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Effect of High Hydrostatic Pressure Treatment on Inactivation of Oxidase

in Non-concentrated Bayberry Juice

WU Xinyi, MENG Ziyi, ZHU Yinfei, LUO Ziyang, WANG Chao, DUAN Hanying"
(College of Science and Engineering, Jinan University, Guangzhou 510632, China)

Abstract: The effect of different high hydrostatic pressure (HHP) treatments (300~600 MPa/0~30 min) on polyphenol oxidase (PPO) and
peroxidase (POD) in non-concentrated (NC) bayberry juice was studied. Compared to the traditional heat inactivation, the relationship between
HHP treatment and enzyme activity was established by fitting the first-order kinetic regression equation and relevant parameters (pressure pulse
effect PE, pressure pulse number value Np, equivalent damage value Dp and inactivation rate K of enzyme) were obtained. The results showed
that higher pressure (400~600 MPa) had inactivation effects on PPO and POD, in which 600 MPa/10 min could inactivate 90% of PPO activity
and 600 MPa/20 min could inactivate 80% of POD activity. Repeated cycle at 600 MPa/30 min did not increase the passivation effects. The
linear regression equation (R>>0.8) was obtained by fitting PPO and PPO activity with pressure. With the increase of pressure from 300 MPa to
600 MPa, the K value of PPO increased from 3.03x107 to 12.12x107, and the K value of POD increased from 1.23x10” to 7.67x10”. At 600
MPa, the N of PPO and POD were 1.04 and 1.59, respectively, and the Dp values were 19. At the same time, the effects of pressure, holding
time and their interaction on PPO and POD activity were extremely significant (»p<0.001). Therefore, HHP had a good inactivation effect on the
key oxidase in bayberry juice, which could provide a scientific basis for the application of HHP in NC bayberry juice processing.
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H AT, NFC KARGu Rt (1K B 77 A AL B Ry
F, XA EBIN TR AE TR KR, R,
SECTAEMHEE . A R AR R A B IR S
R A AR, DUEEEE (HHP) 53R
ERRFHARLE & AT R RV . HHP SCHURIR
K, HRFREHIRE T B EAE TR, K
R 1T 0 e D SN LR R R - ZEXT NFC #5
MU TR N AR e LI I N = =T ol N |

(110 °C, 8.6s), HHP 4b¥ (600 MPa/l min) Xf NFC
PR AR BT, HXtely. 4iER C. Prafbig
J1v RERCFRURE MRS T 4 H R 1 e,

ZEAEE (PPO) SidEMYIEE (POD) &5
M ST HEAR . 5595 AR 1 B4 LR, HHP AT 5L
MR e 4R o Zhang 257V B HHP AbFE AEIE L
Btk PPO 5 POD 3G PE, M 235 BRI T 48
TREE. 4 HHP WHEHEGRE AT, H PPO.
POD %1% 5 5I7E K /774 400 MPa. 100~400 MPa I} i
FRES; Ortufio SUHRIE T M & AT 1)
POD £ 600 MPa/5 min J&5, HIEME TR T 78%. #kit
£t 600 MPa/25 min J&i, F: PPO JHTETRE T 79%,
AL DA R SR AL B HHP (W AR, (H
A 9% HHP Xt St rh 8B R s i ok WLARIE

AL EEMF T HHP JE /1 SRR, DL
SRR HE SR YT PPO 5 POD Sk IKIE M . X EL
FE45 il K, A 07 HHP 57 S5 BEE M — 2
AT RS, 53] PE, Np. Dp M K &gt
fabr, AR AR AR R S TR,
CALEASH HHP TSR GBS AR TR g b 5
fill o

1 RS

L1 B 5 A

et OFreth: S EED.
PPO JEHHER IR & (BC0190). POD 5 A%
WAE (BC0095), FEILEZERERHAERAT.
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CQC2-600 A4 AHER rifh & i K B AL, b3t
R AT HR2874 ML, 4 22 KRN A FL;
14886 HAWHNL, WL T WA IAIRAF]; YC-520L
Be IV A, hRSE NI BB R A IR A A s
Centrifuge5810R &.0oHL, #% [ Eppendorf A F].

1.3 SLIF %

1.3.1 it 414

MG B R ook, 2%, BTG
JES E AT SRS AR ml 30 AL T 8000
r/min &0 10 min (4 'C), W EER, 52 EME
M)
1.3.2 HHP A i

KI5 FE e i bt s s g in Ok 0% b
Tt 100 MPa, HfATIIE AR E 7+ 3 ¢ U,
I35 300, 450, 600 MPa [ /AL F M HE R 04 5.
10, 15 25. 30 min, F¥%F 600 MPa/30 min AbHEZH,
HEAT 2~3 WREEINE (B 2~3 X 600 MPa/30 min 4b
), AE4ERKE (100 C, 15 min). &K
IS EE =R, AERSERUS R ITA R T 4 CA %
1Fo
133 BaEMAnE

PPO V&N POD i M 205 F ARSI & it
BRIt 7 8

WeHX 0.005 mL SEME T B AR . HHP ST
MR, N 1 mL 387 A RO T VKIS
A3 8000xg 4 ‘CEYCr 10 min, B3, Bk LA,
S RRAT TR K E 410 nm. BEFROEKE
470 nm 4b%E PPO. POD FfFhHIWOLREE, B
BEEEESE A (UmL):

Ao (U/mL) =12000x AABS (1)
Apop(U/mL) =9800x AABS (2)
AF:

A——t (min) Bt1E) HHP 4385 H# 4855514, U/mL;
AABS——HRE T AL,

A HELEEETE (%) FEARWT:

Pt i (%):Aixloo% 3)

AF:
Aq——B6g %475, U/mL.
1.3.4  F3E69 3%t Fes it oA
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PUE F17KF (300~600 MPa) FI{REERSTE] (0~30
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KT LM77 (generalized linear model, GLM)
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In (%)Z-Kt (5)

Kt

K—— A EF 5, min',

TELRERSIT, SEWEIETETE T B 90% M- &
ASTE],  BPEEES PED — A BUE P AR R TRIFR 2 D
i, DIEATM log (A/Ay) SRR ¢ RS2,
ezt (6).

_2303 (6)
K

¥ Riahi 2552 S, K AR R ER TEN 0
min [FIESRCEREA,  RURE S0 2148 e 1 )5 57
RIVRE A2 « PE N ATAaTE PRI 2 3 ik i )i 1

it BberE) BRPL AR 7. Np FonBEE
AN EOIT R B Ak, A (8).

D

PEzlgﬁ (7)
A
1
N =— (®
" PE

Dp B RISERUE, € ONTEZE E BT Bk
— UG TR AN ORERI TR RCR, Bl —AN Ik
Ik SEBL A RN . T DAENTESR IS T S
FARFEIS (] ¥126 2, A Dp {E 7T LAHR PE 1fi ‘S 8U1ES

PR AN, AR (9):
D, =D-PE ©)

2 ZR51He

2.1 HHP % /yFngt|a] 3t PPO Fu POD 33 M #y &

EEVEME R PPO HUGYE TN 17.14 U/mL,
POD /4 48.10 U/mL. HHP 4:FEXt PPO 1 POD il
TEHERZI AR 1as 1b FoR. B K 77 s BT REK,
MEE L 2 A A FRE R N B AIR/AN ORI []
Jo Fo R EOAE A OGRS PR R R e 2 B L B E

(p<0.001). [FIEF, AR F1KP R EGE KT
E¥AREEZER, HAZRER E R X
POD, HHP X4k, PPO IR B L. 300 MPa/0 min
ALBE) PPO F1 POD HEERERCR e %, PPO H- & I
TEEEILR, FEEEH AR 105%; 11 7E 600 MPa.
{RIERF 1A KT 20 min B, PPO KEGFIAH] 90%LL L,
POD £ % 80%LA . 7E 600 MPa AbFHI, K A]
RER AT BTGV T REREAIR/AN (B RREAE] 5%). 4
Wi HAE 600 MPa/30 min HHP B4 2~3 {AbHE, [F]
I B KB (100 °C, 15 min) ARFRZH, PPO Al
POD J5EMEZEAL 73 B LK 1ey 1d. EiRK G, MRS
HTEAAOKIE, HHP ALERH, BEARME e K0E, HBE
# HHP AL RE g, FEBNT 1%, #lifk

RORAN 5
a 3 0 min
120 - 5 min
3 10 min
100 F[] E= 15 min
I 20 min
X g0+l A [ 25 min
w I 30 min
H
$ 60
o
&
Ay 40 L
20 r
300 MPa 400 MPa 500 MPa 600 MPa
b [ 0 min
5 min
100 | 3 10 min
= E= 15 min
g0 N 20 min
o [ 25 min
< I 30 min
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l'g
o 40r
-9
20 |
Pa 600 MPa
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Fig.1 Effects of different HHP treatments on PPO and POD
activity

7Z: a: HHP &32%} PPO &M 49%01; b: HHP 4323 POD
EEFm; ¢ 600 MPa/30 min 4t F & A n/Ex PPO #1449
#h; d: 600 MPa/30 min £ F £ ZAn/ExT POD #4977,

DR L) 77 2 i — Rt (3
B NEERD . SRS, MR
AT MEATAL o B =S58 FH R /K BT B A B
YER (Rt BAR R D ANEAEEVERT D)) 4ids, —
RAE R T E AR, MRS E .
E HHP T2 I T b B R 45 M7 k™),
DI B BEE 00 B AR ELAE A A AR b
CRKEE U SREULERMIEEN, XL oA
ST IBEN ISt R R B T =
TE, 100 R BSURE P O A Z R TN AE 7T B R IR

=

ERTRORANER, TS a5/ 1 BT 2 S 80
SYEERANRAA, T F BRSPS, ERE T,
4 Balny 251 Cheftel ™ [IRTFE, 15 /A2 LUMEER
S LA oy Ao o STV b WM G a el I EZ (AL VA
B NI % RS B AT, B 2 IS 1 o
BRI, #tkEtH PPO BB /MEMAL AI7E 300 MPa AbEE
Ja Rk, BN T HIEYE: MI7ER K 400 MPa L I,
PPO A1 POD W73 [HIg5f KA, Amifdilgstift. (2
BT AR 32K PP EEI . Riahi S0 RIS T 3R
7TAE 400 MPa 7K, PPO ViR T 0.12 AN
. MFATHES 400 MPa/15 min 43 )5, PPO 153
T HGER . POD AN R R, SEGLRIEAR K POD
T UF B E S HHP AR PtEge 7, Bpff
TEE I 1000 MPa 5L T, HARREHSE 4 Kb,
HAEARIE ] 15~30 min A, BEAGRCR A B2,

22 ERhaALEh A F AT

2.2.1 PPO #= POD #)3) ) 5

Wik 1 fizn, X PPO Fl POD y& M3 T —2 20 71
A, BRI EA TR, %ANESKE TR R
EHIIKT 0.8, IR SRS Hr, LrERIE
FE AT DA A Mgyt A AR R B[] 43 50 A PPO
POD V&2 AR R BRIEMHIR RECH TUE, K
PyS 1 Bl DR S (R RO N g oo, RIS FL 4 e 35
KF 0.9, #—PRWE T RER ] S5EEHEA BEMH
Ktk Bk, ZePERIATFEN T PPO AT POD
TETES HHP S5 AR BRI 45 SR 2 rT SR 11 o
222 PPO #= POD #43h ) 5 53 5H7

DR Np Al Dp SR B R S kg, IR
JER [A] SEEEHERIR R (R 2). PE NERIRERE A
BEAR— RS IT 75 B R 0 2 T T ) ok i R 3
FIEIE. BN, PE A 0.2 B RRTE FLANE kot T
AR — G AR T AR Np {8, BPEgE P
BEAR— AN 7 B R DIk PO 5.

1 TEIESKFT PPO F1 POD SEMIZNIFMA

Table 1 PPO and POD activity fitting results under different pressure levels

e JE #1/MPa WAE A F A2 KRR % & 4% (PCCs) R?
300 Y=1.98-0.0122X -0.96 0.92
400 Y=1.62-0.00391X -0.98 0.96
PPO
500 Y=1.31-0.00496X -0.95 0.90
600 Y=1.00-0.00575X -0.95 0.90
300 Y=1.96-0.00351X -0.98 0.96
400 Y=1.85-0.00428X -0.99 0.99
POD
500 Y=1.69-0.00446X -0.93 0.87
600 Y=1.36-0.00397X -0.98 0.96
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3% 2 NFC #%#5;1h PPO #0 POD &Y PE. 535, Nov D K. DofE
Table 2 PE, percentage of inactivation, Np, D, K, Dpof PPO and POD in NFC bayberry juice

Bt JE 71/MPa PE KIEFY, Np D {&/min K {&/min’! Dp
300 -0.02 -4.63 -50 76 3.03x107 2

PPO 400 0.37 57.61 2.70 46 5.01x107 17
500 0.66 7822 1.52 27 8.53x107 18

600 0.96 89.11 1.04 19 12.12x107 19

300 0.03 7.47 33.33 187 1.23x10° 6

POD 400 0.14 28.18 7.14 90 2.55x10° 12
500 0.32 52.29 3.13 54 4.26x107 17

600 0.63 76.76 1.59 30 7.67x10° 19

Kltk, %} PPO, 7E 400 MPa Itf, #)3 ¥/ Jifik
A REAE PPO V&I N FE—/N44k; T 7E 600 MPa I,
Np {EA 1.04, FoRZ)—AN ki R Ay S mE 1R PR
— AN {EE 300 MPa I, NpEHENUE, X
H-F PPO NEE R USRS, fERUMRIETN, H=2
CEMIBEREIR, SR E B s R, B S. XT
T PPO, K {ERHH IR, R8s,
T T IR JIORFE [ PPO fir ™= AR
TR, HENA AT RERTERIRE ST, M=%
SEMIRBE AR, TEOREIRES, Bt ks
Mt A 2 DS LS5 1S 2 e AR, s &
71K PPO . =R AEMIAEAR T I 2 b R AN
ARTE, BRGNS TR AR A, AT
TN AR BRI BUR .

%tF POD, 7£ 600 MPa i}, NpfE N 1.59, FH
BN — s B R A REIA 2B 1L POD 90% 0§
TEVERIROR . IEAh, PRERA K EECZETRE S,
POD ) K AE BT I i B2 1 iK T~ PPO, IX 3R B POD
TEVEZ IR e ma b PPO 55, #AEL T POD FE4F (it I
Yo [FIN, PIRPEFLE 600 MPa I Dp fE#R N 19, FH
FEZESTR, AR 19 min X AE RS ARR 24 it
In— s R T = AR R . 1% 5 — L A4 A
Bk, AnfEXT HHP b3 B SRR 52 IR 72, 300
MPa UL I HHP &b3ReA 2diiit POD fiy, HEgEE N
BEEFER) 50%. X1 PPO i, 300 MPa A g 2. 2 FFICH
R, 400 MPa LAE R 77 A S0 B R, i
PPO VEMEFEAILE] 0.5 U/mL BA R,

3 Zhig

3.1 BRI 4 HHP A s, BEEE TS I
[REK, BEME = A FFEEER R %, 300 MPa/0 min
A HHP LB RS R B 22 . HHP [ 77K/
FIVGR B (8] S HAH ELAE FH XS PPO Al POD 5 P52
IS B3 (p<0.001). {H 600 MPa/30 min 2%

PR, I RE R INA R B R s B A 5 R

3.2 PPO fE 300 MPa 4b¥E T PE fH°4-0.02, H LK
WIS, ULERATEARE SR, R J13SA T ge il PPO
B2 RO S/ B RER, R T RS TE. 7R
B (400~600 MPa) AbFER, PPO JEMEAZE] T4
[EFEEE HIAAL, #E 600 MPa/10 min B A]iA 251k 90%
BT PERIRUR . 7E 300~600 MPa 2 ], [ & /16K,
K B 3.03x107 2 12.12x102 fRYGHHE, B 5 ik
s V2R 0N R IR TR R T PPO FITF=AE 1)
BEAL ORISR . 7E 600 MPa | NpfEi N 1.04, RHIZE
SEBRAEFE A, it — U Rk R AT BRI 90%; Dp
BN 19 RFEZIES T, PRIE 19 min MG A4 152
Wi A 224 i — U o R i B = A R 80

3.3 POD 7£ 300~600 MPa J& /JAbEE T ) BoR AR
TEEEHBIAL AR, B PPO AHEL, POD IR T 4%
N 1, 7E 500 MPa R AN BEElfL 50% 76 4736 1
RIELE 600 MPa R JIJE 30 min, EE&E ZRAIEN T,
HBA BRI B EHAL 90%BHE IR« 7 300~600 MPa
Z 18], BEEE SR . KAEM 1.23x107 f ks ng)
7.67x107, {HAEZ/NT PPO, W] POD i &M 2w
T PPO. fE 600 MPa T Np{& A 1.56, U] FMNN
—IREERK A REE EIEL POD 9008 1 3%
H: Dp fH N 19, I T 5 PPO AHFALRIRHE .
XEESHO NFC i St i bR i b i 8 17—
SEFRFIMER, RIS FESERRAE P RERE i — i 2
AR TE AR ]
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