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Review on the Effect of Ultrasound on the Quality of Fruit and
Vegetable Juice
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(1.School of Food and Bioengineering, Xihua University, Chengdu 610039, China;
2.Yibin Xihua University Research Institute, Yibin 644000, China)

Abstract: This article mainly reviewes the effects of ultrasound (US) on the quality of fruit and vegetable juices, discusses
the current effects of ultrasound on the microorganisms, enzyme activities, nutrients and sensory characteristics of fruit and
vegetable juices. US treatment can inactivate microorganism and enzymes to a certain extent in fruit and vegetable juices,
and have little influence on the physical, chemical and nutritional properties. However, the microbial and enzyme
inactivation effect is limited, besides, high-power, long-term US treatment may have adverse effects on the sensory
properties and nutritional components of fruit and vegetable juices. Therefore, this article mainly summarizes the influence
of US on the above-mentioned various qualities of fruit and vegetable juice, proposes the problems of US in the research of
fruit and vegetable juice processing, and prospects the further research of ultrasonic technology in fruit and vegetable juice
in the future.
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REEVNE KA IREE v BOAE A, HXHRER A%
JRUASE M 458 /), AR ARBEE B IR o 42 3R C 454
KEHURE ™, BEE AT TE A3 =, Syt
AERIIN T H AR RS A, AERIIN TR ARALEEEHE &
BT PIE, GBS AR U LR R V18 2 8oy
FRBR B, B AT 2RI T AR & B A
[EE 5 NN T ) S = W Al & 50 NI =105 Y1 S L LEE R 576 52 N
L HEEERASE HATIERUIN T AR s e iy aliih g
FAR, fefa Ot A KRG b FHiAE Y, BANRS
PSSR B A TR AR BN, (B AE BB
AT L RS AR . BB A (] R v A
e ARIEAE/NTF 50 MPa B9 1 R, FIFH CO, 4y 1
SN W) K it G PR AR, A 22 4008, Xt
R RN AR IR AR /N AR A, AR AR S A5 VR TR
ME ARFA R CO, P HRCFRAEAE 22 555 M s &
ok b 373 AR BETE IR B BRAE R RIS A [RIB, i6 68
SR ARG T B8 I B AR B A, (B e B
B MR 4 B 2 X SR T TS YA
EI L

FEAE P (ultrasound, US) F7 ARt HATHFSE Y 3=
PRI THARZ—, US BT 20 kHz AYFS T,
HARIERALE 20~100 kHz, fEREZEAE 10~1000 W/em?
PR v A TR P R AR RO TR AR =Z —P1, US
X RBR T BOVEFH SR 22 R LSO, s AR, 25 A6ad
R yFEAE 2 F O R R SR BLRRER:, S8UR)
Fr= A 5500 K ZE45 19 & il AT 1000 MPa 1Y 55 &,
B P2 Ak 10° N/m? B B9U) S it s st A i
FEOL A 5 T ATl SR B T b R 2 B e s
K, OB A G IS N 2 W B S R (FDA)
TR D ST TR AR S A S 1g IS TE R R,
BT, US Geeiy- M R gk v et s, 4i
HFR C EEFENRSY, FFHEARG WP OrEH. B
HIf US X RGN T 224 F s = o B, 422
AL RS Ty | Bl E IR R RS
BISZIAAFST o AR FE ML LW XY US S 21
Gait i s TS I R ITLAR, LAY US e 7
TS R v FH T S22 5985
1 BAERNRETREYRAVEND
1.1 BEENRETRENRNEIE R

US XHRBR TR AAA S FT IR 1 fras. US
XA W) ) A KSR AZ ZZFh D 3R s i), (s US 4k
BRAAG . BRI . RIS
111 AP AR g v P AR B nsE . H AT
TR, AR/ NSIRIE F T (22~26 kHz), US 45
SR I A 420 ) 5 TG i 5 52 i O, (EL R R fd) 14
K(50~120 pm)A R F RGP w g JaEN 2,
A0 2 PR I A, 757 A US ABFEIEIR 75 frdgs
PARRMINE =<~ =5 N (<00 AN e o @ & LK/ i
S R R A BRI AR P 5 AR T US X iE
PR R (B A T BN, MBI —E R R E

J& (249 2 1g), dR&E3e i Ab BRAS Ta) FEE 75 5 3, 2R BRI
RSN I 2, X AT RS2 Y TR R P AEAE US Tits2
ISR BRI E T (<25 °C)Hl
M US AEERXTHRE A BRI AN E AR (<2 1g)P0 21,
TR AT FRAE I (35~70 °C) Ry US X9 BAT
AT 2R K BLAE (>4 1g) 1'%, Tremarin 52 WF58 T
US(35 kHz) 455 A0 BT RE I 2 AT B 9155 K1Y
SN, R B S I AN ERAN AT UMEI RN, 7E 95 C T
AP 20 min, ZEAEIED 5.5 1g. AT LAE Y, ASIH]
BZE Y US AbBATSER | 7S o 3 | ZbFEL A 454
BIXT US XSS A RO — 2 s, Kb HEYE
BE | AR AT BR R iy R AR
1.1.2 BT SR M R S 8 75 U 2R B R 1 52
M ARSI RSN US A A B R R, il H R
BRIT 0B K . pH BAIG, #RF T US X4
PR R 4250 i 244 2R [ AR SB0RE B B bk g, U'S Xk
AW 3 KR 5720, AR A T US 3=
B AN [F) R S0, A T g R BH, A Lb /N i s
PR, BREA LU IR A PR B fURK, 75 4B LU IR A A TR A
J&I2; Monsen %457 Drakopoulou Z5P8 i 7% 15 &
PR 22 [GPHPE TR US AT 32 B8 07 R85 22 TG BT
B, {2 Scherba 8P [T 55 32 BH W S B X US 19 i
ZH1TCR 2SS, AT LG W, AR IXT US BauEr:
AN, AT e S5 HIE A | 4N M RE SE LA AN Rl A
Ko US FZEIE I a5 AN A= 0 41 P9 25 420 )
KPR, 7 A Ry ) ves Ui e R A A e 2 A gl ae DR B0,
[RIAsF A 3 i) = A o 4 i ) 3l 25 R B i . DNA 43
THIBSTRNREEWIZY | AU A BEIR OIS g i, {5
A ITERY
1.2 BEESHEMEARESTRETHRELR

FH Bl ) US XTERER T AR R A FR, B i
O A K a 5 H AL B R 45 & b 3R 8 7 i oY .
Park 4502 R 8UE SR 5 US 45 & AbFESER Y, Al ff
KIGFFEE O157:H7 . HZEVb I TG | BAZ Y A 2= 1y
RERIVED S I 1,55, 2.37., 0.57 1g.  MAMAA
US Sk iz =39 Sgh Bt e P b B
i e R I A A AR, T PY L Ak R
LA SE R ARG, A AN PRI B T ST, AR E KB
ROR2E TR, BIRGETE— SRR B AR RRUR, (2
T v IS 43 W 52 09 A8 TR AR 5 TR R AR A B 1Y
US RECERAH LR AB R . SIS, 4561k
TRIEE . IR FIFAALFREEROR, M R4R S US SREERUR
M B TFB, HJE H AT = S A0 E 2 X US AR PERCR
FILEARE T TSR o
2 EBEENRE TR

RARFE G T 5 A I E R ) HL O A A, SRR
H Z WA ALEF(Polyphenol Oxidase, PPO) . Z2ERF
WHE 72 7 ( polygalacturonase, PG) . 52 Jig Y J5L 155 fifF
(Pectin Methylesterase, PME) | i3 %8 4L ¥ i ( Peroxi-
dase, POD) . 554 & liff (Lipoxygenase, LOX) FIHT
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Table 1 Effect of ultrasound on the microorganism of fruit and vegetable juice
S RIS USKEFRA HoAl kb A PG B (g)  FMEMER Bk
BT S <1
siig
R égﬁ njofﬁisi;(? W Jn#4: 90 °C, 30, 60 s KIAwHHE >1 TpSI_é4i?127 [35]
) , BT <1 ’
3T (H3)25 kHz, 20 C, [GRIEY ¢ 1.12 pH3.99 [13]
(Pt 90 min TR 1.22 TSS 12.0
WA L 20 kHz, i K 1.28 H3.12 18
G 93.5 mL/min, 25+0.5 C e [iass 1.36 PH3. [18]
Frigit (#53%)25 kHz, 70%I7%, BIVE S 1.9 pH2.68 [14]
(i) 20 °C, 60 min g ians 0.5 TSS 6.6
Rt 20 kHz, 968 W/em’, A7 S 2.07 pH3.69 [20]
(i) 2 s7F2 83, 25 °C, 10 min g iany 1.13 TSS 5.02
Pt (it )28 kHz, #EiF70%, RIVE ML 2 ; 1]
(37t 20 °C, 90 min R 2
20 kHz, 2 sHF4 s, 15, PR K >4.07 H5.09
2 F ’ ’ P
AR 25 min(FCH £ PN i >4.40 1ss 1252 37
s o
EMF 22,24, 26 kHz 10sTF3 s, ﬁ}ﬂgﬁb‘ﬁ jg? pH3.98 (o]
V=3 : .
() 60 W, 6x2 °C, 20 min BT 400 TSS 14.0
ey o 20 kHz, 5 sJ1'5 s &, I
() 1.63 W/mL, 30, 40. 50 C Kl 5.14 Tss147  [15]
S 24 kHz, 120 um, 400 W, —_— pH6.82
= . ATCC 11
(it F) 58 °C, 2 min NFFRATCC 11775 > Tosgs 122
Rt 35 kHz; 120~480 W, T —
GE1H) 95 °C. 20 min B2 AT T 5.5 / [23]
it 24 kHz, 105 pum, 33.31 W/mL, [ER35% ASHEAG pH4.00 6
(i) 43~45 C, 30 min A Regtth tssi03 1O
Vot . Jkehe3%: 80 mL/ min,1 kHz, PITE ML 1.91
(i) 600 W, 28 kHz, 20 °C, 30 min 20 kV/em, 40 °C, 600 ps TR 172 / [33]
g
ey (Hi)40 kHZ, 200 W, Jkafirtids: 1 KHz, 60 mL/min, ;ﬁﬁ‘éﬁﬁ 186 / -
N N : -+ N X it .
hit) 30+2 °C, 21 min 3042 °C, 335 ps, 9 kV/em ! 201
Bz s 20 kHz, 605 W/em?, 30 C, - VR S 239
(ik7t) 25772 3¢, 10 min Nisin: 16 [U/mL T 390 / [24]
fi#: 60 °CF7.5 min. P H3.69
A ™ pHS.
2=kt 20 kHz 70 CF'5 min B PR T B >3.83 TSS 4.9 [17]
4.26+0.32
ket v EWE; KIGFFHEATCC 11775
(i) 20kHz, 35 C, 5 sJF10 5% W: 6.34£0.05 mW/em® SR EHATEREATCC 12600 / (40]
2.35+0.16
B 4045 W I A — 4 Ak B 100 bar, KIAwHHE >3.84 pH3.60 B37]
() 31 °C, 3.06 min TR >4.15 TSS 12.5
LiaEn 48 pm, 5002 W, . S —
(i) 20 kHz, 2542 °C =5 JEfi# 77+ 10.9 MPa, 48 h IR 5 pH3.40 [41]
SRt 40 KHz, 25 pm, FR IR bR 0.05%. Rk HOLS7:117 367
GBI 700 W. 5 min 0.1%. 0.15% bﬁw]ﬁ’cg—g 6.35 TSS 12.0 [32]
’ o BB A R T 3.47
(%ﬁ) 7782 W, 11 min Ik 350 W, 35 °C TR YN / 38]

T RERCR AL BUR P RUEYII A i (1), “ANBEAS ™5 AL BRUS R FAR R IR WIS REAG: Hi s BRALTE S PTSS RIS AT VEEE 4 3% fit (Total soluble
solids TSS), Hufii: °Brix; BALHERT /" AR AT A W 8 AR RS b 3 P A R Vi W (0 A A = Ol P i i s 31D

BRI R i SR AL # ifE ( Ascorbate peroxidase, APX) 45,
X e Al ARG VA (PPO . POD, APX) | 5%
eI R A2 PR SRR V43 )2 (PME. PG) | 8™
AEAN RXUBR (LOX) , 7 6% v 09 5 - U (EL AR i
JETRAEAIRE

US X gk v i ligE 52 i A g an 3. 2 s, /iy
AFET US XFBaEyHP | Byt e ay v it
JIGF ARG 23y AR Pl ()5 e &
B, E—RE SR R Rl US AbBE H BB IRER A Y
BEER 43 9375 o Igbal 2599 iff 5T & B, 5 ARACBEAR L,

US &b 31 (20 kHz, 400 W, 20 min) {# A JK it PPO
TEPEREMR 65%, H 2B PPO 1 o-MRHEA it Z0e, —
QLR A TR, —RESFBEIR, Rl PPO 2R 14>
FRAREE, {H Sun S5 JUIFST & BL, US A3 f5 frf
MESESR TR AY PPO 64 0 35 T+, POD BUTE AR fk
ARNEZFE . ANFEFEH US 8RS, 5 US 46
PRI BAORUR ., U SR REA K. A —EW
A3 BRI PN, il Ak LS () R0 7 5 B R 36 i, %
FA WG 13550 1 R, {ELE B AN BE (e i o8 4 IS i 2049,
Bt US P32 HOVE FH RE A 4 its oo i ieRe i, oiiik
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Table 2  Effect of ultrasound on enzyme activity of fruit and vegetable juice

S RELES USAbHR 51 HoAt b B A5 it Bt ARG 1 (%) 5 32 2AE E= PG
R 19 kHz, 376 W/em?, 10 min PPO 80 [43]
N . . PPO 54.96

L , 1 ,6£2 C
FAtit 60 W, 10 sH3 555, 6 POD 39 86 [10]
N . PPO 71.62
aEt 26 kHz, 0.66 W/em?, 8 min POD 5372 [46]
N 1500 W, 20 kHz, 28 um PME 53.5
B A ’ 1) )
AREETT 40~50 °C, 2 s34 s3¢, 25 min PPO 150 [42]
ey 20 kHz, 2 sH2 s, 25 C, PME 10.89
Sl 968 W/em?, 10 min PPO 55.1 [20]
FEHAT 20kHz, 85 W, 5 min, oI POD 0 [59]
NI 20 kHz, 400 W, 5 s7F'5 3¢, 20 min PPO 35 [45]
[icdisenn AP IR: 80 W, 65 °C, 9.8 min PME 0 [60]
N 20 kHz, 5 s#15 s, 1.05 W/mL,
it 45 °C. 10 min PME 38 [49]
sl 550 W, 20 kHz, 25 °C, 8 min FR AN 40 V/em, 68 °C, 60 s PME 4 [55]
M 20 kHz, 286 W/L, 25 °C, 30 min POD 7 [47]
T 20~25 kHz, 2.0 W/em?, 180 W, PPO T PETE
s 15 °C, 2 sJ¥2 s3, 10 min POD L wNTES [48]
PPO 70.48(10 min)
POD 23.29(10 min)
it 19 kHz, 376 W/em’ 127.30(6 min) [44]
APX 1.56(10 min)
LY 20 kHz, 799.31 W/cm?, PPO 84.13
AR 45 °C, 15 min POD 78.18 [54]
PPO 56.10(3.8 W/mL, 10 min)
POD  Jeli RURK(H 114.95%), Jalg/h
PME 126.40: 0.95 W/mL, 10 min
5 oF 20 kHz, 0.95, 238, 3.80 W/mL, 62.05. 3.8 W/mL, 10 min
4 °C, 2~10 min [50]
PME 32.05
B Rt 20 kHz, 70%4R i, 48 W/em?, HFE: 250, 35071450 MPa, PPO 29.10 5
15 °C, 5 min 253, 10 min LOX 31.09 571
POD 33.31
L2l 2 K. 400 W. 96 FkfHids: 5 kW, 7R #(600 MHz,  PPO 35
249 2, » 96 pm, st .
TR 28 Wem?, 25 C.. 20 min 50 S/s), ¥iii#k: 300 mL/min PPO <20 [58]

IEVEAE Y A L, {2 5%, Chen &85 YA
YR, VK T US(20 kH2)XTH# h i+ PME. POD
A PEBCFE A EEAE FH, AR a] ., [IRTI R E N US
AT =PI B SR B EH, 3R, KEHEIRY US 4b
PR FEZRIUD X EF A LE T . ASFEFRZEE314H
[FIFPZIEAR F A YR 244) (BT US AU 22 55 Jk
SRR R P AT ETE A | SRR
A WiE R A B, AR SRS BERRORPY, US 1Y
Bl R AR 25 IR R v pH VAR b th 2R BT US
P REURR PR, B AR PR 1 2R AL AT BB S A0 Bl pH
S

US S Tz fbr= A g3k L2 At s B
WA R FHZ5 A e 28 PE, F=a4e i R R RE S 3R
B4 W al H A 2 Ffesimi, TREEES BERe S B8UE
JUEER IS, NN 3 JSIE N, el US &l
BRI AL, TS T US SRR AR
ELAM AL IR S FRFRPT ik FR 3 AR S £
SRR, &SR BETE— E AR B S AU,
{HANEE S IR ANRESE 2R 1% . 7F US S5 HAhd AR

SRS AIEIITIE R, 454 50 °C LA AYTREEAL TR
H AR 8 G A B RSSO (BRAR TG F1<20%6) P20, BE
75 75 N W R I, US FRBEXT PG m94lifbA PHA]
YEF, HECA AR PG EETL RO 5% (AR A% A
Sh—sh J12AR R, US 25 G i A Hgh 3 nT B R4
T K Bl 712519

[FIEs E R e = A W] 6 il B 0 . AN W) 75 2%k
S EEXT US Sl 2R G52 ST, ik US xR
BRI 2 Fh 0 B AL SSORAT A R AN 1, B
US iz H TR TN Tiaa — e,
3 BERNRETIEAM RSN

BT US A3z 70 B Ao syt
SR SEST PRI S IE R, FEA
) pH. AT R T s PR B 4 & e 25 T Il 2548
b BXATRESE T T . TR A E LR AT
VI AL I B, C AL IGH o3/ Nl .
PLRR S IR . (AT US 25 fbad RERE = A A%
RO, PR O ER, IR SRS G A L
12 . AT PHEREIS SRR, FRAr- gk T4 US 4b3 5
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AFAE T PR W 9 5 B8 im0 701, pH RIS 25 H
4. Bhat 5" L E US AbFERERRREE RS A AT
HePEEIEY) S i, US AhFREER A SR gk 7+ & A AR s
AL, AT D8 vl BE S Rl AR A P00
4 BEEXNRETEYEHEIREE/EN

RERIT &/ F B ISR R, WeTs % .
WS | A 2R PSS, X LE R ARTE ) ST AR T A
U, PR B S H R e, T US A FRYE
BERAR AT AR o LR g v v i R 3R o -

US ABFEXTSRER T ARG B sE e AN € 3
FR7S - Aadil 2520 %3 US AL 3P A7 48 7 2%
BT WA (H Nguye 25072 J] US 4b P S AR
71 . Gomes %55 Jf US 454 v 6 Ab £ s B A5 7,
YR US AbEREAE S 6T 2R ST, A s
KI US AEFRRERFARIRER 1T AE T 26 & i, (AR EE R
5Bk 70%1%7, Ruiz-DeAnda Z&1°5 Jfj US &b 3%
T Aadi 25U [ US ABRSE S | Guerrouj
ZEU] ] US BB S I 4 B US REAS[RIRR BE M 3
TR A i B TR RIS 1 5, {H Sun 259 2B US
Ab G 2 RIS T B SE S VT 0 Ry . R
Cheng %514 F] US 4bFR A AT R B, 5 RALFHAH
e Ve SR 8.2%, {H Cao %51 [ 5¢ & ¥ US
A PRBEREASAGHETT Y Ve T, S5ARAFAHEL Vi 5
ik 19.61%. Rios-Romero %54 ] US 4bFH 21 231 |
Aadil 25 J] US ARFRPGHHTT . Guerrouj %519 i US
AbFRRE T4 A IS N RS =T

BVASKTE US X SEE A P i P 1 5 i e B0
JrEER, —J7 T US BER IR A RE, I8 i J5
JE ARSI 25 WU HR B SR L NS P A RETL, A AE TS 3R 55
EPiE Y S R TR 7, Wl T US AE
A 22 i g AEal L, BRAIR T AR A E T E P i AR
BT, X TS T, BREEHUEIISN, US EHI™ 4209
FRFE 1 R 3L, T B I RS 1 B8 R R A AR,
PET 2 TG eI in> . 55—y, US Zb¥Ey=
A SRR I e TR AN DR ) FR B sl A S P )
U PR US AR A= 975 P ) A $ ORI XL
FEAEH, [FIBHE AT S ARt 5 AR RIS | s
BE . AEWIE TR RS e TR AR A A O (BLER L E
US AR SGRT i AE E M IR B8 A o
5 BEENRETRERERNS
5.1 BEEXRETH G

BRI B OS2 AR OZR LM, RIR R & i
SRBE RS . BEREEAA OC, RIEn T ki 2s e
(SRS ud} AL HE S R TSN

TERT A B — S iF 5T Fh US 40 e it £ 52 759
AT | A7) SO RO AR
AR (B AR LIS R AN AT 3, US XTAE |~
=R AOTEARERESN, Hi T3 R
JERE AR AORREE RN, DRI AR B SR T B AR AR
/NI B US ACBREEBIR At BE, (RS e

FraFtaRZ ST, B i A= 1B
PR H R, S B3R BE L KA R Y US 4b
H, T EEB ey s AN [ R R E A, SRR
VAR AR T (0.3 I B BH 5, (E 1T AT R SR
TR A AN R .
5.2 BEENRETHERNSIm

R R R GRS I ZEFE AR, W& AR T
DI TR G my 1. A A3, US ZbHERERE
AP PP | e BB
PRV B, US 192 AuAE R A B U1 ) Ao 3
(4B o wa Rl S e Uik 72/ WA N 1 SIS ) | S RS - I |
RN S e NS N Y = WD ik e 2122 N A= NS
B, 153 REAIS, 43 ] gV E PSS, Rl B RRAIRE 781,
fH Abid %51 F US &b B2 5 | 480 258 F US
ASFRFE T2 % 80 US AbFRAEMTRE kG BERG C, il
W AT REJZ T US figfd PG. PME 9%lifk, {5 ke
BEFAREAIR, T B0 PRAR &5 H4) 58 2 B i 108,
5.3 BEEXTRETIRE MRS

R A5 s AT DA SR G A At ez fn o A
183 BRI HIRES, NF=2EU08E, N2 . US 4bFfiE
LT = o g N (0 AN < i i T AN <
ARRTTU fh R, e RE RS R RE R e TS fRE
7O A A 1R R B B 5 | R AR B i . A3 BRI R 53T
)43, (e SR g v 5400, [R]BsRE 75 I 3 20 PMEE
fifptifh, (SRS 53 Fr i 55, T RS i PR &5 A4 B AR
B, BT IUTRERH ) ZE K™, Ertugay 450" IREL R
7 A AT SEE S TR 58% TIT A I R B VR, fiff
4 4~ A JE3ERIT R F2%E, Fonteles 459 W1, & B
VAL S W EDTHEAE 6 8 AR DL 53 )2, AT LA
G A AT RE W P SRR TR e M
54 BEEXMRETESSREIFNMRIS

G W EZEAERE &5, FWRIR T A
[FIERER T4 A AORRS, WSy 2 - B2 A
. US ZbBRFEME G T i — LB A (9 7 R B 53T
%, [RIRsF 7= A T A R B4, (B R4 3T 1) N A AL
B ARAEAS U0, [G] B Hh A8 MR AT 09 g 1ok 25
=, AU RE S AT fe s AR A B IR

Jambrak ZEBY X US AP E G B9 & AL T ETT
BBV, 45 R BRLH AR T AR A B, (HEE R 12325
Guerrouj 251" & ¥4 B5F[E] (<10 min) A4 US AbFRXT
TRV E R E AT e ), {EC R TRl i US Zb3]
AT ECE T RRAIG, AL EEAE T 20 min J5IECE T
P AN 45575 Lin 550U & B, US Zb P TR 25
TV B E SRRV AT 5 . US ARFEX AR 5
BT BCEARRPE R S A [R] ] BRI R BT L IR
SRS B i . (O ZE RIS AN B il I U SR A Sy
PAN TR 3 A o

BV L, US SR T i B E Rz i 20N, B8
P AR TT R (BT ] . S TR
US ZbFR o SR BT B, /77 A A R A2,
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Table 3  Effect of ultrasound on the bioactive substances in fruit and vegetable juice
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E= S 25 kHz, #&#70%, 20 °C S Hm [69]
FE PR Bt
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At 22,24, 26 kHz, 160 W, 6+2 °C WHE FEAR [10]
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