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Sterilization mechanism of ultrasound and peracetic acid and their
application progress in food preservation
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Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

ABSTRACT: The growth and reproduction of microorganisms in fruits, vegetables, meat, aquatic products and other
foods can cause food spoilage, leading to food safety issues, economic losses, and food waste. Ultrasound, as a green
and environmentally friendly non-thermal processing technology, can utilize cavitation effects to eliminate
microorganisms. Peracetic acid is an environmentally friendly cleaning agent that can be used as a good substitute for
chlorine containing cleaning agents. Both ultrasound and peracetic acid are environmentally friendly preservation
methods, and their combined processing has great potential in food preservation. This paper, review the sterilization
mechanism, inhibitory effect on microbial growth, and application in food preservation of ultrasound and peracetic
acid alone or combination, and prospect the future development trends, thus to provide reference for the creation and

application of novel green and environmentally friendly preservation technologies.

EHEWE: HEHE " AR H(CARS-10), FERAABERHL E1H T H (CAAS-ASTIP-202X-IFST)
Fund: Supported by the Earmarked Fund for Sweet Potato (CARS-10), and the Science and Technology Innovation Project of Chinese Academy of
Agricultural Sciences (CAAS-ASTIP-202X-IFST)
SBEMEE: IMT, HA, WA, RO ESm T, &k 5555, E-mail: sunhongnan@caas.cn

sk E, L, RIBFSESY, FEEMIS Uy MR, B 5 E SR . E-mail: zhangmiao@caas.cn
*Corresponding author: SUN Hong-Nan, Ph.D, Professor, Institute of Food Science and Technology, Chinese Academy of Agricultural
Sciences, No. 2 Yuan Ming Yuan West Road, Haidian, Beijing 100193, China. E-mail: sunhongnan@caas.cn

ZHANG Miao, Ph.D, Associate Professor, Institute of Food Science and Technology, Chinese Academy of Agricultural
Sciences, No. 2 Yuan Ming Yuan West Road, Haidian, Beijing 100193, China. E-mail: zhangmiao@caas.cn



%594 XUJTBR, S B A O A SR A TR ML R A £ PR ) R 3 133

KEY WORDS: ultrasound; peracetic acid; sterilization; preservation; application

jilll3

0 35

Rin . WL KT REERPRED AR EE S5
EERERAER, 5| AEMEERE, BRaEFHiSE
YRR B A S W — B B A A U AR )
HAT, 782 il A3 O F i m ATk, ans
R TEACE . BEAAEN L SR, B R e X
A=A e R gk . B R Is Y BIROKAE RGO
iy XHE SRR A, H, R A B
R SRR AR B 1R Tz el

7 U S — IR B B AR, A R TN
REAE T2 FFR(20 kHz), YEHI7E 20 kHz~2 MHz, Hrh
20~100 kHz A IRATEE 75 i3, A5 ZE>100 kHz B > =5 45068 7
PP, A R AR T, X RORE R 2 5 R
FI A ST 5 M B M A B T AP AR 75 ol P B g 238 K
SPERE, R LAZE 4% il A 4 R i B AR A A B R 2 AR R,
)G IR, BAES BN R R, Iz TR T
Al 45U

A TR —FIIC 0 | A R | SR R,

T TR R e 2R A S S I A R S5 A LR, i — s AL Ak 571,

RIVE B R L A AR I N Ak, RIS AT A S 4R
B AR ALY, Y2 I T BT 2 ORI A Tl R L
Tl GB/T 26371—2020 (il ALY I R LA 25K ) o
HE TR RN ER %, BFEEREZR, XEE
ih 24 i W BHE BRI (Food and Drug Administration, FDA) 7T
Yl B R AE S B 80 mg/L I, T ] HEAE K & s
Il H 25 4 2 vk B AN kR 80 mg/L B, FEARFR
JE AT B KT, R e eY, HTe
BT SR A S E . ORI, HAT RN
il 5%

ARSCLEAR TR L R O BR P F e S
AP R BEHLE] . W RCE YRR I HIER . REE R
e v N P E ST R, JRREE T AR A R EH, BN
B RIGR IR R AR 1 B 5 0 AR IS %

1 BFEK

1.1 BAEERKRELE

P I 1) K B AL A4 23 AR D B s AR s LR Y — R 41
FERRAON, QML N A g P A
J R B A AR D VR R AR Bh (B 1) 4R R
TR ERIGER R 25~50 kHz), SHBEEz I 4%,
RSB A S5 R A B S (3 AR S FE R 75 AR R SR s Ak,
AW REFE AR, SRER AR —E BER, S5

S HGEPHR R, AN 0.1 ps, ATLUREIE K
AURERE I A 110 m/s SRR, REREEEERTIL 1.5 kg/em®s
111325 P Bl 2 4 2 P 25 14— 2R 47 50 00 BRI A2 5
AR A R T A R R

y

N I =3 ph sl

B AR K PLE

Fig.l Sterilization mechanism of ultrasound

1.2 BEEXMNMEEKHIHER

P OB T A A A R R R T 5 7 e L AR A
A PR [1] 452 0 7P i A B 2 A A O, FEPTVE R T 2 A= 9,
AIERIGFFE VT TIRE . A | S Ak
R 2R R B AF (3R 1) o 8 75 U A B RR S R IR I A o1 4t
R SE AP, 18020 i g 21 R R T e A
B RS 1T QTR A B0 43 2 B AR dsp e Pk, (B 25 LM 2
K FLANMRE & A AR, R s A T 5 L B S8 v
I ERTR A4 SRR 5 B 5 15 1O e il A T R T ZE R A,
(il L T R P g Ak TRl v 9 €0 7 2 B ER T 40
MRk, I A0 i sl FARAS RO TS R, R D
R R 2 A 187 At P P 5 ) (S LA B N 5 i 6%, AT
il oA, I AT S BOE Al e 9 = B R IR 7 (adenosine
triphosphate, ATP) & & (RIFRAE),
1.3 BERERMREPHEA

AR AR BT . FEREIR A OL AT, AR O
FE ] ZNTER 2).

AL BEAREE T TE, R A B AT 2 e D B A A
T TR TR RN W A B, R AT AR R AR AR, JF
PR HHTE AR IEPERY, ke, 2R P A A A, H
WE TR TR AU B A RN R A (B A A, (H LR T
WA KA AR R Ak 0 0 R R R AR R T
BRI D, (EE I R Y (0 7 5 G B S Y,
7 A PR B2 BT il L e IR I p 4, HOR SRR Y
i 1230 I O T i A SR T K AT B B R
M, AEAEE M A S A Y S Y A B R B AR VK



134 b A T A A 815 %
x1 BEESHEDEKOINFIHSR
Table 1 Inhibitory effects of ultrasound on microbial growth
A A 7 I Ak B 2% A L ES 225 30Tk
K 1500 W. 20 kHz. $R15 90%. TSN T o KA Ao 47 K G, fEELTE 2 d P94 TR B 2]
5 min LT
KIHFFH O157:H7 10 W/em?, 4 min AR O157:H7 #4758 2 Rk [13]
" 400 W, 24 kHz, £ 50°CAbFE 7E S0°CHKMET, fHA®E bt s RIGF R/ 3.5 log CFU/mL; 7E
RIGFFH ATCC 11755 10 min, 7 54 F1 58°CAbFH 2 min 54 1 58°CZ& A4, ¥k’ 5 log CFU/mL (14]
7B 3NN 20 kHz, #R0E 80%. 10 min  fZEXSHE AR IPTTIRE > 3.6 log CFU/mL [15]
RAGZEV TR 130 W, 20 kHz, 30 min FEAER A VDT TR T, 7E 30 min JZ> T 3.25 log CFU/g [16]
B AN 2R 200 W, 45 kHz, 5 min ZERbINEEAR R AL AN A AR, R T 035 log CFUg [17]
s e 60 kHz, 430 kHz 1 1.12 MHz 28 b J ) 4 3 5 3 %5 BB 11 00 3 3503 43 B 5,05, 4.55 AN
& B
G REAMRE FARFE 2 min 4.86 log CFU/mL (18]
i 25 A 360 W, 25 min 25 A0 B RG ZE AR B A0 A A B i b T 24 1.54 log CFU/mL [19]
*2 BEEERRREPHEA
Table 2 Application of ultrasound in food preservation
X ERNS e %0 Bl E = DTN
B 60W. 33 kHz EETTE 5.91 FREF 3.91 log CFU/g, T R:FIZE B B M 4.80 I/ 3] [20]
3.58 log CFU/g
A 350 W, 40 kHz, 10 min WE TR AR FEIK T 0.66 log CFU/g; 5 A MEEEEFEAIN T 0.54 log CFU/g [21]
A 500 W, 20 kHz, 10 min AR T 2.7 log CFU/g [22]
. et 1 . TELIR K- 80% NEFHIIHA] 15 min i}, W FEFCURFEE 2.55 log CFU/g;
HA - IAORT10%-100% . ASKHEZ -y kP 100% FE AT 19 min B, D8R EOECHEKE S 2,95 log CFULg L)
ey
A 3R 240 W. 40 kHz fifi A= SRR T KA EE AR T 0.85 log CFU/g [24]
UKILBSE 280 W/L, 20 kHz, 53 min BB R AAFFE O157:H7 8/ T 4.39 log CFU/mL [25]
WIS 30 WIL. 37 KHz, 30 mi KIGH D T 2.3 log CFU/g, & #@MAERF I T 1.71 log CFU/g, iy
FRE ’ %20 min J VP TR T 5.72 log CFU/g, ZEH5HIH/ T 1.8 log CFU/g 2l
e ‘ KIAFFE O157:H7 Wi/ T 2.61 log CFU/em’, A4 WA T
WE - 100W, 42 kHz, 10 min 2.23 log CFU/en?’, #ESE{BAIENS/ T 1.1 log CFU/em’ (271
LIPM 120 W, 35 kHz, 2 min, 15 C ZEWRE T T 1.98 log CFU/g [28]
KEZE  125.45 W/L, 40 kHz, 15 min KIGHF R T 5.6 log CFU/g, 22 p /> T 4.7 log CFU/g [29]
S S0 WL 20 KHz. S mi g AT AR T 0.51 log CFU/g; BETA A BHS/ T 0.52 log CFU/g; 20
e - SO RS > T K EBER T 0.6 log CFU/g (30]
S 40 KHz. 360 W. 10 min US+RaE 2 A BRI BN R TR e 0 BT Vi PR DR P R | B31]
Ho 25 22 3 R o ik, DA B R 1 P
TG A R0 T 1 log CFU/g; BN/ T 1.6 log CFU/g; MkT
\E2 H o,
- ¥A®E 35 kHz, 10 min, 4°C BIFRH T 15 log CFUlg: SLEAEIA T 0.9 log CFU/g [32]
FIELE 20 KHz, 400 W A% PPO T 1, HESmBTAAULTETE, B0 B A SR 20T 9 1 B 2 [33]
. . US AbBEA] DA DIH 229 PPO Al POD i1, [FIRHER I SHTAL
% 40 kHz, 10 mi ,
R 2> 10min 7, AT [34]
SES ¥W 400 W, 50kHz, 15 min ok B 5 T 2 R T D S AN M BT VE R AR T 0.31 log CFU/g [35]
42 20.96 W/em?, 120 min BRI O157:H7 FIEHE AR B M R B B0 T 40% [36]
FEW 20 kHz NALEE 10, 20 F1 30 min  FRETFEVDT T IREE IR AT R 43310 b 1~4.3 FI 1~4.6 log CFU/g [37]
N THEUEY) . RIRTE . YIRS . F AR R s 0 b A 40 3
S o 2 KHz . 15 mi Ty
ok HIE 35kHz 15 min L5 20.7%. 59.9%. 58.12%. 61.60%F1 47.95% (38]
XM 140W. 35kHz, 30 min A2 75 XS A KA R 58 4T bR [39]
24 PEET A 10 F1 20 min BF, 7RIV 8 d AT T OB BUIR T
kg L G00W. 20KHz, 5-20min  7log CFUIg; EIEL 10 d WATREILEFERIEIER A A fER(<30  [40)
H mg/100 g)
it 51 W/L, 30 kHz TEYA TR MG IR AN A 43 BIREAR T 1.5 A1 1.1 log CFU/g [41]
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AR RO TR R, 7 D A B AT DA A 5 1 R
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ROERPY, S bmE, R A A 2 R . B
SRR LA AL REAR, BN, 2R AR T AR [
7 5 DV T B AR 2y % i 22 1) 481K I (polyphenol
oxidase, PPO) ., i &AL ¥ (peroxidase, POD) 1% 4 L &
REARLEAILIE W, M5 I AT LUZEAS 52 B) e
B R R LA, D R B R R i AR, IR
J A B A T

TE R 1w, S DAL PR S B R A A
SEOMERENEK, BRI 20 & &, R4y
PR AN S, (o A A i HE PR 422 A R A b
FRA R B, AR R R T KT O157:H7 FBE AL ZE AT IR
AR B B IR, T T A e 1), R e b PR
IR T 45 1A 221 SR TE VD1 T AR AT 1 (14 % e ok P4

TE AL PR S )™ T T, R U Ak PR A S R A 2 Rl
A FE RO I AR 205 P e A B 4 X8 2 1 AR ST
BB R AR R R, AR ST R R I
B oL,

TEIK = S O G TR, R PR U Ak Bk 5% TV 5 TR
RBUW R, K Tt 2e e, RS T AR
JiE 70 P Ao TR ARG T B 1 TR A 20 T - I U 4 TR 4
Bk, FERRAR T ek fa i IR B RS SR, AR U
YEFIM R R A R, PR o] DUATE A oS o PR et 7 X &
i, AR R FRORP,

M FARHRE AT LUE t, 7 — 2 2 T AT R I 4b
FRAE U8 Wl & b R IR U B R AR, FEREME AR R B2
BT AT T I LR T, A e AR iR A il
B RS B B3t teAh, A A X R A B T R
IR B A A5 10 B A AIBCR AT L AT LR B,
PR . B, B WIS EISEOKT R R R
B ZAE 60~500 W Z i), Ab3ETEKZ7E 5~30 min
(3% 2), VLB — 5 Tl 5T ()8 7 10k Ak B AN () £ o Ot ff
P —E MM TERCER . SR, 8 I Ab FRAE 4R R A W R B
ALHET R E 120 min, 156 BH B A I AN (R  d ARef 1
BRAERZMAE AR, BERASCRAE MR, [, &8k
AL PR AN B 58 R KB i o IR A i B (R 2), B

M 30 o A [0 T O 2 IS PR A, AT ik 8 HEAR Y
EEOR o
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2.1 TREIERRIREHLF
Ry CH3COOOH, 2 Z Rl &
T EIRA SO A o AR RO (D) FR
CH;COOH+H,0,—CH;COOOH+H,0 (1)
IR R R T EAMEE A SR R 1] 2
PR 2 IR 2R 1 LR S5 S b 1) -SH. S-S FINLGH 4,
N5 BU06 2 VA0 MRS 1 Ak 2432 B D RERE IR, 4R N i3t
ALY AL AL E RS, T B
10 SRR ST AN A A, SRR A OV, 1 B DNA
PGP, 1R 2R E RO A (2)~(8) R .

CH;COOOH—CH;COO-+HO: )
CH;COOOH+HO—CH;CO0 +0,+H,0 3)
CH;COOOH+HO—CH;CO0-+H,0 (4)
CH;COO—-CH;+CO, 5)
2CH3CO0—2-CH; +2CO+0, (©6)
-CHy+0,—CH;COO0- (7)
CH;COO0:+HO-—CH;COOOH (®)

FEAS RN A B AR S S Ak g, o
HO-Fll CH3COO-fi A H M, Juoh, w4 2Tt
ML 1T EAT By T H98 8 o 0 A 2R B JBES), DA ik 381
U A RO
2.2 TREIEXHEIEKGINHEIIER

1 A 2 R I A R A0 MR S i P IR, LA
KRR A BT LAEA T 2R BUEY (R 3).
L A LRI B R, AR A kA T B8k,
20 ML RE 20 MBS CTE AR AT T A, BN s 0L, s 4R
AL IR KB AT O157:H7 AT LA 54 i H A= 4y I i) 7
B, IF AR A T R, R 2 R A FE AT
5 RS A A R KA AT O157:H7 BSR4
TR T LA W 4 9 (0 4 76 BR BT 0 6 B, 0 40 e
JiE sz 461 1490 3ok 4R 2 1R AT AR YR 4N BE G A, D
I EG PR 2% THT A 266 R R A, DA T 0 /0 3 g PR 2 T i) b
FTREPY, A 2 BREMT A SBREP e, naiR
F SR A AN I B8 B v, JF 3 L DNA #ifi. i
TR AE T4 T T PO, RERS I 2 SR SR IR 14 &
R, FEAT 0N R JE B KN 1 R G RYE T
B AN L A AR R A B, AT A 4T 3 SR AR A H
M AR T BB o 4R 2 R T LA 55 A A
DR it TR 7 5 57 3 g i A KB
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23 HERIBRERSREFHNA
WA LR Z BT REE . ISR ™ dh PR (R
4o FERGEREETT R, WA LR BEREE T b

WIPT B UCERBRNAR L, 1 LR TR A | FEARUR B
UGG 1 Ho ], FLASE 00 L B 3] 4 2 W Ak 34
S AT LURSE I F 0 E SR B, DR E R AR b,

5& AN, oA 2 RAEEE )RR S e R
n] ke &AL B2 R 77 ) (disinfection by-products, DBP)J
TE R, DT 3k S5 G 10 T8 A JRUIS: D R 0k 1A% 1% K X 34 B
FR) 5% M 1007

P9 R DK L A S 2T A SR P B ) IR S, T
SR TR Ak B AT LA 3 AR (5 7 A SR R T A TR U B B R
T TR O o A 2 R A F T S AR A 1 2k TR
AUER 7 AR, HE 22 HE B A SRR B, O S R AR A

®3 TECEHRIBEDEKBIDFIRR

Table 3 Inhibitory effects of peracetic acid on microbial growth

WEY R R A YEFIRCR 225 30k
KIGFF B 20 pmol/L 114 2%, AbFE 10 min Xt KT B A9 4 20 2 BR 7 7.8 log CFU/mL [46]

SERME T RIBFFE O157:H7 EWBMIER, It

0.005%id H 212 N . 47
KIHF I 0157:H7 HRom LA 1 A AR i 43.49% [47]
400 mg/L 1T 46 Z R IE KIGFH O157:H7 /> T 0.5 log CFU/mL [48]
SO E R 0.5%3t A LR, AbHE 120 s TEAL I 120 s J5 KIE B H] 100% [49]
WITRE 200 A1 400 mg/L 148 Z M5 30T IR T AENS M 1A R 108> T 0.46 log CFU/mL [50]
B S B 200 mg/L iFEZER, AP 1 min - PR KA EE>5.00 [51]
i OO0 G0N RE B AEIE i v 7 o 99.9% 1 | (2]
. Z1 37 SRR A H 8 i R PR A1 3 2 2
i W6 A 2R R T W4H 2R, AbFE 4 mi I A
SRR R S0mg/L AR, AL 4 min Al 2350980 T 1.09 # 1.11 log CFU/mL [53]
T 750 mg/L i M 212, AbPE 5 min S T EEREMAER [54]
TR 1 T 450 mg/L 1244 2%, 4bFE 5 min XK T G 3 SRR B T 93% [54]
#4 SEIHERRDREPHEA
Table 4 Application of peracetic acid in food preservation
25 YER %t 4 A R AE A PSR S 3k
BN AH 0.0025%. 0.0080%. 0.015%F1 0.025% HHE b1 H 5 MHE YR A B S (951 0.5~3.5 F 5
WAKILASE LR, 2 1~10 min 0.5~3.5 log CFU/g), HykJEvKILA:3£(0.4~2.4 log CFU/g) [55]
e O T 1 S
R 100 mg/L 348 2.2, ¥+ 5 min R BB T 1.7 log CRU/g, KM AFECR I [56]
T 1log CFU/g
qe 100 mg/L 342, SVE 2 min AP AL EAE K 7 d X EC I K bV TR BRI T (57]
1.85 log CFU/g
B
A . FCRN o _ AEFRSFIE 25 d, AAZIERYL R R EBR AL BT 5 25%,
#R 330 me/L AL LH, Y 1 min oA R 5 40% (58]
Ll AL IR TR AR, 7€ 28 d I AR R
B 60 mg/L i %6 L IR Tl AL ¥ N e
L me/L iR E BB FTRAGE HRIE, Jf LB T P00 2 AT P (9]
T s A LA B Ok Uk A AR s SR e, BRAIR T
AURE 80 me/L LM 7.5 log CFU/100 mL F742E 9y (601
. 550 mg/L AR, e i TR UREED T 0.9 log CFU/mML, WAL 32 5 )5 5 ol
A 1 5s, B7E 69~83 kPa JEJI RN J§/ T 0.9 log CFU/mL (611
RES
W 100, 400, 500 &Y, 1000 mg/L jF4H 22, 7E 1000 mg/L 148 ZFRIE W FHiE 30 s, I vb [ TRE M 0
S 12 4~30 s BT 5~10 s A R AR 2 b 1.92 Al 1.87 log CFU/mL o2l
K= /NEER 0.3%id %A 2.8 ZAEPRST 24 d BRI ORAHIR T ] (S B 7 1B [63]
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TE PSSR By T, 12 VAN i A £ R T LA K
/D X3 2 1125 g 2 R RO, R A A X8 g T
VDI R B ANES FT ER RICREO AEKT  peE  ThT, 3
A TRV G /NI SR AR IE R 6 d, HEffi/NELF
TAY PO e (A 2 (R 7 i B T

R RIE R LVE 1, oS R A LU AR
S TATR T, B R RMAE AR, B
FERILOR T, 500 RIS, 38 X i 4 2 R e B S AR e rh
o P B B4 25 A 2 AR FRRUR AT LU BT LV Y, 2
AL RTER S P N B e B YU I FE 25~550 mg/L Z Al 4k
FREF IR ZAE 1~10 min; T 2E R ZEFAZK ™ i rf Rz PR B JoT £
e B Y BRI #E 550~3000 mg/L Z (1], AbFRATR]KZ7E 30 s N
(R 4), LI B Bt ol 4 2 i Ak 3B SR i 0 o (R £ v
T, v R AR S e AR 2 R A FELAE DA R P A
FREESE . IRAh, BRI B A 2 A 2 R AE L A T i R
AIERASOL S O VE AR, VLR 4 2 R A 7 SR B f i 4
R AR N TR

3 BERSIREERKALIE

CL A WF 5 UE W1 7 S 1B 5 T e 0 i ek L T — 3
TR AR ORI A I S R ORI A A B, B AR
fg B AR . ANTERLIREE, 28 TR
3.1 BEESIECKREKSLIENKEE

P T A AU -5 25 A A R 2 T B2 0 19 2
BN, SRS ESGR, SRR R B ) )

S -
M,

% @ N P
&

RERS ALY i A ML, 5 B I R B 2, AT
il A LR BRI i AR, ORI ER ) DNA A
E AT, IR R ZE T (8 2).

A IAT AA RiE A SR TR, R R R LR A
WAET), BEAE A CNRI PR, S A LRI R,
HARTF RGO, B S i (9)~(14) iR

Us ~ ~
CH;COOOH —CH;COOA - +HOA - )
2CH;COOOH—2CH;COOH+0, (10)
CH;COOO0H+H,0CH;COOH+H,0, (11)
CH;COOOH+H,0—CH;CO00 +H,0" (12)

CH;CO00 +CH;COOOH—CH;COOH+CH;CO0 +0,(13)
CH;CO00 +H,0,—CH;COO +H,0+0, (14)
AR T IS T A GRS A LT
B A A
3.2 BERESESCHREELEERMERETRRMA
HAr, BAEFSE CREE 2 3 3220 A TR
et (3% 5). MORAES %10t B k8 7 ) 5 3 48 B v
WEAETIEVE, F8 HH AT H i R E AV T TR, FHrT
AR VPTG B 4025 . DOROSARIO 2578 5% 1 AN [i) i
Yoo SO AR T R A, R BB S I S i A CIRER S ik
BOR AR A, BN W ERWIEKE M T
ALVARENGA %181 4 8 7 15 5k 48 2 BRIk 45 b 0
TR, 45 REM P HEE XN T EASKHE LR
SF ] A A T 1T 2 A A8 Ak, Bt 25 0 s ] (4 S 4, R4 pH P
1%, BT [ P R0 B R o BR ) L T %, (HELERAb AR
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Fig.2 Sterilization mechanism of combined ultrasound and peracetic acid
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Table S Combined application of ultrasound and peracetic acid in food preservation
VEFHT 4 A4 e FRCR EZ BN
. I 40 kHz, 500 W; A LM 7 9 RIUGEEP OISR R . B MR S A% 2.0 log CFU/g. R [66]
40 mgL; 43 S min e T BR AT A% AR A ) T 3%, 158 T 2.1 log CFU/g
uj:" - b 2y . l‘
g E?&Nﬂzﬁﬁa&mnﬁh&'%ﬁ%ﬁ%ﬁ?f%omyIWgﬁ%%ﬁﬁ&fﬁﬁ%QM@@W& [67]
min
trop T SOKHz, 150 W: i TV TG HIRIE T 2.5 log CFUJg, 8% T AL A 68
- A5 LR 20 mg/L; ALFE 5 min o =P s 108 § Bioc 1A o [68]
- FEATIE 40 kHz, 60 W/L; iR 8 7RIV RITEVER, 13 5 R B il A 22 3% 1 25 TR R R 1) TR TRV 4 .
i HUSE 0.04%; ALBE 10 min F#AI% 0.80 log CFU/g, TiHtAE A7 5 ] BEAIL 2.20 log CFU/g (6]
gy BT S50 W 25 Kz SRR e e v et R SRR T 0.32 1 0.52 log CFU/G [70]

200 mg/L; ZbFE 10 min

M AL, SRS ORI I S 1 R LRI AT U
AR R T A TR I A R TR AR B TR B
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