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Effect of High Hydrostatic Pressure and Heat Treatment on
PPO Inactivation and Kinetic Analysis

Yi Jianyong Jiang Bin Dong Peng Wang Rongrong Hu Xiaosong Zhang Yan
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract

The effect of high hydrostatic pressure ( HHP) treatment and heat treatment on the stability of
Agaricus bisporus mushroom polyphenoloxidase ( PPO) was studied. Residual activities of the PPO were
investigated after HHP treatment at 100 ~ 1 600 MPa for 0. 2 ~25 min and heat treatment at 55 ~80°C for
0.2 ~20 min. The HHP and heat inactivation kinetic of mushroom PPO were analyzed by first-order and
biphasic model. The results showed that the effect of inactivation was improved with the pressure and
temperature increasing, as well as the treatment time increasing. The residual activities were all higher
than 88% when treated at pressure lower than 600 MPa, indicated that treatment at pressure lower than
600 MPa had limited influence on the activity of PPO. After HHP treatment at 800, 1 000, 1200, 1400
and 1 600 MPa for 25 min, the residual activity reduced to 66.42% , 52.83, 27.20% , 2.20% and
0.01% , respectively. The first-order model was used to analyze the survival curves of heat treatment. All
of the coefficients of determination (R>) were higher than 0. 960, which proved that the first-order model
fit the microbial inactivation kinetics curve well. However, as R’ were all higher than 0.982, the
biphasic model was proved to be more suitable than the first-order model to describe the kinetics of PPO
inactivation treated by HHP.
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Fig. 1  Schematic diagram of HHP experimental system
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Fig.2  Effect of heat treatment on activity of mushroom PPO
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Fig.3 Heat inactivation kinetics of mushroom PPO
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EE R E B R . A B B N 65°C 42 i #
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k44,36 min, 1fij 24 4 #E FE B E] 65°C B D {H R
R REH] 3. 28 min, 2B 65°C HAb 3 AT LA 84 i
fRBE s ) PPO ., Z A6 378 D 80 i BE A9 SR
M2 1 A7 W, Z, {8k 10, 64°C , Bl $4 4b 23 56 1k B 7%
PPO [ D {75 Ak — A~ XoF $0 i X6F L A 3 1) 28 1k Sy
10. 64°C . E &7 He ot Fl BE X 508 50k 1) 52 .
AL HLEEfE PPO 1) E {E R 206. 93 kJ/mol, B i fk
1 mol PPO 4y F 7555 206. 93 kJ e 2, Weemaes &5
Wrge e WY, W JE T 44k 82 8L PPO 11 3% 1L BE N
319.28 kJ/mol, K F A SCH 1y E,{H , 15 W B 45 PPO
AR E MR | TS AL PPO, 2T RIALW E, 5 5
47 130. 57 kJ/mol 1 117. 44 kJ/mol, Z, 4351} 17. 60
F118.90°C ™ BEHIA F-fFLh PPO i #F 58 PRI
T UUH B gk 0B R

R1 MA-RHNFRBEUESHAHNLELR PPO N HFSH

Tab.1 Kinetic parameters for thermal inactivation of mushroom PPO

5/ C k/min ! D/min R*(P<0.05) Z,/C E,/kJ-mol ™'
55 0.021 0. 001 109.21 +7. 49 0. 960
60 0.052 +0.003 44.36 £2.62 0.970
65 0.072 +0. 004 3.28 £0.22 0.998 10. 64 + 1. 64 206. 93 £29. 10
70 1.050 +0. 071 2.19 +0.15 0.977 (R*=0.919) (R* =0.930)
75 1.961 +0. 115 1.17 £0. 07 0.990
80 3.957 +0. 131 0.58 £0. 02 0.997

2.3 HHP % EX PPO s MR A0

4k HHP b P 3 7% PPO B &AL . Bl
A B 7 B3, HHP &b B 20 5 10 58 K3OR
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4 99.57% 97.75% .96.51% .93.27% .91.23% F
88.35% , 2B 600 MPa LI T & J1 %F PPO fy 4ifi b 5%
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JEJ3 R AL B 25 min J5, PPO 935 1 5% 47 2 43 5l R
66.42% 52.83% ,27.20% .2.20% F1 0. 01% , 3% B
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28% . Gomes %" % AL LK 7 # 5 400 MPa J5
Bifi 5 7 1) 4k 2 38 g 7% PPO %) 3% 1 JF 46 Bk Bl b
2 b P Sy 3 i1 2 800 MPa Ji, Zb Ff 10 min g A LA
564 f A6 o iy PPO, HHP fifk PPO %R [H] 77
TE R X 28 22 S on] BB 2 it LA T 4 /> 5 A i ARy
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Fig.4 Effect of HHP treatment on activity of mushroom PPO

2.4 EE%E PPO By HHP $5L 3 HEH 7

22 WM H— R 1 AT A HHP 4k B
i PPO (W3 )15 2%, MR 2 W W, FIH —2%3h )
22 R4 5 AL 100 .200 800 1 1000 MPa ix 4

Ab B S5 T SR DA 1 D E R AR = 0. 800, F ]
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Tab.2 Kinetic parameters for HHP inactivation of mushroom PPO

£ }1/MPa k/min ! R*(P<0.05) J£ J1/MPa k/min ™! R*(P<0.05)
100 0. 000 52 +0. 000 08 0. 865 800 0.013 £0. 002 0. 800
200 0.000 81 +0. 000 13 0.854 1 000 0.021 0. 003 0. 852
300 0.0012 +0. 000 3 0.703 1200 0.036 0. 007 0.716
400 0.001 8 +0. 000 7 0.464 1400 0.080 0. 025 0. 481
500 0.0022 +0. 0010 0.357 1600 0.28 +0.05 0. 755
600 0.002 8 +0. 0012 0.357

%3 B A AL & HHP Bk PPO (1 3) J)
2R, MR 3 A0 AR R &R A B X
BRI & PPO ) 4l 4k 2l ) 2% i P 52 &R B R A
0.982 LI b, %W HHP %t PPO 4l fb 3 11 24 7% & W
BrAp Ay,

Hi 2% 3 Al 0,100 MPa b B 4% {4 F , SRk AL £
FE R PPO JIT (5 1 LG A5 4353 2K 0. 78% F1 99. 28% , 3%
B 99% LA b1 PPO TEi% JE J) 4540 Tl fa g . Bl
& E 1R, SO PPO 1Y L % B T R
SERVPT 5 L R B, M ) B FEE 1 600 MPa
J& WO R R Fa 2 B PPO T N R H A 4 S K
80. 66% i1 19.35% , KB K4y PPO Ei% J& 11 5%

TARE B YA . A B TR T T R OB
HEEHEEHR T B M IE N T
1 400 MPafif , £ 5 71 PPO 11 S o 3 28 8 85 b #F/D T
0.06 min ", [fij b P FE Jy #2755 1 600 MPa L) Ji7 , kg
WM 0.055 min ' FFAFE T 2.38 min ', X E
14 4k PR Jy ik 1400 MPa J5, 5 € B PPO 7%
T X R 3 U

HUROR RN Ra E LR Z, 4% W)k 756. 67 MPa Fl
433.48 MPa, fif B A A2 2 ALV, 4r Bl ok
-0.76 cm’/mol il - 13.18 em’/mol, HHP &b # %}
o RUFI U A PPO 1 4 Ak 3 58 22 3 0K, X AT g
J2 FH B 4 TP A AR 00 (W) L s Y o Buckow 451
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Tab.3 Kinetic parameters of mushroom PPO inactivation treated by HHP

% J1/MPa AL/ % Ag/ % k,,/min ! kg/min ! D, /min Dg/min R*(P<0.05)
100 0.78 £0.20  99.28 £0.20  0.31 £0.05  0.00026 +0.00005  7.45+1.22  8891.89 =1 890. 88 0.985
200 1.23£0.24  98.74+0.22  0.48 +0.12  0.00041 £0.00007  4.80 +1.29  5608.34 +1038. 46 0.982
300 2.27+0.25  97.71+0.20  0.70+0.18  0.00056 £0.000 12  3.28 +0. 88 4.090.59 +919. 93 0. 990
400 5.26+0.28  94.74 £0.21 1.10 £0.15  0.00064 £0.000 13 2.10 +0.29 3609. 72 +795. 04 0.993
500 7.03£0.49  92.97+0.31  2.10+0.55  0.000 86 =0.000 22 1.10 £0. 31 2671.69 +732.31 0. 990
600 8.76 £0.33  91.25 +0.21 2.54+0.47  0.00117 £0.00015  0.91 0. 17 1 968. 38 +259. 64 0. 997
800 15.73 £1.41  84.27+0.92  2.72+1.31 0.009 9 0. 000 8 0.85 +0.55 233.10 +18.23 0. 994
1 000 19.72 £2.59  80.28 +1.71  3.87 +1.55 0.017 £0.001 6 0.59 £1.05 134. 68 +12.75 0. 990
1200 46.71£2.63  52.55+1.57  4.16 =0. 61 0.027 £0.002 8 0.55+0.08 86.25 +9.26 0. 991
1400 89.90 +0.84  10.10 £0.42  14.17 =0. 80 0. 055 £0. 007 0.16 0. 01 42,18 +5.25 0. 989
1 600 80.66 +6.34  19.35+6.32  108.59 +2.43 2.38 £0.54 0.021 £0. 001 0.97 +0.23 0.991

— SR H S RIS T HHP #4633 PPO Y
BEAL B, 45 5 25 B 600 MPa T 114 4l 1k 3 R 3 5y
3.764 min ' WA TR SCIY 2. 54 min ' BB SR I
AN [F) Y il B () L e MR AR 25 . B,
B4 PPO iy [a] TRG R B VAR K 25 57 8%
ST 2R 2B B B o — i, AR
A SCAE FH B 4k PPO J2& 2l Ak )5 A9 Bl Ak A o 5 il
ELIX b v it T 1 2 04T SR AN % B — L rh ] BE A
TE—SC G A AR R W kA
BE T WAL A 4 B T IOEE, R AL
My 264k G 9 (IRl AT LA 5 B i s 5 e ) , AR
JIE ) A TURN RN 22 B 46 AL T — R, 401 40 28 28 — 1 AN
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