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IDENTIFICATION OF PEROXIDASE AND TYROSINASE IN GREEN
COCONUT WATER

Abstract
Green coconut water is a largely consumed beverage, but its lifetime is restricted to a couple of days due to

enzyme presence. Therefore, the present paper aimed enzyme characterization by using chromatography and electrophoresis.
Primarily, measurements of enzymatic activity were realized and it was obtained 0.3 U / mL for peroxidase activity and
5.0 U / mL for tyrosinase activity, using fresh sample of green coconut water. Fast Protein Liquid chromatography (FPLC)
and SDS-PAGE were used to enzymatic characterization. Based on anionic chromatography was possible to verify that
peroxidase and tyrosinase showed retention times equal to 0.30 min and 1.30 min, respectively,. On gel filtration, the
following molecular weight values were determined: 49.2 KDa for peroxidase and 73.8 KDa for tyrosinase. Molecular
weights were also obtained in SDS-PAGE and it was 44.63 KDa for peroxidase, but tyrosinase was not detected in the
conditions employed. © 2002 Altaga. All rights reserved.

Keywords: Peroxidase; Tyrosinase, Green coconut water

Resumen
El jugo del coco verde es una bebida consumida ampliamente, pero su vida útil se restringe a un par de días

debido a la presencia de enzimas. Por lo tanto, este artículo trata sobre su caracterización enzimática usando técnicas de
cromatografía y electroforesis. En primer lugar, se realizaron medidas de actividad enzimática y se obtuvo 0,3 U / mL de
actividad perosidasa y 5,0 U / mL de actividad tirosinasa, usando muestras frescas de jugo de coco verde. Se utilizaron
técnicas de cromatografía líquida de proteína rápida (FPLC) y SDS-PAGE para la caracterización enzimática. Basándose
en cromatografía aniónica fue posible verificar que peroxidasa y tirosinasa muestran tiempos de retención de 0,30 min y
1,3 min, respectivamente. Por filtración en gel, se determinaron los siguientes pesos moleculares: 49,2 KDa para peroxidasa
y 73,8 KDa para tirosinasa. Los pesos moleculares también se obtuvieron por SDS-PAGE y fue 44,63 KDa para peroxidasa,
pero tirosinasa no se detectó en las condiciones empleadas. © 2002 Altaga. Todos los derechos reservados.

Palabras clave: Peroxidasa; Tirosinasa, Jugo de coco verde

Resumo
O xugo do coco verde é unha bebida consumida amplamente, pero súa vida útil se restrinxe a un par de días

debido á presencia de encimas. Polo tanto, este artigo trata sobre súa caracterización encimática usando técnicas de
cromatografía e electroforeses. En primeiro lugar, realizáronse medidas de actividade encimática e  obtívose 0,3 U / mL
de actividade perosidasa e 5,0 U / mL de actividade tirosinasa, usando mostras frescas de xugo de coco verde. Utilizáronse
técnicas de cromatografía líquida de proteína rápida (FPLC) e SDS-PAGE para a caracterización encimática. Baseándose
en cromatografía aniónica foi posible verificar que peroxidasa e tirosinasa mostran tempos de retención de 0,30 min e 1,3
min, respectivamente. Por filtración en gel, determináronse os seguintes pesos moleculares: 49,2 KDa para peroxidasa e
73,8 KDa para tirosinasa. Os pesos moleculares tamén obtivéronse por SDS-PAGE e foi de 44,63 KDa para peroxidasa,
pero tirosinasa non foi detectada nas condicións empregadas. © 2002 Altaga. Tódolos dereitos reservados.

Palabras chave: Peroxidasa; Tirosinasa, Xugo de coco verde
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INTRODUCTION

Coconut (Cocos nucifera ) is a perennial plant,
bearing fruit continuously for up to 60 - 70 years, 12 to
13 times a year. The coconut water, technically the liquid
endosperm, is formed in small quantities in the third month
of development of the nut and reaches maximum in the
eighth month and declines thereafter as the nut ripens. Its
major chemical constituents are sugars and minerals while
fat and nitrogenous substances from a minor fraction
(Shivashankar, 1991).

Green coconut water is largely consumed all over
the world, not only as a refreshing drink, but because of
its innumerous therapeutic qualities. It can be applied on
gastric disturbs treatment, inhibition of vomit caused by
cholera, treatment of dysentery and for infant feeding,
among others (Campbell-Falck et al., 2000; Medina et
al., 1980; Maciel et al., 1992; Anzaldo, 1973). It can also
be used for cultivation of plants and microbial cells
because of its growth promoting factors (Campos et al.,
1996).

Because of its restrict lifetime of a couple of days,
different researches have been developed to intend  the
extension of its shelf life. This limitation can be explained
in terms of enzymes presence, belonging to oxidase family
(tyrosinase and peroxidase), that in contact with
atmospheric oxygen, right after opening fruit, give a start
to reactions that affect and modify its typical properties
like nutritive value, taste and colour (Galeazzi, 1984;
Weemaes et al., 1998).

Tyrosinase and peroxidase are widely detected in
many fruits and vegetables and are closely linked to
enzymatic color changes with consequently loose on
sensorial properties (Campos et al., 1996; Vámos-
Vigyázó, 1981; Palou et al., 1999; Weemaes et al., 1998;
Yemenicioglu et al., 1997; López-Serrano, 1995).

According to  some food technologis ts ,
tyros inase  (Polyphenol oxidase) is indirectly
responsible for fruit and vegetables enzymatic browning
(Vámos-Vigyázó, 1981; Weemaes et al., 1998;Siddiq
et al., 1992), such as in sunflower seeds (Singh et al.,
1999) and in avocados (López-Malo et al., 1998).
Polyphenol oxidase catalyzes two types of oxidative
react ions:  hydroxylat ion of  monophenols  to  o-
diphenols, and the oxidation of this last one colorless
compound to highly colored o-quinones. Galeazzi et
al . (1981) determined tyrosinase presence in bananas
(Musa cavendishii) proceeding to its purification based
on gel filtration chromatography using Sephadex G-
100 column and characterization by polyacrylamide gel
electrophoresis. The presence of this enzyme was
detected in many fruits, among others, apples, peaches,
grapes, pears and plums (Siddiq et al., 1992).

Peroxidase is a group of enzymes that catalyze
oxidation-reduction reactions. They reduce H2O2 to water
while oxidizing a variety of substrates. Thus, peroxidases
are oxidoreductases which use H2O2 as electron acceptor
for catalyzing different oxidative reactions. They can be
purified by chromatography using Sephadex G-25 (gel
filtration) and DEAE-cellulose (ion exchange) columns,
among others (Vámos-Vigyázó, 1981).

In the big field of analytical chemistry, there are a
numberless of techniques that could help us with the
development of many areas of study, for example
Biotechnology. A very good example is the
chromatographic technique that is useful for identification,
purification and separation of a variety of substances.
According to liquid chromatography, the column used
defines the type of separation occurred during the
experiments: ion-exchange chromatography or gel
filtration, for example. In the first type, the biomolecules
separation is based on charge difference but, in the second
one, the separation is determined by molecular weight
(Scopes, 1986). Other technique widely used is related to
electrophoretic methods, which represent the movements
of charged particles under the influence of an electric field
(Králová, 1999).

The aim of this work was to identify peroxidase
and tyrosinase presence on green coconut water by
measuring directly their enzymatic activity and to
characterize them by anionic exchange chromatography,
gel filtration and SDS-PAGE (polyacrylamide gel
electrophoresis).

MATERIALS AND METHODS

Green coconut water purchased from CTAA /
EMBRAPA was stored in -20oC before use. The sample
analyzed on this study show the following characteristics:
pH 4.81, 1.38% of total acidity and 5.30 oBrix. Peroxidase
from horseradish (Sigma no P6782) and tyrosinase from
mushroom (Sigma no T7755) were used as standard
enzymes.

Determination of enzymatic activity
For determination of peroxidase activity it was used

a test tube containing 5 mL of 0.2M sodium phosphate
buffer pH 5.5 and 3 mL of green coconut water previously
filtered on Millipore membrane (0.22 µm). At that time,
this solution was immersed on thermostatic bath (Temp
Therm, type BM60) at 35 oC for 5 min for thermal
stabilization. 1.5 mL of 0.05 % guaiacol solution and 0.5
mL of 0.1 % hydrogen peroxide were added, and
afterwards absorbance variation was directly measured
at 405 nm (Hach DR4000 UV).

For determination tyrosinase activity it was used a
test tube contain 5.5 mL of 0.2M sodium phosphate buffer
pH 6.5 and 1.5 mL of 1.2 mM L-Tyrosine. This mixture
was immersed on thermostatic bath (Temp Therm, type
BM60) at 25 oC for 5 min until acclimation. A aliquot of 1
mL of filtered green coconut water was added and
measurement of absorbance variation was taken at 350
nm (Hach DR4000 UV).

In both cases, one unit of enzymatic activity was
defined as the quantity necessary to produce an increasing
in absorbance of 0.001 per minute (Medina et al., 1980).

Enzymatic characterization
Determination of Retention time. Ion exchange

chromatography was carried out using Fast Protein Liquid
Chromatography (FPLC) for the establishment of enzymes
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retention time. MonoQ column was equilibrated at room
temperature with 50 mM Tris-HCl buffer acidified to pH
7.8. Enzymes were eluted at flow rate of 0.5 mL/min with
a linear gradient using the same buffer with 1M NaCl.
This gradient was realized using 0.27 mL/min flow rate.
Volume applied of coconut water and for enzymes Sigma
Standard was 2.0 mL and 0.2mL, respectively. The
experiment was conducted at room temperature.

Determination of molecular weight. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out with a 10% acrylamide gel for
green coconut water sample and molecular weight markers
(Low Bio Rad - LBR and High Bio Rad - HBR). Before
the analysis, the samples were concentrated through TCA
(trichloroacetic acid) addition at -200C for 10 min. ). The
electrophoresis was conducted by using a constant voltage
of 200 V for about 40 min at room temperature. Then, the
gel was stained for 30 min in a solution of Coomassie
Blue and detained in a 40% methanol and 10% acetic acid
solution. Enzymes bands were compared in relation to
the mobility of the molecular weight markers.

Gel filtration chromatography was conducted on
Superdex 75 column, first equilibrated with 20 mM Tris-
HCl buffer pH 7.5. The analysis were carried out at room
temperature using 2 mL of green coconut water previously
filtrated on Millipore membrane (0.22 µm). During the
analysis, there was not applied a salt gradient and to elute
the proteins were used a flow rate of 0.5 mL/min.

RESULTS AND DISCUSSION

Determination of enzymatic activity
Enzymatic activity was used to determine if

peroxidase and tyrosinase are presented on green coconut
water. For peroxidase and tyrosinase were obtained 0.3
U/mL and 5.0 U/mL, respectively, using fresh sample of
green coconut water. These values are lower than the
values reported by Campos et al. (1996), 114.3 U/mL for
peroxidase and 32.1 U/mL for tyrosinase. This can be
explained due to differences between plant variety,
cultivation and fruit development.

Enzymatic characterization
Figure 1 shows the chromatogram obtained by

anionic chromatography for enzyme separations. Based
on this chromatogram, different retention times were
possible to be determined as shown on Table 1.

On this became obvious tyrosinase and peroxidase
presence on coconut water, though this last one was eluted
before salt gradient elution is initiated. This happen
because peroxidase´s isoelectric point is higher than
buffer’s pH used to carried out the separation, indicating
similar standard retention time (0.30 min). Showing
isoelectric point lower than buffer’s pH, tyrosinase was
eluted inside the gradient, having 1.30 min of retention
time, similar to obtained for standard enzyme. The
enzymes in question are marked on chromatograms by an

Figure 1. Chromatogram obtained for enzyme separation of green coconut water and standards using FPLC system
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Peak RT (min) of 
coconut Water 

RT (min) of 
tyrosinase 

RT (min) of 
peroxidase 

1 0.30 0.25 0.30 
2 0.40 0.35 1.15 
3 0.90 0.45 2.35 
4 1.00 1.00 - 
5 1.20 1.30 - 
6 1.25 2.35 - 
7 1.30 - - 
8 2.40 - - 

Molecular 
weight 

Characteristic equation Correlation 
coefficient 

LBR Y= - 0.4681 log(x) + 55.891 R2 = 0.9851 
HBR Y= - 0.1407 log(x) + 23.368 R2 = 0.9961 
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arrow, observing that peroxidase is predominant on
analyzed coconut water, as expected by activity
determination

Respective molecular weights for peroxidase and
tyrosinase were determined through an electrophoresis
procedure. The molecular weight of a bimolecular
compound, according to Scopes (1986), can be determined
by a comparison using a mixture of standard polypeptide
with known molecular weights, named molecular weight
marked. Figure 2 shows a linear relation between protein
mobility on the gel and their molecular weight is obtained
for both low molecular weight marker (LBR – Low Bio
Rad), composed by phosphorylase B (97.4 KDa), bovine
serum albumin (66.0 KDa), ovalbumin (45.0 KDa),
carbonic anhydrase (31.0 KDa), soybean trypsin inhibitor
(21.5 KDa) and lysozyme (14.0 KDa), and high molecular
weight marker (HBR – High Bio Rad), composed for
myosin (200.0 KDa), b-galactosidase (116.0 KDa),
phosphorylase B (97.4 KDa), bovine serum albumin (66.0
KDa), ovalbumin (45.0 KDa).

Table 2 shows characteristic equation for protein
mobility in SDS-PAGE obtained from the data acquired
during the electrophoresis analysis which are used to plot

Table 1.- Enzymes retention times (RT) obtained from the
chromatogram showed on Figure 1.

the graphs showed on Figures 2a and 2b. According to it,
the approximate molecular weight obtained for peroxidase
was 44.63 KDa; however, tyrosinase was not detected in
the conditions applied in the electrophoretic system.

Notice that the result obtained for peroxidase
molecular weight is similar to that reported by literature.
For instance, Regalado et al. (1996) determined 43.8 KDa
for peroxidase from horseradish roots by using SDS-
PAGE. Gazaryan and Lagrimini (1996) determined 36.0
KDa for tobacco anionic peroxidase. But, become
necessary explain that enzymes extracted from different
source can show difference on their chemical structures
and then show, consequently, different values for their
molecular weight.
Gel filtration was used to validate molecular weight
method determination. With this purpose green coconut
water samples were analyzed by using FPLC system with
Superdex75 column. Table 3 shows the molecular weight
obtained by gel filtration for the enzymes found on green
coconut water.

Using standard tyrosinase was possible to obtain
molecular weights through protein retention times in
Superdex 75 column. This procedure gave a molecular

Figure 2. a) molecular weight correlation (Low molecular weight),
b) molecular weight correlation (High molecular weight).

a)

b)

Table 2.- Characteristic equation for determining molecular weight.
Y - mobility (mm); x - molecular weight (KDa). LBR= Low Biorad;
HBR = High Biorad.

Table 3.-Molecular weights obtained by gel filtration for each
protein observed on green coconut water.

Peak Molecular Weight (KDa) 
1 - 
2 274.3 
3 73.8 
4 57.3 
5 49.2 
6 44.6 
7 42.7 
8 32.5 
9 30.2 
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weight of 73.8 KDa for tyrosinase present in coconut
water. This value is similar  to the one obtained by Jiang
et al. (1999), 75.6 KDa, showing that the enzymes in this
study could present similar characteristics. For peroxidase
was obtained 49.2 KDa, and as in the previous enzyme,
this value is similar to reported by Wititsuwannakul et al.
(1997), 50.0 KDa.

CONCLUSIONS

FPLC system showed to be a good method for
peroxidase and tyrosinase determination on green coconut
water, by comparison of its retention times obtained to
standard ones. The molecular weight obtained by SDS-
PAGE for peroxidase, 44.63 KDa,  is similar to that
reported in literature, 44 KDa (Sigma no P6782, 1999).
Considering the existence of tyrosinase and that it was
observed enzymatic colour change on coconut water, the
apparently absence of tyrosinase can be explained in terms
of its low concentration on the samples analyzed.
Commonly, samples with low purity are difficult to be
characterized by this kind of gels, showing that these
samples require a previous stage of purification to better
study this parameter. Finally, the molecular weights
obtained by gel filtration were, respectively, 49.2 KDa
and 73.8 KDa for peroxidase and tyrosinase.
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