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Fig.1 The effects of ultrasonic technology on the microbiology and quality of commonly fermented foods
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Fig.2 Schematic diagram of microbial inactivation

mechanism of ultrasound
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Table 1 Microbial inactivation effect of ultrasound
A ER e EX LS A Hoe a2 K Fp 4] 2R K LBk
mE (32 X WM A B A&FRESI3 Wem?, E 20 — B e BOE [21]
KA ) 0157.H7 kHz, bk ¥ X 25:2s Mo sEAy, B % T % 3.52
lg CFU/mL
X WA H 2 7 91 % 500 kHz Nisin 35 TU/ ##% % F % 21g CFU/mL [22]
ml
R EY MK BBEREASW/L,AEFERE 3T 30mg/LCIO, HB %4 TF % 41g CFUMmL [23]
@ kHz
mE (2 FHHH # 7 41 % 500 kHz Nisin 35 1U/ ARAEA#R [22]
K A mL
A FERRE 1.6 Wem?, & FIE 10 mmol/L #  # I8 B4R 45 F= A AL & [24]
1 MHz, 4 22 & 14 15 min LEAET ] WEH, AHEHTHESIg
CFU/mL
Ew e HE A FIRA IS Wiem?, kb BEX FEHE (11200 B % 4 F % 425 1g CFU/ [25]
£l 2s:2 s, 4 AF 18 20 min U/mL), & & mL
35C
RHIEFIAFR A EME20kHz, 82 FRE 20 HALFEOC Fo T H B T K 243 Ig [26]
W/mL, & 22 8} 18 40 min CFU/mL
A A i B H 20 kHz — B %3 T % 1.3 1g CFU/mL [27]
AR ER R EHES00W,55 C, L=t #255%C B % A2 90 mm 45 /)~ F] [28]
& 10 min 6.00 mm
o A E I FE600W, A& FIRE 20 — H %3 T % 5 1g CFU/MmL [29]
TRAEE kHz, 3% % 12~260 pwm, & 2 &
[ 3~9 min, & & 20 C
B AN B R BRE A FERE 216 Wem?,5 wmol/L — 2 F B 7 1g PFU/mL [30]
3 A TP K 35 422 AT 18] 5 min

1.2 WREMERWIFE
P AR BB TR DU B R K BCE R

BRRE, BRH RS BUE AL 22
FEB I, {FLRE P 08 P B A W O AL A 15 58 3%

WF 5 4 B A 2% A1 R P Ak AT O 4 A W Y A G
AR, 0 e rlee 35 20 FH T PR A 9 4
SAEAR AR E L 52 W) e T o e A0 A T I
X S 9 1 2 B 5 R B 5 R AR K, K
AR 3 T, S A N AT AR WS R e A

LA I FEIN g P A A B IR LR (P 3) =
AL S T A R E T A P R A B
PRI Z 0] 5 SR s 4, e R A i HE o A R A
VRS, RO AR G B v 20 i PR RS A A B R
LA Ko 1 4 i A1 358 B 5 A 35 0 78 Ak 5 | % I B AN



446 HOE '

mo2E 4R 2024 445 1 1

oy = 5 -
jj anmma{migm Tﬁi?uﬂ \k\

e
B AR il

W~
e
iﬁf';tt#'d:\/‘

5 W
® wipsn . \
@ ® ® '~ v L4
® azsmﬁ\
mmﬁr/ v

® @ o ¢ ERE

@ .
B3 BEMMEVEKBENFNRIEE
Fig.3 Schematic diagram of the microbial regulation

mechanism of ultrasound

RO 2 A PN B A 2 i iy AR R Ak G AR
P R 95 A2 B FE B S (R R D) 3 R
FIATIR ) (14 52 M), A, 5 TR R A 50 R i b BRI A OGB4,
1.2.1 #EEHMAEDRARKER  HS ] DL
ok RIS A D AR PR RS A A (W Ly 2 Y T A
BE A S AR R BT A R ) e R e R A AR R T
2 WESE K A 20 kHz 188 75 b B2 41 i 1 1
FLIT & (Lactobacillus sakei) WA+, FAH B 85 1T
735 6 P A 3R AT A A 1 L AT TR 4 R TR AL
SRAMT AR 2540 T I A FLIR DR B B 1, 7 —
AT AI B S AT LR A AR RS R T A A
FIR R ) AN B3 i, LA i P R S 1)
LA R i i i, DB B T A A AR A R[]
BF, A A HE L e T R LA A A AR
6, HAOR 5 A [ R A G, TR A 7
T, R AL ARy 130 kHz A1 950 kHz A L F
20 kHz, T EEFLAT RS DT @20, - FUpm
W D—£F 4 O8I A e IR A A R R 3 4R
155 FEIR R A U7 T, 8 75 Ab BRI R AE 20 kHz AH
FCTF 45 kHz, TR ACHERR | 111 AL A0 £ 19 By 7
SR (R TR B AR O T, 1R 4 FpRE R A A AT LA
ek 2-G S A BER 2,3-T FEfy = A0 5y — i
5 o Uk 52 4 R R 52 i AR ) FLAT 0 AFL (Lacto-
bacillus plantarum AF1) fBRACHI#, HA %
Wb LB R FL IR S5 e A W E A A T I [ R
R 7 Ak L (] ) A K T S S 7R R
WA KA C 20 B R BE R s AR e, A R]

FH B P b P A A O R AR R R P 5 mlE A AR R
TR AN [v) i B it o P A B, 3 ok T A AR o A K
I BH AT RO 5 A P R

1.2.2 BEhL A Mt a0 43 W RS ) A b B
Al DAGE SE A i 0 3 0 O Hoal e — e R AR
v Bl T, A B 2 W Tl S 40, B W Tl
SEAEAR Y B W K T bR A A — S, DRy
A S B KA SR W O, AR R AR
A 20 kHz 8 75 b B 0T L filE i 12 FL 2 # BCRC
1069 (Lactobacillus acidophilus BCRC 1069);™ B-
HIF R A AR Ty P 2 %, R i T
7 A B AL R 28 B T WE R FLRR B BCRC. 1069
200 0 B 3 1 AR E TN LA T 7 A Y B A
W T DAL PN [ A0 0 B s TR Ot A B 4
W T ) S R R ) — TR 5 e B Rl 24
kHz (% 88 75 Ak BE 68§ = 3L AR 3L Bk FL R 0 Fh
(Lactococcus lactis subsp. Lactis) 453U B—Hi %
BEFF BTG M, LR DR BR T H T 0 e A 3 P AR
R 5 T L PN B B MG, I8 R A RS T Y
HEHMGA G, B R0 s 567 1 2
AT PR R BT 5 I ) B JL R 3G, S
AR o P I R e M AR AR v 3 A g Y
R I TR ) I e =g rl ) X - 2
YA 1 | BIF Y S 30 A Ak BT 4 T B2 LK
TS 1, O R LW 1m) i 4 0 AL LR G B AL 1l
FLIR 7 4 =1,

123 fREEEYGRGEBRMERRTE  EEK
FEME Qb B TS , BEE RE TR 0 A N A )
G R AT A R E R R T, AR TR
E ARSI S, DL RO R 55 AR SR M T
REREVE . A WF5E 4 B A Ak B3 ok 1 TR ) AT
W (L. plantarum) 322 A K PR, 1 170 0 3 440 7N
FRLE WA SO, e A ) LA B 0 3 T
FO Ry 28 kHz (1 7 b FE AT 384 i e
W B (Saccharomyces cerevisiae ) 4 Jfd N #K Ca®* [
BT AR E Sl AR TE, AR R S (16~
100 kHz) RETEA [A) 72 B2 Jn ok J L AT 3 (Lacto-
bacillus brevis) ¥FH , & y-= LT KR (y-
Aminobutyric acid, GABA) 7= & GABA j&—
PR PSR FE M 28 ST AR Z I,
i b i GABA RNk 1 £ A BOR ,GABA (195 4
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Table 2 Microbial regulation effect of ultrasound
fi A& ih A Bk & % A FRPAEER B K
m HMFATE A3 A2 F I E 400 W33 kHz, BE BRAKRRZH 17.5%, x4 8 3Gk [40]

25 °C, 4 #2 B} 4] 20 min

ERIAE 53R & 20 kHz, %1 20%

EILAFH
4L 32 B 18] 3~5 min
M RERA B 2R

R 8 B A

#7128 kHz

A %AW, A F 4% 20

kHz,# 7 5% J£ 90 W/L

# F IR E 23 kHz, %% 10 wm,

# F o % 400 W, 24 kHz, & 1@
20%~100% , 4 22 i 18] 3~5 min
#9145 kHz % 130 kHz

RAREH RETHARG I

B-H B AEFEEE M FH T 3.91 UmL( k& [36]
ARG 1.821%)

W% 23 1.09 1g CFU/mL, £ K ik £ 42 5 [39]

8.17%~82.59% ,GABA /= %34 hm 31.76%

B %A 02~041g CFUMmL £ % Lt 2n [41]

RO 38 i W 3 e B B A A B M e

MK ARG, B AR HHE [27]
A

T ER 30.79%, Tk s Ham R [37]

YL B e T B B S B 7E ME E e

Se FB#RFH 2784 [42]

X g A T R AR VR A A B B

2 BERAXMNZERMMENN
21 Xz

TR LI A rp P 1 D — 8 57
YA AT 005 s ORE S S 240 R, T I R R R A
52 W) LR TR 2 b A2 A 1 P L B3 g I
RO AT —E P ks R g . CIESSE
T A8 1 R 7K 2R L v M 5 K T 0 PRSI A (Strep-
tococcus thermophilus subsp. Salivarius) F1ER I F]
W FLFF B (Lactobacillus  bulgaricus ) 0413 16 PE |
246 L A Vg T TR 4R e 7 iy B I8 eefir TR YT, 5
AR 24 KHz, 7 )% 400 W, 7 A S
min, %3k ELA% 22 mm, 309040 1 45 15 T 3% S b 1
AT LAGRKRL 1 h A WS IA] [ it ] 2 i FL IR
0 7 AN LR TR I Ah 2 R B 7 KT kefir BRY)
BB A FRRIN, R 7 O BE 8 K N K I FL A 5R D)
RE , WT 5Tk DR 7 A] 3 A D FLAT R AFT R IR
PRI LA AT P, 8 T A S D REME AL Y
RvIE S G
22 XRERH

P Ak B 28 NN A S 2R e SR
SRR AR, AT LA U R R T Y
PR 4 JE HC R 5 T T S5 R A W) T Y e 2 A

AR DR RE RN I R
7 A 3T R e A A R T R £ A TR PR T R M
A, 0 TR R, a5 A ) AR Ak 2
A5 R W SR AR Ay sk, b K 2 AR E
o T ST R A B 2 T YRR I AR R = R PR
W, HE 5 e A, AR K AR A
M2 St 2R | 2H IR 55 2 IR 1 i R A I LA B
B I 14— Z2 B Ak 27 IR X SR T R XU 19 T i 2
HEEE S, WA R BRI b R A s
M) 5 8 P i B A G, R T A v B R R (93.6
W/L) , B A% 50 i (58.3 W/L) X & 5k R 52 i) AH %) 4%
N BRI KR A i T i — 2D AR 5T A A HA
REQE UE 45 AE AT Z By AL (R ERAEFERER
A KA E i 30T RN X B0 ), LA KRB SSRGS T AR
FRRE T, NI B & T R WAL T 1 8 SR Ty kel

R P A P A AT DA oA R ARG A I SR T IRORERR Ak
FREE, FITEASSE N 25 A B T5 1 R ) e A i 2
AR Ay e e 300 o1 b O B30 G B, AT 2D T
DA I B AR B % e e R XU 3t AR R
A R RIS, 5 A BRE 7 Ak BT el 55 L AT B
(Lactobacilli) 1 XU ¥ B (Bifidobacteria) i A% i
T SR T A 52 i A ) 2L AT L12 X Caco-2 4
JHO P 2885 B A P80 B 5 M b R A i 2R R A
R AR R AR AR — A EE A, XU
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W P A BEAT R RE A 22 52 W B T B B9 A AR R
T3 77 T80 (41 UEATS 5 5 22 TR AT 90 K dle SCFF
23 &

) 25 T R T o R P A AT BE 2 B R W T
(e o 77 280 175 v AT LU A5 5 4k Y LT T R I B TR
AR SR AR K o 45 TR A W i A B RE A AR 4
Pl 23 DR Oy A 25 D e 2 MRS )t TR, — B DA
e, I SRR A B ) 4 T AR R R R
8 T A A ) - i 20 2 T P A B
SR AR A B o A 2 DR A i e o AL
4 A B BRGNS AR T
B2 51 A e N B e B S B0l R Ak Bl T
X Bl A 0 B 4T o R 5 B AE T, AT AR
AP T X ] 7 P A TR A 4 T 2 T R 45 A
T A PP, B R b B — 5 T R LA A 4
A YRR &, I RE R A R 2
VAR T5 B Wy S A, 2 By 2 W T e A T
B R 2 M Z A IR, B PRI I, il 2%
figp O HIE B RN E 18 PR B, 20 4 T L A
5 22 Wy & B B vy, 20 W B A 7 %) A 4 T B4 €8
WRA RS 73— J7 T 7 Ak B BE A% Dk /D
HIERE SRR A EY RO A, B A A P
f S Bk 2R W I vh 2 R ok I R S I A R, ) 4
75 v A 0 M e 22 /D IR T R R AR Y R
W pH BE | AR R R R P A KA A
T AT PR LB AR W AT A T
B8 R (HE) S TR O R RS B X
MR 3 7 125 DL K e s B AT — s R B DL AR
R AR A 2 T PP B W i AR P R LR
B IEKBE R BR T RRARA W e i R R AR P A
R e A9 7 2 Y PPN S B, DT P 2 U
B B, DR 5 R A AL O L A R A A
Wi 2 51 K B BN A
24 B

P Ak AT LA T B4 5T, i R A
Ao RO K 5 I ) 4 B (TR AR A )T O, th %
B A T AR e M S OO RE M) o A KT T IR A A e
PEAE WIS, WIS e R R 7 Ak T TR 3 £
ik, BE A HG ot A B 2~3 AR PR i 5 A RCR S [ i
P AR BRI W] LU e s R e S, PR
M DIRERFE . A WF 50 & SRR 7 Ak PRE B AE AR

i (0 D22 IO 25 4 2 o L R W T ) £ 4
et HCATOBE PRI A B 5 LR ) RE 1
25 KEBHXE

e TE % S0 AL 45 I AN b 7K 32 1 A O 28,
K L CH DL 7 i KR R ok AR ) g% A TR
BN o3 A ) e R A R A AR ) B T T A T R
SEREIR R RUBR 62 R i S A S R e g —
TR NG, T IR G v R RO A
B J12E AL BE A SN T AR Ak RTE o R
LT MY LI HE AN FR . SR i T — L8 L W
S SR} T b, 1 A B A K AR R = FLI g T
AP BT R, S ECR B A, R TR SO A
A AR AT WU KU, T A X A 2 B v B T A
JE AR B R T R DR P A K 43 BE AR AL B
AR PEREAR, 3 A pa 7K AR BT A5 PR 3R 23 X T e S
st JOT 7 AR N RIS T ) R R AT D s R 0 5 s g
it N XA K WG HE AL R HEAT , © R B R
R o R P A BRI, [ N 7 A B BE AR A
P i 1) B8 8 BT, PRI £ ] F e
26 XEBEER

R P S ) TR A W o O 3l A X AR AR
i, LA KR R 0 7K i 00 R 4 25 SE IR S
K25 kHz 128 W 188 74 4b 31 i A 9 75 s )
TR B W D UE ) R BV RE, MOGE R B
o (R0 1T RO, S A BRSO T R R i
Ui B G R MR A I, HE I T 45 R vk XUy J5 i A4
St Bl S KUK T A B o3 2 A e Ak RO A
A N A UK 353K Sy 25 kHz (14 7 A B
salami 71 9 min XJ 75 % b L IR B AN {0k & i) 41
il R e, R S A B AR T salami 75 B 1Y
FRACARPE | B85 A 0 A0 2 11 AR Ak, H I Bk a4
RO TR A5 R A AR E B RS R B T
UL 2 11 52 6 75 5 i AN B O
27 &

7 7 A BRI A £ i v 8 A 0 R )
B E IR T A B b B Sy T R 1 i
VE R ZE AT B (Bacillus amyloliquefaciens ) il DL #
T I R R DL M R R 2R, B
GE R R P A 0 R R AR A A, TR AR
HETE AR N A 0L A, R R AR BT S R TP Y
O S A L 0 e T A R DA T AR A S IR
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5 R R P AE B A) DL R R TR AR moromi T2 1Y
KB, 75 4R 68 kHz (60 W/L/10 min/8 1§ ¥4 ) 1]
T A W [) i 2 2 e M1k 0 R R R, n
O AR A RE RS B TR OK th g
(Aspergillus oryzae ) WVE 2 il 73 1 , 2 5% 51 22 1)
A S PR A WA/ TR T ST 4 IS
Yy 55 A 45 G T ful A S I 3O3R 2 1 ) I
FEAL PR T A LR R B A, A R R
SR (R 1G N G Sy B A A 1 R SR A XU B
A NPT AR FH R A A R 2 I Y i
P, — o B RS RS S8 U
T[] A 7 A L 2 X RS 7 A S AR B

28 KRB/

e AT DL R B ] AR, BESE R B
7l B T A % W T LA S e 1 S 1 R R A
R A JFG 1 JRR B ool ) TR A B T R LA T
LUHS244 (Lactobacillus paracasei LUHS244 )& &
DA 7 AL TR T L M DL e D I
AT AR KA TH,

29 HE

P I T P R i Bl A R N T R o K TR
Vb i Zhee Y Joe, S 30 % 5 R o AR AN B 35 )
FRel & e . A BIFFEIE S8 A ] LR ] 4 B 42 B
TSRy T A LR B B i O A RS R
I R IR T RE 22 K RS IR P Ak B Y A
BFR] TR B 2 7 AN [R) R L 52 Wi T e 22 ik
B LS PR 7 28 S5 M RE , 7 o
0.08 W/mL, #11% 33 kHz FI4LFLESE] 1 h 5 %4
283k AR A B ) I AR AR LG, TR
PR AL PG T ML AN B A L
FURY B 52 g A8, Horp Z IR ] i R 2 i i
Sy R T 31.27% 8 18.79% 5 1 24 i 7 B ] 4E
1 P Y 2 AL RE 7 3 AR N B 5 470 3 058 AL
N EEAN B B[] Ak AR AN ] 3L R
FEALN T B W 3 28 DL R B8 T ) 25 R AT K T
P GRS AR IR 1 h [ 2 h B9 2 kR B
5 HE 204 EE (Fourier transform infrared
spectroscopy , FTIR ) 73 M7 % 98 75 4b 315 25 43+
ML R R AU A BT &4, Hoh o IREA B
HABCH W B R RTC LA M LA T R
i, JE - 77 8 44U5E (Atomic force microscope, AFM)

WLEE B 3 1 3R LS FE S, S5 AhE R R ST T
Z ISR B R SR AT (2 A i &R DPPH
FI B BRAE T ) A K FLABRRE TR, X 2e kAR
A BT I REPE TS PR T %

Sl P BRI i Bl R i S B
Wi A2 B HRAE 2 R (LA 9 8 A I ) %80 R
PRSRYLLKe Jh I  it HE s2 7E AN TR 264
P Ak LA R T R 4 R R TR T 9
e Wk B ol ae A I R ) R TR TR i i T
AT W BOR WUEEY) , PRUE A £ dh B Gl
Ll DR i A TR AR R A A AR DA, AR T
SR i P B AR W TR O B L IR AR
(SRR

3 wmMBREAERBER®ANAMIER
PNESES

N TP R AR B A IR BE A MU T
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Effect of Ultrasound on the Microbes and Qualities of Fermented Foods

Tan Xiqian'?, Cui Fangchao', Lii Xinran', Li Xuepeng', Li Jianrong"*
(“‘School of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning
*School of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457)

Abstract Fermented foods possess a distinct taste and nutritional worth, encompassing a variety of bioactive compounds.
Ultrasound technology is a non—thermal processing technique that has been proven to sterilize, enhance the production of
active products, and modify the macromolecular properties of food. Presently, there needs to be more organized discourse
regarding the utilization of ultrasound technology in processing fermented foods. This article provide a comprehensive sum-
mary of the scientific advancements about the impact of ultrasound technology on microorganisms and the quality of vari-
ous fermented foods throughout fermentation and storage processes. The influence of ultrasound on fermented foods is con-
tingent upon the specific ultrasound processing settings, inherent features of the fermented food, and the types of mi-
croorganisms present. Ultrasound treatment, under varying circumstances, can impede the proliferation of detrimental mi-
crobes, guaranteeing fermented foods” safety. Additionally, it can regulate the functioning of probiotic strains to enhance
the nutritional quality of fermented foods. Ultrasound treatment has the potential to improve the speed of fermentation,
regulate the fermentation process, minimize excessive fermentation, augment the concentration of bioactive compounds in
fermented foods, and provide nutritional and health advantages. This article serves as a guide for utilizing ultrasonic
technology in industrial manufacturing and improving traditional fermented foods.

Keywords ultrasound; fermented food; microbe; quality; inhibition; regulation



