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Research Progress of High-pressure Homogenization Technology in
Fruit and Vegetable Products

SHI Yicong, DONG li, CHEN Fang, ZHANG Zequn, CUI Tianlin, HU Xiaosong"

(China Agricultural University, College of Food Science and Nutritional Engineering, Beijing 100190, China)

Abstract: The nutritional quality and safety of fruit and vegetable products are the urgent problems and research hotspots in
the processing field. High-pressure homogenization, a non-thermal processing technology, can maximize the preservation of
the nutritional quality, color and flavor of fruit and vegetable products while sterilizing and inactivating enzymes, and is
expected to replace thermal processing technology. This article reviews the effects of high-pressure homogenization on the
color, stability and nutritional components of fruit and vegetable products, and summarizes the killing effect and mechanism
of high-pressure homogenization on microorganisms. It discusses the prospects and challenges of high-pressure homo-
genization technology in the application of fruit and vegetable products from two aspectsof equipment and technology,
providing a theoretical reference for the innovation of high-pressure homogenization technology and equipment.

Key words: high pressure homogenization; fruit and vegetable products; nutritional quality; sterilization; physical and

chemical properties
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TP AR BRI, 23 7 258 KRB ) 11, 95 U))S Y
TS DA 3 2 v o Py e, R sk i i 7,
1A 7 BT YL R A5 2 RSSOV, A ZZ RN
FIE SRR T RS RCR, I HEA — @ R R
JHM, HAT HPH SR FHAE S5l ik 450 MPa,
HH1>200 MPa 4 HPH 4bF X % FR A 48 v R 34 )5
(Ultra-high Pressure Homogenization, UHPH)!,

1994 4F-, Lanciotti 25 B k#iE T HPH X &4
AR B AR A P 0 R K AE A, 91 B2 8 HPH Ak
HEAT DASE R A5 SRR AR S SR 2R . H AT,
HPH #i AR FZMHFI T fel il . B imSE2 40
B, e Tl A F=ad Bt i i AR, (45
FRPHRCRA B, 7R ATk S 2 TR AL A ER R
7, HOE Az E|— i I RR I T

A28 T HPH mVE R S L 4%, AFAL
PEIBT . XA P i s i A5 22 T 45 AT ST i e, IF:
ISP AR B RS . LA ekt HPH #5845, 42
R HHAR AT R 22
1 HPH &&& IR

HPH Mo i AT B %] 19 240K Gaulin
WA AR FLEY P R B A, [ BB TR 1N
50 MPa, H & EAME4E 90 4548, HPH A JT A8 E N
— PR IR AL A | RO RO R A, B R
LA R AR R RS AR (E 1A, SRR
JE S A SRR R e R A T LT AR, T A R
anE 1B fran . HPH B ARGE A A BB 5, TR
JIE A E i AR AR RS, R T R RESIRAUE, 1Y
Wit 23 A — 5 1 R ) 25, (A5 AR 9 ek 2 ) 44
i, 7 A 4 SR AN ARG , DE TS P ot B B L
AK;E[IO]O

i 30 43k, HPH HARFEE A TIL A ) 32 I
Freeeicd, ol LA P= 2Ll A, SRS T4, BRI T
A2 B IR S A A T DA B XUBR, g )
W R FH A
2 HPH XSRS mmRas

FIRT, HPH $ AR S 20 SRk v hn 1, aT A

PR T4

(P B A AN IS TS, [RIBH RN T B 2 TR 2R
WA R r i iis e v, - Bt m AR R H e,

B 1A it ST AR A S M U e W S ) B i A
Z—, (B E AR T P B i B SRR R, Hofth
FRA M R A AN AT i 2 R . pH 25 AT DUSEIRBRIE | 35
LB HER, HPH AR 18 0 FH X 30 S s i B 41
WA —E R,
2.1 HPH 3RExHI GBI FRAISZ G

HPH AT DU A — 2 S5 44 T I3 R 71
pH. ATV R . AT B 9 LA KOVE B 25 FRALRRIE
PRFE AL, A FR O 9T A W0 P Y R A .
Patrignani 251" 53 5114E 100, 200 MPa/20 °C 514
XA g Ny EE T HPH ARBE, & P15 SR AL BEZH AH L,
10 °C &R 0 F1 22 d BB b1t pH 5 &87%
Y W TEE R . Velazquez-Estrada 251" 43511
JAE S5 100, 200, 300 MPa, #ERHEEE A 10 °C
20 °C HYEMALERIE VT, BB pH , W SFERIL IR AR
PR S5 X R 3 X . BN, Silva 28U X3
Ry EAT 20 °C 100~300 MPa 114 HPH Zb3T, 3, % 31
H pH. ¥HEE S HLFE bR A 5 X FREH 7R B 35 X o
[FIRE Y, XIELEENT J 200 MPa/60 °C AbFEyE #5715,
H pH. AT ERR . W TERDE YA i EAR L, B
4 °C Wreg B IR R B RO AR AR e o

HEeAh, FoE MR R SR VT AP 1 — AR
FIFEHR, HPH ARF AT DL R E 4 TR vl B SRy i feoE
PES IR MR, A RS IR TR PR AV B 2 A
Liu 258 fiff 8 2 B, RMALR T AR e e 2 2
T AR AT SR 14 e B Ak i AR AL
PR U0, NI 7 AE DLUE, 1 HPH A B R TR
PO T R R R S R AL, X AT AEE i T HPH &b
B A OB AR S /N R ST o AR THE S R A
P, AHER TR AL B NFC K E Bk i, Z557 20,
30. 40 MPa {4 HPH AbF 7K Rk ph v A9 TR PO b
FHEE (P<0.05), HOR M H 1.43 LFH% 1.48~1.51,
Z<H] HPH Ab3in] I 548 v HoB i fesE . Bi 45020
{iFH 0~70 MPa () HPH XJ{R AR AT 7T EF FALBE, &

I JA

K1 m R BLA S5 AL AR A

Fig.1 Structure and flowchart of high-pressure homogenizer
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BLFESE HPH ) r$em, IR MRS T fsse th 45 b
ZASEI B

PR SR P R A HA W SR e PR R
22—, HPH AbFHE AT AR 47 Hb AR BT S 2 43 ki A2,
T 17T B g b 2 R 9 €013 A TR AR P ) B
SN [FSE R IR, 22 HPH(200 MPa/60 °C)AbF = 13
w5k 42 K/l £k (Particle Size Distribution, PSD)
5555 BRZHAH b & A i S5 AR AL, [RS4SR S A4 RS- 25k
& D[4,3] B VR 2 8 (43.2%) 75 T 2% 1 AR Ik 42
D[3,2] MY/ 5 (22.4%) , FESAFRT- 28742 D[4.3]
B/ 4L I s SRS NG VT SYA =1 1 E 2l NI 1T A B0 P VA
D[3.2] 5Z 3 85 7 v (18 /N J9URE 52 ) 58 R, ] b 15 B
HPH 4b3 5 3% 88 v rh/INRiAZR 390k i 3518, wish i
N, AR EE . [RIAT B MO R A ALY
S, £53:k 20 MPa 9 HPH AbFRAGFE T, HR PR ik
PP EASE 1 mm FEKZE 100 pm; £85: 200 MPa
) HPH Ab 3 % 37 512 7, H0RL - 3 AR KRR 2
100 pm LUT, Uk, HARKER SR TP AE 20 um, 3X 1A
AbFRF AR A 5T R ) SR R AR A . A, A
71223t 150 MPa i HPH A5, HOBPE AR, X
Al HEJE K 2y HPH /N HORL AR (o RS e 4 s, HL
4 C R T AE 20 d J5, SXTIELHAH L, HPH 4b3#
PR ALY T AR T B S R 55, AT RE YR A HPH 4b
PRAFAS Z W5 S AL TS PE SR AR, TTANEE 5y & A iR
AR,

HPH AbF A ] L3 2k 39 0 20 it ré e e 32, 32
PR IS 00 B, WS IRT AT  R ISR A
fm XK BT . Benito 884 WF5Y & BHL, d@ L 20 °C/
350 MPa ) HPH 4bF8 10 min 1531 14 F1 72575 kb [
IR LRGN ARARER (35 mg/L SO,) AFHFIAS A
A SR O INAAD, SR P BB HPH 2 AT 41 i
AL H T AR . Comuzzo 259 % 8, 53
AR L, HPH Ab3H S (4 75 40 705 USRS 224, SR
/b, X AT HE S HPH o 72 1 B e M0, b JRUBR 4 It (9 4%
TERCR 4. Dos 452 oy KB, &ad HPH il T,
(500 MPa/5 min/20 °C.) (%) €14 % 18 1 SRR TE 75 22 .

P | T P A, MR AR T B A, BB
TREGREER K, HPH JIN T 3RS AL 3 20 H 9 &
FEY I A 3 T T A B RAS 21 R 2, I ELH Tk
TEUf, WEORTE /L, Puig £8P BRI 20 C 451441, 425
1 500 MPa i1} HPH 34 BE {01545 285 14 7F AR IR i 2
F 3 B I B AR 2T () (RS T AR S A BR A3 25
), i H T B AT A AU, I H 2 B 1
M kB Ztd HPH AMHR AN A 2 EH <.

AL i, IAKoE SRS o] o B A o i A SR R
HPH J&—F R4 i3 #Im T3 AR, JLFAE i35 5
FE 77, BT RATH SRS il i on R b A e M i R
I Hae A3 B AL B A4 T LAAT R 5 L SR 9 H B4y
JZ2 . ORI SR T B WA SE AR IS .

2.2 HPH 3 REEFIRE TR

SRBRH ShP AE FR R E AL RR LA R W
AR DR AE U RES, X AR B A 45
FEEER, BIAE I TR b B 32 o & w481k
TN M2 2 FEA . N 1 IR, HPH b AS[H]
ST AR RIFh IS E TR IR 25 S R, R ELi
BANHZRIRASTT, A A = F R 22 AR P Ab
PRSI RUYHFESEL, DAV 8 IR B A ok DA e Gk
B TFI IR R
2.2.1 4i2EE  HPH AP SR Ry b 4 1%
B N AR O, B0 T A FRAL B . Tribst
SECA IR GE R B, AT it HPH AT P FGAS PR Ak BRI
SRR R 4 R C s, B4 20 ¢/
200 MPa #i 20 °C/300 MPa [ HPH 4bFji, H4E4k:
2 C HEEIHTFE 5% M 11%, {845%FT 90°C/1 min
FRIFRAS TR (4= 2K C Fade 17.4%) . Kruszewski Z5:133)
HEREMC T WA AR & B, {8 A PG T
(90 °C/1 min) X REINC AL, Hodi k3R C Sk
29.7%, 1Mi 4 °C 220 MPa [ HPH A4 F A5 5 5.3%,
HPH 4b Bt /NFHI T 44 3 C it . I HB#E
# HPH AbHER BN, PTER g (451 28 B, 78
40 °C/200 MPa 2514 %} &AL+ 3647 HPH 403, &

F 1 HPH XFREETT 8 TR A A5

Table 1 Effects of HPH on nutrient content in fruit and vegetable juice
FEit IS HPHAMFR 41 Wl & B AE B E =P
BRAR L2 T IR 80 MPa/#4 T4 U/ % i 780 pg/mL 800 pg/mL [28]
BRAR L2 T AR 80 MPa/HJ 5141k /% il 480 pg/mL 420 pg/mL [28]
ST SRR & 880 MPa/H 41K/ % 1 0.4% 0.37% [28]
A M HerEFRC 150 MPa/¥J5i4¥/25°C 220 mg/L 210 mg/L [29]
S M gy 150 MPa/¥35i44/25°C. 120 mg/L 130 mg/L [29]
S M SIS bR 150 MPa/¥45i44/25°C 200 mg/L 210 mg/L [29]
[iXs3n ferEFC 150 MPa/Y B2 /%8 iff 660 mg/L 630 mg/L [30]
TR PUR MR 190 MPa/¥4J )5t 11)/60°C. 14.52 mg/L 15.70 mg/L [31]
TR PUR MR 190 MPa/¥ B34 /60°C 14.52 mg/L 16.43 mg/L [31]
ARt ERoN (N7 150 MPa/¥J T 11k/55 °C 3.50 mg/L 3.61 mg/L [32]
ayha §sYii 150 MPa/} Bt 14K/55 C. 3990 mg/L 4300 mg/L [32-33]
Ahmeit LA 220 MPa/¥JF 11/4°C 1786 mg/L 1692.7 mg/L [33]
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et HPH AMBE— R 5, AP igPiism g & &
TRE 41.3%, 285 HPH ARHE =GP &2 T
% 64.7%13, HPH AbBEXT4EA= 38 A th & iE il —xE
RS, I BRI U S Bl 25 A0 3 ) FHEs i B0 .

Suarez-Jacobo %5 P9 Wi 5% & B, HPH i £ & il 2 4=
FE AWK, FE 4 C KT, i 100/200 MPa Xt
PRI T HPH A3, A3 A SiJRiRikg] 18%,
4 °C/300 MPa &b BSR4 A2 3R A Fi 2k 33%.
A, £ HPH ARFRS 79 R b, 965038 19 1
FIFMEIUREL, o E TR R L 50 FE

222 ZWy REZREYHEH T E AL
4y, ANZEEETR . PTG ), X SR AT

PR O LIS 2L TR VE I, $Ab B o

1B Z W 2 T W REARCT, i HPH A LAEE
AR 2 Y IR, 31 H HPH AT R rp e 4
fughta, NPT, SRR N2y N2 R

B, JEE T RS E P TE RS, Martinez-
Sanchez S50 fiff 58 R B, #Ab (80 CHFETHH L
TR EHE . GIEEMIEMEE 12%~23%, 1
20 °C/80 MPa 1) HPH Ab 3T 4] i & B A i P -
G B 3 R, aX n] GBS T HPH AL BRAT A9 763 558
%, XF PAHCE AT I S e /N o I Ah, FE SR &
B, R AL A NFC 7K 2 Bk phovt AR s iy & 508
37.37 mg GAE/100 mL, £ it 20, 30, 40 MPa 7
HPH 4b ¥ 5, /K ER T 2 & E e T
28.86%. 22.29% Fil 10.5%(P<0.05), ixX 1] GEJ& i T
HPH Ab I 40 o8 20 2UE 7 58 infbl i 0O IR, a4
A LR P A 25 5 25 2 T AR B BY D) 45 Z2 PP aOn, I/
FH MW Z oo S, A e 1 /K &Rk iy
ZI B IR &

2.2.3 K% MR FEZIF5EAEL HPH ARB S 3]
PEERGTTPISHE P RS EIBOR . AR B
TR B, 7E 150 MPa/25 °C 544 F 347Uk HPH 4b
B, OB N BT A B SN B b O AL B AT AY

200 mg/L 2/ & 210 mg/L, ZJ5TE 37 °C 4540
FCAEAT 20 d Z KB, &0t HPH ACERAYEHEE N s

LSS N R SRR 12.75%, T ARALFRZH
RS N B RN 22.39%, ] AESR T 4T
HPH 4P )5, Rgk i ki 2s /s, SEESHE M3
SRR R ik e AU R, R AR B S . kA, X
F TR P T R PR RS Y R T . YR
RN RE 34N, p- 8 N2 o~ 8 SRS
B, 7E SRR EE 25 °C, BISRER 3 Wk, B E S
60 MPa B} -8 N2 o-fH % N FE S R, 439
S} 44.86 pg/mL Fll 22.39 pg/mL., FemE KL, £
i 190 MPa/60 °C 251 HPH Ab 3 — ¥R iy 2 v b
TS P ESEM 5.91 mg/L #£5E 6.61 mg/L.
Svelander 2% WA ALY LB, HEAE, Liu 2543 fff
TR I HPH AN T8 % Syt a2l sl h 2
rm, R AR T AR

HPH 7EZSH 5 N 32| 2 A5 S 3 m I & oy
T ELA AR A, AT T 2 X IR | AL
LERIEE U N IBIER
3 HPH XR#H P RE IR 200

1E 2009 4E, Betoret 2544 JIFHH HPH AR A] L 3%
R vh RARTEAE s MIEE A BOEORTERUAE D)
A7 HPH AZh B i i m iy s A4 P9 14 TR AAR ¥ T A v
FAF N SHEBYY) . 259X Tin LA E I, fEXT
A JECRRHEA T B A9 R s, o AT AR SR e i B e
5 FIT 40 i IR 25 44, WA T S 31 R R A AR W i VR AL,
HPH AbEEXF SR T v B9 A= ) B — a2 A% K AL
W, HPH Ab P 38 BRSSO A7 B AE YA S Fn e d ik
FRIFEIR, N3 2,
3.1 HPH A EEMAIR KR

HPH X £ A 21 A il A 9 04 2% FSSCR 5 24
BT AR A 2L FQBHPE R | 2% FRRH MR . A LU
FLFEBETR o ASTRI B BRI GE [R] 45 7 B9 HPH Ab B
A ASIE iUk . FRARAHAEDY B, £ 200 MPa
19 HPH AbFR =K )5, Z5R07T b i el ds . ZLIR T
BATEREE 3 XA b, R B AR B A L R [
1.5 ADXTELAT, U B R B T HPH Ab 2
BB PEYA  TFLIR I . Patrignani 250 HE— 5 A

2 HPH XA ] i A 0 R KR

Table 2  Effects of HPH processing on microorganism of fruit and vegetable juice

gt (LG LS HPHAL B 454 MRS (g CFU/ML)  #RAk(1lg CFU/mML)  S% 30k
it Saccharomyces cerevisiae SPA 100 MPa/¥ B8 UK /= il 4.20 1.20 [14]
it S. cerevisiae 635 100 MPa/¥JJFi315/15 C 3.00 <1.00 [46]
S S.cerevisiae 635 100 MPa/#JFi31/15 C 3.30 <1.00 [47]
At Colonies number 200 MPa/¥JJ5 11K/4 C 7.04 5.26 [48]
At Lactobacillus 200 MPa/¥ 5 1¥K/4 °C 7.13 5.04 [48]
At Yeast and molds 200 MPa/¥ 5 17K/4 <C 3.08 2.08 [48]
SR Aerobic mesophilic 200 MPa/}JJ5T13K/4 C 4.30 0.70 [49]
H Psychrotrophs 200 MPa/¥ [T 11k/4 °C 3.9 <1.00 [49]
R Colonies number 150 MPa/¥ BT 17%/4 C 445 <1.00 [50]
Moscatofiij 4 i Colonies number 400 MPa/¥J 5T 11%/20 °C 6 <1.00 [51]
EAR ) L. acidophilus 350 MPa/¥JJ5 10 min/20 °C 5.46 <1.00 [52]
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GO A 2% QI B L 2 [Q B PR AT X HPHL &b 31
TEIARURE, 3T RE RN 22 [ RH M A % 0 A e B A
K, 83 15 °C/100 MPa (1) HPH 4B =1] 5, A IMTC
WWTER IR E M S aureus BRI T E—A4>
XFEC, i Escherichia coli KU R REMA X8, #+#E
B4 A ALY & B0, HPH AbPRSEL E. coli 4HHUIE
BMNGER K28 . BERL 20 °C, 48 200 MPa 4b 3
1.15 s Ji, #8457 E. coli 4HHuHRE, HBLFLIF 5l 58 4 A
s AR A B 2514, HPH AL BEXT S, aureus 11
MM S FNEER P A B 052 . [RIAE D, Velaz-
quez-Estrada %5:P356 ffF 57 HPH Ab B %) R i A% v +p
ANE A Yy i s2 ), S TR PR A T HR 9 A AU FE
300 MPa i HPH ALPRJS RS T 4.3 DXTEL, MiZLIR
WAEAN IS FEAR T 4.6 X%, L4k, HPH XJ 274
AR KRN 2532 SR RIS 52 ), (HLEELAS [ R 2
ZFAL BT A R 2E 57, B LA R IR A A 7
Blanco %50 iff 5% % BE, #E 300 MPa, 5 57 i{ 15 & f
103 °C M 4514 T, Bacillus cereus ZEFALT 1.1 1g
CFU/mL, 1 B. subtilis 2 fAAEARE S50 F AL FE )5 27
U R 0.67 1g CFU/mL .

Bk, AEERE HPH ARBESE 4 2 1y, N5 T ff itk
b R TR, IR SO TR ) Tt 52
PRV GE Y HPH AbFRS
3.2 HPH XA RIR@IFERIRER
3.2.1 HPH XPRIFTPRUEMIRI R KB A5k
R A 3 %o T o 2 B R A BRSO LA SR, AT e
S TR A FR P AR ST B 2 BT i A [R] BN (]
& F i pH DA N HALZ& A ASF] . Campos 55057 ifF 5%
KB HPH Ak B AN [R) SR v AR [R] B 380 ) A A
] A4 R BB . 20 °C/250 MPa ) HPH Ab B 45
I S. cerevisiae BUE T e 6 TXTEL, Lactiplantibaci-
lus plantarum T K& 7 XL, WiAH R S4B 5 1
SESVE S, cerevisiae PN L. plantarum U453 53 T
B 4 XRS5 A XE, 33X AT RS AN [F2R T BB 4
AW IR ok, S3EUEEMLsT 200 MPa/
20 °C AT HPH ARFE— 5 B3R R g R 47 4R
TR 3.6 DXTE, Wi id 200 MPa/20 °C JEAT
HPH &b P — Y5 R T v B W RTS8 T % 4.58
ASXFEL, ATRRH T AR SRV Y pH AR TS 2L
PR R 2257 . Patrignani 251 5 ALY & BE,
BRBERRIR I AE B A5 200 MPa () HPH 1§34 P4
U BB TR ) JE A6 Y (<1.00 1g CFU/mL), MiZeid
FAEBOTEEEFE F1 4544 HPH AbHRAGSEIR T, Hi
BIECH 1.8 1g CFU/mL ., TE Velazquez-Estrada 25°° 5
WFsEh, £83d 400 MPa 1) HPH 4b B ity iR A v b
L. monocytogenes A7 HR535% B , SR TTAEARTR] A g R
YR AN T A& M, BB L. monocytogenes TGk
Kt (<1.00 1g CFU/mL), 7 BB B My i 71 3L i vh
MRS PP TR T, BRIk, SRR PRI AR
AR A PR A R R G iE SR

3.2.2 HPH XF ZE ™ b iAo nsem a2k,
T+ HPH A FREA — & iy KA I BE T, Rt
B P T30 208 7 it ol i B T s iR S Bl
A e RE AT A2 ) (YDs, yeast derivatives) ',
Patrignani 550" (OBAFSTUERR T 33— 25, 1A [R] A g -
B R ( S.cerevisiae F1 S.bayanus) ¥ 7 90 MPa [
HPH 4B, #RER UL A& e )T s A THiIfE, 230
T2 A B X 9 B 04 3 P s i AR /N, R R
HPH s Bt 7 iR A R ) 2ERe, nlaeJe i T HPH
ACPRBOE T L A IOTE . AR, Voce S50 B
FER B, A F HPH A B 3 Y Y Ds AH XS 5
T B B R H I 3RS0 YDs, BV L B 1A
BRI RE . I H I 9T & IR R 7 i HPH b3
HE S o TR B R AE 2 TR0 VR T RS T B IS e A4 . 21
JE AN LR A RE T, DT e R T8O, X R AL
I 5t I T i b o

BARIE I HPH &2 25 Bl & s A= 7~ YDs 1Y
VER, WA & J1 60 HPH vl AR FH T & B b A il
A W g 3% K M Taylor 25 191 6 1g CFU/mL Y
Lactobacillus acidophilus . Staphylococcus aureus 7%
13 i %] Moscato %=, 20 °C/400 MPa
) HPH A #E 2 min 7] DL K WG Fr A 1 kA4 . [
FF Hl, Puligundla 55 P2 WF 55 & #1L, 20 °C/300 MPa/
30 min F1 20 °C/350 MPa/10 min HYAZLBESEA4TT L 5E
4 IR 3T 417 28 WY T A9 S RE (5.46 1g CFU/mL) ,
20 °C/350 MPa/5 min AILIKHG L. acidophilus(5.46 1g
CFU/mL) . HPH Ak B AR i 35 2 704 vh A 21
TP, A X LA A T TR v R AR 4 7 A AL 5
M., Bevilacqua %5 % 3, HPH 4b PSS 7R 3R &
T 7 oo B8 B RN A A T T By S, cerevisiae AT L.
plantarum, 31 H. & 5 T 250 MPa () HPH Ab ¥R AT
DI BE S 42000, IR T 250 MPa (1) HPH Ab¥E—
PR 2 22 N T al 5 A AN PR 7 ek & ey AE A
RIS
3.3 HPH B&HEMRATREDRIFRRER

B H HPH S A7 AE RO SR A I, Horpf
T Y (A R AE A TR T B SR B, R ot e e
HPH T BBk — & B L abd . BIaEER sy
5N G133 FH HPH 1A Al 2 AR % TR ER 1)
A A T AR K

Yu 0 WFSEUERR T HPH BCE i — R
Ab PRIV B R B TS HPH AR ER . HAFST
g2 BBl ] 35 °C/200 MPa 1 HPH 4b B 5 S8 AH:
T Alicyclobacillus Wistzkey 25 FEPRNFEE TR T
3 XL, TS kiR — FH e Ah P S G T I 40 BRI 24
= FRET 40X 8. [RIAEHL, Du 500 & 3 s fi
JH 35 °C/150 MPa 1) HPH AL FE AT L) K 3% 4.5 %
LS. cerevisiae, TG 1o B F ALK (8 MPa) #b
AP S cerevisiae N 5.5 P15

b, AV WFoE A bR BBl F HPH Ab2
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X ZEFL A A RIS BRAR, KA ZE A P e g =,
AR HEAT S S R B il 2540, ZEfi R 2 e o
A I, I Guerzoni 2517 fii FH HPH B -G E
Yl FRAL BB AR 210 ) R RO IR TR I, R
HPH FHAESE R AL BREE & 7] LLAS K — 2 H 1 2F
76, HPH 454 A E 25 R b AT LA A 25 7 AT 12 25
T DPA Bl i M 28.3% 2 155 I 46.8%, B2k
/> 2.2 1g CFU/mL. JRFE A2 HPH AbF S5 2FE
B DPA, i/ DPA (14 2546 1] IR e R, Br
LA HPH 456 #Ab B0 A1 R K ZF IR . [F)
£ #b , Martinez-Garcia %581} HPH( 100~300 MPa)
5 B2 AR R RIS AL BN S, 2B 300 MPa [
HPH %56 21.5 J/mL BY5E5MNm aF &, vT i/l 3.5
AXFECH Alicyclobacillus Wistzkey 2511, & 00T
P di ] 300 MPa i HPH, ¥ HPH 454 4541
BEF AT R 2R HAT R A KA E .

HPH A HABF AR Ry p A ) B Kby
PSR AR, I HLH i F A HPH & alAEXS 15
il FH HPH ABPRFFAR, DRI ] DA 548 AT 5 4y
AR BE R, DRIt HPH A HAAth B BT R A9 &

3.4 HPH HIFREHI

HATABTFIEIA A, HPH i B2 %2 5 v i E 9 i
AR FZLR PR [ WU 71 AR 1 T, H L
PRI A TEHLEE RrE— 2B T, g A GGE kXt
Fe A BRI HPH Ab B S B 4 45 S 2 B, 78 S8 #E 1)
HPH i FE IR 2 T 16~22 °C/100 MPa, 3§ H Y4
BERE R ST 200 MPa BsF, LR F7 3% a4 55 B 52
i) SRR T r s ), 24150 R 1 T 200 MPa
Fsk, 38 DA W1 S B mi 2 b TR T v i e

HPH #3782 v T A LR, )t FE 4 . AN
J1. T BIYIAE, XA M R R BT — 2R,
XSRS ] e RIVE I AE 8 % K . Mouton
SOV SE T TE KB, FERAAR YL E AR T e, o
AT 100 mys A] AR JRIZN A e sss B, g A
N 1 SEMAEWFET . Kleinig 2579 285
R, 13 T R HPH i B2 b SEEMEPET 1Y
HENEZ—, Kelly 57 58 & BIAE HPH i3 2
AEAERBY Y 1t e LA BB oA i BET - . Diels
SRV B kI i R A W S I R R 2 —, TE
HPH L 72 i, 24400l v s 1o 34 o i i) it fige 25 7= A
IS, I Him -5 R 2 R S A OG, R
FHREE AN ZE S BT LB, AR B AT AL
PSR i, &P HPH ACFEEGEZE PBS 26 B34,
T E. coli I A% BARCAL YRG5 , P i gl tA Sk &k
BARAEFET I EZ N 2R . HPH A R rhifs 25
BRASARSIONE , WAk v S D Ak 1A O W ), AN SR A e i
N FNZE IR, WA T i UL S AT R K, B T
PRI B, PRI N A 2 4 2L, i e 41 e 56
=,

i HPH a2 b 23 7= A= 52 22 LN, 7 LA 2%
TR EARAY, S A 0T LA S 24 o W i e T 254 22 TR
FASE . HATAMFIE AR = B TR S22 T
Fik, HATEA S Mg — g5, An] DL HPH
Ab PRI AR, AR LR, ) AR B B T e e &R,
X LA T R — PR 2 X 2B ) A K i g i, PRItk HPH
BRI A BEINLHDE H AT sz —.

4 Hit5RE

HPH 3 ARG AE T 7T Ll S e, —J7
THI B B8 - Hb B OR B A Je r P v P 1 o, $2T
TR E SRR 55— AT DAY NS B R
BoBiAS, AR SRR e . HPH 3R —FhR
PO TFEA, A ECTFHGIN T, 6 E T R M A7 R
BRSSP E B A R E SR S R, B —E
PSR, nT DASER GRS . HPH 3R B 2 4L
A I AT ERVEE, o B A T PR L TR S

[FIBsH, HPH 78 £ &h I T 50 i 5 FHA AR5 22 1)
JRy R, anIHASGE A T RS B s X 2EALY A KB
SRR R s SRl FH HPH A 3% B Bl B R A
AR P AL PR, DT | 2 A s RV
JIT i BB e R ) SR R A ARG i . itk Ah, HE
HPH Ab i F v 2% il 4 A= 38 A 2538 55 i it
WA . I, WP HPH B4 Hofth 4 R AL B,
BEPE BRI R I 3RASHAEE (Y A TR RO A H 1,
J& HPH HiRASR LRI Z—

HPH AHT A& &, e AR i ol DLk 5
ZHORBAAAH, LA B EE R TRRCR, 7E35BRAE
FERL R AT DL AN [R] SR 7T T AT BN T S0k
AT AW Ak, B dey bl L T Bl 2 X IR R AR
EIEMGAIE S MIER . IF H HPH & Rt
BT AT A o 535, TR 457 1 i) LAEdF
HAYUE., Pril. aEbeay | B SR E a4 kL

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[ 1] HUANG H, CHEN B, WANG C. Comparison of high pres-
sure and high temperature short time processing on quality of caram-
bola juice during cold storage[J]. Journal of Food Science and
Technology, 2018, 16: 326—334.
[2] AGUAYO E, TARAZONA-DIAZ M P, MARTINEZ-
SANCHEZ A, et al. Influence of moderate high-pressure homoge-
nization on quality of bioactive compounds of functional food sup-
plements [J]. Journal of Food Quality, 2017: 1-11.
[3] StiaF. HEARBEAREMTST LT 2R [J]. xEiT,
2008(4): 194—-196. [ AI D P. Application of high-pressure homoge-
nization technique in chemical industry [J]. Jiangxi Chemical Jour-
ney, 2008(4): 194-196. |
[4] AMADOR-ESPEJO G G, GALLARDO-CHACON J J, JUAN
B, et al. Effect of ultra-high-pressure homogenization at moderate

inlet temperatures on volatile profile of milk[J]. Journal of Food


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1111/jfpe.12548

- 410 - £ Tl B4

20244 9 A

Process Engineering, 2017, 40: €12548.
[ 5] BELMIRO R H, TRIBST A, CRISTIANINI M. Application of
high-pressure homogenization on gums[J]. J Sci Food Agric, 2018,
98(6): 2060—2069.
[6] LANCIOTTI R, GARDINI F, SINIGAGLIA M, et al. Effects
of growth conditions on the resistance of some pathogenic and
spoilage species to high pressure homogenization[J]. Letters in Ap-
plied Microbiology, 1996, 22(2): 165-168.
[7] CHEN Y R, WU 8 J. Effects of high-hydrostatic pressure and
high-pressure homogenization on the biological activity of cabbage
dietary fiber[J]. J Sci Food Agric, 2022, 102(14): 6299-6308.
[ 8] PATRIGNANI F, LANCIOTTI R. Applications of high and
ultra high pressure homogenization for food safety[J]. Frontiers in
Microbiology, 2016, 7: 1132.
[9] BOJ, YAN G, YANBIN S, et al. Numerical simulation analy-
sis and structural optimization design of microspheres prepared by a
high-pressure homogenizer[J]. Separation and Purification Technol-
ogy, 2021, 277: 119374.
[10] VALSASINA L, PIZZOL M, SMETANA S, et al. Life cycle
assessment of emerging technologies: The case of milk ultra-high
pressure homogenization[J]. Journal of Cleaner Production, 2017,
142:2209-2217.
[ 11 ] CORRALES M, TOEPFL S, BUTZ P, et al. Extraction of an-
thocyanins from grape by-products assisted by ultrasonics, high hy-
drostatic pressure or pulsed electric fields: A comparison[J]. Inno-
vative Food Science & Emerging Technologies, 2008, 9(1): 85-91.
[12] FRANCHI M A, TRIBST A A L, CRISTIANINI M. High-
pressure homogenization: A non-thermal process applied for inacti-
vation of spoilage microorganisms in beer[J]. Journal of the Insti-
tute of Brewing, 2013, 119(4): 237-241.
[13] ZHOU L, GUAN Y, BI J, et al. Change of the rheological
properties of mango juice by high pressure homogenization[J].
LWT - Food Science and Technology, 2017, 82: 121-130.
[ 14] PATRIGNANI F, SIROLI L, BRASCHI G, et al. Combined
use of natural antimicrobial based nanoemulsions and ultra high
pressure homogenization to increase safety and shelf-life of apple
juice[J]. Food Control, 2020, 111: 107051.
[15] VELAZQUEZ-ESTRADA R M, HERNANDEZ-HERRERO
M M, GUAMIS-LOPEZ B, et al. Impact of ultra high pressure ho-
mogenization on pectin methylesterase activity and microbial char-
acteristics of orange juice: A comparative study against convention-
al heat pasteurization[J]. Innovative Food Science & Emerging
Technologies, 2012, 13: 100—106.
[16] SILVA JL, OLIVEIRA A C, VIEIRA T C, et al. High-pres-
sure chemical biology and biotechnology[J]. Chem Rev, 2014, 114
(14): 7239-7267.
[17] gk, ok, BRAE, . & B3 Rt & i e ot R A%
Fr#y %o [J]. P B A & S 4R, 2019, 19(1): 156-162. [LIU Q,
WANG B, OU Y W, et al. The effect of high pressure homogeniza-
tion on the shelf life and quality of pineapple juice[J]. Journey of
Chinese Institute of Food Science and Technology, 2019, 19(1):
156-162. ]
[18] LIU J, BI J, LIU X, et al. Modelling and optimization of
high-pressure homogenization of not-from-concentrate juice:
Achieving better juice quality using sustainable production[J]. Food
Chemistry, 2022, 370: 131058.
[19] &, 3hnie, S0, 5. 3R xF NFC K& bk it 44
FME SR a8 T LA, 2022,43(18): 322-330.
[CULY, GUO JY, XUAN X T, et al. Effect of high pressure ho-

mogenization on the stability and quality of not-from-concentrate
cloudy honey peach juice[J]. Science and Technology of Food In-
dustry, 2022, 43(18): 322-330. |
[20] BICH, YAN Z M, WANG P L, et al. Effect of high pres-
sure homogenization treatment on the rheological properties of cit-
rus peel fiber/corn oil emulsion[J]. J Sci Food Agric, 2020, 100(9):
3658-3665.
[21] ZHU D, SHEN Y, WEI L, et al. Effect of particle size on the
stability and flavor of cloudy apple juice.[J]. Food Chemistry, 2020,
328: 126967.
[22] Rk, X ZH, Bauk, 5 25 EHREALSERRET
A T B &G BF R (], # R4 32 4 4R, 2016, 30(1): 78-88.
[ZHOU L Y, GUAN Y J, BI J F, et al. Progress in application of
ultra-high pressure homogenization in not-from-concentrate juice
processing[J]. Chinese Journal of High Pressure Physics, 2016, 30
(1):78-88. ]
[23] LOPEZ-GAMEZ G, ELEZ-MARTINEZ P, MARTIN-BEL-
LOSO O, et al. Recent advances toward the application of non-ther-
mal technologies in food processing: An insight on the bioaccessibil-
ity of health-related constituents in plant-based products[J]. Foods,
2021, 10(7): 1538.
[ 24 ] BENITO S, PALOMERO F, MORATA A, et al. Minimiza-
tion of ethylphenol precursors in red wines via the formation of
pyranoanthocyanins by selected yeasts[J]. Int J Food Microbiol,
2009, 132(2-3): 145-152.
[25] COMUZZO P, CALLIGARIS S, IACUMIN L, et al. Poten-
tial of high pressure homogenization to induce autolysis of wine
yeasts[J]. Food Chem, 2015, 185: 340—348.
[26] DOS S C, ISMAIL M, CASSINI A S, et al. Effect of thermal
and high pressure processing on stability of betalain extracted from
red beet stalks[J]. J Food Sci Technol, 2018, 55(2): 568—577.
[27] PUIG A, OLMOS P, QUEVEDO ] M, et al. Microbiological
and sensory effects of musts treated by high-pressure homogeniza-
tion[J]. Food Science and Technology International, 2008, 14: 5—11.
(28] I3, I ued, RAL, 5. A FEMATAE Y RHEASTHRAL
L2 B R R Hh [I]. R T kA3, 2017, 38(17): 24-27.
[LIUM P, GUO X J, ZHAO G Y, et al. Effect of high-pressure mi-
crofluidization technology on nutritional ingredients and antioxidant
activity of iron yam juice[J]. Science and Technology of Food In-
dustry, 2017, 38(17): 24-27. ]
[29] Pk, & SERHFERENRY METREREERY
FEAG AR E Y e 1] RS %4 R F N F R, 2023,
14(6):295-301. [ LU W, LU J. Effects of high-pressure homoge-
nization sterilization on physicochemical properties and carotenoid
bioaccessibility of carrot-orange juices[J]. Journal of Food Safety &
Quality, 2023, 14(6): 295-301. ]
[30] F#, AR0F, &ir. AR L LA EE TSR Ha )]
oA Ak, 2023,26(4): 12-17. [ LU W, SHAO X, LU J, et al. Ef-
fects of high-pressure sterilization on the quality of blueberry
juice[J]. Beverage Industry, 2023, 26(4): 12-17. ]
[31] GUAN Y, ZHOU L, BI J, et al. Change of microbial and
quality attributes of mango juice treated by high pressure homoge-
nization combined with moderate inlet temperatures during
storage[J]. Innovative Food Science & Emerging Technologies,
2016, 36: 320-329.
[32] BENJAMIN O, GAMRASNI D. Microbial, nutritional, and
organoleptic quality of pomegranate juice following high-pressure
homogenization and low-temperature pasteurization[J]. Journal of
Food Science, 2020, 85(3): 592—599.


https://doi.org/10.1111/jfpe.12548
https://doi.org/10.1002/jsfa.8695
https://doi.org/10.1111/j.1472-765X.1996.tb01134.x
https://doi.org/10.1111/j.1472-765X.1996.tb01134.x
https://doi.org/10.1111/j.1472-765X.1996.tb01134.x
https://doi.org/10.1002/jsfa.11980
https://doi.org/10.1016/j.seppur.2021.119374
https://doi.org/10.1016/j.seppur.2021.119374
https://doi.org/10.1016/j.seppur.2021.119374
https://doi.org/10.1016/j.jclepro.2016.11.059
https://doi.org/10.1002/jib.99
https://doi.org/10.1002/jib.99
https://doi.org/10.1002/jib.99
https://doi.org/10.1016/j.lwt.2017.04.038
https://doi.org/10.1016/j.lwt.2017.04.038
https://doi.org/10.1016/j.lwt.2017.04.038
https://doi.org/10.1016/j.lwt.2017.04.038
https://doi.org/10.1016/j.lwt.2017.04.038
https://doi.org/10.1016/j.foodcont.2019.107051
https://doi.org/10.1021/cr400204z
https://doi.org/10.1016/j.foodchem.2021.131058
https://doi.org/10.1016/j.foodchem.2021.131058
https://doi.org/10.1002/jsfa.10398
https://doi.org/10.1016/j.foodchem.2020.126967
https://doi.org/10.11858/gywlxb.2016.01.012
https://doi.org/10.11858/gywlxb.2016.01.012
https://doi.org/10.3390/foods10071538
https://doi.org/10.1016/j.ijfoodmicro.2009.04.015
https://doi.org/10.1016/j.foodchem.2015.03.129
https://doi.org/10.1007/s13197-017-2966-0
https://doi.org/10.1111/1750-3841.15032
https://doi.org/10.1111/1750-3841.15032

4534 55 18

AN A5 R RO RG] Al P T 411 -

[33] KRUSZEWSKI B, ZAWADA K, KARPINSKI P. Impact of
high-pressure homogenization parameters on physicochemical char-
acteristics, bioactive compounds content, and antioxidant capacity of
blackcurrant juice[J]. Molecules, 2021, 26(6): 1802.

[34] TRIBST A AL, FRANCHIM A, DE MASSAGUER P R, et
al. Quality of mango nectar processed by high-pressure homogeniza-
tion with optimized heat treatment[J]. Journal of Food Science,
2011, 76(2): 106-110.

[35] TRIBST A A, AUGUSTO P E, CRISTIANINI M. The effect
of high pressure homogenization on the activity of a commercial be-
ta-galactosidase[J]. J Ind Microbial Biotechnol,2012,39(11):
1587-1596.

[36] SUAREZ-JACOBO A, RUFER C E, GERVILLA R, et al.
Influence of ultra-high pressure homogenization on antioxidant ca-
pacity, polyphenol and vitamin content of clear apple juice[J]. Food
Chem, 2011, 127(2): 447-454.

[ 37 ] POUNIS G, COSTANZO S, BONACCIO M, et al. Reduced
mortality risk by a polyphenol-rich diet: An analysis from the Moli-
sani study [J]. Nutrition, 2018, 48: 87-95.

[ 38 ] MARSZALEK K, TRYCH U, BOJARCZUK A, et al. Appli-
cation of high-pressure homogenization for apple juice: an assess-
ment of quality attributes and polyphenol bioaccessibility[J]. An-
tioxidants, 2023, 12(2): 451.

[39 ] MARTINEZ-SANCHEZ A, TARAZONA-DIAZ M P, GAR-
CIA-GONZALEZ A, et al. Effect of high-pressure homogenization
on different matrices of food supplements[J]. Food Sci Technol Int,
2016, 22(8): 708-719.

[40] 257, x5k, K%, . SRS ARG it b gk
RILEMA LR E | F AHA A E Y raCl/F B SAZH
AR %4 (Chinese Institute of Food Science and Technology), ¥ E £
= #1345 4 (Institute of Food Technologists). 2017 ¥ B & &4} %
HARFLFETWREFLEFIB T ERDLZHERIFELHE
£ ,2017:456-457. [LIU J N, LIU X, ZHANG B, et al. Research
progress in coix starch structure, physicochemical properties and in-
dustrial utilization[C]//Chinese Institute of Food Science and Tech-
nology, Institute of Food Technologists in the United States Summa-
ry collection of papers from the 14th Annual Conference of the Chi-
nese Society for Food Science and Technology and the 9th China
Food Industry Forum in 2017, 2017: 4566—457. ]

[41] % =#. &EH R NFC £ R T A M fe 5 R 69 %0
[D]. db 7. P B R LA 5%, 2017. [ GUAN Y J. The effect of
high-pressure homogenization on the microorganisms and quality of
NFC mango juice[D]. Beijing: Chinese Academy of Agricultural
Sciences, 2017. ]

[42 ] SVELANDER C A, LOPEZ-SANCHEZ P, PUDNEY P D A,
et al. High pressure homogenization increases the in vitro bioacces-
sibility of a- and f-carotene in carrot emulsions but not of lycopene
in tomato emulsions[J]. Journal of Food Science,2011,76(9):
H215-H225.

[43] LIU X, LIU J, BI J, et al. Effects of high pressure homoge-
nization on pectin structural characteristics and carotenoid bioacces-
sibility of carrot juice[J]. Carbohydrate Polymers, 2019, 203: 176—
184.

[44 ] BETORET E, BETORET N, CARBONELL J V, et al. Ef-
fects of pressure homogenization on particle size and the functional
properties of citrus juices[J]. Journal of Food Engineering, 2009, 92
(1): 18-23.

[45] MARESCA P, DONSI F, FERRARI G. Application of a
multi-pass high-pressure homogenization treatment for the pasteur-

ization of fruit juices[J]. Journal of Food Engineering, 2011, 104(3):
364-372.

[46 ] PATRIGNANI F, MANNOZZI C, TAPPI S, et al. High pres-
sure homogenization potential on the shelf-life and functionality of
kiwifruit juice[J]. Frontiers in Microbiology, 2019, 10: 246.

[47] LIU J, Bl J, LIU X, et al. Effects of high pressure homoge-
nization and addition of oil on the carotenoid bioaccessibility of car-
rot juice [J]. Food & Function, 2019, 10(1): 458—468.

[48] WANG D W, LI X W, WANG K, et al. Impact of non-ther-
mal modifications on the physicochemical properties and functional-
ity of litchi pomace dietary fibre[J]. LWT-Food Science and Tech-
nology, 2023, 182: 114878.

[49] BOT F, CALLIGARIS S, CORTELLA G, et al. Study on
high pressure homogenization and high power ultrasound effective-
ness in inhibiting polyphenoloxidase activity in apple juice[J]. Jour-
nal of Food Engineering, 2018, 221: 70-76.

[50 ] CALLIGARIS S, FOSCHIA M, BARTOLOMEOLI I, et al.
Study on the applicability of high-pressure homogenization for the
production of banana juices[J]. LWT-Food Science and Technolo-
gy, 2012,45(1): 117-121.

[51] PATRIGNANI F, SIROLI L, SERRAZANETTI D I, et al.
Microencapsulation of functional strains by high pressure homoge-
nization for a potential use in fermented milk[J]. Food Research In-
ternational, 2017, 97: 250—257.

[52] PULIGUNDLA P, PYUN Y R, MOK C. Pulsed electric field
(PEF) technology for microbial inactivation in low-alcohol red
wine[J]. Food Sci Biotechnol, 2018, 27(6): 1691-1696.

(53] RBH, RUE RBF, F RHEY RS =T LR
BB T FEABLBAEN TR Ya ] LT A
#,2014,35(11):57-60. [CHENG Y Q, YUY S, WU J J, et al.
Effect of ultra high pressure homogenization and dimethyl decarbon-
ate on the inactivation of indigenous microorganisms in the litchi
juice and its microbial shelf-life[J]. Science and Technology of
Food Industry, 2014, 35(11): 57-60. |

(541 Fmb. & E Rt im i 8 AR 089 3 B AR AAUH AT
7% [D]. &% P E LKL K S, 2016. [ DONG P. Inactivation mech-
anisms of vegetative microorganisms and bacterial spores by high
pressure homogenization [D]. Beijing: China Agricultural Univerisi-
ty, 2016. ]

[55] VELAZQUEZ-ESTRADA R M, HERNANDEZ-HERRERO
M M, LOPEZ-PEDEMONTE T J, et al. Inactivation of Listeria
monocytogenes and Salmonella enterica serovar Senftenberg 775W
inoculated into fruit juice by means of ultra high pressure homogeni-
sation[J]. Food Control, 2011, 22(2): 313-317.

[56] VELAZQUEZ-ESTRADA R M, HERNANDEZ-HERRERO
M M, RUFER C E, et al. Influence of ultra high pressure homoge-
nization processing on bioactive compounds and antioxidant activi-
ty of orange juice[J]. Innovative Food Science & Emerging Tech-
nologies, 2013, 18: 89—94.

[57] DONG P, GEORGET E S, AGANOVIC K, et al. Ultra high
pressure homogenization (UHPH ) inactivation of Bacillus amylolig-
uefaciens spores in phosphate buffered saline (PBS) and milk[J].
Frontiers in Microbiology, 2015, 6: 712.

[ 58] BLANCO G, PEREDA A, BRIAN P, et al. A hydroxylase-
like gene product contributes to synthesis of a polyketide spore pig-
ment in Streptomyces halstedii[J]. ] Bacteriol, 1993, 175(24): 8043—
8048.

[59] CAMPOS F P, CRISTIANINI M. Inactivation of Saccha-

romyces cerevisiae and Lactobacillus plantarum in orange juice us-


https://doi.org/10.3390/molecules26061802
https://doi.org/10.1007/s10295-012-1179-9
https://doi.org/10.1016/j.foodchem.2010.12.152
https://doi.org/10.1016/j.foodchem.2010.12.152
https://doi.org/10.1016/j.nut.2017.11.012
https://doi.org/10.3390/antiox12020451
https://doi.org/10.3390/antiox12020451
https://doi.org/10.1177/1082013216642887
https://doi.org/10.1016/j.carbpol.2018.09.055
https://doi.org/10.1016/j.jfoodeng.2008.10.028
https://doi.org/10.1016/j.jfoodeng.2010.12.030
https://doi.org/10.3389/fmicb.2019.00246
https://doi.org/10.1016/j.jfoodeng.2017.10.009
https://doi.org/10.1016/j.jfoodeng.2017.10.009
https://doi.org/10.1016/j.lwt.2011.07.026
https://doi.org/10.1016/j.lwt.2011.07.026
https://doi.org/10.1016/j.lwt.2011.07.026
https://doi.org/10.1016/j.lwt.2011.07.026
https://doi.org/10.1016/j.lwt.2011.07.026
https://doi.org/10.1016/j.foodres.2017.04.020
https://doi.org/10.1016/j.foodres.2017.04.020
https://doi.org/10.1016/j.foodres.2017.04.020
https://doi.org/10.1007/s10068-018-0422-1
https://doi.org/10.1016/j.foodcont.2010.07.029
https://doi.org/10.1128/jb.175.24.8043-8048.1993

- 412 - £ Tl B4

20244 9 A

ing ultra high-pressure homogenisation[J]. Innovative Food Sci-
ence & Emerging Technologies, 2007, 8(2): 226-229.

[60] LEITE T S, AUGUSTO P E D, CRISTIANINI M. Frozen
concentrated orange juice (FCOJ) processed by the high pressure
homogenization (HPH) technology: Effect on the ready-to-drink
juice[J]. Food and Bioprocess Technology, 2016, 9: 1070—1078.
[61] VOCE S, CALLIGARIS S, COMUZZO P. Effect of a yeast
autolysate produced by high pressure homogenization on white wine
evolution during ageing [J]. Journal of Food Science and Technolo-
gy, 2021, 58: 4045—-4054.

[62] LOIRA I, MORATA A, BANUELOS M A, et al. Use of ul-
tra-high pressure homogenization processing in winemaking: Con-
trol of microbial populations in grape musts and effects in sensory
quality[J]. Innovative Food Science & Emerging Technologies,
2018, 50: 50-56.

[63] TAYLOR T M, ROACH A, BLACK D G, et al. Inactivation
of Escherichia coli K-12 exposed to pressures in excess of 300 MPa
in a high-pressure homogenizer [J]. J Food Prot, 2007, 70(4): 1007—
1010.

[64] BEVILACQUA A, CAMPANIELLO D, SPERANZA B, et
al. Two nonthermal technologies for food safety and quality-ultra-
sound and high pressure homogenization: Effects on microorgan-
isms, advances, and possibilities: A review[J]. J Food Prot, 2019, 82
(12):2049-2064.

[65] YUY, WU I, XUY, et al. Effect of high pressure homoge-
nization and dimethyl dicarbonate (DMDC) on microbial and
physicochemical qualities of mulberry juice[J]. Journal of Food Sci-
ence, 2016, 81(3): M702—-M708.

[66] DULY,SUNY L,HANLY, et al. Inactivation of Saccha-

romyces cerevisiae by combined high pressure carbon dioxide and
high pressure homogenization[J]. The Journal of Supercritical Flu-
ids, 2023, 193: 105816.

[67] GUERZONI M E, VANNINI L, CHAVES LOPEZ C, et al.
Effect of high pressure homogenization on microbial and chemico-
physical characteristics of goat cheeses[J]. Journal of Dairy Sci-
ence, 1999, 82(5): 851-862.

[68] MARTINEZ-GARCIA M, SAUCEDA-GALVEZ J N, COD-
INA-TORRELLA 1, et al. Evaluation of continuous UVC treatments
and its combination with UHPH on spores of Bacillus subtilis in
whole and skim milk[J]. Foods, 2019, 8(11): 539.

[69] MOUTON T L, TONKIN J D, STEPHENSON F, et al. In-
creasing climate-driven taxonomic homogenization but functional
differentiation among river macroinvertebrate assemblages[J]. Glob
Chang Biol, 2020, 26(12): 6904—6915.

[70 ] KLEINIG A R, MIDDELBERG A P J. On the mechanism of
microbial cell disruption in high-pressure homogenisation[J].
Chemical Engineering Science, 1998, 53(5): 891-898.

[71 ] KELLY W J, MUSKE K R. Optimal operation of high-pres-
sure homogenization for intracellular product recovery[J]. Biopro-
cess Biosyst Eng, 2004, 27(1): 25-37.

[72] DIELS A M, MICHIELS C W. High-pressure homogeniza-
tion as a non-thermal technique for the inactivation of microorgan-
isms[J]. Crit Rev Microbiol, 2006, 32(4): 201-216.

[73] DONSI F, WANG Y, LI J, et al. Preparation of curcumin
sub-micrometer dispersions by high-pressure homogenization[J].
Journal of Agricultural and Food Chemistry, 2010, 58(5): 2848—
2853.


https://doi.org/10.1007/s11947-016-1688-z
https://doi.org/10.1007/s13197-020-04867-8
https://doi.org/10.1007/s13197-020-04867-8
https://doi.org/10.1007/s13197-020-04867-8
https://doi.org/10.4315/0362-028X-70.4.1007
https://doi.org/10.4315/0362-028X.JFP-19-059
https://doi.org/10.3168/jds.S0022-0302(99)75303-8
https://doi.org/10.3168/jds.S0022-0302(99)75303-8
https://doi.org/10.3168/jds.S0022-0302(99)75303-8
https://doi.org/10.3390/foods8110539
https://doi.org/10.1111/gcb.15389
https://doi.org/10.1111/gcb.15389
https://doi.org/10.1016/S0009-2509(97)00414-4
https://doi.org/10.1007/s00449-004-0378-9
https://doi.org/10.1007/s00449-004-0378-9
https://doi.org/10.1080/10408410601023516
https://doi.org/10.1021/jf903968x

	1 HPH设备及产业化现状
	2 HPH对果蔬制品品质的影响
	2.1 HPH对果蔬制品理化性质的影响
	2.2 HPH对果蔬制品营养成分的影响
	2.2.1 维生素
	2.2.2 多酚
	2.2.3 类胡萝卜素


	3 HPH对果蔬制品中微生物的影响
	3.1 HPH对不同菌种的杀灭效果
	3.2 HPH对不同食品体系的杀菌效果
	3.2.1 HPH对果汁中微生物的杀灭效果
	3.2.2 HPH对发酵产品中微生物的影响

	3.3 HPH联合其他技术对微生物的杀灭效果
	3.4 HPH的杀菌机制

	4 结论与展望
	参考文献

