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Abstract
The present work was carried out to determine the effect of extracting medium and different pretreatment methods
on total soluble protein content and peroxidase activity in ﬁve pulses i.e., Lens culinaris Medik, Cicer arietinum L., Vigna
mungo (L.) Hepper, Vigna unguiculata (L.) Walp. and Vigna radiata (L.) Wilczek most commonly used as source of
protein in Pakistan. Under normal conditions the amount of total soluble protein content and peroxidase activity was highest
in V. radiata and lowest in V. mungo. Phosphate buffer proved to be a better solvent for extraction of proteins and enzymes as
compared to water in all the legumes except in V. mungo. Dry heating at 75°C decreased the protein content in all the samples
except for C. arietinum. In case of peroxidase activity at 75°C the highest activity was observed for C. arietinum followed by
V. unguiculata and V. mungo which indicated that peroxidases in these pulses are more resistant to dry heating at high
temperature. Maximum protein content and peroxidase activity in case of C. arietinum, V. unguiculata and V. mungo was
observed at 60°C while for V. radiata and L. culinaris the maximum protein content and enzyme activity was at 20°C. After
inactivation at high temperature (between 60 - 80°C) reactivation of enzyme was observed in all the samples. Soaking in
Sodium chloride (NaCl) solution caused an increase in content of total protein and peroxidase activity in all the pulses
studied. The study concluded that all the pulses can be a good source of thermostable and salinity resistant peroxidases.
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Introduction

containing phenolic compounds (Bódalo et al., 2006).
Legumes are widely grown throughout the world due to
their dietary and economic importance. These food
components adding variety to diet are a rich and economical
source of proteins (Davis et al., 2010). Among pulses, lentils
are of particular interest due to their unique nutritional and
functional properties. In addition to proteins, lentils are also
rich in important minerals, vitamins, and dietary ﬁbers. Many
reports are available regarding disease-preventing and health
improving effects of lentils.
V. radiata grains are the most useful legumes because
they are the major source of amino acids and protein (Imrie,
2005; Kulsum et al., 2007) are highly digestible and have less
ﬂatulence effect (Fery, 2002). The plant is also used for
therapeutic purposes.
V. mungo beans are valued because of their high
protein as well as amino acid content (Imrie, 2005; Kulsum et
al., 2007) and are also highly digestible with less ﬂatulence
effects (Fery, 2002) and therapeutic properties. The antidote
activity of the plant makes it a useful medicinal and cosmetic
material (Jo et al., 2006; Sharma and Mishra, 2009).
V. mungo beans are valued because of their high
protein as well as amino acid content (Imrie, 2005; Kulsum et
al., 2007) and are also highly digestible with less ﬂatulence
effects (Fery, 2002) and therapeutic properties. The antidote
activity of the plant makes it a useful medicinal and cosmetic
material (Jo et al., 2006; Sharma and Mishra, 2009).
V. unguiculata commonly known as cowpea is a less
common pulse with high nutritional values (Arinathan et al.,
2003). V. unguiculata is an important food legume, and its use
as a leafy vegetable is essential in many countries. The plant is
heat and drought tolerant (Sellschop, 1962). The plant can
grow under drought and at high temperatures compared to

Peroxidases are found in all the plants, microbes and
animal tissues where they breakdown hydrogen peroxide
(H2O2) (produced as a toxic product during cell metabolism)
into oxygen gas and water (Petersen & Anderson, 2005). The
multifunctional properties of these enzymes, broad substrate
speciﬁcity and availability from different sources have led to
the application of these enzymes in several biological and
biochemical processes. The major roles of these enzymes in
plants include suberization, ligniﬁcations, protection against
pathogenic attack, wound healing and decomposition of H2O2
(Hiraga et al., 2001). Plant peroxidases can oxidize a variety of
organic compounds including aromatic amines, phenols,
sulfonates, and indoles using H2O2 as the oxidant (Van
Deurzen et al., 1997; Adam et al., 1999; Veitch & Smith,
2001).
Peroxidases are versatile biocatalyst and are gaining
popularity due to their biological properties and applications
in biochemistry, biotechnology and related areas (Colonna et
al., 1999, Veitch & Smith, 2001). The enzymes are used in
food industry for optimizing blanching procedures due to their
heat resistant properties (Reed, 1975) and are also widely used
in enzyme immunoassays and in clinical biochemistry
(Vamos-Vigiazo, 1981; Lin et al., 1996). The enzymes have
the ability to generate free radicals and hence are used as a
biocatalyst for the synthesis of several polymers (Kobayashi et
al., 2001; Kobayashi et al., 2001a) for the biotransformation of
a many organic molecules (Van Deurzen et al., 1997; Adam et
al., 1999; Veitch and Smith, 2001), and in bioremediation
(Klibanov et al., 1983; Wright & Nicell, 1999; Zhang & Nicell,
2000; Kinsley & Nicell, 2000; Wagner & Nicell, 2001). These
are also used for the treatment of industrial wastewater
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other crops (Hall & Patel, 1985; Hall et al., 2002; Hall, 2004).
The crop grows well in low fertile soils due to its symbiotic
association with mycorrhizae (Kwapata & Hall, 1985), ability to
ﬁx nitrogen at high rates (Elawad & Hall, 1987) and its tolerance
against a range of soil pH as compared to other legumes (Fery,
1990).
C. arietinum commonly known as Chickpea is among
the most widely grown and consumed legumes in the world
particularly in tropical and subtropical countries due to its high
carbohydrate and protein content. Proteins present in this plant
are of better quality than other legumes e.g., pigeon pea, green
gram and black gram (Kaur & Singh, 2005). Attia et al. (1994)
reported the effect of cooking on the chemical constituents of
chickpea seeds. Increase in the temperature and time of
processing generally reduces its nutritive value and availability
of lysine (Kon & Sanshuck, 1981; Chau et al., 1997).
The present study was designed to check the effect of
different conditions such as high temperature, dry heating,
solvent used for extraction, and NaCl on total soluble protein and
peroxidase contents in ﬁve different legumes.

Effect of extracting solvent: To determine the effect of
extracting solvent on extraction of protein and enzyme all the
ﬁve legumes samples were soaked and extracted in distilled
water in place of phosphate buffer to ﬁnd the difference in
enzyme activity and protein content of legumes.
Effect of temperature on enzyme activity: To determine
the effect of temperature as pre-treatment on the enzymatic
activity and protein content of different legume samples, 3 g of
each legume was taken, wrapped in a piece of cloth, and
incubated for 20 minutes in a water bath at 20, 40, 60, 80 and
100°C respectively.
Effect of NaCl on enzyme activity: To observe the effect of
different concentrations of NaCl as pre-treatment on the
enzymatic activity and protein content of legumes, 3 g of each
legume was incubated for 15 minutes in 2, 4, 6, 8 and 10%
solutions of NaCl.
Effect of dry heating on enzyme activity All 5 samples of
legumes were incubated for 5 hours at 75°C in an electric oven
to ﬁnd out its effect on enzymatic activity and protein content
of all legumes.

Materials and methods
Plant material and extract preparation: The legumes used in
the present study were purchased from a local market of Lahore,
Pakistan. For extraction, 3 g of each legume were grinded with 9
ml of phosphate buffer (0.1 M, pH 7.2) and 0.1 g of polyvinyl
polypyrrolidone (PVP). The contents were centrifuged at 6,000
rpm for 20 min at 4°C and the supernatant obtained was ﬁltered
through three layers of muslin cloth and stored at 4°C.

Statistical Analysis All the treatments were repeated in
triplicates and the data was expressed as mean ± standard
deviation. The graphs were constructed using the average
mean for each sample. Results were considered signiﬁcant at p
< 0.05.
Results and discussion

Optical density at 545nm

Protein determination: Total soluble protein content was
estimated using the Biuret method (Racusen and Johnstone,
1961). For analysis, 0.1 mL of supernatant and 1.0 mL of Biuret
reagent were mixed and optical density was measured at 545 nm.
In control 0.1 mL of distilled water replaced supernatant. For
calculating protein content standard protein curve was prepared
from bovine serum albumin and protein content was expressed
as mg/g of tissue (Figure 1).
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The good thing about enzymes is that they can be
isolated from living cells and can function in a test tube under
lab environment. Peroxidases are the most studied enzymes in
plants and their universal occurrence in plants indicates their
functional importance. Peroxidases are found in many plantbased food products and are involved in the oxidation of
organic compounds causing deterioration in color, ﬂavour and
nutritional level. These changes in quality of food are more
pronounced in frozen and canned fruits and vegetables
(Nebesky et al., 1950; Bruemmer et al., 1976; Kampis et al.,
1984). In the present study ﬁve pulses mostly used as a source
of protein replacing animal proteins in many developing
countries were evaluated for their total soluble protein and
peroxidase content under normal and pre-treatment conditions
and results were compared.
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Total soluble protein content: The results of total soluble
protein content in the ﬁve legumes are summarized in Figure 2.
The highest protein content at room temperature was
determined for V. radiata (8.856 mg/g tissue) while lowest
content was observed in V. mungo (5.44 mg/g tissue). Except
for V. mungo the difference in protein content among the pulses
was not signiﬁcant (p ˃ 0.05).

120

Figure 1 Standard calibration curve for protein

Enzyme assay: For peroxidase activity, method of Racusen and
Foote (1965) was followed. The reaction mixture was prepared
by mixing crude enzyme extract (0.1 mL), 1% guaiacol solution
(0.2 mL), 0.2 mL of H2O2 solution and 2.5 mL of phosphate
buffer (0.1 M, pH 7.2). In control distilled water was used in
place of enzyme extract. The enzyme activity was determined by
measuring absorbance of reaction mixture at 470 nm. Enzyme
activity was expressed as mg/g of tissue. The speciﬁc activity
was calculated by dividing the total activity units by milligrams
of proteins.

Peroxidase content: Peroxidase content in the ﬁve legumes in
terms of enzyme activity was determined using guaiacol as
substrate. Highest enzyme content was determined for V.
radiata (0.036 mg/g tissue) for which maximum protein
content was also determined while lowest content was
determined in V. mungo (0.0039 mg/g tissue) for which the
protein content was also lowest (Figure 2). Statistically
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Figure 2 Total soluble protein content (A), peroxidase content (B) and speciﬁc activity (C) in ﬁve pulses at room temperature
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Figure 3 Total soluble protein content (A), peroxidase content (B) and speciﬁc enzyme activity (C)
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signiﬁcant difference in peroxidase content was observed
between C. arietinum and V. radiata and between V. radiata
and V. unguiculata (p < 0.05). The results of speciﬁc activity
followed the same pattern with highest speciﬁc activity in V.
radiata (0.004 units/mg protein) and lowest in V. mungo
(0.0007 units/mg protein) (Figure 2). The results indicated that
V. radiata can be a good source of peroxidases to be used for
commercial applications.

differently affected total protein and peroxidase content in all
the samples. The protein content of different legumes was
determined at different temperatures. A decrease in protein
content of legumes with increase in temperature was observed
till 40°C and then there was an increase in protein content up to
60°C and again then there is decrease in protein content until
temperature reading of 80°C with exception to V. unguiculata
that showed increase in protein content. Then with increase in
temperature till 100°C, the protein content of legumes
increased. Initially the maximum protein content at 60°C is an
indication of the stability of proteins and then increase in
protein content at 100°C is due to the reactivation of proteins
(enzymes) at high temperature (Figure 5). No signiﬁcant
correlation was observed between temperature and total
protein content in the tested legumes.
High temperature is a common treatment method used
to inactivate enzymes. However, peroxidase can recover its
activity after heating (Lu and Whitaker, 1974; Anthon and
Barrett, 2002; Schwimmer, 1944). Studies have shown that
reactivated peroxidases can cause signiﬁcant deterioration in
the quality of various high-temperature-short-time (HTST)
processed foods (Lu and Whitaker, 1974, Schwimmer, 1944;
Adams, 1978). Reactivation of an enzyme is a complex
process controlled by many factors including time taken to
attain the required temperature. If the time is short,
reactivation can occur more easily (Lu and Whitaker, 1974,
Schwimmer, 1944; Adams, 1978). In horseradish peroxidase,
for example, reactivation takes place after inactivation at
70°C, 90°C, or 110°C (Tamura and Morita, 1975).
Variations in enzyme activity were observed in all the
samples and peroxidases extracted from different pulses gave
difference in activity depending upon temperature. The
optimum and maximum temperatures varied among the tested
materials. Thus the enzyme activity decreased in V. radiata, C.
arietinum and L. culinaris with increase in temperature till
40°C while in V. mungo and V. unguiculata the activity
increased with increase in temperature. Initially there was a
gradual increase in enzyme activity followed by a rapid
increase till 60°C and then again decrease in enzyme activity
till 80°C. V. mungo showed increase in enzyme activity till
temperature of 100°C while V. unguiculata showed increased
enzyme activity with increase in temperature till 100°C. L.
culinaris and V. radiata showed decreased enzyme activity
with increase in temperature till 60°C then both show increase
in enzyme activity till 80°C, L. culinaris showing rapid
increase and V. radiata showing gradual increase. V. radiata
then showed further rapid increase till 100°C and L. culinaris
showing decrease in enzyme activity. C. arietinum after
increase till 40°C show decrease in enzyme activity till 60°C
and show again increase till 80°C and decrease in enzyme
activity till 100°C (Figure 5). The highest speciﬁc activity was
observed for L. culinaris at 80°C (Figure 5). No signiﬁcant
correlation was observed between temperature and enzyme
activity and between temperature and speciﬁc activity in the
selected legumes.

Extraction in water: Generally for biochemical analysis the
proteins and enzymes are extracted in phosphate buffer. Since
the pulses are normally soaked in water before cooking,
distilled water was used as solvent to extract plant proteins and
the results were compared with those of phosphate buffer. In all
the samples protein content was higher in phosphate buffer
than water indicating high potential of phosphate buffer to
be used for extraction of proteins from the plant material.
Statistically signiﬁcant difference was observed between
protein content extracted in phosphate buffer and water for
V. radiata, L. culinaris and V. mungo (Figure 3).
Peroxidase content extracted in water: The results of
peroxidase content followed the same pattern as proteins with
high enzyme content extracted in phosphate buffer in all the
samples except V. mungo which gave highest enzyme content
in water indicating high solubility of V. mungo peroxidases in
water than phosphate buffer (Figure 3). The difference
between peroxidase content extracted in two solvents was
statistically signiﬁcant in case of C. arietinum, V. radiata and
V. mungo. The speciﬁc activity of the enzyme was highest for
V. mungo in water followed by L. culinaris while in the other
three samples, the speciﬁc activity was high in phosphate
buffer (Figure 3).
Effect of dry heating on protein and peroxidase content:
The results of total protein content and enzyme activity under
dry heating treatment were compared with those obtained at
room temperature and are summarized in Figure 4. After
heating, a decrease in total protein content was observed in all
the samples except C. arietinum for which the protein content
was higher as compared to that at room temperature (Figure 8).
Among the ﬁve samples, highest protein content at 25°C was
determined for V. radiata (8.856 mg/g tissue) and lowest for V.
mungo (5.4403 mg/g tissue). At 75°C highest protein content
was in C. arietinum (9.481 mg/g tissue) and lowest in V. mungo
(4.996 mg/g tissue).
In the present study higher enzyme content was observed for
C. arietinum, V. unguiculata and L. culinaris at 75°C as
compared to 25°C indicating that the peroxidases of these
three pulses are highly thermostable. Increase in enzyme
activity after heating at high temperature may indicate
reactivation of the enzyme which has been associated with
peroxidases. At room temperature V. radiata (0.036 mg/g
tissue) showed highest enzyme activity while lowest activity
was observed in V. mungo (0.003 mg/g tissue). At 75°C C.
arietinum had highest activity (0.039 mg/g tissue) and L.
culinaris had the lowest (0.011 mg/g tissue).
The speciﬁc activity of the enzyme followed the same
pattern as that of the enzyme activity with high speciﬁc activity
for C. arietinum, V. unguiculata and L. culinaris. The highest
speciﬁc activity was observed for V. mungo.

Effect of NaCl on protein content and enzyme activity:
Inhibitors like NaCl can denature the three dimensional
structure of proteins rendering them non-functional. To
determine the effect of NaCl, the plant extract was incubated at
different NaCl concentrations at room temperature for 15 min.
Difference in activity was determined by difference in
absorbance.
A regular change in protein content was determined

Effect of temperature: The variations in temperature
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Figure 4 Total soluble protein content (A), peroxidase content (B) and speciﬁc enzyme activity (C) of legumes at room
temperature and at 75°C
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Figure 5 Effect of temperature on total protein content (A), peroxidase content (B) and speciﬁc enzyme activity (C) in
ﬁve legumes
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Conclusion
Under normal conditions highest total soluble protein
content and peroxidase activity was observed in V. radiata and
lowest in V. mungo. Phosphate buffer was a better choice for
extraction of proteins and enzymes as compared to water in all
the legumes except in V. mungo. Proteins and peroxidases
found in C. arietinum were stable after dry heating at 75°C
followed by V. unguiculata and V. mungo which indicated that
peroxidases in these pulses are more resistant to dry heating at
high temperature. Peroxidases in C. arietinum, V. unguiculata
and V. mungo were quite stable at 60°C while inactivation at
high temperature was not permanent and reactivation was
observed in all the samples. Saline conditions were found to
have stimulating effect on total protein and peroxidase content
in all the legumes. Thus it can be concluded that all these
pulses can be used for extraction of thermostable and salinity
resistant peroxidases.
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