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Pulses are important source of macronutrients, containing almost twice the amount of protein
compared to cereal grains. In addition to being a source of macronutrients and minerals, pulses also
contain plant secondary metabolites that are increasingly being recognized for their potential benefits
for human health. Pulses, whose history of cultivation dates back to earlier times, are essential for
human and animal nutrition as well as crop rotation. It has been established that pulses contain
various substances, some varieties of which can be toxic (though rare) or may cause indigestion.
However, it has been observed that the effects of these factors disappear or decrease when legumes
are properly prepared. The present study was based on the comparison of effects of processing on
some of the nutritional and anti- nutritional properties of five selected pulses (Mung bean, Chickpea,
Soya bean, Horse gram and Green peas) during various stages of processing (soaking, sprouting and
cooking). In all the cases, it was observed that the pulses were affected by the processing methods.
The carbohydrate content was increased as a result of cooking in all the pulses, while other factors
decreased. The highest value of carbohydrate was found to be in cooked Horse gram (68730 mg/ml)
and the lowest in sprouted Green peas (7460 mg/ml). Sprouted Soybean gave highest protein content
(3562.5776 mg/ml) and the lowest by cooked Horse gram (102.6416 mg/ml). Soaked Chick pea
showed maximum value for Total Phenol (2.615 mg/ml) and cooked Horse gram, the minimum value
(0.089 mg/ml). In case of Tannin, soaked Soybean gave the highest value (2077.1422 mg/ml) and the
lowest by cooked Horse gram (61.4284 mg/ml). Soaked Soybean was found to give maximum Phytic
acid (16.2375 mg/ml) and the minimum by cooked Green peas (4.217 mg/ml). The sprouting led to
the increase in the protein content in all the pulses, while carbohydrate, tannin, phenol and phytic acid
contents were decreased. The decreased concentration in Total phenol, Tannin and Phytic acid
content was due to enzymatic changes during germination period in seeds. The reduction of anti-
nutrients may improve the nutritional quality of legumes. Thus it can be said that through proper
processing methods, the nutritional factors can be improved and negative impacts due to anti-
nutritional factors can be minimized.
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INTRODUCTION

bean, Horse gram and Green peas) during various stages of

Pulses are important source of macronutrients, containing
almost twice the amount of protein compared to cereal grains.
In addition to being a source of macronutrients and minerals,
pulses also contain plant secondary metabolites that are
increasingly being recognized for their potential benefits for
human health. The present study was based on the comparison
of effects of processing on nutritional and anti- nutritional
properties of five selected pulses (Mung bean, Chickpea, Soya
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processing (soaking, sprouting and cooking). Soaking pulses is
an efficient process to reduce heat-stable anti-nutritional
compounds such as tannins, phytic acid, raffinose, stachyose
and verbascose. Therefore, soaking increases the nutritional
benefits of pulses. It involves soaking and draining the pulses
every 4 to 8 hours and this process usually takes 1 to 5 days.
Sprouting pulses is vital to render them edible in a raw state
and make them more easily digestible. Interestingly, sprouted
pulses can significantly diminish polyphenols and tannins, and
the protein, carbohydrates and fats begin to break down into a
predigested form, leading to an easier and better digestion and
making for better overall digestion.
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Thermal processes such as canning, pressure cooking,
microwave cooking, traditional or stove-top cooking, roasting,
and others are used in cooking or processing pulses. Lectins
and enzymes inhibitors are proteins which could undergo
denaturation by thermal processing prior to consumption.
Protease inhibitors show different degrees of susceptibility to
various processing treatments. Thus processing technique and
conditions used to denature protease inhibitors could vary from
one pulse type to another.

MATERIALS AND METHODS

The present study was based on the comparison of effects of
processing on some of the nutritional and anti- nutritional
properties of five selected pulses (Mung beans, Chick pea,
Soyabean, Horse gram and Green peas) during various stages
of processing (soaking, sprouting, and cooking). The following
biochemical methods were used for the study.

Estimation of Total Carbohydrate

The Total Carbohydrate was estimated by the method of
Hedge, J E and Hofreiter et al., 1962

Estimation of Protein

The protein content was estimated by Lowry‘s method (Lowry
etal., 1951).

Estimation of Total phenol

The total phenol was estimated using the method by Malick et
al., (1980)

Estimation of Tannin

Estimation of Tannin was done according to the method by
Robert E B (1971)

Estimation of Phytic acid

The Phytic acid content was estimated for all the selected
pulses (Wheeler and Feerel ef al., 1971).

RESULTS AND DISCUSSION

Diet is an important contributor to health, and to disease. Most
countries face nutritional problems, from under nutrition and
micronutrient deficiencies to obesity and diet-related diseases
(such as type II diabetes and certain types of cancer), or a mix
of these. Pulses such as lentils, dried beans, peas and chickpeas
have been staple foods for many civilizations. Yet today, their
nutritional benefits are often greatly underestimated. In some
cultures pulses have a stigma of being a ‘poor man’s food’ and
are replaced by meat once people can afford meat. Many
pulses are soaked in water from 4 to 8 hours — a practice that
will dramatically reduce their phytate content and cooking time
and their propensity to cause flatulence. Soaking ensures that
pulses can be more easily digested and their nutrients better
absorbed by the body. In fact, soaking dried pulses for several
hours brings them back to life, activating their enzymes.

Sprouting as a simple technological method that is used to
germinate seeds has been reported to improve the nutritive
value of seeds (Amal et al., 2007). At the same time there are
indications that sprouting is effective in reducing phytic acid
and flatulence causing oligosaccharides (namely stachyose and
raffinose), thereby increasing protein digestibility and
improving sensory properties (Lintschinger et al., 1997). The
presence of anti-nutritional factors such as trypsin and
chymotrypsin inhibitors, oligosaccharides, lectins and tannins
(Lyimo et al., 1992) limits the availability of nutrients present
in the leguminous crops. Removal of these factors is achieved
by soaking and cooking of dry grains of legumes. For the
present study, the pulses were subjected to various processing
methods (soaking, sprouting and cooking) and were used to
study the effects of these processing methods on some of their
nutritional and anti- nutritional properties.

Estimation of Total Carbohydrate

The concentration of many important nutrients found in pulses
can be greatly affected by soaking and cooking. The results of
the estimation of carbohydrate were given in the Figure 1. The
highest value of carbohydrate was given by cooked Horse
gram (68730mg/ml) and lowest concentration was found in
sprouted Green peas (7460 mg/ml). In soaked Mung bean, the
concentration of carbohydrate was found to be 61060 mg/ml,
in sprouted 38380 mg/ml and in cooked, 66630 mg/ml. In
soaked Chickpea, concentration of carbohydrate was found to
be 52730 mg/ml, in sprouted 36250 mg/ml and in cooked
64960 mg/ml. In soaked Soybean, concentration of
carbohydrate was found to be 28300 mg/ml, in sprouted, the
concentration was 22910 mg/ml and in cooked, concentration
was 38880 mg/ml. In soaked Horse gram, the concentration of
carbohydrate was 53530 mg/ml, in sprouted 33790 mg/ml and
in cooked, 68730mg/ml. In soaked Green peas, concentration
of carbohydrate was 13800 mg/ml, sprouted was 7460 mg/ml
and cooked 18380mg/ml. The result of the study revealed that
the carbohydrate content was increased in all pulses as a result
of the cooking, at the same time the sprouting led to the
lowering of the carbohydrate content.
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Figure 1. Estimation of Total Carbohydrate

The carbohydrates were significantly (p<0.05) increased in all
the selected pulses by boiling treatments probably due to the
heat involved which reduced the other components as a result
of denaturation and leaching, leading to an increase in
carbohydrate contents.
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This result was in agreement with the findings of Finney et al.,
1982 which showed that sprouting resulted to a reduction in
the carbohydrate content of Mung bean. This could be due to
increased starch digestibility promoted by improved hydrolytic
activities of the enzymes during sprouting. Akinjayeju and
Francis 2007 reported the conversion of carbohydrate by alpha
amylases to simple and more soluble sugars needed by the
growing seeds. The decrease in carbohydrate due to
germination might also be due to the use of carbohydrate for
metabolism by the young seedling (Obizoba and Atu, 1993).
So from the study, it can be concluded that the various
processing methods can affect the carbohydrate content of the
selected pulses.

Estimation of Protein

Proteins are required for maintenance (replacement of wear
and tear of tissues) in adults for the growth of infants and
children, for fetal development in pregnancy and secretion of
milk during lactation. The requirement of proteins for the later
groups is higher than the adults (Rao et al., 1989). Legume
seeds are valuable source of protein, oil, carbohydrates,
minerals and vitamins. They are playing an important role in
human nutrition mainly in developing countries (Yanez et al.,
1995). Protein content was significantly (p< 0.01) influenced
by sprouting treatments. Heat processing increased the protein
digestibility most likely by destroying heat labile protease
inhibitors and by denaturing other protein globulins highly
resistant to proteases in the native state (Rani et al., 1996).
High mean values for protein content was noted in sprouted
mung bean (26.82%) as compared to chickpea (20.83%) over
different sprouting intervals (Masood et al, 2014). The
increasing trend in protein content with progress in sprouting
was almost similar to the results of the current study. The
results of the estimation of protein were given in the Figure 2.

In the present study of protein estimation, the highest
concentration of protein was in sprouted Soybean (3562.5776
mg/ml) and lowest concentration was found in cooked Horse
gram (102.6416 mg/ml). Akinyele, 1989 reported that
traditional cooking had a negative impact on protein content
and maximum decrease was observed in Mung bean (58% over
control) in cooked samples.
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Figure 2. Estimation of Protein

In soaked Mung bean, concentration of protein was found to be
2378.6072 mg/ml, in sprouted, the concentration was 3561.458
mg/ml and in cooked, concentration was 2522.6036 mg/ml. in

soaked Chickpea, concentration of protein was 1282.6346
mg/ml; in sprouted, concentration was 3039.924 mg/ml and in
cooked, 973.309 mg/ml. In soaked Soyabean, concentration of
protein was 3461.2468 mg/ml, in sprouted 3562.5776 mg/ml
and in cooked, 1578.6272 mg/ml. The soaked Horse gram gave
894.964 mg/ml of protein, in sprouted, concentration was
2522.6036 mg/ml and in cooked, concentration was 102.6416
mg/ml. In soaked Green peas, the concentration of protein was
1919.952 mg/ml, in sprouted concentration was 2063.9484
mg/ml and in cooked concentration was 1762.6226 mg/ml. 48
hour sprouting brought maximum improvement in nutritional
quality of Mung bean and chickpea with minimum loss of dry
matter, which can be used as seeds in making different dishes.
(Masood et al, 2014).

Many researchers reported increase in percent protein in
germinated grains (Dogra et al., 2001; Sood et al. 2002;
Urbano et al., 2005; Khatoon and Prakash, 2006; Kaushik et
al., 2010). The difference in results for protein content of
sprouts not only depends on cultivar but also on germination
conditions (Dagnia et al, 1992; Urbano et al., 2005). The
present study indicated maximum protein content in
germinated pulses. The increase in the protein content may be
mainly due to the use of seed components during the
germination process (Mubarak, 2005), breakdown of complex
proteins into simpler form and breakdown of nutritionally
undesirable constituents (Chavan and Kadam, 1989). The
metabolic activities of resting seeds increase as soon as they
are hydrated during soaking. The complex biochemical
changes that occur during hydration and sprouting lead the
protein constituents being broken down by enzymes into
simple compounds that are used to make new compounds. The
increased hydrolytic activities of the enzymes caused by
sprouting resulted in improvements in the contents of the total
protein due to the disappearance of starch (Anonymous, 2008).
According to Morgan et al., 1992, the absorption of nitrate
facilitates the metabolism of the nitrogenous compounds from
carbohydrate reserves; thus increasing crude protein level.

Estimation of Phenol

Phenolic compounds inhibit the activity of digestive as well as
hydrolytic enzymes such as amylase, trypsin, chymotrypsin
and lipase (Salunkhe et al., 1992) and decrease the digestibility
of proteins, carbohydrates and availability of vitamins and
minerals (Rao and Deosthale, 1982). However, recent
researchers report that the phenolic compounds are the main
human dietary antioxidant and have a decreased incidence of
chronic diseases. A number of polyphenolic compounds are
present, which contribute towards the defense mechanism of
plants. Although these are considered earlier as anti-nutritional
compounds, under the present nomenclature, phenols fall
under the category of nutraceuticals, offering many nutritional
advantages to man (Shanthakumari ef al., 2008). The results of
the estimation of phenol were given in the Figure 3. The
present study showed that the highest concentration of Phenol
was in soaked Chick pea (2.615 mg/ml) and Ilowest
concentration was found in cooked Horse gram (0.089
mg/ml).In soaked Mung bean concentration was 0.536 mg/ml,
in sprouted concentration was 0.364 mg/ml and cooked
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ESTIMATION OF PHENOL
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Figure 3. Estimation of phenol

concentration was 0.195 mg/ml. Randhir et al.,2004 reported
that germination causes a decrease of total phenolic content in
Green mung. Barroga et al., 1985 reported similar total
phenolic content values for raw and 24 h germinated Mung
bean. In soaked Chick pea, the concentration of Phenol was
2.615 mg/ml, sprouted concentration was 1.070 mg/ml and in
cooked, the concentration was 0.145mg/ml. In Soya bean after
soaking, concentration of Phenol was 0.449 mg/ml, sprouted
concentration was 0.815 mg/ml and cooked concentration was
2.749 mg/ml. Horse gram when soaked gave the concentration
of Phenol as 0.344 mg/ml, sprouted concentration was 0.230
mg/ml and cooked concentration was 0.089 mg/ml. In case of
Green peas, after soaking, the concentration of Phenol was
1.895mg/ml, sprouted concentration was 0.865 mg/ml and
cooked concentration was 0.228 mg/ml. Thus the results
explain that for all the selected pulses, the total phenol content
was lowered as a result of sprouting and cooking. Bressani and
Elias 1980 observed that about 40% of phenolics could be
removed from common beans (P. vulgaris) by cooking and
discarding the cooking water. Xu and Chang, 2008 found that
most total phenol in black soybean is lost during cooking.
Regular cooking caused greater total phenol losses than
steaming treatments, which could be attributed to water-
soluble phenolics leaching into the soaking and cooking water
(Xu and Chang, 2008). Randhir et al.,2004 reported that
germination causes a decrease of total phenolic content in
Green mung. Barroga et al., 1985 reported similar total
phenolic content values for raw and 24 h germinated Mung
bean. It is observed that the concentrations of the total
phenolics, of the sprouted seeds decreases as the ratio of water
and temperature of sprouting are increased. (Khandelwal et al.,
2010) reported that the total phenolic was reduced significantly
in germinated green gram compared to Bengal gram, red gram
and lentil. In germinated kidney bean, the loss of total phenolic
content can be as high as 96% as shown by (Shimelis and
Rakshit, 2007).

Estimation of Tannin

Tannins are mainly located in seed coat of pulses, hence
physical removal of seed coat by either dehulling or milling
and separating hulls decreases the tannin content of pulses and
improves their nutritional quality. Dehulling eliminates about
68 to 99% of tannins in seed. Soaking of seeds before cooking
is a common household practice and, used to soften the texture
and hasten the process of cooking.

Leaching of tannins increases with the time of soaking in
distilled water. Raising the period of soaking from 6 to 12 and
18 hrs further reduces tannin content of seed (Jood et al.,
1988). Cooking and discarding the cooking water results in
about 37.5 to 77% decrease in tannin content of seeds (Reddy
et al., 1985). Overnight soaking in water and subsequent
germination for 48 hrs removes more than 50% of the tannins
in pigeon pea, chickpea and mung bean (Jood et al., 1987). As
a result of the present study (Figure 4), it can be observed that
the highest concentration of Tannin was observed in soaked
Soya bean (2077.1422 mg/ml) and lowest concentration was
found in cooked Horse gram (61.4284 mg/ml).

2500 Estimation of Tannin
2000

1500

B soaked(mg/ml}
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Figure 4. Estimation of Tannin

In soaked Mung bean, concentration of the tannin was found to
be 301.4284 mg/ml, in sprouted 161.4285 mg/ml and cooked
value was found to be 65.7141 mg/ml. In soaked Chickpea,
concentration of Tannin was 315.7141 mg/ml, in sprouted was
254.2856 mg/ml and cooked 104.4284 mg/ml. In soaked Soya
bean, the value of Tannin was found to be 2077.1422 mg/ml,
in sprouted 1278.5713 mg/ml and cooked 508.5706 mg/ml. In
soaked Horse gram, concentration of Tannin was found to be
264.2856 mg/ml, in sprouted 132.8570 mg/ml and cooked
61.4284 mg/ml. In the soaked Green peas, concentration of
Tannin was found to be 265.7142 mg/ml mg/ml, sprouted
199.9999 mg/ml and cooked 95.7141 mg/ml. The present
study revealed that, in case of tannin also, the sprouting and
cooking processes lowers the concentration. The observed
reduction in tannin content after germination may be a result of
formation of hydrophobic association of tannins with seed
proteins and enzymes. In addition, loss of tannins during
germination also may be due to the leaching of tannins into the
water (Shimelis and Rakshit, 2007) as well as washing during
germination and binding of polyphenols with other organic
substances such as carbohydrate or protein (Saharan et al.,
2002). Apart from that, during the period of soaking prior to
germination, the enzyme polyphenol oxidase may be activated,
resulting in degradation and consequent losses of polyphenols
(Saxena et al., 2003; Khandelwal et al., 2010). The decrease
might also be due to break down of protein tannin complex and
release of free tannins into soaking water during sprouting
(Megat and Azrina, 2012).

Estimation of Phytic acid

Fiber rich foods, including both cereals and legumes, contain
high levels of phytate or phytic acid.
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The decreased of phytic acid contents of germinated legumes
has been frequently reported (Ibrahim et al., 2002). The
reduction could be due to increase in endogenous phytase
activity (Shimelis and Rakshit, 2007; Khattak ez al., 2007)
depending on different types of legume. It could also be due to
diffusion into the soaking medium also known as leeching out.
Soaking of legumes in distilled water was an effective way of
removing phytic acid from legumes (Liang et al., 2009).The
cooking processes inecrease both water- and acid-extractable
phytate phosphorus in legumes. Poor extractability of phytate
phosphorus with water and HCl in cooked legumes was
noticed by Kumar et al., 1978 and it was attributed to the
formation of insoluble complexes between phytate phosphorus
and other components in legumes during cooking, which
subsequently could not be extracted with water or HCI. In the
present study (Figure 5), the highest concentration of phytic
acid was in soaked Soyabean (16.2375 mg/ml) and lowest
concentration was found in cooked green peas (4.217 mg/ml).
In soaked Mung bean concentration was 13.6395 mg/ml,
sprouted concentration was 11.423 mg/ml and cooked
concentration was 9.3715 mg/ml. In soaked Chickpea,
concentration of phytic acid was 13.2065 mg/ml; sprouted
concentration was 9.5365 mg/ml and cooked concentration
was 5.218 mg/ml.
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Figure 5. Estimation of Phytic acid

In case of soaked Soya bean, the concentration was 16.2375
mg/ml, sprouted concentration was 11.237 mg/ml and cooked
concentration was 6.6705 mg/ml. The concentration in soaked
Horse gram was 14.0725 mg/ml, sprouted concentration was in
12.1725 mg/ml and cooked concentration was 8.722 mg/ml.
Green peas gave maximum value in soaked form (11.691
mg/ml) and minimum in cooked form (4.217 mg/ml). So it can
be concluded that the phytate content of the study materials are
being lowered as a result of the sprouting and germination. A
significant improvement in availability of Fe was also
observed on cooking treatments compared to the unprocessed
treatment, which may be due to leaching out of anti-nutrients
(Kakker, 1992). Phytate, the major phosphorus-bearing
compound in cereals and pulses, chelates divalent and trivalent
cations, like Ca, Fe and Zn, forming insoluble complexes and
thereby decreasing the availability of minerals in humans
(Vohra et al.,1965). The decrease in phytic acid content,
possibly through its destruction by heat treatments, may result
in the divalent and trivalent cations being freed from the
phytate mineral complexes thus accounting for the improved
availability of minerals in processed seeds.

Reduction in Fe availability by the presence of phytate has also
been reported in red gram, Bengal gram and green gram
(Murthy et al., 1985; Hazell and Johnson 1987 and Khalil
et al., 2007).

Summary and Conclusion

Pulse grains are high in protein, carbohydrates, and dietary
fibre and are a rich source of other nutritional components.
Legumes contain a number of bioactive substances including
enzyme inhibitors, lectins, phytates, oligosaccharides, and
phenolic compounds that play metabolic roles in humans or
animals that frequently consume these foods. These effects
may be regarded as positive, negative, or both (Champ, 2002).
Some of these substances have been considered as anti-
nutritional factors due to their effect on diet quality. The
present study was based on the comparison of effects of
processing on nutritional and anti- nutritional properties of five
selected pulses (Mung bean, Chickpea, Soya bean, Horse gram
and Green peas) during various stages of processing (soaking,
sprouting, cooking) and their effects on some nutritional and
anti- nutritional factors were also analyzed. In all the cases, it
was observed that the pulses were affected by the processing
methods. The carbohydrate content was enhanced as a result of
cooking in all the pulses, while other factors decreased. The
highest value of carbohydrate was shown by cooked Horse
gram and the lowest by sprouted Green peas. Soaked Chick
pea showed maximum value for Total Phenol and cooked
Horse gram, the minimum value. In case of Tannin, soaked
Soybean gave the highest value and the lowest by cooked
Horse gram. Soaked Soybean had given maximum value for
Phytic acid and the minimum by cooked green peas. The
sprouting led to the increase in the protein content in all the
pulses, while carbohydrate, tannin, phenol and phytic acid
contents were decreased. The decreased in total phenolic,
tannin and phytic acid content was due to enzymatic changes
during germination period in seeds. The reduction of anti-
nutrients may improve the nutritional quality of legumes.
Pulses are an important source of macronutrients, containing
almost twice the amount of protein compared to cereal grains.
In addition to being a source of macronutrients and minerals,
pulses also contain plant secondary metabolites that are
increasingly being recognized for their potential benefits for
human health. So it can be concluded that germinated pulses
are rich in protein content and the cooking process helps to
increase the carbohydrate content in pulses. The cooking
process also helps to lower the anti- nutritional factors in
pulses. Future studies can be carried out with more nutritional
and anti- nutritional factors.
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