compared to ones of the initial points, meaning that antibiotic resistances were also recovered.
Pearson correlations between bacterial inactivation and antibiotic susceptibility showed negative relation for gram-negative
bacteria, £ coli, and no significant relations between bacterial re-survival and its inhibition zone. As a preliminary study,
further researches are necessary to find practical and effective conditions to achieve bacteria inactivation.
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E9] AlHE 95te] 119F Hak(autoclave)A |71 &, -20°C
sl ARty w4 AEAe Al
COD: 28.0 £ 2.1 mg/L, TOC: 2.5 + 0.1 mg/L, DOC: 2.0
+ 0 mg/L, Total nitrogen: 152 + 0.8 mg/L, Total
phosphorous: 0.9 + 0.1 mg/L, Conductivity: 162.7 £ 6.7 u
S/em, pH: 7.51 £ 0.2 2 ZAIE QT 221 ZAE 8
AZFE 2153 Hk-2-7](Double-jacketed Pyrex reactor)oﬂ b
=290 mL 9 vAE vl 10 mLE E55ke, 5 F-
300 mL7} )7 8}, pH 7.2, 25°C t;}% 270 A 5%4
5 AT 229 A= b4 20 kHz (MISONIX
S-4000, USA)E o|-&519.o1, ZA} 7+ = (amplitude)= 20
402 HIPA AT 7 oA AA| g e= A
2 o X 9] k-2 calorimetric power HH(2-(1))S ¢]
23}o] AAeFE o™ (Kimura et al., 1996), Z+ZF 27.7 W
(Fx= 2009} 39.1 W (A= 4002 A=t

P = mC, (AT/At) )]

A7|A, C= &9 4
K), m& =9 A%, AT=
O] W3} Ati= 25T A

2o (heat capacity, 4.18 J/g-
28} 24 Z7b5HE &
I

A7k} WistE ofulsiet.
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Fig. 1. Production of hydrogen peroxide (H,O,) by ultrasound
irradiation at amplitudes 20 and 40.

Table 1. Used antibiotics and its input concentration

2 A AL 7 20 (27.7 W) 40 (39.1 W)of| 4]

ok, A} A|7F 2, 5, 10, 15 & 7t
S BETENETEAE NS IR
A8 eteZe] A4S HAoR BRIE]
Sfste] AL THtstee] OfE 2Bt (Fig 1)
(Nomura et al., 1996). A% ZAilof tjst EAEHS
Microsoft® excel2] Analysis add-inS &-8-3}¢, 1] oj<=
Ay (Pearson’s correlation) @ Student t-test (55AF 7}
4 FAS lmshc.

;s

2.2 Dld= i

jxxor Oz ARl Escherichia coli (E. coli,
KCCM 41310)e} 13 oFAd 42l Staphylococcus aureus
(S. aureus, KCCM 12256), Enterococcus faecalis (E.
faecalis, KCCM 11814 A5} o
(E. coliy L tryptone soy agar (S. aureus, E. faecalis) &
o]-g-5Fod, 24417k HH(37°C, 180 rpm)SFAT. 27| o
o = 2L A, 600 molH e FHE $AS

E3] 10'~10° CFU/MLYS &9l & 10 mLE 437
o FAT T 2S0E 2ASAh FAA A 2
AL 9I5tol, BAHOR AgE BUCAST(European
Committee on Antimicrobial Susceptibility Testing) %
CLSI(Clinical & Laboratory Standards Institute)®] -3-&
Zh(cutoff value) ZFa13}o] Table 12} ZHo] YA A
b w=E AASk wiAE AlxsHAH A
(selective media)o| Al viFE At A HAAS
7HAAL Q= Ao ' detsto] 30% =2 Al E(glycerol)
= A7Isto] ot A% A(stock) 22 A 25k Aol Af

), nutrient agar

2.3 SR 244 2L

[
A A| Z:H“—/‘é (antibiotic sensitivity)2 HAFSH= 1|y
o 2 AAS H7sle] n]yEe

il
ox
o
12
2
B
B

Family Antibiotics Abbreviation Concentration (ug/mL)
Penicillin Ampicillin AMP 2
Penicillin Amoxicillin AML 8
Quinolone Ciprofloxacin CIP 8
Tetracycline Tetracycline TE 16
Sulfonamide Sulfamethoxazole RL 256
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b WS Bholsks HAAS|SEMIC, Minimum
Inhibitory Concentration)' % Kirby-Bauer tj A=
WS Bsieck 574 Al thele] MIC S} o
S48 1 A o7 ol ok e 4
om, J9hg A2 FERE uAE AlAEo] wrha
gt 4~ 9tk Ao &8% t]jA 3= ThermoScientific
Oxoid (USA)o|A st o, oajAlel (ampicillin,
AMP, 10 pg), oFEA] A (amoxicilling AMX, 10 pg), o}
A A /ZEHEHAF (amoxicillin/clavulanic acid, AMC,
30 pg), A ZZEZFZ AR (ciprofloxacin, CIPS, 5 ug), HIE
ZIX]Z 9 (tetracycline, TET30, 30 pg), Auu|EALE
(sulfamethoxazole, RL, 25 pg), AT HEAIZ/Ed|H =

39 (sulfamethoxazole/trimethoprim, SXT, 25 pg)S AR
sheict 2w 2Ab AT Fol dhgt Agela e
(inhibition zone)& =73}o] FFA WSS BEAsHTh
7} A HE 33]0] AEE 75_]5”0}“1 o CLSI 7}o]
EeRle] wet Aibs A3 d(resistant), XA
(intermediate), 7F4=Ad(sensitive) &2 FLE}4 ) (CLSI,
2017).

3. Zut & nd

3.1 =20} ZAL]| 2fet Zed

Table 22 F3f 13 SA4+9]
11 Table 33} Table 4= 1% O“*-E—
faecalis) ¥ 3 IEAFTHH(S. aureus)oﬂ 3
Atoll oJgt Zhpd W3k Aaks
74 2(Table 2), Eﬂl/l/g?]_(penicﬂhn) Ad %Hg AQl oF
A, obgAlA R Aol et A WEe A
0004 A9 hehbA] QAR EA} 7
A2 Azro] Z7bgol Wk AR 4ol
o] 27] BEE A EL Z7HUAo] Ao w
Halskich B3, 259 2AF &, AE5E E55k

5= S AT I 4008 A3t o
FA8H3A Tt % Zobu| =(sulfonamide)
AG Ao EAE FAA7 e PtES A]7}-
Autel] whet & A A4 LR T
(quinolone) AY A|Z2Z2x}A 4 g EgAZ 75”
g HEZAZH A teliAe 22T A 7
I 20 I} 4004 B, 27] SOl thdtol

Aol FUsHe WRoE MBMSIAAT, A%
AT F FEACR AL HEsHE Ao B
Holeh. T FAF ALY A Table 3), Y
A AD AR A Az D gme] whE g
44 Wshe Eelo] SelEA) grch Teju, 28wt
Hel F A2 W), 2710 Holsial el
A] r

o el A = 5”‘“11] Haido FAZE Y A=
b ZAel we wus s AR B
ANzZ2EFAMlAE 27 S0UAIE wtol 2=
o} Aelol whet oA Tele] ZAbEY Aol wd
HAAEE HEZAESUANE A 2 HIE
solA ottt R PHEe ERALEe 2%
(Table 4), A|Z2EFAMS A28t o2 259 A2

BgolAs FAA Aol Ao AR srch
ST A2 2447 HloFE ROl A Aol &
Ashe Ao ebith AU obEAA
AeEl e 28 A ATl whet AR 7
HERRAR 24412 A2 F e ARE Sl A

jJr 5‘—/\} /\]7J gL 73501] ‘IPTE: "ixﬂfr“z‘. H37E A9
%z].]s]_;q 0}01—013;1 ;(1‘(5]—/\%.2_ ;(]_/1\_;(4 ow %x]—g}(}aq_
FAA el Aozt A7l ol I1H A
9] A, 1 S/dtoll vlsh oF 10~158) F = F7A
¥ HE =2 2T Hpeptidoglycan) 302 Q17 A4 uf
Fo 2 AgEEtE (Foladori et al., 2007). 3k, Yu et
al. (2012) 584 7ol wet Alto] Alszut B}
o urE A A Yo wakskol A A
=7F Wske —’F 21%% ST Pitt et al. (1994)°f wh
2y, et @ 2 239E e A
A4 s B3-S 4% 2y}, g tol A= Aetat
o] Al(gentamicin) @] WA =7} 6 ug/mLo|A 3 ug/mLo
B2 gagh v, xAtols Al A w9
WS 71 S et W3 s
E, 5 nlABoA FAA SRl met e
61201 J_]—XLQO%]:]— o]}_—_ 6}—/\(1)4}"7]_ U]AH‘Z'O]] XP_Q.O}-__
& & (structural), 7]5-%(functional) 2}o]=2 It =2
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Table 2. The mean inhibition zones (mm) of Escherichia coli (KCCM 41310) exposed to amplitudes 20 and 40 of ultrasound

intensities®
Antibiotic Disk type Tlr.ne AMP 20 Sensitivity AMP 40 Sensitivity p value
(min) (mm) (mm)
0 12.2+0.3 Resistant 12.3+0.3 Resistant 0.5185
2 12.2+0.3 Resistant 12.3%0.3 Resistant 0.6745
Ampicillin AMP 5 13.0+0.0 Res%stant 13.2+0.3 Resis.teilnt 0.3739*
10 12.7+0.3 Resistant 14.1+0.1 Sensitive 0.0011
15 13.2+0.3 Resistant 14.5+0.0 Sensitive 0.0013"
1440 13.2+0.3 Resistant 13.5+0.6 Resistant 0.3739
0 8.8+0.3 Resistant 8.7x0.6 Resistant 0.6779
2 9.83+0.3 Resistant 8.7+0.6 Resistant 0.0352"
AMX 5 12.5*0.5 Resistant 8.7+0.6 Resistant 0.0010"
10 10.7+0.6 Resistant 14.3+0.6 Sensitive 0.0015
15 11.7+0.6 Resistant 16.7+0.6 Sensitive 0.0004"
Amoxicillin 1440 11.8+0.8 Resistarilt 14.7+0.6 Sen.sitive 0.0001:
0 15.1+0.6 Intermediate 11.7+0.6 Resistant 0.0020
2 16.5+0.2 Intermediate 12.7+0.3 Intermediate | 0.0000"
AMG 5 16.1+0.3 Intermediate 13.3+0.6 Intermediate | 0.0020
10 16.1+0.2 Intermediate 16.2+0.3 Intermediate | 0.8790
15 16.5+0.2 Intermediate 17.3+0.6 Sensitive 0.0775
1440 12.7+0.6 Resistant 20.7%0.6 Sensitive 0.0001"
0 16.0£0.5 Intermediate 17.4+0.3 Sensitive 0.0164"
2 17.3+0.6 Sensitive 18.2+0.3 Sensitive 0.0890
RL 5 18.3+0.6 Sensitive 18.8+0.3 Sensitive 0.4169
10 18.0+0.0 Sensitive 20.3%+0.8 Sensitive 0.0000"
15 18.7+0.6 Sensitive 20.7%0.2 Sensitive 0.0058"
1440 17.2+0.3 Sensitive 19.5+0.3 Sensitive 0.0006"
Sulfamethoxazole i o
0 30.8+0.3 Sensitive 31.0+£0.0 Sensitive 0.3739
2 31.2+0.3 Sensitive 31.3+£0.2 Sensitive 0.5879
SXT 5 31.9+0.2 Sensitive 30.6+0.2 Sensitive 0.0019"
10 31.3%+0.6 Sensitive 30.9+0.1 Sensitive 0.3046
15 31.7+0.6 Sensitive 30.3+0.4 Sensitive 0.0313"
1440 26.8+0.3 Sensitive 29.3+0.6 Sensitive 0.0026"
0 30.7+0.3 Intermediate 30.5+0.5 Intermediate | 0.6433
2 31.0=0.5 Sensitive 31.1+0.6 Sensitive 0.8899
Giprofloxacin CIPS 5 30.8+0.3 Sens%t%ve 31.0+£0.5 Sens%t?ve 0.6433
10 31.0=0.0 Sensitive 31.0+£0.0 Sensitive 0.3169
15 32.0%1.0 Sensitive 32.0%£1.0 Sensitive 0.3739
1440 25.8+0.3 Intermediate 24.5+0.5 Intermediate | 0.0161
0 18.0+0.4 Intermediate 19.8+0.3 Intermediate | 0.0204°
2 19.8+0.3 Intermediate 21.6+0.6 Sensitive 0.0000"
. 5 20.2+0.3 Sensitive 22.6+0.4 Sensitive 0.2597
Tetracycline TET30 .. . .
10 20.2+0.2 Sensitive 22.4*0.3 Sensitive 0.0293
15 20.8+0.3 Sensitive 23.9+0.4 Sensitive 0.0073"
1440 10.7+0.6 Resistant 10.7+0.6 Resistant 0.0001"

Data was presented as the mean+SD, and the values with ‘** mark denote p-value<0.05
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Table 3. The mean inhibition zones (mm) of Enterococcus faecalis (KCCM 11814) exposed to amplitudes 20 and 40 of ultrasound
intensities (n=3)

o Disk Time AMP 20 . AMP 40 L
Antibiotic . Sensitivity Sensitivity P value
type (min) (mm) (mm)
0 30.7+0.6 Sensitive 31.0+0.0 Sensitive 0.3739
2 31.0+0.0 Sensitive 31.0+0.5 Sensitive 1.0000
. 5 31.0%+0.0 Sensitive 31.1+0.1 Sensitive 0.1583
Ampicillin AMP
10 31.0+0.0 Sensitive 31.3+0.2 Sensitive 0.0907
15 31.4+0.2 Sensitive 31.0+0.0 Sensitive 0.0161"
1440 25.5%0.5 Sensitive 22.5%0.5 Sensitive 0.0018"
0 16.3+0.3 Sensitive 17.7+0.3 Sensitive 0.0048"
2 19.7+0.3 Sensitive 20.8+0.8 Sensitive 0.0686
5 20.7+0.6 Sensitive 20.9+0.0.3 Sensitive 0.6240
10 22.3+0.7 Sensitive 22.3+0.3 Sensitive 0.9429
15 23.3+0.6 Sensitive 23.6%0.4 Sensitive 0.0354
o 1440 16.4+1.9 Sensitive 15.8+0.8 Sensitive 0.6714
Amoxicillin — —
0 24.2+0.3 Sensitive 25.5+0.5 Sensitive 0.1161
2 26.2+0.3 Sensitive 26.5+0.5 Sensitive 0.3739
AMC 5 26.4+0.1 Sensitive 26.8+0.3 Sensitive 0.0898
10 26.5+0.4 Sensitive 26.7+0.6 Sensitive 0.7596
15 26.5+0.9 Sensitive 26.8+0.8 Sensitive 0.6433
1440 21.3%1.2 Resistant 23.2+0.3 Resistant 0.5162
0 30.3+0.6 Sensitive 31.2+0.3 Sensitive 0.0890
2 29.7+0.6 Sensitive 33.2+0.3 Sensitive 0.0009
b 5 31.0+0.0 Sensitive 33.8+0.5 Sensitive 0.0001"
Sulfamethoxazole SXT . o .
10 32.1+0.1 Sensitive 33.8+0.3 Sensitive 0.0006
15 32.0+0.2 Sensitive 33.5%0.9 Sensitive 0.0392"
1440 16.9+0.7 Resistant 15.2+1.0 Resistant 0.0712
0 20.5+0.5 Intermediate 19.5+0.5 Intermediate 0.0080°
2 24.2+0.3 Sensitive 24.2+0.3 Sensitive 0.7780
. . 5 27.0+0.0 Sensitive 25.0%+0.0 Sensitive 0.0013"
Ciprofloxacin CIP5 .
10 28.0+0.5 Sensitive 25.5+0.5 Sensitive 0.0029
15 26.8+0.8 Sensitive 25.2+0.4 Sensitive 0.0280"
1440 18.5+0.5 Resistant 19.6+0.5 Resistant 0.0614
0 12.5+0.5 Resistant 12.0+1.3 Resistant 0.6433
2 10.7%+0.6 Resistant 10.2+0.3 Resistant 0.0390°
. 5 10.5*0.5 Resistant 11.0£0.1 Resistant 0.0013"
Tetracycline TET30 ] ) .
10 10.8+0.3 Resistant 11.8+0.3 Resistant 0.0005
15 11.5+0.5 Resistant 13.2%0.3 Resistant 0.0086"
1440 11.2+0.2 Resistant 11.2%0.2 Resistant 0.0004

Data was presented as the mean=SD, and the values with “** mark denote p-value<0.05
Sulfamethoxazole”. No reference inhibitory zone for RL
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Table 4. The mean inhibition zones (mm) of Staphylococcus aureus (KCCM 12256) exposed to amplitudes 20 and 40 of

ultrasound intensities (n=3)

Disk

Time

AMP 20

AMP 40

Antibiotic . Sensitivity Sensitivity P value
type (min) (mm) (mm)
0 22.5*+0.5 Sensitive 20.0=0.0 Sensitive 0.0010"
2 22.2+0.3 Sensitive 20.5+0.5 Sensitive 0.0075"
Ampicillin AMP 5 22.3+0.6 Sens%t?ve 22.0%0.0 Sens%t?ve 0.3739*
10 20.7%0.6 Sensitive 22.5*+0.5 Sensitive 0.0142
15 21.0%0.0 Sensitive 22.2+0.3 Sensitive 0.0022"
1440 20.7%1.5 Resistant 23.3%+0.6 Sensitive 0.0474"
0 16.7+0.6 Resistant 18.2+1.0 Resistant 0.0944
2 19.3+0.6 Resistant 21.2+0.3 Resistant 0.0079"
AMX 5 21.0=0.1 Resistant 21.1+0.1 Resistant 0.3739
10 22.7%0.6 Resistant 22.3%+0.3 Resistant 0.4216
15 21.7+0.6 Resistant 23.3+0.6 Resistant 0.0241"
Amoxicillin 1440 10.0x1.0 Res%stant 11.3+0.6 Resfstant 0.1161
0 24.2+0.3 Resistant 25.5*+0.5 Resistant 0.1161
2 26.2+0.3 Sensitive 26.5+0.5 Sensitive 0.3739
5 26.4+0.1 Sensitive 26.8+0.3 Sensitive 0.0898
AMC 10 26.5+0.4 Sensitive 26.7%0.6 Sensitive 0.7596
15 26.5+0.9 Sensitive 26.8+0.8 Sensitive 0.6433
1440 16.5+0.5 Resistant 16.1+0.9 Resistant 0.5162
0 9.4+0.1 Resistant 8.7+0.6 Resistant 0.1049
2 9.2+0.2 Resistant 9.3+0.2 Resistant 0.4676
RL 5 9.4+0.2 Resistant 9.2+0.1 Resistant 0.1583
10 9.0+0.2 Resistant 9.4+0.06 Resistant 0.0132
15 9.1+0.1 Resistant 9.2+0.6 Resistant 0.2051
1440 9.1+0.2 Resistant 9.0%+0.1 Resistant 0.3739
Sulfamethoxazole o o
0 27.8%+0.3 Sensitive 27.8%+0.3 Sensitive 0.7780
2 28.5+0.4 Sensitive 27.8+0.8 Sensitive 0.2758
SXT 5 29.0%1.0 Sensitive 27.5%+0.5 Sensitive 0.0808*
10 29.3%+0.3 Sensitive 27.7%0.6 Sensitive 0.0117
15 28.9+0.5 Sensitive 27.7+0.6 Sensitive 0.0442"
1440 27.8%+0.3 Sensitive 27.5%+0.3 Sensitive 0.2746
0 32.8+0.3 Sensitive 27.5%+0.5 Sensitive 0.0001"
2 29.5+0.5 Sensitive 26.2+0.3 Sensitive 0.0005"
Giprofloxacin CIPS 5 23.5*+1.6 Sensitix./e 25.8+0.3 Sens%t?ve 0.0709*
10 20.8+0.3 Intermediate 25.8+0.3 Sensitive 0.0000
15 23.0*£0.5 Sensitive 23.7+0.3 Sensitive 0.1161
1440 13.5*0.5 Resistant 16.2+0.3 Intermediate 0.0013"
0 28.8%+1.0 Sensitive 28.8+0.3 Sensitive 0.0668
2 28.3+0.3 Sensitive 27.7+0.8 Sensitive 0.2302
. 5 24.3+1.3 Sensitive 26.2+0.3 Sensitive 0.0697
Tetracycline TET30 . .. .
10 24.7+0.6 Sensitive 26.1+0.4 Sensitive 0.0218
15 25.3+0.3 Sensitive 27.2+0.3 Sensitive 0.0014"
1440 24.2+0.3 Sensitive 21.2+0.6 Intermediate 0.0016"

Data was presented as the mean+SD, and the values with ‘** mark denote p-value<0.05
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Table 5. Pearson’s correlation between bacterial inactivation (ultrasound irradiated sample CFU/initial CFU) and disk diffusion
diameter (mm)

E. coli E. faecalis S. aureus
Antibiotics(disk)

AMP 20 AMP 40 AMP 20 AMP 40 AMP 20 AMP 40

AMP -0.912 -0.952 -0.817 0.102 0.112 0.507
AMX -0.737 -0.843 -0.425 -0.478 0.193 0.358
AMC -0.531 -0.946 -0.556 -0.626 0.321 0.884

RL -0.896 -0.977 -0.312 -0.809 0.578 -0.784

SXT -0.792 0.671 -0.893 -0.047 -0.907 0.783

CIP5 -0.543 -0.703 -0.654 -0.746 0.476 0.682
TET10 -0.354 -0.956 -0.532 -0.384 -0.658 0.069*

%

mark denotes p-value<0.05

Table 6. Mean log reduction and standard deviation for three microorganisms during ultrasound irradiation. Intensities of
ultrasound apparatus were varied from AMP 20 and 40

- Time 5 min 10 min 15 min

Bacteria Antibiotic AMP 20 AMP 40 AMP 20 AMP 40 AMP 20 AMP 40

AML 0.48 0.57 1.19 1.28 1.75 1.91

AMP 0.50 0.49 0.84 1.12 1.24 1.69

E. coli RL 0.87 0.90 1.14 1.05 1.37 1.44

CIP 0.63 0.49 1.06 0.74 1.41 0.55

TET 0.36 0.27 0.65 0.46 1.53 1.64

AML -0.08 -0.23 -0.04 0.28 0.29 0.73

AMP -0.37 -0.15 -0.11 0.09 0.28 0.48

E. faecalis RL -0.23 -0.23 0.07 0.45 0.37 0.74

CIP 0.19 0.17 0.22 0.25 0.75 0.55

TET -0.74 -0.74 0.52 -0.83 0.15 1.82

AML -0.09 0.11 -0.08 0.11 0.06 0.08

AMP -0.01 -0.12 -0.01 0.13 0.04 0.17

S. aureus RL 0.06 0.16 0.06 0.16 0.09 0.19

CIP -0.01 -0.09 0.02 -0.11 0.03 0.16

TET -0.42 -0.26 -0.46 0.26 0.42 0.24

Mean value from 3 trials

A do] U= A eFgrovt, YR B-lactamA|E Y <

Ao} 7hula]d(carbapenem)A| d AL porin T B $BH fA1A o]F P A LA HrEo] Aol
Ao EARelE ob7IstaL, AlZ9e] 25 HPAl = A AHHoE =A== FAo|tt (Larrson
et

A FAA Aol HEE 4= AUk oLt FAKSH al., 2018).

Al, Zr/dat2 mecA FRAANE F9l B-lactamA| F wreba, 2 AP AE FE & o, 18 4

A sl A ZANE AR EAHIE dollA= 25T AR 3RS whol A WA=

Aol FE mecd] HHFHAAA mecC FAAE 7k 7F S7kekH ol @AY FRel weh EEE &

2 e S T9 oxacilline] 444 Utk EZh % Aol A SRl sl

w3 B-lactam AY 9 cefoxitin FAYA| S T3l A4 o] o 7}+i(low-intensity)Q] S0}t )& E3F 3
198
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0%

A WA F71e F olRol A Qe .
285 8] o|F 24417t ket o] oAl i
© 8- tl]-3(adaptive response)-J Hh-3-9] 7}12&

i
L)
T
°

= o|% B} 73t A2l Ao
Zb= AL oJu|gtt} (Florez-Acosta et al.,
2016). WetA, 285} A9} 2L H2lo] wBE7] A
FAA ol v =ETg-S 7 H SH(pre-exposed) ‘_ﬂLE——
285 Aeje} 2o Belsiely AEds 20w A
3l5l= 744 & IHcross-protection) S WA 7| = Ao g
A=} (Mortazavi et al,, 2015). E3F *2] o]& A3t
B B2 B YA 71 Ho] AR s
Ael 2] Q& (selective pressure)©| YA WA A+t
sHoz FUAA ARAL BB Aoz 21
(Lowy D., 2003).

Table 5& %2u} Ao 9t A+ EZAHZ,
Alzbell W& 251t A2 & CFU/Z7| CFU)H =2t
SR oA e} Afolo] Toles Ak 24 Afoltk
F £Rol uel o2 AREAE yeyglon 23
uf Ao UAE e A H]ﬂ@. 2 =9
FHBAE BA Al E2A4S A 2 A7 B

-

3

R

=29
s ey
=

oo

=
A WA= gz AA ‘/}E‘r‘fbﬂ I Ft
85, vl w2 A A 7e

3 Bart olx
Qg nAE EAJSE 2 3
A WA= dart of7|| A o= AfrEh

AH Zﬂﬂ a8 1 P% a Re
Aol ATk, 3 e

1.2-log AAES B0 XA = 4
<78 1.6-log AlA&2 YEFUT (Fig 2)- A g
O F 27k 24 A% 22 oo wlASHA Z7Fet
L oolgt, 280 Aelz Qs o) dol A (clump)S
GAgetdl #Eo] TolA Bl 7 FEl 54 2ol
E Q7] R o g AlgFHoH (Joyce et al., 2003). o]
A2 A2k Ao weh, 13wl BPE Y Ex

At oA 259 AASE At Hok oF 4uf
A% 7] ek, ol AT Fro] mhe A7)
B Aolm= AlmHET) SHAYE HEHAISH AHHE
ok At 157 Ak & AP as tE A
el of 2u) A= £& AL Fo FoldhE A
Aol wet A2 ago] debd < Uehdtt
(Fig 3). 1% A TEATFE 158 F3} ¥
2} ot 20 Skl wet B AlAgol nlek
S| S7FSkAIRE ZF 5= 2000 A 2} v/‘} 1A 0.05-log A
Ag wzoz Ueh} 4= 2843t Gt Ao
e Aoz ettt (Fig. 4). Madge and Jensen
(2002)9] &= 2 AAE EATH w2, 15
Y 2IAAAREC] 025K A2 of &% 8ot
AL glaL, 025014 0.5uwkd wf AHgh &3, 0.50]
w49 & A 850) Uk

o m-l%
n13

o
AN

1ru:lr

[

[e]
—

SET AL
A== "/}%-ﬁ- ZE ’\(polysacchande
capsule)> 239} 35 AL R of7| &= Ak (shear
force)oll 3l o = A4S 7T} (Gao et al., 2014).
TR Al FEfi(cell shape)o]l e 220t A
THcoccl) D45 Wl 2 K(rod shape)th Ao} #e A
ol W, 9 S4T dEel A% 28t A
158 o] 5 1-dog o]4te] A2 A& Ak 1
o A AT, BES FAS= LA (Bacillus
subtilis), A F=a1(Bacillus cereus)®] 739 4805 o]AL9]
259 2ARE SAE THog o] Alass 7HA
7] o]8l& Ao & Hugt} (Burgos et al., 1972).
g2 dojel ik A9 ZEl A5

oF ol
A B Wbk ES Bt B0 I3 94
ANME YA FFol wet A2l dojuh= H=
Sk ol el 4 B s 342
AL Al Y S0 R - sl
U, e dtoll w=w sk Aol nAdlE A%
9 =2l AEz OH?ﬂ(selective pressure) &2 A8
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Fig. 2. Effect of ultrasound irradiation with different intensities (amplitudes 20 and 40). ‘Control” refers to 24-hr culture without

ultrasound irradiation. (1) Escherichia coli and each antibiotics as follows, (@) Ampicillin, (b) Amoxicillin, (c) Ciprofloxacin,
(d) Sulfamethoxazole, (e) Tetracycline.
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Fig. 3. Effect of ultrasound irradiation with different intensities (amplitudes 20 and 40). ‘Control” refers to 24-hr culture without
ultrasound irradiation. (2) Enterococcus faecalis and each antibiotics as follows, (a) Ampicillin, (b) Amoxicillin, (c)
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Fig. 4. Effect of ultrasound irradiation with different intensities (amplitudes 20 and 40). ‘Control” refers to 24-hr culture without
ultrasound irradiation. (3) Staphylococcus aureus and each antibiotics as follows, (a) Ampicillin, (b) Amoxicillin, ()
Ciprofloxacin, (d) Sulfamethoxazole, (e) Tetracycline.
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shejele, B3tdel JFe nug zom wEs
t} (Al-Badaii and Shuhaimi-Othman, 2014; Manaia et
al,, 2018). wheba] sh4= Adato] YA WAt Aol
e BEE A%l dslaE 37 7ot e
tha wekElch Fig 1014 2 e} o), 283}
A7zl et AR T ool Z7hs)
dl, ol= 233 2A| o8 B E= FAkSE 2
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