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Abstract : Horse mango (Mangifera foetida Lour) fruit is known to produce latex with a blistering
effect upon contact with human skin. In this study, it was chosen as a source of protease, and the effect
of the extraction process on its protease activity was evaluated. The crude enzyme was extracted from
the kernels and extraction was optimized by a response surface methodology (RSM) using a central
composite rotatable design (CCRD). Based on the RSM model generated, optimal extraction
conditions were obtained at pH 6.0, 8.16 mM CaCl,, 5.0% Triton X-100, and 10.0 mM DTT.
Polyvinylpolypyrrolidone (PVPP) and Dowex 2-X8 were added to the medium extraction to remove
the polyphenols from the crude extract. The result indicated that, the media which was supplemented
with the polyphenols binders acquired the high purified protease compared to the control (media

without PVPP and Dowex 2-X8).
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Introduction

Protease (EC 3.4.21) has the ability to
hydrolyze peptide bonds of protein in the reaction
known as proteolysis [1]. Widespread use of it in
the industries such as detergent, leather,
pharmaceuticals, food, bakery, textile and meat
tendering has propelled continuous research and
development on protease applications [2].
Furthermore, demand for the proteolytic enzyme in
the global market is expected to increase from USD
1.2 billion in 2005 to USD 3.0 billion by 2015 [3].
Most industrial proteases are derived from
microbial and animal sources [4], but the
application of animal proteases has encountered
limitation due to religious requirements from
certain quarters [5]. Since food consumers are
concerned with a variety of issues, such as food
authenticity and adulteration by religiously
unlawful ingredients, it has therefore become
imperative to explore other alternative sources of
proteases, especially from plants [6].

As compared to animal cells, plant tissues have
lower protein content, but plants are richer in
certain enzymes. For example, in the green leaves,
ribulose-1, 6-diphosphate carboxylase accounts for
over 50% of the total protein content, which
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indicates green leaves are the ideal source for the
purification of RuDP-carboxylase [7].
Unfortunately, plant tissues present special
problems in the isolation of enzymes due to the
presence of indigenous polyphenoloxidases [7-8]
and high concentrations of phenolic [9-10]
compounds which promote enzymatic browning
(polymerized phenolic) resulting in the inactivation
of the enzymes [11]. The phenolic compounds
which occur commonly in plants may be classified
into three groups, namely simple phenolic and
phenolic acids (gallic acid), hidroxycinnamic acid
derivatives (caffeic and ferulic acid) and flavonoids
(catechins and anthocyanidins) [8]. The knowledge
in plant tissue compositions could suggest the best
approach to obtain the purified protease by
removing the polyphenols. There are two types of
plant tissues which are herbaceous and woody
tissues. Herbaceous plants contain hidroxycinnamic
acid derivatives, flavonoids but with little or no
proanthocyanidin whereas woody tissues contain
hidroxycinnamic acid derivatives, flavonoids with
high concentration of proanthocyanidin [12].

Horse mango (Mangifera foetida Lour) is
classified as a woody tissue. The genus Mangifera
belongs to the family Anacardiaceae. The genus
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Mangifera consists of 58 species including
Mangifera foetida Lour, Mangifera odorata Griff
and Mangifera indica Lour [13]. Singh et al. [14]
reported that the polyphenolic compositions, i.e.,
gallic acid, caffeic acid, tannin acid and chlorogenic
acid, in the six important commercial mango
cultivars, which are Deshi, Langra, Chausa, Mllika,
Dashahari and Amrapali, were in different
concentrations. We proposed the polyphenols
compositions of Mangifera indica Lour are the
same as that for Mangifera foetida Lour. In
previous studies, many researchers have determined
a variety of polyphenols in Mangifera indica Lour
which include phenolic acid such as chlorogenic
acid, tannic acid, folic acid, ferulic acid, ascorbic
acid [15], gallic acid, ellargic acid [16] caffeic acid
and gallotannin [15], phenolic esters such as methyl
gallate [16], flavanoids such as quercitin, catechin
[17] and proathocyanidin [18] and a xanthone such
as mangiferin [15]. The preparation of crude extract
will break the cell wall and wvacuole, hence
releasing these phenolic compounds. These phenols
which bind to proteins via hydrogen bonds are
effectively removed by adding a binder that
contains group similar with the peptide linkage
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Plant proteases have long been used both in
food and the pharmaceutical industry such as ficin
from Ficus glabrata and Ficus laurifolia [20],
protease from Cynara cardunculus [21], and the
sodom apple (Calotropis procera) [22], and papain
from papaya (Carica papaya) [23]. Recent studies
have indicated that sap from various varieties of
Mangifera indica Lour also exhibits both serine and
cysteine protease activities [24]. In Malaysia, latex
from horse mango (Mangifera foetida Lour), is
notorious for its skin-blistering effect, suggesting
the presence of strong proteolytic activity.
Moreover, previous studies have also showed us the
existence of all the polyphenols groups (phenolic
acid, phenolic esters, flavonoids and xanthone) in
the mango plants mentioned earlier.

In this study, we have chosen the Mangifera
foetida Lour kernels as the source of protease [25]
due to their high availability and low cost [26]. The
kernels were taken from the unripe horse mango to
ensure a low concentration of polyphenols [27].
The potential of PVPP and Dowex 2-X8 as
polyphenolic binders were evaluated at a
pretreatment to produce protease from horse mango
kernels.
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Figure 1 : a) Polyvinylpolypyrrolidone (PVVPP) [25] and b) Dowex 2-X8 structures [26], respectively

such as polyvinylpolypyrrolidone (PVPP) (Fig. 1a)
and Dowex 2-X8 (Fig. 1b). Polyphenols bind PVPP
and Dowex 2-X8 through hydrogen bonding with
nucleophilic groups (-NH,-, -OH and -SH) [8] in
binders. Hence, polyvinylpolypyrrolidone (PVPP)
and Dowex 2-X8 have received considerable
attention from researchers in plant enzymology due
to their ability to bind the polyphenolic compounds
(tannins) [11][19].

Materials and Methods

Reagents and chemicals

Mature unripe horse mango fruits were
obtained from a local fruit orchard. The kernel was
removed from the fruits and cut into small pieces
before it was subjected to protease extraction.
Polyvinylpolypyrrolidone (PVPP), Triton X-100
(TX-100), 1,4-Dithryeitol (DTT), CaCl,, Folin-
Ciocalteau (Folin reagent), trichloroacetic acid
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(TCA), tris(hydroxymethyl)aminomethane
(C4H11NO3), hydrochloric acid (HCI), glycine
(C,HsNO,), sodium carbonate (Na,CO,),
monobasic sodium phosphate (NaH,PO,), dibasic
sodium phosphate (Na,HPO,), sodium hydroxide
(NaOH), copper sulfate (CuSQ,), potassium tartrate
(K,C4H40g), tyrosine, Dowex 2-X8 and bovine
serum albumin (BSA) were bought from Sigma,
Malaysia.

Purification of polyvinylpolypyrrolidone (polyclar
AT or PVPP) and Dowex 2-X8

The use of purified polyvinylpolypyrrolidone
is essential during phenolic isolation. PVPP may
contains traces of metal ions and vinylpyrrolidone
monomer as it is commonly produced in beverage
processing. PVPP was purified by boiling in 10%
HCI for 10 minutes and then washed with glass-
distilled water until free of chloride ions The
purified PVPP was dried and stored [9]. While for
Dowex 2-X8, the resin was washed with deionized
water and equilibrated with phosphate buffer
overnight (50 mM, pH 6.11) before being used as
binders [28].

Extraction of enzyme

The peels were taken from the unripe healthy
horse mango fruit in order to reduce the effect of
polyphenols contents [29]. Then the enzyme was
extracted according to the methods reported by
Ahmad et al. [25] with minor modifications.
Twenty g of the chopped kernel was extracted by
homogenizing it using blender for five minutes in
100 mL chilled phosphate buffer (50 mM, pH 6.11)
containing 8.16 mM CaCl, 5% Triton X-100, 10 %
1,4-dithryeitol and PVPP or Dowex 2-X8 solutions
[9]. The extract was subsequently stirred for thirty
minutes at 4°C to allow binding to polyphenolic
compounds in the extract. The polyphenol binders
(PVPP and Dowex 2-X8) were filtered by using
cotton cloth (50 strands per centimeter) [9][19]
prior to centrifugation for twenty minutes at 15,000
X g (HermLe Z 323K, Germany) at 4°C. The
supernatant containing the crude enzyme was
collected and stored at 4°C until further analysis.
The polyphenol binders (PVPP and Dowex 2-X8)
amount used in the medium was 1.25 g per 1.00 g
fresh tissues [17].

Protease activity

Protease activity was determined based on the
release of pmole tyrosine/min using casein as
substrate [4] as determined by Folin-Ciocalteu
method. The reaction mixture containing 0.9 mL 50
mM phosphate buffer pH 7.5, 5 mL of 0.65%
casein solution and 0.1 mL of crude enzyme was
incubated at 37°C for 10 min. The reaction was
terminated by addition of 5 mL 110 mM
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trichloroacetic acid solution. Non-hydrolyzed
casein was filtered with a 0.45 um polyethersulfone
syringe filter. Two mL of the filtrate was mixed
with 5 mL of 500 mM Na,CO; and 1 mL 0.5 mM
Folin-Ciocalteu reagent and incubated at 37°C for
30 minutes. The absorption of the solution was
determined at 660 nm. One unit of enzyme activity
was defined as the amount of enzyme that produces
1.0 pmole tyrosine/min under the assay conditions.
Protease activity was calculated by using the
following formula:

Protease activity (Unit/ml) = (A X 11) /(1 X 10 X 2) @

where A = pmole tyrosine equivalents released; 11
= total volume (in milliliters) of assay; 10 = time of
assay (in minutes) as per the unit definition; 1 =
volume of enzyme (in milliliter) of enzyme used; 2
= volume (in milliliters) used in colorimetric
determination

Total phenolic contents

Total phenolic compound content was
determined with Folin & Ciocalteau reagent
according to the Forrest and Bendall method [30].
Briefly, 1.0 mL sample of supernatant was added to
0.5 mL of Folin-Ciocalteau reagent followed by 0.5
mL of 1 M Na,CO; three minutes later. The tube
was then shaken and allowed to stand for one hour
before determination of the absorbance at 725 nm.
The concentration of the total phenolic compounds
in the Mangifera foetida Lour seed was determined
from the gallic acid standard graph and expressed
as micrograms of gallic [31].

Results and Discussions

Isolation of polyphenols

In this study, the polyphenols were
successfully isolated by using three methods which
were polyvinylpolypyrrolidone (PVPP), Dowex 2-
X8 and combination of PVPP with Dowex 2-X8
batches wises. The effect of PVPP or Dowex 2-X8
on the crude extract can be seen through their color
changes. The crude extracts were arranged in
ascending order of the color changes (brown to
clear), which are control > Dowex 2-X8 >
combination of the PVPP with Dowex 2-X8 >
PVPP. Slightly browning to green color (before
centrifugation) suggests that the PVPP and Dowex
2-X8 have bound either to the phenolic compound
or phenolase and prevent interactions between them
[11]. The brown color of the crude extract (control)
indicated the presence of the oxidized polyphenolic
compounds [8][17]. Based on the experiments, a
small amount of polyphenols still present in the
crude extract due to facts that the pH optimum for
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the PVPP-polyphenol interaction is pH 3.5 [32],
while in this study the pH at the extraction was pH
6.11. By controling the pH, denaturation of the
protease activity was reduced. The pH inside higher
plant cells normally ranges between 6.0 and 7.0
[33]. This data was supported by Loomis et al. [34],
which reported that the optimum condition for plant
enzymes and organelles extraction are generally
obtained at pH 6-7.2 PVPP increased the ionization
of the phenolic hydroxyl group and thus promote
the phenol to undergo oxidation at higher pH, and
conversely happened at lower pH (pH 3.5), where
PVPP absorbed the polyphenols efficiently. At
higher pH, the deprotonated form of the phenols
exhibits a higher affinity towards the Dowex 2-X8
exchanger (anion exchanger) than the protonated
form [35]. Unfortunately, most of the proteases
denatured at extreme pH (pH < 4 and pH > 10)
[36].

Protease activity of polyphenols treated with
PVPP and Dowex 2-X8.

Crude extract treated with PVPP alone had
highest protease activity than Dowex 2-X8 alone,
combination of PVPP and Dowex 2-X8 and control
(without PVPP and Dowex), which were 12.27 +
0.64 Unit/mL, 3.96 + 0.19 Unit/mL, 5.51 + 0.33
Unit/mL and 2.50 £ 0.5 Unit/mL respectively. The
total phenolic contents of the crude extracts which
were treated with PVPP alone, Dowex 2-X8 alone,
combination of both and control (without PVPP and
Dowex) were 70.53 + 0.23 ug, 211.27 + 1.96 ng,
158.67 + 4.80 pg and 1084.00 + 18.33 pg,
respectively. All of the methods were efficient to
remove polyphenols and hence reduce the
inactivation of enzyme resulted from the enzymatic
browning. The protease activity of the crude
extracts has been found to be markedly influenced
by the total phenolic contents, where the activity
increased as the total phenolic contents decreased.
This was demonstrated in the PVPP treated extract.

Results showed that PVPP was superior to
Dowex 2-X8 and combination of both (PVPP and
Dowex 2-X8) in removing the polyphenols from
Mangifera foetida Lour. The differences in the
mechanisms by which PVPP and Dowex 2-X8
absorb polyphenols were indicated by the different
affinities of the absorbents for the several classes of
polyphenols. The polyphenols from Mangifera
foetida Lour that were isolated by using the PVPP
were caffeic acid [33], pro anthocyanidin, catechin
[37] chlorogenic acid, tannic acid, follic acid [38],
and mangiferin [39]. Dorta et al. [18] had reported
the mango seed extracts from seven different
solvents such as water were rich in tannins and
proanthocyanidin and they represented 42% to 93%
and 5% to 49% from the total phytochemical
compound assayed, respectively. The polyphenols
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absorbed by Dowex 2-X8 were catechin,
epicatechin, cholorogenic acid. Dowex 2-X8 can’t
absorb the proanthocyanidin and has less affinity
towards catechin and epicatechin than PVPP [40].
This proanthocyanidin decreased the protease
activity due to its ability to complexes strongly with
the protein [8]. Based on the experiment, PVPP
appears to be the polymer mainly responsible for
the absorption of most of the polyphenols from the
crude extracts.

Binding mechanism of polyphenols.

There are two postulates that explain the
manner of the PVPP-polyphenolic complex
mechanism. Firstly, PVPP will combine with the
polyphenol through hydrogen bonding (Fig. 2) to
avoid polyphenol from being attacked or oxidized
by the phenolase [12] to quinone (highly reactive
compounds) [17][32]. Secondly PVPP inhibit the
phenolase through the combination with the
phenolase-substrate complex. However, Jones et al.
[11] explained that this can only happened during
excess usage of PVPP. Neelakandan and Kyu [39]
have investigated the interaction between PVP with
the mangiferin in the
poly(amide)/poly(vinylpyrrolidone) blends. They
notified that the addition of mangferin promote the
hydrogen bonding between mangiferin  with
polyvinylpyrrolidone (PVP), and subsequently,
resulting in liquid phase separation between
poly(amide) (PA)/mangeferin and PVVP/mangeferin
due to preference of mangiferin to PVP compared
to PA. Borneman et al. [41] had applied the
polyvinylpyrrolidone (PVP) in the polyethersulfone
(PES) membrane manufacturing for removing the
polyphenol from the apple juice and noticed that
the PES/PVP membranes were able to reduce
polyphenol content efficiently. High surface area (a
lot of small interconnected pores) in a membrane
was a contributory factor in the adsorption of
polyphenols. While for the Dowex 2-8x, the
hydrophobic interaction with aromatic rings of
polyphenol was predominant compared to ionic
interaction with polyphenols from the extract. It
binds the polyphenols almost irreversibly by
hydrophobic interaction [12], which arises due to a
decreased dielectric constant in the hydrophobic
microenvironment of the charged groups on the
matrix [10].

In some cases, PVPP can competitively inhibit
certain enzyme activity including phenolase. PVPP
might, therefore inhibit certain enzymes reactions
in a competitive manner. However, in this study,
the protease activity was not inhibited by the PVPP
but instead increased the enzyme activity. If
sufficiently amount of PVPP were present, the
polyphenols  (inhibitory  tannins) may be
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Figure 2 : Postulated hydrogen bonding for plant phenol to polyvinylpyrrolidone [48]

sequestered and fixed preferentially in solution
without interfering the enzyme reactions [11].

Conclusions

The polyvinylpolypyrrolidone was superior to
Dowex 2-X8 and combination of Dowex 2-X8 and
PVPP in removing the polyphenols from the
Mangifera foetida Lour crude extracts. Treatment
with polyvinylpolypyrrolidone produced an extract
with higher protease activity.
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