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Abstract

It was studied the enzymatic activity of the crude extract obtained
from the pulp of each of the varieties of pitayas included in the present
investigation. The enzymatic extracts of catalase (CAT), peroxidase
(POD), polyphenoloxidase (PPO), glucose oxidase (GOx), and
protease (PRO), from the pulp of, red, purple, orange, and yellow
varieties of pitaya Stenocereus griseous H., were obtained using
5% NaCl extracting solution. All the pitaya pulps tested showed
enzymatic activity of the five enzymes proved. The orange variety
had the maximum activity of CAT. The POD activity was higher in
the red variety. The purple variety presented high activity in all the
enzymes tested but the enzyme which had the highest activity in
this variety of fruit was PPO. The highest activity of the GOx was
founded in the purple variety of pitaya all the varieties tested showed
a considerable proteolytic activity (PRO). The presence of enzymes
such as PRO, CAT, POD, and GOx place these fruits as important
functional foods given the protection offered by these enzymes
as antioxidants and/or antimicrobial agents. Proteolytic enzymes
help digestive problems, as well as can act as anti-inflammatory
compounds. On the other hand, these fruits can be a source for the
extraction of enzymes for industrial uses.
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Introduction

The Stenocereus griseus species complex (CESG) [1] has
historically been a complicated group of taxonomic understanding
[2-4], includes 6 recognized species: S. griseus, S. heptagonus, S.
huastecorum, S. laevigathus, S. stellatus, and S. pruinosos. These
species are geographically distributed in certain regions ranging from
central Mexico to Central America [5,6]. These delicious and juicy
exotic fruits tend to grow in soils that are limited to other species
[7]. Stenocereus griseus H., known as “May Pitaya” for the time of its
harvest and marketing [8], presents characteristics, like the rest of
the fruits of the Cactaceae, which do not occur in any other order of
angiosperms such as the presence of betaines (Esquivel, 2004), given
the structural diversity of betacyanin and betaxanthins, the genus
Cactaceae represent a promising source of natural dyes [6,8].

The oxidative enzymes present in these fruits are related to their
deterioration, as catalysts for browning reactions, as well as to their
antioxidant properties in their role as a functional food [9].

The production of Reactive Oxygen Species (ROS) is a normal
process, it can be increased not only during the maturation and
senescence of the tissues, but also by stressors such as heavy metals,
radiation, modification of the atmosphere, extreme temperatures,
fiscal damage, and by the attack of microorganisms.
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CAT and POD protect cells from the toxic effect produced by H,0,,
which is released during the redox reactions of metabolism. CAT
degrades H,O, in water and oxygen. POD catalyzes the oxidation of
certain proton donor compounds, such as phenols (guaiac, pyrogallol)
and aromatic amines (o-phenylenediamine) when they react with
peroxides (H,0,) [10,11].

In addition to its role within the antioxidant system of tissues POD
has been related to PPO as a cause of enzymatic browning of fruits
and vegetables. PPO catalyzes two different reactions in the presence
of O,: the o-hydroxylation of phenolic substrates to o-diphenols,
and the oxidation of o-diphenols to quinones. These quinones
can spontaneously polymerize through non-enzymatic pathways
generating brown pigments known as melanins [12].

GOx (p-D-glucose: oxygen oxidoreductase) is a flavoprotein that
catalyzes the oxidation of B-D-glucose in gluconic acid using oxygen
as an acceptor of electrons with the consequent formation of H,0,. It
is also used as a food preservative to help remove oxygen and glucose
from food when packaged such as dry egg powder to prevent unwanted
browning and undesired taste [13]. GOx is also found in honey, GOx
on the surface of honey reduces atmospheric oxygen to hydrogen
peroxide, which acts as an antimicrobial barrier. In the manufacturing
industry, GOx is used as an additive due to its oxidizing effects. In
a bakery it is used to obtain firmer doughs, replacing oxidants such
as bromate. Enzyme electrode biosensors detect glucose levels by
keeping track of the electrons that pass through the enzyme. The
enzyme is deposited on an electrode and what is measured is the
electrical potential generated by the reaction. This has made possible
the manufacture of microsensors that are true nanotechnological feats
and that are used, for example, in-home sensors that measure the level
of blood glucose used by many diabetics [14].
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The proteases present in the fruits help the digestion process of
food. In addition, they are the most widely used enzymatic groups
in the food industry, for example, in cheese making, brewing beer,
tenderizing meats, among others. In the pharmaceutical industry, as
digestive drugs, as anti-inflammatories. In the chemical industry in
the production of detergents.

The aim of this research was identifying the enzymatic activity
of protease, polyphenoloxidase, catalase, peroxidase, and glucose
oxidase in the pulp of four varieties of red, purple, orange, and yellow

pitaya pulp.
Materials and Methods
Raw Materials

Four varieties of May pitaya (S. griseus H.) were studied: red,
purple, orange, and yellow, (Figure 1) which were acquired, during
May, at the “Central de Abates” in Mexico City, and kept frozen (at
-20°C) until use.

Figure 1: May pitaya fruit (Stenocereus griseus H).

Methods
Enzyme extraction

The pulp of the fruits subject to the study was macerated with a 5%
NaCl extracting solution at a ratio of 1:1, until it had a homogeneous
mixture, which was left at rest for 48 h in refrigeration (3°C), after
that time it was filtered and kept frozen until use. Each of the extracts
obtained was identified its enzymatic activity, the tests were carried
out six times.

The activity of the oxidative enzyme was expressed in Activity Units
(AU), where one activity unit is equal to the quantity of the enzyme
that decomposes 1 pg of substrate per min under specific conditions.

CAT activity [7,8]

The disappearance of peroxide by the action of CAT is followed
spectrophotometrically (Jenway UV-vis spectrophotometer model
7305) at A, , at 25°C. They were pipetted into each cuvette 2.0 mL of
phosphate regulator at pH 7.0, 3 mL of the substrate (H,0, 0.059 M, in
phosphate regulator), and 0.3 mL of enzyme extract, and the decrease
in A, absorbance was recorded every min for 5 min.

PPO activity [9,10]

It is evaluated by the rate of the catechol oxidating: 0.2 mL of
the enzymatic extract was placed in a cuvette, 2.4 mL of phosphate
buffer (10 mM, pH 6.5), and 0.4 mL of 0.5 M catechol was added. The
increase in absorbance was measured against a blank at A, for 3 min
with intervals of 30 s at a temperature of 2°C.

POD activity [11]

The measurement of POD activity is based on the rate of breakdown
of H,0, by the enzyme peroxidase, in the presence of o-dianisidine as
a proton donor. The speed of color development is measured. At 6 mL
of the substrate were added 0.05 mL of the dye (o0-dianisidine), 2.9
mL of the mixture was transferred to each of the two cuvettes of the
spectrophotometer. In the first cuvette (blank) were added 0.1 mL of
phosphate regulator, in the second (problem) were added 0.1 mL of
the enzyme extract, it was stirred and recorded the increase in A
every minute for a period of 10 min.

GOx activity [12]

This procedure, taking advantage of the specificity of glucose
oxidase, is based upon the conversion of glucose to gluconic acid and
hydrogen peroxide by glucose oxidase and the subsequent oxidation
of o-dianisidine to its oxidized form, measurable at A, , by hydrogen
peroxide with peroxidase. A sample solution (0.5 mL), containing
0-50 pg of glucose, was mixed with glucose oxidase reagent (3.0 mL)
in a test tube and incubated in a water bath at 37 °C for 60 min.
The glucose oxidase reagent was prepared by creating a mixture of
glucose oxidase (125,000 units), horse-radish peroxidase (0.5 mg),
and 1% o-dianisidine in 95% ethanol (0.5 mL) to 100 mL with 0.5 M
sodium phosphate buffer, pH 7.0, and, if necessary, filtering the
solution. After incubation, the A 120 WS measured against a blank. The
sample content is then calculated from a standard curve.

PRO activity [13,14]

The Kunitz method modified by [15], was used. It is based on
quantifying the production of peptides and amino acids released
during the enzymatic hydrolysis of a protein leveraging the ability of
reaction products to selectively A _ . A tyrosine-type curve vs. A, was
developed.

The substrate was prepared by suspending 2 g of Hammarstein
type casein in phosphate regulator at pH 7.6, 0.05 M. The substrate
was denatured by heating into a water bath for 20 min, then cooled
and calibrated to 190 mL with the regulator. It was pipetted 1.9 mL
of the substrate into a test tube and 0.1 mL of the enzyme extract, the
mixture was allowed to react in a bath at 35°C for 24 h, the reaction
was stopped by adding 5% Trichloroacetic Acid (TCA), was filtered,
and A, wasrecorded. The absorbance of the extracts was interpolated
in the type curve of tyrosine (y=0.0019x + 0.0093, R>=0.9959, where
y=A,,, and x=pmol tyrosine). The results were expressed as pg
tirosyne released/100 g of pulp/min.

Results and Discussion

In the pulp of the four varieties of pitaya investigated, namely:
red, purple, orange and yellow, oxidative enzymatic activity was
found, as well as proteolytic enzymatic activity, although in different
proportions.

CAT activity

The orange pitaya presented a very high CAT activity, this would
indicate that this variety is unstable towards environmental oxygen;
therefore CAT is present to protect the antioxidants in the pulp. This
agrees with the important contents of phenolic compounds, as well
as ascorbic acid, found in four varieties of the pitaya fruit Stenocereus
stellatus Riccobono, which belongs to the same genus as the fruit
object of the present investigation [11].The other varieties showed a
lower activity of CAT enzyme, as can be seen in Figure 2.
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Figure 2: CAT activity (AU CAT/100 g of pulp/min) present at red, purple, orange,
and yellow varieties of pitaya fruit.

CAT is one of the most efficient known enzymes, so much so that
it cannot be saturated by H,O, at any concentration, catalyzing its
conversion into H,O and O,, to protect the cells from the H,0, that
is generated inside. With H donors (methanol, ethanol, formic acid,
phenols ...) it shows peroxidase activity.

Therefore, H,0, is enzymatically catabolized in aerobic organisms
by catalase and other peroxidases. CAT has an important role in the
acquisition of tolerance to oxidative stress in the adaptive response of
cells. It captures H,O, before it can escape the cell and converts it to
molecular oxygen [15].

The knowledge of the enzymatic activity in the fruits is of great
relevance, since it allows to design methods of conservation of the
same, as well as to know their role as functional foods. For instance:
Wang, et al., 2005, have studied the effect of different controlled
atmospheres on the activities of lipoxygenase (LOX), peroxidase
(POD), superoxide dismutase (SOD) and catalase (CAT), as well as
malondialdehyde (MDA) content and membrane integrity of the
Peach fruits (Amygdalus persica cv. Okubao) during storage periods of
post-storage ripening at 20°C. The results indicated that the decrease
of SOD and CAT might contribute to the development of chilling
injury in peach fruits due to the protective effect of these enzymes as
antioxidant agents that protect cells from the spread of ROS.

Evidence is presented that the high levels of two enzymes
implicated in antioxidative defense, superoxide dismutase (SOD)
and catalase (CAT), are involved in delaying the senescence process
in nonnetted muskmelon (Cucumis melo L.) variety Clipper and this
could explain, at least, to some extent, the long storage life of Clipper,
longer than 14 days [16].

POD activity

All the varieties studied had POD activity, the highest activity
was founded in the red variety (Figure 3). The POD enzyme serves
to protect the substances that give the fruit color, and not undergo
oxidation by exposing the pulp to oxygen, as well as to protect other
antioxidant compounds present in the fruit, as phenolic compounds,
and ascorbic acid presents in the fruits of genus Stenocereus [11].

POD is found in all plants and animals and is essential for living
systems. This is in turn helps to preventlipid peroxidation and maintain
intracellular homeostasis as well as redox balance. They catalyze the
abstraction of one or two electrons (usually two) via a single-electron
transfer from hydrogen peroxide or an organic substrate, being used
as an electron acceptor [17].

The role of PPO enzyme in the browning phenomenon in fruits

and vegetables is linked also with the action of POD enzyme. It
has been suggested that PPO works as a promoter for POD activity
because hydrogen peroxide which is a product of PPO reaction
with phenolic compounds is essential for POD action [18]. POD
enzymes catalyze oxidation of phenolic compounds in the presence of
hydrogen peroxide to form brown compounds. Besides changing the
color, action of PPO and POD enzymes has significant impact on the
flavor and aroma of horticultural products, since phenolic compounds
play a role in giving bitter, sweet, pungent, or astringent tastes in fruits,
vegetables, and spices [19,20].

POD activity in the four vavieties of pitaya
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Figure 3: POD activity (AU POD/100 g of pulp/min) present at red, purple, orange,
and yellow varieties of pitaya fruit.

Peroxidases and their mimetic systems have several technological
and biomedical applications such as environment protection, energy
production, bioremediation, sensors and immunoassays design, and
drug delivery devices [21].

PPO activity

All the varieties studied had important PPO activity, the differences
found between the activities of the said enzyme, in the varieties of the
pulps studied, were not as great, as in the case of CAT (Figure 4).

Figure 4: PPO activity (AU PPO/100 g of pulp/min) present at red, purple, orange, and
yellow varieties of pitaya fruit.

Regarding PPO and GOx, the purple pitaya is the one with the
highest activity and therefore the one with the highest amount
of phenols and therefore protects them from oxidation, which is
beneficial for humans (Figures 4 and 5). The oxidases present in
the different pitayas are beneficial for the fruit and the consumer by
keeping our body protected due from the spread of ROS. Vegetables
and fruits antioxidants work as singlet and triplet oxygen quenchers,
free radical scavengers, peroxide decomposers, and enzyme inhibitors
[22]. Many of their protective biological effects are derived from their
antioxidant’s functions [23].
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Figure 5: GOx activity (ug glucose released/100 g of pulp/min) present at red, purple,
orange, and yellow varieties of pitaya fruit.

PPO is a class of naturally occurring enzymes that occur
commonly in plants and animals. Their role in natural systems is
typically as a form of resistance to microbial infection, and their effect
on our food is more of a secondary one. The polyphenol structures
often act as antioxidants in plants, and often are responsible for
their pigmentation. In the presence of oxygen and PPO the aromatic
rings of the polyphenols become progressively oxidized, resulting
in melanin, as well as other flavor compounds. Melanin is a product
that gives this reaction its characteristic brown color. Enzymatic
browning is often detrimental to a large portion of fruits, vegetables,
and seafood. But this process is also known to produce a variety of
important components that give tea its distinctive flavor and aroma.
In some darker teas, such as black tea, the leaves are crushed up upon
picking, thereby increasing the rate of oxidation and the rate of color/
flavor formation [24].

As it was said, PPO and POD are the main enzymes responsible
for quality loss due to phenolic degradation. The different factors
affecting phenolic-related food quality include internal (genetic)
and environmental (agronomic) factors, technological treatments
applied during postharvest storage of fruits and vegetables, as well
as processing and storage of the processed products. The different
strategies that are required to either maintain or enhance the phenolic-
related quality of foods are critically reviewed. Genetic modification
designed to decrease polyphenol oxidases or peroxidases is not always
a feasible method, owing to side problems related to the growth and
defense of the plant [23].

GOx activity

The highest activity of the enzyme GOx which plays an important
role as oxidoreductase was found in the pulp of the purple variety,
followed by that of the red, yellow, and orange varieties (Figure 5).

Plants are the basis of all traditional medicinal therapy [25] and
in 1992 the positive effect of antioxidants was found in fruit and
vegetables [26-29]. Free radicals are the leading cause of degenerative
diseases such as several forms of cancer, cardiovascular disease, and
neurological diseases [30], hence the importance of consuming these
foods to help prevent contracting degenerative diseases.

GOx is an oxidoreductase that catalyzes the oxidation of p-D-
glucopyranose to D-glucono-1, 5-lactone with the formation of H,O,.
Among this group of sugars, the oxidation of the glucose is the most
rapid. Therefore, it is mostly used for measuring glucose concentration
in different samples [31].

The antimicrobial activity of the GOx system is based on the
cytotoxicity of H,0,. The associated inhibitory effects depend on
the concentration of enzyme, and on the concentration of glucose;
higher inhibitory activity will be observed at higher enzyme and
substrate concentrations. The antimicrobial activity of GOx, has been
associated with a significant reduction in growth of various food-
borne pathogens, namely Salmonella infantis, S. aureus, Clostridium
perfringens, B. cereus, Campylobacter jejuni, and L. monocytogens.
GOx has found several commercial applications, including removal
of glucose and other fermentable sugars from egg albumin and whole
eggs, prior to drying, to prevent browning during storage afterward;
improvement of color and flavor, and extension of shelf life of food
products; oxygen removal from fruit juices and canned beverages;
and prevention of oxidative deterioration of mayonnaise and salad
dressings [32].

The presence of the oxidative enzymes CAT, PPO, POD, and
GOx position these fruits as an important source of these enzymes,
as well as give us useful information for their preservation. These
enzymes can play a double role in fruits, as oxidizing agents that cause
deterioration in them, or as antioxidant agents that protect cells from
the spread of ROS.

[11], partially characterized the CAT, POD, and PPO enzymes
extracted from the skin of a cactus fruit: yellow pitahaya (Acanthocereus
pitajaya). They found one inhibitory effect of H,O, on the activity
of POD has been and may be related to the oxidative effect of this
compound on some amino acids of the active site, these results agree
with those obtained by [33,34].

It has been reported that, in general, the kinetic parameters against
H,0, found for CAT and POD indicate that these enzymes have a
complementary role in terms of the degradation of this compound,
potentially toxic to cells [35].

Features found in POD and PFO indicate that these enzymes can
actively participate in the enzymatic browning process, under various
stress conditions [36].

PRO activity

Proteolytic activity was found in all the varieties of pitaya studied
(Figure 6). Proteolytic activity is important because it demonstrates
the presence in the fruits of digestive enzymes when said fruits are
consumed help the proper functioning of the digestive system. If these
enzymes are isolated, products such as cheese, protein hydrolysates,
and medicines among others could be prepared.

Figure 6: PRO activity (ug tirosyne released/100 g of pulp/min) present at red, purple,
orange, and yellow varieties of pitaya fruit.
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The pitaya (S. griseus H.) joins the plants that contain proteases, by
virtue of the important proteolytic activity found in them. The pulp
of these fruits’ places them as nutraceutical foods, due to the role that
these enzymes play in digestive processes, and another health benefits.

As is well known, fruits rich in proteolytic enzymes, such as papaya
and pineapple are a digestive aid and a natural anti-inflammatory fruit
[37]. Besides their role in digestion, they have other health benefits.
Bromelain (from pineapple) supplements are particularly popular
among athletes for treating all sorts of physical aches and injuries [38].

Proteases of plant origin, such as papain, chymopapain, ficin,
bromelain, asclepain, mexicain, euphorbain, solanin, flicin and white
gourd protease, have been reported by many workers. Recently, it
has also been reported that some proteases are present in ginger and
princemelon [39]. Found that green asparagus, kiwi fruit and miut
have high proteolytic activities.

Proteases in addition have been used in the pharmaceutical, and
food industries. Papain, bromelain or asclepain have already been
used in the fields of food and medicine, as meat tenderizers, digestive
and anti-inflammatory agents, and preventers of turbidity in beer, etc.

[40-49], investigated the presence of new proteases in plants: green
asparagus, kiwi and miut, where they found high proteolytic activity,
applicable in many fields.

Conclusions

The findings of this work show that in the pulp of the pitaya fruit
(Stenocereus griseus H.) there is an important enzymatic activity, of
oxidative enzymes such as CAT, PPO, POD, oxidoreductases as GOx,
as well as proteolytic enzymes (PRO), consequently.

Pitayas are fruits of great nutraceutical and industrial value; they
have important bioactive components, which open an important field
for scientific research.
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