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Thermal Inactivation Parameters of Peroxidase in
Flammulina velutipes and Lyophyllum ulmarium

Kyun Lee, Kong-Hwan Kim* and Hyun-Ku Kim'
Division of Chemical Engineering & Biotechnology, Ajou University
'Korea Food Research Institute

Peroxidase was used as a standard enzyme to determine optimum blanching conditions of Flammulina velutipes
and Lyophyllum ulmarium. Crude peroxidase extracted from raw mushrooms had maximum activity at 10~15°C
and pH 5.5 (50 mM, potassium phosphate buffer) using substrates of H,0, and p-Phenylendiamine. Thermal
inactivation of the crude peroxidase followed the first-order kinetics. The activation energy and z value of the
crude peroxidase for F. velutipes were 59.58 kcal/mol and 9.0°C, whereas were 43.05 kcal/mol and 12.4°C for L.
ulmarium, respectively. On the basis of thermal kinetics parameters obtained, the optimum blanching conditions
for F. velutipes and L. ulmarium were 1 min at 70°C and 5 min at 80°C, respectively. Activation energies and z
values of peroxidases extracted from heat-treated mushrooms were 7.97 and 6.55 kcal/mol, and 59.8°C and

74.1°C for F. velutipes and L. ulmarium, respectively.
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Fig. 1. Effect of temperature on the relative activity of crude

peroxidase from raw Flammulina velutipes and Lyophyllum
ulmarium.
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Fig. 2. Changes in relative activity of crude peroxidase from
raw Flammulina velutipes at various temperatures.

60
—_ ——60T
® s | —a—65C
2 —4—70T
2 —-75%C
& 40 ———80T
@ —e—35%¢
% 30 —&— 90T
%
o
8 20t
[+)]
2
® 10
[
[2ng

0

0 20

Time (min)

Fig. 3. Changes in relative activity of crude peroxidase from
raw Lyophyllum ulmarium at various temperatures.
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Fig. 4. Semilogarithmic plot of D value versus temperature for
inactivation of peroxidase from raw Flammulina velutipes and
Lyophyllum ulmarium.
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Fig. 5. Arrhenius plot of thermal inactivation of peroxidase
from raw Flammulina velutipes and Lyophyllum ulmarium.
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Table 1. Thermal inactivation parameters of crude peroxidase from raw Flammulina velutipes and Lyophyllum ulmarium

Mushrooms Inactivation temp (°C) D (min)” 7 CCy? k (min™)? E, (kcal/mol)®
50 17.41 0.13
60 2.77 0.83
Flammulina velutipes 65 1.92 9.0 1.20 59.58
70 1.05 2.19
75 0.046 50.1
60 23.81 0.01
65 14.19 0.16
70 12.14 0.19
Lyophyllum ulmarium 75 496 124 046 43.05
80 1.43 1.61
85 0.17 13.55
YDecimal reduction time.
PThermal resistance constant.
YRate constant.
MActivation energy.
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Fig. 6. Changes in relative activity of peroxidase from heat-
treated Flammulina velutipes at various temperatures.
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Fig. 7. Changes in relative activity of peroxidase from heat-
treated Lyophyllum ulmarium at various temperatures.
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Fig. 9. Arrhenius plot of thermal inactivation of peroxidase
from heat-treated Flammulina velutipes and Lyophyllum
ulmarium.
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Table 2. Thermal inactivation parameters of peroxidase from heat- treated Flammulina velutipes and Lyophyllum ulmarium

Mushrooms Inactivation temp (°C) D (min) z(°C) k (min-1) E_ (kcal/mol)
40 8.30 0.28
Flammulina velutipes 50 498 59.8 0.46 797
60 3.84 0.60
50 14.21 0.16
60 12.10 0.19
Lyophyll Imari . .
yophyllum ulmarium 7 6.50 74.1 035 6.55
80 5.94 0.38

FAZAEE 40°C, 500C] WIE) 60°C oAkl A e 9 75%0]
Aol & A2 nyrh o)d AR 60°C o|51ellAe] blanch-
ingell 2}t o Al peroxidase®] EEAII= Al7HETI) 9
3 2=, 60°C o)X E 22F el o8 ZA 2S-E
the 458 A9

vt 7 Al (Fig. 7y #elMAl peroxidase 243}
HE 2% HYolM AZke] F7tef wEt &

sy

o= &, eT W
2B AREIARE Bouisle] Aoy T E4

S F43] e 5 2 YEhtA
o5 10°C 57}011 upg} g A
30%14%91:1 Hae AES 23
/‘g HAlo 2 1E —ir%% peroxidases Ex|#lsle] A= B
43t 23 gE2A F HAY blanching 712 o)y
Ao} 79 70°C, 14, YHEHALL 80°C, SE2E e

ST ot

peroxidase &4 T

N
)
IUR

Blanching® X &8l
parameters
Blanching®l] < W ou

@4 i*ﬁ’i‘jﬁ D ®

peroxidase2| thermal kinetics
WA peroxidase?] E A
._zm:}\]-f,: k7]'(Table 2)& :[Lg}

%,E-J 259 st Fig. 8ol ZAJsIs e
90% ©]72] /ﬂﬂ e AT} o] 2HE
%x—s— olul 59.8°C, R7FEHAE 74.1°CE Ve

o} HESH 7H) dig WL /34 S Arrhenious ploto
UER ol (Fig. 9) o]27E A& o] & vriehmAle] 24
S| HUANE )= 22t 7.97 kealimol, 6.55 keal/mol©] 31 TH(Table
2). Blanching® #o] B WHFEHAl peroxidase®] 8 A4
& o] F 7k MALEYH FZF peroxidaseE: FX g
7A5-e € ARG =A vEsth ol blanchingt] ¥
A AA S 227 BT 7)o FFE o8 T ARE
2 s € AHalA & AE-E W8l peroxidase AHHQ] 4 A

ol THEE A= vehgriy ddHrh

OO

rl

2 o

Ho] & wrtEuAle] 7k 7E e Ao g S
A B AFE 7FE A A FAO0ZXMe blanching AL
}et7] 918l F A peroxidase?] €3 54 AHE 7%
A8 FE Aotk 84 A 24E Gorind Heidemae] HHY
Lk /\F‘l?}%i"’, A wAoRRY &3 REAY
EAHYE 45 "WolWAE 75°C, 3, Wil 73
80°C, 1& 0] PQ 2%, A7 Z2490M peroxidase?| &

o tifo o

e
o)
o

O

fr

10.

11.

12.

13.

WhH  Blanchingel] gt
(E,)%t
74,
blanching®]|
AE BAFE

A HE o)
=

.Cano, M.P, Begona, de A., Lobo, M.G. and Mariana,

0

o] £ 2okt ol o] I WAl peroxidase
4 §]r°ﬂ‘/‘]7<] (E,ye= 59.58 keal/mol, 43.05 keal/mol°l™ zg}
9.0°C, 12.4°CHt}.

% BA peroxidase®] EAgslolH =]
23S zZbzb 7.97 keal/mol,  6.55 keal/mol2}  59.8°C,
1°CE FEbsth ol peroxidase AFA|e] €4 B3}
olaf f2tE peroxidase?] €& SAo] tECE
7102 blanchingAl o= HARFA 2F WA €]
of o) Lol thst A3tgdol T z ghol HobA
AANE 8, AR (E yE Aaste AR JeRT

A
o

.Sung, JM., Yoo, Y.B. and Cha, D.Y. Mushroom Science. pp.

435-456, Kyohaksa, Seoul (2000)

.Kim, HJ., Lee, J.J., Cheigh, M.J. and Choi, S.Y. Amylase, pro-

tease, peroxidase and ascrobic acid oxidase activity of Kimchi
ingredient. Korean J. Food Sci. Technol. 30: 1333-1338 (1998)

.Baek, H.H., Lee, C.H., Woo, DH., Park, KH., Pek, UH., Lee,

K.S and Nam, S.B. Prevention of pectinolytic softening of Kim-
chi tissue. Korean J. Food Sci. Technol. 21: 149-153 (1989)

S.
Improvement of frozen banana colour by blanching: relationship
between browning, phenols and polyphenol oxidase and peroxi-
dase activities. Z. Lebensm. Unters. Forsch. A. 204: 60-65 (1997)

.Choi, E.-H. and Jung, D.S. Inactivation of peroxidase from Fuji

apples by heat and chemical treatments. J. Korean Agric. Chem.
Soc. 30: 285-290 (1987)

.Rhee, HI, Park, K.S., Choi, Y.S. and Lee, S.Y. Purification and

characterization of peroxidase from Chinese cabbage. Korean J.
Appl. Microbiol Biotechnol. 19: 470-476 (1991)

.Lee, MK, Kil, J.O. and Park, LS. Thermostability and reactiva-

tion of peroxidase form soybean sprouts. J. Korean Soc. Food
Sci. Nutr. 28: 81-86 (1999)

.Jang, MJ., Cho, LY. and Lee, S.K. Effects of dill pickling pro-

cess, H,0, and storage duration on lipoxygenase, peroxidase, cat-
alase activity in cucumber and brine. Agri. Chem. Biotechnol. 39:
222-226 (1996)

. Yoon, Y.R. and Park, K.H. Isolation and thermal inactivation of

horseradish peroxidase isozymes. Korean J. Food Sci. Technol.
14: 125-129 (1982)

Varda, K., Sarah, G., Jacob, A. and Rina, G. Some biochemical
properties of soluble and bound potato tuber peroxidase. J. Food
Sci. 46: 756-764 (1981)

Kwon, Y.J., Kwon, I.H., Park, G.H., Park, YK. and Yang, H.C.
Food Chemistry. pp. 255-257, Youngchi, Seoul (2000)

William, H., Flurkey and Joseph, J.J. Peroxidase and polyphenol
oxidase activities in developing peaches. J. Food Sci. 43: 1826-
1828 (1978)

Gorin, N. and Heiedma, E.T. Peroxidase activity in golden deli-



1072 FFAEHN A 34 AA 6 F (2002)

cious apple as a possible parameter of ripening and senescence. J. isoenzymes. Int. J. Food Sci. Technol. 23: 343-348 (1988)
Agric. Food Chem. 24: 200-201 (1976)
14. Mouling, PH., Sinfleton, D.E., McLellan, KM. and Robinson, (20024 10¥ 159 A4 20024 109 23 A=)

D.S. Purification and heat stability of Cox's apple pulp peroxidase



