B34 2023458 7 45384 54
JOURNAL OF LIGHT INDUSTRY  Vol. 38 No. 4 Aug. 2023 S 11 -

BER B RENE S AR BN T HOR PR B i A IS PR SR ()], R TR, 2023, 38
(4):11-19.

LI X H,YANG M J,LIANG F H,et al. Research progress on regulation of endogenous enzyme activities of fruit
and vegetable products by non-thermal processing technology[ J]. Journal of Light Industry,2023,38(4) :11-19.
DOI:10. 12187/2023. 04. 002

JE DI T F AR 42 % s 7™ s DN 10 g 96 P
W58 BE e

FER AW, R T, B, B R, F, W
RERBAF BEAFEIRFR/ RERFARFABAELRE S
5 AERE ALK E, KiE 300457

WEATEXAMIERAAIKEBESE REFRBFRESRRATHIRS EF HEEFRE FEEHS
Frw A AE #oe TH AR RF b WREEEEGFEAR AR RITEZRE, KA, BGE REE KA
JEAS B TR RN RAR I Ao bk ot i G ORI AR W R B F R M), T B E E KA R B H M X dE
oA THAR AR R 50 W R B B B BAR Y RAUT 32 3 R 3R 7= o0 09 o0 T, B BY 40 T 4 3R 3% 7= o An
Lwﬁ%&#ﬁﬁ%%&%ﬁ%o%%F%m%%%k%ﬁﬁ#ﬁ@i%@%#%ﬁﬁﬂum%i
Weibull 2% Hiilsheger's F= Fermi's 345 A 55 5@ 3 AF 50 X AR AL 7T IR A T AR AE Hodm THORA I R 3K
5o R B E AR S MR TR T R e Ly EOARE R e A A, R, #oe TR 6 BF
R T RN, L EARERF TR ARBEEEOIE SR T AWM, EERAETPEAERERRND D,
ABERARFFM, KREEE—F RS A IE K TR AR T LA EANIRR A #om TH R R
3R T S R BEE MR AUE) VR R AR AR #ole THE AR RTR Y AR T S S R Ao, A A dE
I THAR BT RFRA LB T T AL =R AFE
KA AF Modm THOR R E 5o WIR B ; B E RIS LA
HE 525 . TS205 MERARINAS . A XEHS:2096-1553(2023)04-0011-09

0 Bl FERGE T it (4 I TR it A b R B X S R R
DAGRAE= St i BT E AT, 5 UL A SR 8% 7 i 9 R

N IRBEEE SR N A R EESE A GE PR, WA $EZ I A L ( Polyphenol Oxidase, PPO) it A1k
WY EA R R S AR . R SN BB ( Peroxidase, POD) | SR ¢ HY i i ( Pectin Methyl
it S8 A7 AE TR AN G 32 Th B g ) o, AR AL 05 Esterase ,PME)  ZRFZUBEREFR I ( Polygalacturonase
PRI, )2 R B RRMEFEREEN, Hit,  PG) I8N & L HF ( Lipoxygenase, LOX ) %, b,

%5 B #9:2023-02-15; &[5 B #8.2023-05-29; HH iR H 88 :2023-08-15

HEEWAR: LA L EEA4L 4% 8 (2021CXGC010809)

EEEN . FER(1960—), F , LT HABTA, REMRXFHEZ HE L2 RS @ ARZ®ReE 5 m T, E-mail: lixi-
hong@ tust. edu. cn

BISEE . £ WF(1987—) , %, REFTA, R EHERXFHZ WL, 2R T G AR Z BFEEE LS T, E-mail:jiangyugian@

tust. edu. cn



<12 -

Ba50 202348 A 45384 541

PPO Al g th Z Wy 25 ) B A LD R B 5, 52
Me 7 S AR RGBT S R POD 5 R 55 B I AR T O
HAEH AR R A AF A PME A K ff SR b iy
P R R E A PG Al LR IR 4 T
ZH a—(1,4) - RFILIERE IR 200, 07 40 il BE 2514
fig s, TS BOR S AL LOX T2 40 A T AR 8R
AT AN TR AR TR 1Y Ak 23 i | S mel R 7
R RN A SR R T TR e i R TR RO 4
DAL ISR 0395 P, X DR A SR 7 o ) B o B R
NP SE v

T, B Al 22 2R AL Gt 1 Bk PR (n
R SMKE ZEEAE) I TR EE A BT R K A4
PRSIV ) | D il 1 e A 2 | IS SR 7 it P I
A AR 2P A B SR B A 5 M RR ) S 4id
FRAEIRE, AT ot G AL B AR SRR 7= il
SR AN RS 4 e RN T AR 1R B 2% i
FEIAT AR T AR 8 i A G A Jr ikt
AR 5 IR H AR, 3 24045 8 5 & (Ultra High
Pressure Processing, UHP ) . # 7 I ( Ultrasound
US) . KA %5 B 11K ( Atmospheric Cold Plasma,
ACP) ‘44 5T (Ultraviolet Radiation, UV) ik it
H,3% (Pulsed Electric Field, PEF) %5 H.Ag 5% iR &
% 55 ReRE D AR AL, EE N TR B a5
AT . A SCHNET X H ETEAT T SRR T
HOR | CaR HAR P R B 7 i N TR RS PR A 5T i
DA A R0 o AR T SR i 7 ot o L B 5 4k
(R R S |

1 HE R

T g AR R A WA BRI 3 100 MPa
PLERIHOR e A B g R A G ™ i AR
BRI BEBIR | (R A 73 TR 5 K R e Ak , R
BRI
1.1 BEREEXNREHN RSN EE
R

o R R AT S BTG PMIE 35 P (1 2R A2 0
%, Bl i B AR PPO TR P A R0t & A A 46
7% . 0. Benito-Roman Z'° 7£ 300 MPa .20 °C &4 F
REPRFETE 30 s, PME TG PEREAR T 47% , HLik BEFEAR

SR i 200 1 A B T A O A | A 28 XU
HAF, BEAN AL AR R B A B il S, 7
400 MPa 2k 7 F &b 1 91, PPO {UFE MK T
6.74%""  MiAHFI S0 F AL BESERL U, PPO 15 MEFAAR
T 35.46%" , AWEIE KRB, S AL B AE
WAL 2L RO ZE G RS S R U 25 M A8 1k
MTTHGEEAE PPO 1M, WIFE 300 MPa 5 1F
SEFRAF7T 8 min, W7 PPO 16 M 5 2 3 i =
X HREL 1) 2. 65 4% ; SR 1M1, £ 550 MPa 544 &b B A
T 5 min, Wi T 7HEY PPO 3% P BIK 52 28 %6f IR 40 7K
SRR TR AL B X PPO YA B — A sl A
R EERTE RS PPO SR LRI A A
PPO RYE T, ff PPO A I 1 52 B0 W A IR 2 0 40 1
YEH

PEAER [ N A2 35 T R 406 e e A B2 T i
(5 Bl 1 2, -3 v U8 42 e 0% 1) S5 fE A% A
PPO 1 POD 112 1 2 PR FRE SR B 7 i il Jo 1) 6 2 2%
1 AR SR 5 I ) AS [ K 7 7 3 98 B ] AR
AR E MBS AR 1, DR G 2 3h ) 2 R AR
T 28, 28RBS, 250N U6 5 1 3%
M- AR IR 2R LB . N. S. Terefe %5 HF 9T &
B, Wi AE POD & PEAEITA N LR R ¥ B T —
PRGN 12 HOR Fl— B 2K 1 Bl g 4 A
FIRR . AR fRT A7 (1 3y ) 2 SR JF R I DL A 38 il
A A TE G , B 1. Bleoanca Ziel10] 2 = By 210 0
FERARBRTE PPO 19 IE | JFiE i — R YNGR 50 1
SE T AR S, R, 75 B AR S [R) SR 8% 7
it , AW SE G 35 (Y 8l ) AR S a4 g
sty PS8 1) R 1 0, AT DRI A i A v 1
=TI

o 1R R B AR AT AR B AR B N AT AR TR
ASRE R R FRRE i O B SR 7 i 1 3 TR LA R AR €
R R ROR KR YRR B 1 R R
PRI BT . R A T A% G I SR Ak 2 Ak B Ty
V5 A R AR AT BN R INAT A 1k 2 4 J5 5 B
JEE R, e DR b A Sl R R SR Wl JL T 2
TR AL A TR o AR o AL 5 I 4805 s 48
ASFAXTE i, FE/INIRASE AR 7 R0 T o 4 1 AT g2
2 F R



FER,F A TR R & WR B AT R 3R

- 13 -

1.2 BSEX R mNTEERE R

R e X SR 7 i P U ) DR s L
TR BT U e T P R R 1 A G e A AR Ak
L 0 s, 3R T R P R B A O
150~200 MPa [ i He 23 5 20008 U5 T 1) U 25 465 4
IR, AR WA 8 B 3 RS R R T,
HRHIBR 7K AH AR 25 001 i Y — A5 i B IR ot
A WL AT 5 el 2R J5 A R 1R 0 i R RE A4
EKAEAE AT, LR AR EAE T (CGn &0 8 i A
JAEHT) , 3 1 52 M A 35 6 1) 45 ) Tk R ) g
P, T BRI A X P e ) O s AL
Tl BERANT S, 5T AR SR 25 0 kb3
FE 7 AR R 55 3R A BT 22 5, Rt FEAE TR
o PR AR AL PR = S i, T LR A R IR R
TR AR PR A AR VA 4 oA U 4 T LA ORI SR B
T

2 AR

R P Y — O AR R K L 50 ) SR Y
GRAE I, FEARAS GG Y 0 BRI RE AR A
I REBUR AR SR R AN {E e O P9 U8 G A 45 4 T
H AR IERG SR
2.1 BEERBETMm
ENES

U4, N R A K TG PPO L POD B % R 55
TG ER BT . IARASTRE P gl Ak BHLER8E 7 ot
Xof PR R RS T ) R RSCR A BR . 7E 20 kHz 5 1F T
AEFEA T I EERERORE, — 3% PPO (3% M43 1 R A%
T 35.00%F1 44.90% "% s #E 22 kHz £1F F AL 3R
FERIT 10 min, PPO JEPERRL T 45. 04% 7 X %
W 7S R AR T, N TR S PR R R e, i
b, PRI T M 4 25 R 5 P IR Ak B ) O R A
5,20 kHz PRI EAF T AR EL 5 15 min, PPO 16 1
IURRAR T 14.03%"", RIVA IR (¥ 8 75 3 B T 400 ) P
TR AIEPE . AHLEZ T, DA e A0 75 5 A 30 AR ™
d BE L XE VR O M U s A R B B, o
378 kHz 514 T Ab BRBRAR FSLAEL B 4 , POD 11 PPO
PR B AIE ZE B n R 7 X P TR £
PEROR B T 75 U R A R B Ak B

R E R

6] RS, WS PR, O 2 08 A Ik Ak B AT 3
TR B ) P R 48 O, X AT e A
Shy 7 I A AIL AR A FH AT A I PN IR 3 Y S ) 4
o (L B S IR M4 4, Rt A T S I Ak R
(LR P I 0 23R g e A s ) U 2 0 o ) Y
BT o DRIt 7 ol FH R P 0 A 3SR B 7 I, R
PR B R P U0l A LA 1 ARG P TR B ) 0

7 YT P TR 31 7 2 R S e -5 DA R R 1) 4
PEA S, R FH o A 75 D0 A R BR A g v, I
POD 92K % 8l )1 2% 5 — G R LA KA
K. Tsikrika 25 B9 22 BR, — BB 20 RS 581 (1
RS R SE A AME, Weibuall £S04 45 R
SRR BAF, A E. Hlera 25120 75 FH G 1
DG TR0 S 8 P9 R B A 0 ff ] Weibull 458
RIG PPO 35 8 7228l . 3K AT RE 2 AN W] P A
B 2500 25 S B, PRt 2643 5 3 i g g A A
A VA R AR P DB PN U ) R A I A
FER R BGAAE 75 200 B, 75 I b 38 5 I
TR PSS AR 157 Ly AR I8 AN ] Py 9052 8 174 AR P R 1 P B
HATOAL, DASRAS B AR A 45 21

R I AR A SRR 7 o T A S B T
s TG 75 [ FH e i, e O 1 AL FEGT 7 it 2 5 L
PR, PR B T R A B S IR (E A R
R 75 U T HA) 50 AT 96 R 2 53 ML B 7 o ) 45 A
AT SE B 28] — A A% Be b, 7 i Ak 3 ok
FETR, AT EE B A PR (R i A BRANCR 2 R
WA R DR A PR ) A S E S 7 B X R
Bt AP AN T B T SE R R S B
22 BEBEMREHESRANEEFENEERE
ML

T 7 Y X SRR 7 it PR U T R AL )
FLHE 3 PR, — SR, TERE A AR,
AR ZIE s A, 38 KA a) A LT T AR, AR
DA - 1 ] L BRI ( n & s K AR ) , 3
PR o110 28 [ A R B E . R A=, S
WAL AR 23 A S SR ) 23 77 A R ) ey
Tk ., SR o 24 T8 ) S AR B
5 P A 2 R R R R A g, AT S i PN
TS B A ASE HEANTE 2 . — RN, R sS4k



c 14 -

Ba50 202348 A 45384 541

AL RS T I 2 7 AR AU R A BT U0 7, A
2R A R L 1 D (DR R ) SR L T R AR )
i, SEONIREG T O = RS R R MR
PRAZYITEE . £ TR B P O R 7 i Y U5
YRR AL A 2%, B HS I i SR (U
AR AR AL BRI E] ) SRR S AP AE N A

3 KRAURRFEETHEAR

ST RGN R R YT EE 4 ROk 5 K
VAR AR AR T 2 it o ek S 3k 3 o 2
FEI, SRS B = AR R PR ST
TS VA B A DR v UL AT T P IR T A
%o KRR GBS T H AR BAT A 3R [a] 4 B3R
PE/N TCEk B AR AN, T2 AR I A TR
PR
3.1 REEAEBFANRBESmAIEREE
MHERIEAER

P R ARV S B AR 90 A R 7 2 R S
TR LG Z ), 5 BRI B Al e, B R R3S
FHFEEYI KR 5 35 4 il B U™ i m T, K<
VA A5 1 A 4 Y R A 1) 05 5 AR AR TR
AbFRISHIRIAT 56, DAEEYISESR R, 28 150 W .22 C
KAEL B TR FE 30 min F1 60 min, BF 3R
[ PPO I5 43 BRI T 509% 1 909%™ | KA BE %
AbER B] A SE K, PPO 6 1 B AR, 7EZS SN,
0, \Ar fll He JRA& SRR EE 28 900 W KR
SEE AR AL PR A ) T 44 B 40 min, B D) T4
PPO KiHHN 49. 5%, #2255 P, 42 900 W K/
FEVe S5 A AL PR A1) T 445 2 10 min, i U] T 4% 25
i) PPO TR PERRAR T 779% " | R AFE 25 S BR B vh ol
REA &AM PPO BN ME . BLAL I 45 V A R
BELP4 i P 45 5 (A kb BN FZ 2E 31, POD 1 PPO
TR 14 S AT, LS UL R0 R B 8 538 I
REAG, sl PR, Fe e M i RS B )R
T, B TE R ] P, RS S B TRt A ey
(0 IR BTG PR RO, N2 65 kV KRS S5
TR BEETIAL 1 min, H POD Fl PME F9 7 P 341
PEFRAR 528 90 kV ARV 45 B F Ak b LA v
120 s, H: PME {HPERRAR T 829% Y, Mk Al WL, KA

FEv8 5588 1 PR A BB A A ) PPO  POD (PME 1y
W, HE AR ROR I,

WFR R ARV 55 B A B8R NI Y 2% 15 3
Jy5¢, Al 4B 7R N R AR T2 AL B AR P SO AL AR A
SRAG IS, AU ] 25 8 - R Ak B A5 ik 4
S, S. Pipliya 4577 SR HIAS [R5 R4 3% Py U0l 174 2
TEIE L, RIS X B PR AL AR L, Weibull Fl logis-
tic 2 1B RE BN A bt 18 PPO 1 POD YRR
Hah 12 #E , H Weibull 5 logistic 151 2 [R5 47
TESE4PE, H logistic AR AYTR 22 /)N,

KAV 55 B - RHR REAT S8R (TR B 7™ it i
JE B0 X0 I BB | AT PR AR 7 it 7 1 J
EARE ; BEAT RSO IR 7™ i AR T Y A T L L B
HABTEA:= W, WAt J DO B | A A 7™ o 114 R B
B, ABAEAT IR AR 55 B T AR R ORI 5 A
W HEAT R H TR 3 R v 2 7 A F A B 40 A A Ak
[, Wl A0 B At B DA R R S R i AT, R
EHR B iz & AR .

3.2 RKEEREBEFEXREF MmN IREEE
TR = HLE

KREEREE R REE S LLT 3 oy iR
WIRRE A [ 254, — iR TR B R P A, SE 81
PR = A — 2R 40 ) ER 3 R Al S iy P ) o (n L
AT RME )Y XETEE Y R AT RS 5 TR
Pit v B B R A BE A AR T 3l i SR A B0 I S
RN REAS RIS RE L AR, R AT
TR . AR i B R
BAER SN > TR, S8 —tE =
A AA R TR 0P B, DT A 1A I8 it 22 1) 245 ) 1 2
RERAEAEA, B s S AFR TR AR
HORE o (AN 3R X S5 kL o A BB 23 1
PR3, A0 v A D 1 R 2 i R AR AL
M BOLEE G & E AR B, e 5z AT
RAENE A5 B 7 VR Xk SR 7 it PR 90 I 1) 30 42 AL
SR B B A A T P ) B (S A 0 e R R R
FALFE B, X 25 2B o - 1R HE AN B 45 44 1 451
2%, DT A PA 5 291

4 ROMGESTEOR
SOMEERYTR — R Tl 65 X k2 1



FER,F A TR R & WR B AT R 3R

- 15 -

LR RN ERSHE T, A R 1 A
i gl A I S N R T A B /e sk e = il
it 1) 3 R AZ B 3 J R A A 2R, kI S B0 R
PIFET, ATAEOR B R AN A B B AR B T U s R
iy PPO BN PE T BRI
4.1 ZEHERBEHGTX R MmN IREE SRR
BER

SCHIMA K S A B0 R B 7 i N TR 1
P 38 FH TR i R OB B X AN R
YRGB 7, SN AR T B S A PR A, TE
b PRAE] IR P A A, WNZE 2 kJ/m® R ANER R A Ak
PREEIHA S Y LR 2.6 kJ/m® 6 °C AN HR Y
REFREEYI AT SRl PPO B RTE . fEAL
PRI OB, 8 RS T e D) SR L a2
400 mJ/em’® 58 HM 2 4R 5 Ak BAR 7K, L PPO I
POD M5 R T 6% 1 7% % ; 2 254 nm 44k
LRI AL BN Bt H PPO R PEREAR T 209
TERE AP UN4ZE 254 nm 60 W S AN [R] BE 18 %5 i
(1 kJ/m* 3 kJ/m*> F1 6 kJ/m*) 584Nk 5 5f b B it
A Al BFERBEARI PPO R POD BO3EE ) UL
WFFTEE SRR, S/ A ] AR R 8 7 ot P
(G T ELARRIOR 32 SRAMR I K B R YR
e EN AN

TF 7 50 SN i S Ak B R D ) 2 905 20 g 2
Y XoF T AR ARG P B e 52 AR S R AR T
WOR AL SR T kR A EEE L, X Y.
Hong 5" ZERFSEME T 1T PPO Al POD i, I
1l T ] B — 2 B F1 2R AR AL S 4 — ) B T A
FIH By Bt —Z sl 1 2 AR K B 5 4 — e sh 11 2%
R A A PPO A1 POD TR A5 (LI I, BB
ARG AT O G AR PR 1 2 R L (RIS o A
S WA N IR Y R TG R . AR R PR R
AL SR 28 SN 4 5 A B et 1o P T
B b BN T

SO AR ST AGE 1 A PR 5 S S8, T
SREBE T il PR 0 e DT T SRR 7 o Y Ak
Ak, JELE HLE WO 3 FE L A, AR R A iR
AR S A BB RIS T SR, SR AN A
XFHRAE N DL ELAT — 8 1 22 4 XU, A 309 422 fl 4 AR 2

YRR 1 2 A BRI 11 06 R UG 24 1 2
Hi.
4.2 EHNEESX RS0 R E R
EELH

S DML A R A T L 3
I3 H ErHEAE PRI AR AT, Hoh, ECBEE P 9
S SN RRAS 1 2 P S T o L B
Gl RS R SO TR A TR 4
SR, S SR S T 0 A R R R
UL LR I, S50 R e ) 2 I
B N AR AR S W 9 T A 1 o
LU e ) ph T g SO T4
PP B S L S R S o
BT E DL 2 A K R BRIE SR 7 i S
SEPH BRI, PRI E L 7 I TR
i AR SRR Y B 3 1 S SN A A 14

5 PkmbgEoR

Ik R, 3 A 2 — ORI H 3 04k b
TG N T AR O e At n i vk el
Sy, iy I v B4 R i 43 A R R S B K AR AR A, 1 T
SR R s ANV CTIC W S0 T 1 & P = S L7
PR A0 T 5 S5O 3 A T R A Rl U A7 3
I DATIT S5 B X Gl A A R P Y g 1) 3
5.1 Rk eR 3%t RBE 7= m MR EEE R R
LS

ik i e 3 0 TR T R I Saxena
OB R L, 26 8 °C 97 V/em HY [k i v 37 4k 21
HHEVT 32 min, 2 PPO {EPEREIR T 90. 5%, ki
A SR EE T A B SR T ] R AR P
P, C. Mannozzi 55" #F55 & #, 4 90 °C 0.8 kV/em
B ik b B 37 AL BESE SR 10 s, H: PPO POD A9 K%
ik 80%; R. Sanchez-Vega 258 5% kK W, &
26. 35 kV/cm [k ip HL AL BRPE 22671 1235 ps, H
PPO J&iH 3R A3k 60% ;4 0.9 kV/em 5 2.7 kV/cm
(4 ik e 3 AL BIES 1 1000 ws, 1 PME 35 7 38 14
K, MR K ko eb 3 BB A SRR
PHPRCR AL, ANZE 1,25 kV/em B4 bk v e 37 kb 31
BEAS 30 s, HoXF PPO W& HEJCH A, POD ¥ 1 H T R



- 16 -

Ba50 202348 A 45384 541

T 30% R, T RR A LA SR B 7 i A SR S
o 5 SR 3 ik v L A7 1 A B o R R

A RSk o EL 37 X6 A A ) R 3 T Bl ) 2 I ST R
Z Xt N RS 6 1 3 1 SR g AR . B SEER P
WFSE A B, Ik v e, 37 AT (1 e AE A4 A0 2803 10 i Ak K
N GHRFRIARG K, B IR 1 2% 3 o P A
— R 1A, T T C. Yapi 55T BRSE L, —
B Hiilsheger's Fll Fermi’s £ B0 165 A1 Al AR 41 #b
i PPO POD RIGEI S, B W58 N IR
it AN ) Jik el 3 2 AR T 14 2 00 R, ST R
[F] (8l ) A A B T T i IR G 4 T 450 5 T
REZIAT R DG 2, A DY U5 6 A Ik b i 3 v i e e
R B 7 i R O PE PR AR

[TQUIEER7E s S ey NN IR e 37/ I 5y E 7. %1
HEAR NS R i B N AR ks 5k B, e
TS B[R] PR A R 7 o B PR R R O L A 2
BRI AAFRIR B ST R, SR, Bk b i B R
HA WM ARZR & AP ZBR | R T
AR A SR BR PR, E SRR Y A AR R g
st RSB RIS DA ok o L 37 5 R 138 L, I
B LU IE AR ERCRAE I R
5.2 Bk IHX RIS MmN iR E R AR
ML

ke e 37 = S A AR B T 2 A B N AR
FIBT o T3l 5 R B 1 5T 43— P 3 Pl 25 =Xk
INIEEE IS5, — 5 T, Dk v 3 25 77 A v R
JE 5 BP0 R AR T T A e A AR i
TS FA A A RN 4R, 431 P BT LA 43 A R 2B g
SRR Jy— 5, ki 37 25 00 PN IR R AR 1 B
PRI Bl 1, in R A TR Eh Y R B
T2 Y R AR | I IR 2 1 45 44
PR ke b m] 5| e P9 U5 i AR 1 540 R I R
fige ™ B N — A4 1) 55 — Ao F RS T X
ol gk 2 5 BRCHR 11 5 40 2 S T R RN 45 A B ORS
SR N IR 03 PR NS E IR . B, ki 37 2 ek
A5 DR R R P 7 5 K X PR R R 118 — 2 235 ) R i)
BN, LIRS TR B AR ok o E 37 0 SR 7 i N
TR IR L T 22 (0 BARVE FHLEM 75
AW .

6 Ziig5REY

ARSCHETFAR I TR A B HEA S B R AR, 23
TS FRECE AR TR PR SR G 7 it A R
[LE3E GBI brid o E FEY s 3 Ne S-S BUN S AR S
it 240 LRSS T 0 PR R 1 A R R 4 PR Rl ) 91
P, TR, A5 S SRR AR ER . RTUR%
5 BT UREOR R T HL 5 25 T B U T X g ik
ATV AR R AL B, vl 0 25 9 P2 R 7 il P TR 1Y
P (R P AL 14 A e B, X A A e 1 5%
WAy e — T RRAIE 5 ARSI TH AR
FU P B AR AN 2 X £ i 7 AR RO, B v AL
AKWA) ABATE T B A 2 R SR ™ i, HL
PR Rl 6 PR P ROR A X 0 22 . SR AN AR T R
]I S AR B 7 o DR TR M, © R I
FH SR 7 i 4 PAY D58 8 9% 1 90 42 A0 8% B e EL
P A v 5 T AR R R R N BB A
ok i EL 37 8 AR R SR 7 it A D R T Y 4 SR
B B, B AR Ao ik B B AR S
o RO P A AR SR i e A AR T RS A
i HE, PG, PR 3 A9 AR O TR B,
BRI SR 7 2B N T SR AR A
HEF R R AN R

AR TR REA R A G = i A TR 4 T
(ERRIERGREI0 B W YN = £ 17 % Dt N P
He—RER DL, £ PR P R 7 i A TR P Y
G UREPAS ¥/ AT E S A LRIy AP S S
WFERIIT R Z—, 380, AR BN TH R B A R b
Ty | I S | ) P A R IS ER R 8 s W T R Y
IEPERI LRI AN S A 2, AR NLEL ) Ti% 77 T Y
WF5E, DA AR I T HAR B oA T P, 24
BT 22 4 PP A B — AR BN TR b R A
R SR L5 A NI 22 Pl B TR IR 42 3 e
fity A )55 1, 4] Ao A o T B 5 Bk i L 7 8
ARG BB PRRE H A, ASEBURER B ™
PRSI P SR W D 42

SE .

(1] oA, ELE, H#A, % 5 - AR ESFH



FER,F A TR R & WR B AT R 3R

- 17 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

[14]

[15]

ARG R[], & % Tk ,2019,40(6) :5-8.

MA L,ZHANG M,BHANDARI B, et al. Recent develop-
ments in novel shelf life extension technologies of fresh-
cut fruits and vegetables[ J]. Trends in Food Science &
Technology,2017,64:23-38.

TR HEK EEL, & RUHE S 1-MCP 4 3#
RREERMEE & TG Bm)]. Kb TEFR,
2022,38(20) :293-300.

EHE, 20 R E R T HA R & N IREN
EH R[], E R ) ,2021,21(12) :1-13.
EIRGE. BN SR I HARERALT]. & &
%4 % 71,2020(18) : 178.

BENITO-ROMAN O, SANZ T M, MELGOSA R, et al.
Studies of polyphenol oxidase inactivation by means of
high pressure carbon dioxide (HPCD) [ J]. The Journal of
Superecritical Fluids,2019,147.310-321.

DARS A G,HU K,LIU Q D,et al. Effect of thermo-soni-
cation and ultra-high pressure on the quality and phenolic
profile of mango juice[ J]. Foods,2019,8(8) :298.
BER,IRE T, F ABELELEEFER
RBAE DA & WP [T]. &8 T AL, 2020,41
(17) :37-44.

KAUSHIK N, RAO S P, MISHRA H N. Effect of high
pressure and thermal processing on spoilage-causing
enzymes in mango ( Mangifera indica ) [ J]. Food
Research International ,2017,100.885-893.

TRIBST A A L,JUNIORB R R C L,DE OLIVEIRA M M,
et al. High pressure processing of cocoyam, Peruvian car-
rot and sweet potato: Effect on oxidative enzymes and
impact in the tuber color[ J]. Innovative Food Science and
Emerging Technologies ,2016,34:302-309.

XU JY,WANG Y L,ZHANG X Y, et al. A novel method
of a high pressure processing pre-treatment on the juice
yield and quality of persimmon [ J]. Foods, 2021, 10
(12) :3069.

HOUSKA M,SILVA F V M,EVELYN, et al. High pres-
sure processing applications in plant foods [ J ]. Foods,
2022,11(2) :223.

DE JESUS A L T,LEITE T S, CRISTIANIANINI M. High
isostatic pressure and thermal processing of agai fruit
( Euterpe oleracea Martius ) ; Effect on pulp color and inac-
tivation of peroxidase and polyphenol oxidase [ J]. Food
Research International, 2018,105:853-862.

KHALIQ A, CHUGHTAI M F J, MEHMOOD T, et al.
High-pressure processing; principle , applications , impact,
and future prospective [ M ] //Sustainable food processing
and engineering challenges. Academic Press, 2021: 75 -
108.

TEREFE N S, DELON A, VERSTEEG C. Thermal and
high pressure inactivation kinetics of blueberry peroxidase
[J]. Food Chemistry,2017,232.820-826.

[20]

[21]

[22]

(23]

BLEOANCA I,NEAGU C,TURTOI M, et al. Mild-thermal
and high pressure processing inactivation kinetics of poly-
phenol oxidase from peach puree [ J]. Journal of Food
Process Engineering,2018,41(7) :e12871.

WANG P,QUANSAH J K,PITTS K B, et al. Hygiene sta-
tus of fresh peach packing lines in georgia[ J |. LWT-Food
Science and Technology,2021,139:110627.

CHEN L L,BI X F,CAO X M, et al. Effects of high-power
ultrasound on microflora, enzymes and some quality attrib-
utes of a strawberry drink [ J]. Journal of the Science of
Food and Agriculture,2018,98(14) :5378-5385.

IQBAL A,MURTAZA A,MARSZALEK K, et al. Inactiva-
tion and structural changes of polyphenol oxidase in
quince ( Cydonia oblonga Miller) juice subjected to ultra-
sonic treatment [ J |. Journal of the Science of Food and
Agriculture, 2020, 100(5) :2065-2073.

ILLERA A E,SANZ M T, BENITO-ROMAN O, et al.

Effect of thermosonication batch treatment on enzyme
inactivation kinetics and other quality parameters of
cloudy apple juice [ J]. Innovative Food Science and
Emerging Technologies,2018,47.71-80.

Bl R BEE, BN F G BEEFERGERS
BAtBA L AN EALRRNFARI]. RES
Jm T ,2020,20(2) :68-73.

TSIKRIKA K,CHU B S,BREMNER H D, et al. The effect
of different frequencies of ultrasound on the activity of
horseradish peroxidase[ J]. LWT-Food Science and Tech-
nology,2018,89:591-595.

TSIKRIKA K, LEMOS M A, CHU B S, et al. Effect of
ultrasound on the activity of mushroom ( Agaricus bis-
porous) polyphenol oxidase and observation of structural
changes using time-resolved fluorescence [ J ]. Food and
Bioprocess Technology,2022,15(3) :656-668.

CAO X M,CAI C F,WANG Y L,et al. The inactivation
kinetics of polyphenol oxidase and peroxidase in bayberry
juice during thermal and ultrasound treatments[ J |. Inno-
vative Food Science & Emerging Technologies,2018,45:
169-178.

SUO G W,ZHOU C L,SU W, et al. Effects of ultrasonic
treatment on color, carotenoid content, enzyme activity,
rheological properties, and microstructure of pumpkin
juice during storage[ J ]. Ultrasonics Sonochemistry,2022,
84.105974.

WANG D L, YAN L F,MA X B, et al. Ultrasound pro-
motes enzymatic reactions by acting on different targets:
Enzymes , substrates and enzymatic reaction systems/[ ] ].

International Journal of Biological Macromolecules, 2018,
119.453-461.

WAGHMARE R. Cold plasma technology for fruit based
beverages: A review[ J ]. Trends in Food Science & Tech-
nology,2021,114:60-69.



- 18 -

Ba50 202348 A 45384 541

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

HRN g FAEE,F RESEFRAREX
EBFNEERREXEWENH AR [I]. &
8 AR #40,2018,36(4) :17-23.

TAPPI S, RAGNI L, TYLEWICZ U, et al. Browning
response of fresh-cut apples of different cultivars to cold
gas plasma treatment [ J |. Innovative Food Science and
Emerging Technologies,2019,53:56-62.

KANG J H, ROH S H, MIN S C. Inactivation of potato
polyphenol oxidase using microwave cold plasma treatment
[J]. Journal of Food Science,2019,84(5) :1122-1128.
BUBLER S, EHLBECK J, SCHLUTER O K. Pre-drying
treatment of plant related tissues using plasma processed
air: Impact on enzyme activity and quality attributes of cut
apple and potato[ J]. Innovative Food Science and Emer-
ging Technologies ,2017,40:78-86.

MANZOOR M F,HUSSAIN A,GOKSEN G, et al. Probing
the impact of sustainable emerging sonication and DBD
plasma technologies on the quality of wheat sprouts juice
[J]. Ultrasonics Sonochemistry,2023,92:106257.
ZHANG Y, ZHANG J, ZHANG Y, et al. Effects of
in-package atmospheric cold plasma treatment on the
qualitative , metabolic and microbial stability of fresh-cut
pears[ J]. Journal of the Science of Food and Agriculture,
2021,101 ;4473-4480.

XU L,GARNER A L, TAO B, et al. Microbial inactivation
and quality changes in orange juice treated by high voltage
atmospheric cold plasma[ J]. Food and Bioprocess Tech-
nology,2017,10( 10) :1778-1791.

PIPLIYA S, KUMARR S, SRIVASTAV P P. Inactivation
kinetics of polyphenol oxidase and peroxidase in pineapple
juice by dielectric barrier discharge plasma technology
[J]. Innovative Food Science and Emerging Technolo-
gies,2022,80;103081.

GUY X,SHI W Q, LIU R, et al. Cold plasma enzyme
inactivation on dielectric properties and freshness quality
in bananas [ J]. Innovative Food Science and Emerging
Technologies,2021,69:102649.

WA E M E A E, % K CE R AR RA
BEEAENML B AR R[I]. BALFET L,
2019,49(4) :259-263.

LI L,LI C B,SUN ], et al. Synergistic effects of ultraviolet
light irradiation and high-oxygen modified atmosphere
packaging on physiological quality, microbial growth and
lignification metabolism of fresh-cut carrots[ J ]. Posthar-
vest Biology and Technology, 2021,173:111365.

J R, A, B4R, %L UV-C %2 R AL 22 A 4 8
MEMAFE RGP R]]. £ EFRE I K, 2018,
39(16) :178-184.

YANNAM S K, PATRAS A,PENDYALA B, et al. Effect
of UV-C irradiation on the inactivation kinetics of oxida-

tive enzymes, essential amino acids and sensory properties

[41]

[43]

[44]

[49]

of coconut water[ J ]. Journal of Food Science and Tech-
nology ,2020,57(10) :3564-3572.

ALL N,POPOVI V,KOUTCHMA T, et al. Effect of ther-
mal, high hydrostatic pressure, and ultraviolet-C process-
ing on the microbial inactivation, vitamins, chlorophyll,
antioxidants , enzyme activity,and color of wheatgrass juice
[J]. Journal of Food Process Engineering,2020,43(1) .
e13036.

DASSAMIOUR S, BOUJOURAF O, SRAOUI L, et al.
Effect of postharvest UV-C radiation on nutritional quali-
ty , oxidation and enzymatic browning of stored mature date
[J]. Applied Sciences,2022,12(10) ;4947.

HONG X Y,LUO X Q,WANG L H,et al. New insights
into the inhibition of hesperetin on polyphenol oxidase:
Inhibitory kinetics, binding characteristics, conformational
change and computational simulation[ J]. Foods,2023,12
(4) :905.

CACCIARI R D, REYNOSO A,SOSA S, et al. Effect of
UVB solar irradiation on laccase enzyme ; Evaluation of the
photooxidation process and its impact over the enzymatic
activity for pollutants bioremediation [ J |. Amino Acids,
2020,52(6/7) :925-939.

SAKIROGLU H,BIRDAL C,BASLAR M, et al. Inactiva-
tion kinetics of polyphenol oxidase in an aqueous model
system under stand-alone and combined ultrasound and
ultraviolet treatments [ J ]. International Journal of Food
Properties ,2016,19(7) : 1535-1543.

SAXENA J, MAKROO H A, SRIVASTAVA B. Effect of
ohmic heating on polyphenol oxidase (PPO) inactivation
and color change in sugarcane juice[ J]. Journal of Food
Process Engineering,2017,40(3) :e12485.

MANNOZZI C, ROMPOONPOL K, FAUSTER T, et al.
Influence of pulsed electric field and ohmic heating pre-
treatments on enzyme and antioxidant activity of fruit and
vegetable juices| J]. Foods,2019,8(7) :247.
SANCHEZ-VEGA R, RODRIGUEZ-ROQUE M J, ELEZ-
MARTINEZ P, et al. Impact of critical high-intensity
pulsed electric field processing parameters on oxidative
enzymes and color of broccoli juice[ J]. Journal of Food
Processing and Preservation,2020,44(3) :e14362.
TIMMERMANS R A H,ROLAND W S U, VAN KEKEM
K, et al. Effect of pasteurization by moderate intensity
pulsed electric fields (PEF) treatment compared to ther-
mal treatment on quality attributes of fresh orange juice
[J]. Foods,2022,11(21) :3360.

HUANG W S,FENG Z S, AILA R, et al. Effect of pulsed
electric fields ( PEF) on physico-chemical properties, 8-
carotene and antioxidant activity of air-dried apricots[ J].
Food Chemistry,2019,291.:253-262.

H X% B Ao B3 (PEF) #0E o— % 4 B/ & 4
RO B/ REENLERFARID]. ER.EE AT,



ZEE,F AW IEAEERES & NREFEF R - 19 -

2016. oxidase and peroxidase activities in an extract from of vio-
[52] YAPIJ C,EKISSI G S E, YA K C, et al. Inactivation let eggplant ( Solanum melongena 1.) [ J]. European
kinetics and thermodynamics parameters of polyphenol Journal of Nutrition & Food Safety,2021,13(3) :83-92.

Research progress on regulation of endogenous enzyme activities of fruit and
vegetable products by non-thermal processing technology

LI Xihong, YANG Mengjiao, LIANG Fuhao,LIN Ziqin, LI Jiao, LYU Fange ,MIAO Ze,JIANG Yugqian
College of Food Science and Engineering/State Key Laboratory of Food Nutrition and Safety , Tianjin University of
Science and Technology , Tianjin 300457

Abstract; Based on the advantages of non-thermal processing technology, such as low-temperature sterilization,
better maintenance of the original nutrients, color, and freshness of fruit and vegetable products, the regulation
effect and regulation mechanism of five commonly used non-thermal processing technologies on the endogenous
enzyme activity of fruit and vegetable products were reviewed. Ulirahigh pressure, ultrasonic, atmospheric pressure
cold plasma, ultraviolet radiation, and pulsed electric field technology can significantly reduce the activity of endog-
enous enzymes by destroying their spatial structure. These non-thermal processing technologies have advantages in
regulating the endogenous enzyme activity of fruit and vegetable products, which can not only improve the quality of
fruit and vegetable product, but also provide effective means and schemes for processing and storage of fruit and
vegetable products. The deactivation mechanical models of endogenous enzymes in fruit and vegetable products
mainly include the first-order model, biphase model, Weibull model, Hulsheger’s and Fermi’s empirical models,
etc. By studying these models, we can further understand the mechanism of non-thermal processing technology reg-
ulating endogenous enzyme activity in fruit and vegetable products, and then optimize the processing scheme of fruit
and vegetable products to ensure the quality and safety of products. However, the research of non-thermal process-
ing technology is still in the experimental stage, and the mechanism of regulating the endogenous enzyme activity of
fruit and vegetable products is not completely clear, and there are still problems such as high equipment cost and
obvious safety risks in actual production. In the future, the process parameters of non-thermal processing technology
should be further improved and optimized, the regulation mechanism of non-thermal processing technology on
endogenous enzyme activity of fruit and vegetable products should be deeply explored, a variety of non-thermal pro-
cessing technologies should be jointly applied, and minimize the impact on the quality of fruit and vegetable produ-
ets as much as possible, to provide references for the application of non-thermal processing technology in deep pro-
cessing of fruits and vegetables and industrial production of products.

Key words: non-thermal processing technology; fruit and vegetable product; endogenous enzyme ; enzyme activity

regulation mechanism
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