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Abstract

The activity of peroxidase (POD) in cabbage was evaluated using
spectrophotometric method. The enzyme was extracted from the cabbage leaves
with 0.1 M phosphate buffer solution pH 7. 0 . POD activity was determined using
(O-dianisidine) as a substrate. The effects of the amounts of enzyme extract,
substrate concentration, pH and temperature were investigated. The highest activity
of POD was recored at 2 mg/ml. The highest activity of POD was optimized with
16 mM O-dianisidine, The optimum pH was 7.0 for POD , The optimum
temperature was 30°C for POD. These optimum conditions were used to
determined the enzyme activities in cabbage sample. Acetone fractionated
peroxidase from crude extract of Brassica oleracea leaves (Cabbage) was purified
on DEAE-Cellulose chromatographic columns. The specific activity of purified
POD is 103.70 (U/mg) «which is 5.37 times more than the crude extract with
28.72%  recovery. Maximum pH, thermal activity and stability of this purified
enzyme are also determined were 40°C .
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Introduction

Peroxidase (donor: H,0, oxidoreductase, EC. 1.11.1.7) is distributed in a wide range of plant
species, in multiple molecular forms. Many researchers have worked on different aspects of
peroxidase. Peroxidase has been implicated in metabolic processes such as ethylene biogenesis, cell
development and membrane integrity [1]. Its properties and physiological roles in fruits and vegetables
have been reviewed by several authors. Many studies have been done on amino-acid sequencing and
heme structure of peroxidases [2,3].

Peroxidase (POD) is an enzyme commonly found in vegetables which bind to hydrogen peroxide
and produce an activated complex that can react with a wide range of donor molecules and cause off-
flavors and colors in raw and unblanched frozen vegetables [4, 5]. Inhibition of the enzyme activity in
fruits and vegetables is generally achieved using physical or chemical treatments such as heating
(blanching), lowering pH and/or aw or adding chemical additives. Several studies to extend shelf-life
of minimally processed fruits and vegetables have been focused on methods such as using of
acidulants, reducing and chelating agents, and inorganic salts, however, due to the consumer market
demands which is concerned about the use of chemicals in such products, more attention has been
given to the search for alternative anti browning compounds [6, 7]

Peroxidase (POD) is an oxidoreductase that is directly involved in many plant functions such as
hormone regulation, defence mechanisms, indolacetic degradation and lignin biosynthesis [8] . It
catalyzes a reaction in which hydrogen peroxide acts as the acceptor and another compound acts as the
donor of hydrogen atom. POD involved in enzymatic browning since diphenols may function as
reducing substrate in this reaction [9 ,8] . The involvement of POD in browning is limited by the
availability of electron acceptor compounds such as superoxide radicals, hydrogen peroxide and lipid
peroxidase. Enzymatic browning is a significant problem in a number of fruits and vegetables such as
strawberry[ 9] , grape [10] , potato [11], and lettuce [12 ] .The discoloration in fruits and vegetables
by enzymatic browning, resulting from conversion of phenolic compounds to o-quinones which
subsequently polymerize to be a brown or dark pigment, The enzyme involved these processes is
POD [13] . Because PPO and POD are the main enzymes involved the phenolic oxidation of many
fruits and vegetables, their activities have attracted much attention.

Peroxidases, notably horseradish and turnip, have been studied in great detail during the past two
decades [14]. Studies in our laboratories and by other workers on peroxidase enzymes from many
different plants indicated that physical and kinetic properties and substrate preference of this
peroxidase even from a single source might vary significantly [15 , 16 ]. In addition, it is generally
accepted that peroxidase activity and its enzyme patterns alter with changes in plant development.
Material and Methods
Extraction of Crude Enzyme

Cabbage leaves (Brassica oleracea capitata L.) was purchased at local markets in baghdad, in
winter. All stepes and purification procedures were carried out at 20 -25°C. The leaves were washed,
cut into small pieces and frozen at —20°C for 24 h. After thawing, leaves were homogenized with 1/2
(WIV) K,HPO, (0.1 M) for 5 min. The homogenate was filtered through chesse clothe and then
centrifuged at 10,000 rpm with cooling Centrifuge for 10 min, to remove debris. The supernatant was
designated as crude enzyme.

Peroxidase and Protein Assay
Enzyme assays
POD activity: was assayed spectrophotometrically at 470 nm using O-dianisidine as a substrate to
measure peroxidase activity (Shannon method) [17]. The reaction mixture contained 0.15 mL of 16.3
mM O-dianisidine, 0.15 mL of 1% (v/v) H,0,, 2.66 mL of 0.1 M phosphate buffer pH 7.0 and 40 uL
of the enzyme extract at 30°C. The blank sample contained the same mixture solution without the
enzyme extract. One unit of activity was defined as the amount of enzyme that causes an increase of
absorbance per min .

(V ml of mix)
Activity(U/ml)= *  slope
Volume of enzyme *1*6.4
V: volume of mix.
Protein concentration was measured according to Bradford method [18].
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Effect of amounts of enzyme extract on enzyme activity

The activity of POD as a function of amounts of enzyme extract was investigated. POD activity
was performed using the amounts of the enzyme extract from (1, 1.5 ,2 ,2.5,3 ,3.5) mg/ ml . The
solution of the reaction mixture contained 0.1 mL of 1% (v/v) H,O, , 0.1 mL of 16.3 mM O-
dianisidine and 2.78 mL of 0.1 M phosphate buffer pH 7.0 [19] .
Effect of substrate concentration on enzyme activity

POD activity was performed using the substrate concentrations (10,12 ,14, 16 ,18) mM , POD
activity was observed by using the mixture containing 40 pL of the enzyme extract, 0.1 mL of
1%(viv) H,0,, 16.3 mM O-dianisidine and 2.78 mL 0.1 M phosphate buffer pH 7.0 at a selected
volume. the final volume of the reaction solution in a quartz cuvette was 3 mL [19].
Effect of pH on enzyme activity

The activity of POD were determined at pH values of 3, 4, 5, 6, 7 and 8 using 0.1 M citrate buffer
(pH 3- 5) and phosphate buffer (pH 6 - 8). The optimum pH for POD was obtained by using O-
dianisidine as a substrate in these buffers . The effect of pH on POD activity was observed by using
the reaction mixture contained 0.15 mL of 16.3 mM O-dianisidine , 0.15 mL of 1% (v/v) H,0,, 2.66
mL of 0.1 M buffer solution and 40 uL of the enzyme extract [19] .
Effect of temperature on enzyme activity

POD activity was determined at 20, 30, 40, 50, 60 and 70°C. The substrate and buffer solutions
were incubated for 5 min at various temperatures from 20 to 70°C before adding of the enzyme
extract. Spectrophotometric measurement for 5 min was carried out at 25°C. The activity of POD
under optimum temperature was determined by adding 0.15 mL of 16.3 mM O-dianisidine , 0.15 mL
of 1% (v/v) H,0,, 2.66 mL of 0.1 M phosphate buffer pH 7 .0 and 40 uL of the enzyme extract [19].
Acetone Fractionation

The crude enzyme was treated with 1:1 volume cold (—20°C) acetone and left for 6 h at
refrigerator (—20°C),with agitatation then centrifuged for 10 min at 10,000 rpm. The supernatant was
removed and another volume of cold (—20°C) acetone was added to it and kept at 4°C over night. The
precipitated proteins were collected by centrifugation at 10,000 rpm for 10 min and dissolved in
acetate buffer pH 5.4, 10 mM [20].
DEAE-Cellulose Chromatography

It was done on Pharmacia DEAE-Cellulose in a column (1.5 x 8 cm) with 10 mM tris buffer pH
8.5. Absorbed proteins were eluted with stepwise gradient of 10 ml of the same buffer consisting 1, 2,
3...15mM ,0.3 ,0.5, 0.6 M NaCl at flow rate of 18 ml h—1. Three ml_Fractions were collected [20].
Activity of POD in Different pHs and Temperatures
Activity of purified peroxidase ( POD) was measured in pHs (3 - 9), using the substrate O-dianisidine
in these buffers 0.05 M buffers of sodium acetate for pH ranging from 3.5 - 6.5 and Tris-base for pH
ranging from 7 — 9 [17]. Activity of POD in different temperatures (30-70°C) was estimated as the
enzyme assay [17].
Stability of POD in Different pHs and Temperatures

Determination of pH stability of POD was incubated for 4 h in different pH(3 - 9), and then
remaining activity for enzyme was measured as Shannon method [17]. For measuring of thermal
stability of POD, enzyme in acetate buffer (50 mM, pH 5.4) was incubated for 30 min in different
temperatures, then stoped the reaction using ice bath , Enzyme assay was performed as Shannon
method [17].
Results

Optimization conditions for enzyme activity measurements POD was oxidative enzyme which
catalyze the oxidation of phenolic substrate mainly due to enzymatic browning [21]. It was catalyze
the oxidation of phenolic compounds to o-quinone which polymerize to form undesirable pigments
[9]. The enzymatic oxidation of O-dianisidine by POD/ H,0, changed the substrate into orange-pink
products with a maximum amount of enzme at 2 mg/ml . The substrate oxidation was found to be
dependent on the amounts of the enzyme extract. (Figure-1)
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Figure 1- Effect of amounts of the enzyme extract on POD activity.

As shown in Figure -2, the oxidation of O-dianisidine by cabbage POD generated products which
had absorbance maximum at 470 nm. Thus, the optimal O-dianisidine concentration was determined
by measuring the increase in absorbance at 470 nm, using different amounts of the substrate. As
expected, an increase in the substrate concentration resulted in an increase in pigment formation. The
rate of which stayed practically constant at saturating O-dianisidine concentration. Therefore, the
concentration of 16 mM O-dianisidine was routinely chosen because at higher concentrations of the
substrate did not significantly affect the formation of the o-quinone intermediate [19].
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Figure 2- Effect of O-dianisidine concentrations on the cabbage POD activity.

The activity of POD was measured at different pH values using O-dianisidine as substrate . As
shown in Figure -3 the optimum pH 7.0 of enzyme POD was obtained. It is known that the optimum
pH for any enzymes depends on plant materials and substrate in the activity assay. In general, most
plants show maximum enzyme activity at or near neutral pH. Different optimum pH values for both
enzymes obtained from various sources and substrates used have been reported.The optimum pH 6.0-
8.5 for kiwifruit POD using p-phenyllenediamine as substrate [22] and pH 6.0 for spring cabbage POD
using guaiacolas substrate [23] .pH values are 6.8 and 5.5 for butter lettuce PPO using 4-
methycatechol and catechol as substrates, respectively [12], pH 6.5 for longan fruit PPO using 4-
methycatechol as substrate [13].
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Figure 3- Effect of pH on the cabbage POD activity.

The optimum temperature for enzyme activity usually depends on experimental conditions.
Generally, the reaction rate decreases because of thermal denaturation when the temperature is
increased. This situation is similar for most enzymes.

Temperature dependence in the enzyme activity is presented in Figure -4. It was found that the
highest activity of POD was obtained at 30°C. The POD activity increased when the temperature was
increased from 20 to 30°C, and then decreased probably due to denaturation of the enzyme at higher
temperatures. From previous studied, the temperature at POD, the enzyme was highly active up to
40°C and lost its activity at higher temperatures [23- 25]. From the obtained results, the optimum
temperature of the enzyme was found at 30°C. Thus, we determined the enzyme activity of cabbage
sample at ambient temperature (30 + 3 °C).
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Figure 4- Effect of temperature on the cabbage POD activity.

Enzyme Purification

A summary of the purification procedure appears in Figure -5 and Table- 1. Extracted solution of
300 g cabbage leaves was fractionated by cold acetone (—20°C). Precipitation of two volume acetone
was dissolved in 28 ml acetate buffer pH 4.5, 10 mM. This solution was first dialyzed against 10 mM
tris buffer (pH 8.5) and fractionated on a DEAE-Cellulose column (1.5 x 8 cm) equilibrated and
washed with 10 mM tris buffer pH 8.5 and eluted with 10 mM tris buffer (pH8.5) buffer and 0 — 600
mM NaCl gradient, at a flow rate (18 ml/h). Fractionated by cold acetone (—20°C) helped to improve
peroxidase purification and concentrate the crude extract. The specific activity and purification- fold
was recored 29.62 (U/mg) and 1.50 fold respectivly . After anion exchange chromatography,
peroxidase was distributed into two peaks, the first of which was eluted during the washing step and
the second eluted with the salt gradient Figure -5. The specific activity of the pooled bound protein
fractions was recored 103.70 (U/mg).

DEAE-Cellulose resulted in an increase of 5.37 times. This relatively small increase in specific
activity may be associated with the large amount of absorbing materials eluted along with the enzyme.
Peroxidases are secretory proteins localized mainly in the plant cell walls, cytoplasm, and vacuole,
depending on the nature of the cell and its development. Plant POD is present as multiple isoenzymes
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differing in molecular and catalytic properties [26] .POD are believed to be responsible for the final
enzymatic step in lignificaton [27].
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Figure 5- lon exchange chromatography for peroxidase extracted from cabbage leaves. DEAE-cellulose column
(1.5 x 8 cm) equilibrated and washed with 10 mM tris buffer pH 8.5 and eluted with [10 mM tris buffer pH8.5
buffer and 0 — 600 mM Nacl gradient], at a flow rate (3ml/5min).

Table 1- Fractionation protocol of cabbage peroxidase (Brassica oleracea capitata L.)

Purification | Vol. | Activity | Protein Specific Total Recovery | Purification
stepes (ml) (U/ml) (mg/ml) | activity(U/mg) | activity(U) (%) fold
Crude extract | 100 39 1.98 19.69 3900 100 1
Acetone 28 48 1.62 29.62 1344 34.46 1.50
precipitation
DEAE- 20 56 0.54 103.70 1120 28.72 5.37
Cellulose

Data concerning effect of various pHs on POD activity was examined at 37°C between pH 3- 9
using 0.05 M buffers. Figure -6. The optimum pH for POD in this condition was about 5.0 in acetate
buffer. The optimum pH for acidic turnip PODs was reported to be between 5 and 5.5 with ABTS as H
donor [28]. The POD enzyme from tomato juice was reported to have an optimum pH of 5.5 with
guaiacol as H donor [ 29]. The optimum pH for strawberry POD was found to be at pH 6.0 [30] , and
the optimum for POD from potato sprouts and tubers was 4-4.5 [31].
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Figure 6- Effect of different pHs on the activity of POD.

The peroxidase activity in different temperatures was measured by determination the enzyme
activity in temperatures ranging from 30 - 70°C Figure 7. The best temperature for highest activity of
POD at 40°C [20].
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Figure 7- Effect of different Temp.on the peroxidase activity.

Figure -8 also show pH stability of POD in 0.05 M buffers with pHs between (3 -9) . After four
hours of incubation of POD in mentioned pHs, the activity was assayed. The maximum stability for

POD after four hours isin pH 6.0 . In pHs ranging (5 — 6) , POD loses of its activity in higher pHs
than 6.0 [20] .

Thermal stability of POD at temperatures ranging from 30 - 60°C after 30 min was also measured.

As it is shown in (Figure 9) , POD keep 100% of its activity at 40°C, but in higher temperatures it
loses of its activity [20].
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Figure 8- Effect of different pHs on on the stability of POD after four hours.
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Figure 9- Effect of different temperatures on the thermal stability of POD after 30 min.

Discussion

Several authors have studied on peroxidase. Schoenbein (1855) was the first who searched
vigorously on peroxidase [32]. Figure peroxidase was the first one isolated and investigated in 1936 by
summer and Howell [33]. Peroxidases have been purified from such diverse sources as horseradish,
yeast, sweet potato, turnip, and wheat during 1942-1956 [34].

One of the first successful methods in purification and crystallization of purified peroxidase was
performed by Shannon and his colleagues in 1966 [17].
lon exchange chromatography have already been used for purification of peroxidase from horseradish
[35]. In this work, after fractionation by acetone, main cabbage peroxidase (POD) was successfully
purified by ion exchange comparing with crude extract, the recovery of purified enzyme was not very
high, but purity was good. Therefore this method may be useful for purification of peroxidase from
sources with high protein content.

Peroxidases are mainly used in determination of metabolites with other enzymes, therefore it is
required to have good thermal stability and activity in a wide range of pH. POD is more active and
stable in acid pHs. Horseradish peroxidase is more active and stable in neutral pHs and therefore POD
could be a suitable alternative whenever more stability and activity in acidic conditions are needed.
Optimum pH and temperature for cabbage peroxidase and its stability are comparable with other
reports too [36, 37]. For example, optimum pH and temperature for strawberry peroxidase are reported
to be 6.0 and 30°C respectively. This enzyme keeps almost its original activity after heat treatment up
to 45°C for 20 minat pH 6.0 - 8.0 [38] .

Brassica oleracea capitata L. (cabbage) is a vegetable available almost in all seasons at very low
price and large quantity in our country. Although peroxidase content of cabbage might not to be as
high as horseradish peroxidase, most of its properties are similar to HRP and by this procedure it is
possible to obtain highly purified peroxidase, suitable for diagnostic application.

References

1. SilvaE., Lourenco E.J. and Neves V.A. 1990. Soluble and bound peroxidases from Papaya fruit.
Phytochemistry, 29: 1051-1056 .

2. Welinder K.G. and Mazza G. 1977. Amino acid sequences of heme-linked, histidine-containing
peptide of five peroxidases from horseradish and turnip. Eur. J. Biochem., 73: 353-358 .

3. Welinder K.G. and Mazza G. 1980 .Covalent structure of turnip peroxidase 7. Ibid, 108: 481-489.

4. Lee H.C. & Klein B.P. 1989. Evaluation of combined effects of heat treatment and antioxidant on
peroxidase activity of crude extract of green peas. Food Chemistry, 32, 151-158.

5. Aruoma O.l., Spencer J.P.E., Rossi R., Aeschbach R., Kahn A., Mahmood N., Munoz A., Murcia
A., Butler J. & Halliwell B. 1996. An evaluation of the antioxidant and the antiviral action of
extracts of rosemary and provencal herbs, Food Chemical Toxicology, 34, 449-456.

2289



Abbas Iragi Journal of Science, 2015, Vol 56, No.3B, pp: 2282-2291

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Gunes B. & Bayindirli, A. 1993. Peroxidase and lipoxygenase inactivation during blanching of
green beans, green peas and carrots,” J. of LWT, 26, 406-410.

Daraei Garmakhany A., Mirzaei H. O., Aghajani N. & Kashiri, M. 2010. Investigation of natural
essential oil antioxidant activity on peroxidase enzyme in selected vegetables. J. Agri Scie
.Technol. 4; 78-82.

Serrano-Martinez, A., Fortea, F.M., Del Amor, F.M. and Nufiez-Delicado, E. 2008. Kinetic
characterization and thermal inactivation study of partially purified red pepper (Capsicum
annuum L.) peroxidase. Food Chemistry 107: 193-199.

Chisari, M., Barbagallo, R.N. and Spagna, G. 2007. Characterization of polyphenol oxidase and
peroxidas and influence on browning of cold stored strawberry. J. of Agri. Food Chem. 55: 3469-
3479.

Mufioz, O., Sepulveda, M. and Schwaerz, M. 2004. Effects of enzymatic treatment on
anthocyanin pigments from grapes skin from Chilean wine. Food Chem. 87: 487-490.

Lee, M-K. and Park, 1. 2007. Studies on inhibition of enzymatic browning in some foods by Du-
Zhong (Eucommia uimoides Oliver) leaf extract. Food Chem. 114: 154-163.

Gawlik-Dziki, U., Ztotek, U. and Swieca, M. 2007. Characterization of polyphenol oxidase from
butter lettuce (Luctuca sativa var. capitata L.). Food Chem. 107: 129-135.

Jiang, Y-M. 1999. Purification and some properties of polyphenol oxidase of longan fruit. Food
Chem. 66: 75-79.

Young L.M. and Kim S.S. 1994. Characteristics of six peroxidases from Korean radish root.
Phytochemistry, 35: 287-290

Converso D.A. and Fernandez M.E. 1995 . Peroxidase isoenzyes from wheat germ Purification
and properties. Ibid, 40: 1341-1345

Tabatabaie M., Khaleghparast S. and Rafati H. Purification and partial characterization of two
peroxides from cultivated black radish (Raphanus maritimes Sm.). J. of Sci. L.R. Iran, (In Press)
(1999).

Shannon L.M., Kay E. and Lew J.Y.1965. Peroxidase isoenzymes from horseradish roots: I.
Isolation and physical properties. The J. of Bio. Chem. 241: 2166-2172 .

Bradford M.M. 1976 . A rapid and sensetive method for the quantitation of microgram quantities
of protein, utilizing the principle of protein dye-binding. Anal. Biochem, 72: 248-252.

Arnnok, P., Ruangviriyachai, C , R., Techawongstien, S. and Chanthai.2010 . Optimization and
determination of polyphenol oxidase and S.peroxidase activities in hot pepper (Capsicum annuum
L.) pericarb. Inter. Food Resa. J.17:385-392.

M. Tabatabaie Yazdi*, Sh. Khaleghparast and H.R. Monsef .2002. Purification And Some Partial
Characterization Of Peroxidase Isoenzyme From BRASSICA OLERACEA CAPITATA L. J. Sci.
Islamic Rep. Iran 13(2): 107-112 .

Jiang, Y., Duan, X., Joyce, D., Zang, Z. and Li, J. 2004. Advance in understanding of enzymatic
bowning in harvested litchi fruit. J. Food Chem. 88(3): 443-446.

Fang, L., Jiang, B. and Zhang, T. 2008. Effect of combined high pressure and thermal treatment
on kiwifruit proxidase. Food Chem. 109: 802-807.

Belcarz, A., Ginalska, G., Kowalewska, B. and Kulesza, P. 2008. Spring cabbage peroxidase —
Potential tool in biocatalysis and bioelectrocatalysis. Phytochemistry. 69: 627-636.

Fatima, A. and Husain, Q. 2007. A role of glycosyl moieties in the stabilization of bitter gourd
(Momordica charantia) peroxidase. Int. J. Bio. Macromolacules 41: 56-63.

Saraiva, J.A., Nunes, C.S. and Coimbra, M.A. 2007. Purification ad characterization of olive
(Olea europaea L.) peroxidase — Evidance for the occurrence of pectin binding peroxidase. Food
Chem. 101: 1571-1579.

Akazawa, T.; Haranishimura, 1. 1985. Topographic aspects of biosynthesis, extracellular
secretion, and intracellular storage of proteins in plant-cells. Annu. ReV. Plant Physiol. Plant
Mol. Biol.,36, 441-472.

Deepa, S. S.; Arumughan C .2002. Purification and characterization of soluble peroxidase from
oil palm (Elaeis guineensis Jacq.) leaf. Phytochemistry. 61, 503-511.

Duarte-Vazquez, M. A.; Garcia-Almendarez, B. E.; Regalado, C.; Whitaker, J. R. 2000
Purification and partial characterization of three turnip (Brassica napus L. Var. esculenta DC)
peroxidases. J. Agric. Food Chem48, 1574-1579.

2290



Abbas Iragi Journal of Science, 2015, Vol 56, No.3B, pp: 2282-2291

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

Jen, J. J.; Seo, A.; Flurkey, W. H. 1980 .Tomato peroxidases purification via hydrophobic
chromatography. J. Food Sci., 45, 60-63.

Civello, P. M.; Martinez, G. A.; Chaves, A. R.; Anon, M. C. 1995. Peroxidase from strawberry
fruit (Fragaria ananassa-Duch)s partial-purification and determination of some properties.
J.Agric. Food Chem. 43, 2596-2601.

Gaspar, T.; Penel, C.; Castillo, F. J.; Greppin, H .1985. A two-step control of basis and acidic
peroxidase and its significance for growth and development. Physiol. Plant. 64, 418-423.

Boyer D.B., Hardy H. and Myrbarck K. The Enzymes. 1963. Vol. 8, Paul K.G. Peroxides,
Academic Press, 227-275.

Mahaly A.C. Plant Peroxidase in :Methodes in Enzymology. Academic Press 1995, I1: 801-803.
Klapper M.H. and Hackett D.P. 1965. Investigation on the multiple components of commercial
horseradish peroxidase. Biochem. Biophys. Acta, 96: 272-278.

Wagner M. 1975. Purification of HRP, using affinity chromatography on concunavalin-A
agarose. Acta Biol. Med. Ger., 39: 1429-1431

Rhee H., Park K.S., Cha Y.S. and Lee S.Y. 1991. Purification and characterization of peroxidase
from Chinese cabbage. Sanop Misaengmul Hakhoechi, 19: 470-476

Kang S.O., Shiw K.S., Han Y.H., Young H.D. and Hah Y.C. 1993. Purification and
characterization of an extracellular peroxidase from white-root fungus Pleurotus ostreatus.
Biochem. Biophys. Acta, 1163: 158-164).

Dogan, S. and Dogan, M. 2004. Determination of kinetic properties of polyphenol oxidase from
Thymus (Thymus logicaulis subsp. chaubardii var. chaubardii). Food Chem. 88: 69-77.

2291



