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Modeling the Effect of Combined Thermal and High Pressure Treatment on Inactivation of Lipoxygenase in Pork

HUANG Yechuan, LI Feng, WU Zhaomin
(College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: This study aimed to investigate the effect of high pressure processing on lipoxygenase (LOX) activity in pork.
Pork Longissimus dorsi muscles were treated in the pressure range of 200—700 MPa and in the temperature range of
20-60 ‘C. Changes in LOX inactivation rate constants were studied, and kinetic models of LOX inactivation based on
Arrhenius and Eyring equation were established, respectively. The results showed that the inactivation rate constants
increased with increasing pressure in the studied temperature range, and increased with increasing temperature in the
studied pressure range. The Arrhenius and Eyring equations were suitable for the whole temperature and pressure ranges,
respectively. Both the Arrhenius and Eyring kinetic models had a good fitting degree with high R* values (0.989 and 0.965,
respectively). Thus, the regression models could well predict changes in LOX activity in pork during combined thermal and
high pressure processing in a certain range of pressure and temperature.
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Table1l Inactivation rate constants of lipoxygenase in pork at different
pressures and temperatures
1077 min '
Ehi HgIc
MPa % % 30 3 40 £ 50 5 60
200 0272009 0462010 0.8320.16
250 0.5840.09 LI8£0.11 2214021
300 071£0.16 1022020 2.77£0.19 6.76+0.76
350 0724021 139+031 2834027 6.5840.54 15762068
400 0972006 201£0.18 425043 7434061 1355%1.44 27484255

450 0762018 11310.09 3.03£023 5.89+0.64 1051076
500 086001 1362022 2462016 598040 11.04£134 18331087
550 1682009 2712030 5.02+0.54 11761098 1745£1.30 2648+ 198
600 286£0.23 5231066 959L1.16 16751086 23.9612.78

050 4591028 886054 14591222267+ 1.19

700 7631040 12.55+1.02 2117087
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SR (550~650 MPa) , LOX[) 43 5 ${E10~20 C
I /IME, FWKE PLOXTE MRS &1 T A e
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ERGUREE, T RTIATRIE IR AT T 20 CLL R AR, it
TS BN HE R I FYE AN 20 'C. AHF 7/ EIRIHE A
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Table2 Activation volume and inactivation rate constants at
referenced pressure (450 MPa) of lipoxygenase at different temperatures

imEIC v,/ (em’/mol) o InK,.» o
20 —2621+1.77 ok —5.224+045 Hok
25 —28.704+0.98 w3k —4.824+0.38 *%
30 —29.714+2.45 * —4.314+0.50 *
35 —31.594+2.09 wk —3.654+0.29 w
40 —36.70+1.65 wk —3.194+0.34 wk
45 —40.444+3.07 *k —2.564+0.27 *%
50 —44.11+2.51 i —1.90+0.21 *
55 —46.28+3.40 ek —1.084+0.18 ek
60 —49.60+4.18 #k —0.204+0.06 k3

VE: « ZREE (P<0.05) ; s ZRREE (P<001) . FHE.

WA ATIR, LOXH 0 1 B H— e g i 5 1 T bl
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IR B AER I, X 5 Wang Ren 5P R 4516
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LB SRR T Enfisg N, 30 CHIA R KIE, AJE1E
W IN e SAh, A S AR A5 3 S A AR P A 0
T REHH, e E g s —ul, xixzR
AlfE SAE S P LOXME . IKEMZERE R, WAlfts
LOXFT AL 1R RIS A4 9%



XY TR E65o

il =

2017, Vol.38, No.02 37

23 IREXLOXKIE W H I m

R3  BEAXKGTRHGAMARRGEHRMGERESERERGT
(40 C) MRIEHB
Table3 Activation energy and inactivation rate constants at referenced
temperature (40 C) of lipoxygenase at different pressures

JEJJ/MPa  E/ (kl/mol) e InK,. i N e
200 99.89+6.54 * —7.1240.54 o
250 118.94+8.75 * —6.5640.72 o
300 136.05+7.33 * —5.9540.48 ok
350 133.20+12.78 ok —5.044+0.34 o
400 112.0748.55 ok —3.91+0.40 o
450 108.7949.68 ok —2.8940.22 ok
500 100.21+5.45 ok —2.2840.23 o
550 90.06+5.33 ok —1.7840.20 ok
600 83.10+7.81 ok —1.3540.16 o
650 79.83+4.88 ok —0.954+0.13 ok
700 75.40+4.09 * —0.6140.10 ok
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Fig.1  Effect of temperature on activation volume

MNEG T RIBIEFE W] R, R ICRIR L VE R Y, 2k
W B RE I T g N, R Eyring 5 R G A T

AN FIIXE . FEEyring /7 FEH VMK, 03 0] R AR ET
HIRRE, RIER2MIEE, LOX Vb6 A8 ka4
KR, SigRBEIA8T, RIAH — R EO AT 10,
SRS ERT, e REX0.981, BT (5) FRV,
BRI AE . [FIREInK, oI5 B2 (A8 4 (E2) BT L
H—kEEIE (R (6) ) o B (5 . (6) A4
AFFE (3) BRI (1), EEWIEA K LLEyring
Ji RN BRI LOX RTE B 5 R . i R IBHRAAN T 72
(7) ™, FIHSPSSKT 2 (7) HBEATAEL MRS HT,
BRI R S SEGTHE (R4, BRI RE R
$0.965 . RS B ) 5 A0 B AR T 2R H HO) T
5 SEMER R RWEBIR, 7 LU Bz R & R A
B, DRURAE — 52 I AR P R 7736 B, AT DL BA
Eyring 7 F2 Ry 3L it 4 37 (I LOX K 3% 3 7 2 A58 7 K i o
PRI LOXAE AN A AL B 4% A 11 2R3 5 4

—6Ft, 1 1 L
20 30 40 50 60
AbFR IR EE/C

H2 InK.kfEREL
Fig.2  Effect of temperature on InK, g,
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Table4  Estimated parameters of the mathematical models of pork

lipoxygenase inactivation at high pressure

5 ‘ AT
TR (D T (10D
a —2.584+0.24 57.47+4.20
b 0.110.01 —0.04+0.01
¢ —17.484+2.24 176 969.40+ 12 059.79
d —0.2640.05 —218.85+28.03
e 0.11+0.04
f —3.42X107°+0.00
R 0.965 0.989
30k
25+ o° oo
=20} ’
EE 13 : ooo 50°°
Sr ﬁ%o%% 00

0 5 10 15 20 25 30
K.y
E3 BEEBN (58 (7) ) MERE3RKESH

Fig.3  Comparison between experimentally determined and model
(Eq.(7)) predicted K values
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Fig. 4  Effect of pressure on activation energy
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