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Effect of Processing on the Proximate Composition of the Dehulled and
Undehulled Mungbean [Vigna radiata (L.) Wilczek] Flours
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Umudike, Umuahia, Abia State, Nigeria

Abstract: The effects of some processing treatments on the proximate composition of dehulled and
undehulled mungbean seeds flours were investigated. The munghean seeds were subjected to boiling,
toasting and sprouting, at different intervals before milling into flour. The flour samples were analyzed for
proximate composition using standard methods and the dehulled samples were found to possess better
proximate compositions than the undehulled samples, except for crude fiber. Results showed that increase
in boiling time (30, 45, 60 and 90 min) did not significantly (p>0.05) increase the moisture (10.30-10.65%)
and carbohydrate (57.16-65.05%) contents but rather decreased the fat, ash, crude fiber and energy values.
The undehulled mungbean boiled for 45 min had the highest crude protein (21.86%), the 30 min boiled
sample had the highest fat content (2.20%), while the carbohydrate was highest (66.17%) in the 90min
boiled sample. However, the dehulled sample boiled for 30 min had the highest crude protein (26.27%) and
fat (2.27%), whereas the dehulled sample boiled for 90 min highest carbohydrate content (65.05%). The 30
min toasted sample had the highest crude protein (19.70%) while the 90 min toasted sample had the
highest fat (2.43%) and carbohydrate (69.88%). However, the dehulled sample toasted for 30 min had the
highest protein (24.52%) while the 90 min toasted sample had the highest fat (2.07%) and carbohydrate
(71.99%). The undehulled sample sprouted for 72h had the highest crude protein (37.17%), while the 24 h
sprouted sample had the highest fat (2.32%) and carbohydrate (49.08%). However, for the dehulled sample,
increase in sprouting time (24-36 h) increased the moisture {10.43-10.69%) and crude protein (35.90-
36.50%) contents but reduced the fat (1.35-1.23%), fiber (2.90-2.83%), carbohydrate (49.02-47.88%) and

energy values (351.83-348.59 kcalfg).
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INTRODUCTION

Munghean (Vigna radiata (L.) Wilczek) is one of the
lesser known legumes which criginated from South
East Asia (India) and has been mostly grown in Asian
countries like Thailand, Burma, Indonesia and
Philippines. It is now widely cultivated in Africa, South
America, Australia and the United States (Kay, 1979; Kim
et af., 2007). It is an important pulse crop, a dicotyledon
also commoenly referred to as green or golden gram,
moong, Ludou (Chinese), green soy and chop bean
which belong to the family of Leguminosae or Fabacea
and is related to cowpea (Kay, 1979; Charmaine, 1998;
Agugo, 2003; Leung, 2007). Opoku et al. (2003) reported
that about 90% of the world production of mungbean
(Vigna radiata (L.) Wilczek) is produced in Indo-Burma
region while Fery (2002) reported that about 70% of the
world production of munghean is in India. The seed
colour is usually dark olive green, bright green skin or
yellow and the beans are small, cylindrical or cvoid,
globular or oblong in shape, but some cultivars
produced brown or speckled black seed {(Rubatzky and
Yamaguchi, 1997; Anonymous, 2008a). There are 2000

varieties of mungbean, among them yellow, gold and
black mungbean (Charmaine, 1998). Structurally,
mungbean may consist of 12.1% seed coat, 2.3%
embryo and 85.6% cotyledons (Singh ef af., 1968).

Plate 1: Mungbean seeds

Mungbean [Vigna radiata (L) Wilczek] has high
nutritional potentials and has been recently introduced
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in Nigeria (Agugo, 2003; Mensah and Olukoya, 2007).
The consumption of mung proteins can fulfil the
essential amino acids requirements with the exception
of the sulphur-containing amino acids (Khalil, 2006).
Mungbean is rich in dietary fiber, carbohydrates, energy,
vitamins, minerals-thiamin, iron, magnesium,
phosphorus, potassium, copper and are a good source
of folate, however, riboflavin, niacin are found in trace
amount (Khalil, 2006, Charmaine, 1998; Anonymous,
2008a). They are also rich in lysine, 5.24-5.85 g/100 g of
protein (Adel ef af, 1980);, 1.9 g/100 g of protein
(Calloway ef af, 1994), but deficient in methionine in
contrast with the high methionine value observed for rice
bean {Andersen, 2007). The high lysine content of
munghbeans makes it a good complementary food for
rice-based diets, in which lysine is usually the first
limiting amino acid (Chen ef af., 1987). Mungbean has
excellent digestibility and freedom from flatulence has
made it suitable for infant feed formulation, recuperating
patients and the aged people (Kay, 1979, Agugo and
Onimawo, 2008). Mungbean has several food uses- It
can be eaten alone or combined with rice to make
‘Khichari’ or combined with vegetables and greens to
make hearty soups (Anonymous, 2008a). They are
versatile enough to provide a base for sweet making and
the paste is used for a variety of sweets, jellies, shacks
like cakes, doughnuts and sweet drinks (Weinberg,
2002). Mungbean alsc has medicinal uses-anti-
poisonous, anti-hypertensive, treatment of various
ailments like hepatitis, gastritis, heat rash etc. {Leung,
2007, Huijie ef al., 2003).

The antinutritional factors limit the food applications of
munghean therefore; dehulling the seeds before milling
has been used to overcome this problem (Thompson et
al, 1976; El-Adawy, 2002; Opoku et af, 2003). The
impacts of ftraditional processing methods on the
hutrients in mungbean were also reported by Bau et af.
(1997); Bhatty et af. (2000); Mubarak (2003) and Agugo
and Onimawo (2008). Furthermore, Chau et al. (1997),
Apata and Ologhobo (1989); Mubarak (2005); Udom
(2007) and Agugo and Onimawo (2008) evaluated the
effects of processing on the food toxicants in mungbean,
throwing some light on the level of reduction in
antinutrients achieved by various processing methods.
Chau et af. (1997); Agugo and Onimawo (2008) reported
that cooking improves the protein quality by destruction
or inactivation of the heat-labile antinutritional factors.
With the increased interest in the exploitation of this
mungbean, this present study is designed to evaluate
the effect of processing on the proximate composition of
dehulled and undehulled mungbean flour.

MATERIALS AND METHODS

The mungbeans (Vigna radiata (L.) Wilczek) seeds were
obtained from the Crop Science Department of Michael
Okpara University of Agriculture, Umudike, Nigeria. All

chemical reagents used for the experiment were of
analytical grade and were purchased from Joechem
Chemical store, Nsukka and Hoslab, Umuahia, Nigeria.

Seeds pretreatment: The dry cleaned mungbean seeds
were divided into two sets; one was left undehulled and
the other one was dehulled. The undehulled sample
was further sub-divided into four sets; one was kept raw
(untreated), the second set was boiled, the third set was
toasted while the fourth set was germinated (sprouted)
as shown in Fig. 1. The dehulled sample was also sub-
divided into three sets; one set was kept raw without any
further treatment while the other two sets were subjected
to boiling and toasting respectively. The fourth set was
sprouted and then carefully dehulled as shown in Fig. 2.
All these treatments were given to the mungbeans after
soaking for 12 h. The mungbean seeds were crushed to
smaller fragments with the corona manual grinder after
drying in the oven (65°C) and afterwards milled with a
blender, using an 80 mesh sieve to sift the flour. All flour
samples were stored in air-tight plastic bags until
required for analysis.

Flour processing

Boiling: Three separate batches of the whole
undehulled/dehulled mungbeans (Vigna radiata (L)
Wilczek) weighing 800 g each were soaked in distilled
water (1:3whv) for 12 h at room temperature (~25°C)
according to Mubarak (2005) and Khalil (2006) with
slight modification. The seeds were drained and rinsed
three times with 600 ml distilled water and then boiled
in tap water (100°C) in the ratio of 1:10 (w/v) on a hot
plate for 30, 45, 60 and 90 min respectively. The water
was drained off after each timing and the seeds dried in
the oven at 65°C and cooled in a desiccator. The seeds
were then dry milled, sieved and packaged for analysis
thereafter.

Dehulling: The hulls were removed manually after
soaking the mungbean seeds for 12 h in distilled water
(1:10wiv) according to El-Beltagy (1996).

Toasting: Three separate batches of the whole seeds
both undehulled and dehulled weighing 800 g each
were spread thinly in a pan and oven-dried at a fixed
temperature of 120°C for time variables of 30, 45, 60 and
90 min. They were stirred intermittently to maintain
uniform heating and then cooled in a desiccator after the
toasting. The seeds were milled, sieved and packaged
for analysis thereafter (Emenalom and Udedibie, 2005)
with slight modification in time.

Sprouting: The germination was carried out by
spreading the undehulled seeds soaked in distilled
water (1:3 wiv) for 12 h at room temperature (~25°C),
weighing 800 g in between jute cloth and allowed to
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Fig. 1: Flow chart of the undehulled mungbean flour samples

sprout in the dark for 24, 36, 48 and 72 h respectively.
The seeds were kept wet throughout germination by
spraying them with distilled water every 12 h. The
sprouted mungbeans were harvested, rinsed twice in
distilled water and oven dried at 85°C for 9 h and cocling
followed. The dried seeds were subjected to dry milling
and passed through 80 mesh sieve. The flour was
cooled and packaged for analysis thereafter in air-tight
plastic bags. The dehulled mungbeans were equally
germinated under the same conditions for 24 and 36 h,
dried, milled and packaged for analysis.

The proximate analysis of the samples for moisture, ash
and crude fat determination were done in ftriplicates
using the air oven, dry ashing and soxhlet extraction
methods described by ACAC (1990); Nielson (2002);
Onwuka (2005). The crude protein (Nx 6.25) was
determined by using micro kjeldahl method reported by
AOAC (1990, Kirk and Sawyer (1991). The carbohydrate
content was determined by difference, a method
reported by Onwuka (2005). In this method, carbohydrate
content was obtained by calculation having estimated all
the other fractions by proximate analysis i.e. % Available
carbohydrates = 100 - (% moisture + % ash + % protein
+ % fiber + % fat).

The energy value was calculated using the Atwater factor
method [(9 x fat) + (4 x carbohydrate) + (4 x protein)] as
described by Osborne and Voogt (1978); Eneche (1991);

Chinma and Igyor (2007) and Nwabueze (2007). The
propertion of protein, fat and carbohydrate were
multiplied by their physiological fuel values of 4, 9 and 4
kecal, respectively and the sum of the product was taken.

Statistical analysis: The software package used for the
statistical analysis was the version 15 of SPSS while all
the analyses were carried out in three replicates. The
data were evaluated for significant differences (p<0.05)
in their means using Analysis of Variance (ANOVA).
Differences between means were separated using
Duncan’s Multiple Range Tests (DMRT).

RESULTS AND DISCUSSION

Table 1 presents the effect of processing on the
proximate composition of undehulled mungbean seeds
flour.

Moisture content. The moisture content of the raw
undehulled mungbean flour was 10.25% (Table 1)
however, other researchers had earlier reported that raw
mungbean had 8.25-10% moisture content (Bhatty et a/,
2000). Nevertheless, Mubarak (2005) reported lower
value (9.75%). The moisture contents ranged from
10.21% for 30 min hoiled sample to 10.55% for the 90
min boiled sample. Increase in boiling time of the mung
seeds did not result in any significant (p>0.05)
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Fig. 2. Flow chart of the dehulled mungbean flour samples

increase in the moisture content of the flours. But
generally, boiling was found to slightly increase the flour
moisture content. These observations were in
agreement with those reported by Bau ef al. (1997) for
soybeans and Mubarak (2005) for mungbeans. Boiling
increased the moisture content due to the absorption of
water by the seeds during cooking (Mubarak, 2005).
There was a slight reduction in the moisture contents of
the toasted flour but no significant difference (p>0.05)
existed among them. The sample toasted for 90 min
had the least moisture content of 5.36% which could be
as a result of the high temperature and time it was
subjected to (120°C and 90 min respectively) and it
significantly differed from the moisture content of the raw
flour.

The sprouting treatments significantly (p<0.05)
increased the moisture content of the undehulled flours
compared to the raw flour (Table 1), although no marked
increase was observed among the samples sprouted
for 36, 48 and 72 h (12.33, 1251 and 12.58%
respectively). This increase could be attributed to the
hydration of the seeds during soaking, before the

germination (Del Rosario and Flores, 1981). Similar
report has been made by Mubarak (2005) for germinated
mungbean seeds flour.

Crude protein: There were significant (p<0.05)
differences among the protein contents of the raw and
boiled undehulled mungbean flours. The raw flour had
24.08% crude protein which fell between the range
20.97-31.32% reported by Anwar ef al. (2007).0On the
contrary, Calloway et al. (1994) reported a much lower
value of 20.3%. Boiling significantly (p<0.05) reduced the
protein value of the flour with increase in time. These
decreases might be attributed to leaching during boiling.
Similar report had been given earlier for boiled soybean
and mungbean flour as well as fluted pumpkin seed
flour (Kylen and McCready, 1975; Fagbemi, 2007).

Toasting the mungbean seeds reduced the protein from
24.08-19.70% and increase in toasting time significantly
reduced (p<0.05) the flour protein. The least protein
value of 13.13% was observed for the 90 min toasted
mung flour (Table 1). This result may be due to the high
temperature of toasting, being a dry heat processing
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Table 1: Effect of some processing treatments on the proximate composition of the undehulled mungbean { Vigna radiata (L) Wilczek) flour

Moisture Dry matter Crude protein Crude fat Total Ash Crude fibre Carbohydrate Energy value
Samples (kcal/g)
Raw undehulled  10.25*°+0.05 89.75t+44:0.05 24.08:+0.15 1.93%+0.04 3.00%+0.55 5.00+0.00 55.74++0.57 336.65'+0.00
Boiled
30 min 10.21°£0.01 89.62"+0.29 21.02°+0.40 2.20"+0.30 1.50%0.00 3.80°+0.00 61.27*40.33 348.96°+0.00
45 min 10.52°+0.32 89.38°+0.18 21.86+0.15 1.33%0.20 1.85%0.00 5.45+0.05 58.994+:042 335.37+0.00
60 min 10.32:+2.87 89.68°4+:2.87 19.71"+0.30 1.2040.03 1.80%+0.00 4.05'+0.05 62.92%42.74 341.12'+0.00
90 min 10.55:+1.66 89.45t44+1.66 17.34+0.24 0.53+0.04 1.560%0.00 4.10%0.00 66.17*+1.64 338.81"+0.00
Toasted (120°C)
30 min 8.28"4+0.46 91.72#:0.46 19.70"+0.10 1.20%0.03 4.20+40.00 3.40"+0.00 63.63*+1.01 344.12'+0.00
45 min 7.56°44.91 92.44°+4.91 17.51+0.09 1.23%0.03 4.25%+0.00 4.15'+0.50 65.30*45.00 342.31°+0.00
60 min 6.38°+0.08 93.62°40.08 15.3540.16 2.047+0.06 4.40+0.65 5.30¢+0.00 67.23%+1.56 348.68°+0.00
90 min 5.36°+1.95 94 .64°+1.95 13.13'+0.02 2.43°40.07 4.00%0.00 5.20°+0.00 69.8842.00 353.64°+0.23
Sprouted
24 h 11.40:+1.20 88.60*'+1.20 30.65%0.11 2.32*10.29 1.65%0.00 4.90+0.00 49.08%+1.07 339.80°+0.01
36h 12.33°+0.28 87.67+0.28 32.56°+0.46 1.76+0.49 1.80%0.00 2.03+0.13 49.52%+0.70 344.16%+0.02
48 h 12.51°+0.35 87.49°40.35 35.02°+0.05 1.13%0.03 1.70%40.00 9.20°+0.00 40.4540.28 312.05'+0.00
72h 12.58:+0.03 87.42°+0.03 37.1740.15 0.80%:0.08 2.35°40.00 13.13+0.32 44.97418.42 335.76'+0.00

Values represent means + standard deviation of triplicate determinations. Means with the same superscript on the same column are not significantly

different (p>0.05)

method, as well as duration of toasting. Similar report
was made by Fagbemi (2007) on toasted fluted pumpkin
seed flour.

The crude protein of the raw sample (24.08%)
significantly differed (p<0.05) from that of the sprouted
samples and increase in sprouting hours resulted to
increased crude protein agreed with the report made by
Bau ef al (1997) for sprouted soybeans, El-Adawy
(2002) germinated chickpea, Mubarak (2005) for
germinated mungbean flour, Fagbemi (2007) for
germinated fluted pumpkin seeds. Also, Finney et al.
(1982) had earlier reported an increase in the protein
content of whole germinated mungbean seed flour to bhe
32.89%.

The increase in the protein content of the sprouted flour
samples was mainly due to the use of seed
components during the germination process (Mubarak,
20035), 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, 2008b). According to Morgan et al.
(1992), the absorption of nitrate facilitates the
metabolism of the nitrogenous compounds from
carbohydrate reserves; thus increasing crude protein
levels.

Crude fat: The fat content of the raw sample (1.93%) fell
within the range (1.85%-2.83%) reported by Bhatty et a/
(2000) and Mubarak (2005) and it differed significantly
(p<0.05) from the boiled samples. Increase in boiling

time of the seeds significantly decreased the fat
contents of the flour samples except the samples boiled
for 45 min (1.33%) and 60 min (1.20%) which had no
significant difference (p>0.05) among them. A slight
reduction in fat (1.85-1.82%) of cooked undehulled
mungbean seeds has been indicated by Mubarak
(2005) and the decrease was attributed to their diffusion
intc cooking water. Furthermore, Ukwuru (2003)
observed a reduction in the fat content of cooked soy
flour to be due to the leaching into boiling water.

There was no significant difference (p>0.05) between
the fat content of the undehulled mungbean flour toasted
for 30 and 45 min respectively with the values 1.20 and
1.23%. It was equally observed that these samples had
no significant difference (p=>0.05) between the fat content
of the flour samples boiled for 45 and 60 min
respectively with values 1.33 and 1.2% respectively. It
was however, observed that toasting for 60 and 90 min
significantly (p<0.05) increased the fat content of the
undehulled mung flour to 2.04 and 2.43% respectively.
This result was in agreement with the report of Fagbemi
(2007) for the increased the fat content of the raw flour
from 7.56-9.73%.

Sprouting the mungbean seeds for 24 h was cobserved
to increase the fat content of the flour significantly
(p<0.05) from 1.93-2.32%. But the 36, 48 and 72 h
sprouted seed flours had their fat contents significantly
reduced (p<0.05) with values of 1.76, 1.13 and 0.80%
respectively. Mubarak (2005) also reported a significant
(p<0.05) decrease in the fat content of the germinated
mungbean seed flour from 1.85-1.45%. Fagbemi (2007)
also reported a significant (p<0.05) reduction in the fat
content of germinated fluted pumpkin seed flour. These
decreases could be attributed to the use of fat as an
energy source to start germination (Mubarak, 2005).

Total ash. The raw sample had ash content (3.0%)
close to the value reported by Mubarak (2005) for
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undehulled mungbean seeds flour (3.76%). However,
boiling treatments reduced the ash contents although no
marked reduction with increase in boiling time was
observed.

Increase in toasting time had no significant (p>0.05)
difference in the ash contents of the undehulled
mungbean flours. Toasting for 30, 45, 60 and 90 min
increased the ash contents to 4.2, 4.25, 4.4 and 4.0%
respectively. Fagbemi (2007) also observed that toasting
increased the ash content of fluted pumpkin seeds flour.
Sprouting significantly (p<0.05) reduced the ash content
of the undehulled mung flour, although no significant
difference (p=0.05) existed among the ash content of the
24, 36 and 48 h sprouted seed flour. The reduction in
ash content was in agreement with those reported by El-
Beltagy (1996) for germinated mung seeds flour and El-
Adawy (2002) for germinated chickpea flour.

Crude fiber: The fiber content of the raw sample (5.0%)
was slightly higher than that reported by Mubarak (2005)-
4.63% and significantly differed from the crude fiber of
the boiled samples with 45 min boiled flour having the
highest (5.45%).

Increase in toasting time increased the crude fibre
content of the undehulled mung flours significantly
except for the samples toasted for 60 and 90 min which
had no significant difference (p=0.05) among them.
Similarly, no significant increase was observed in the
toasted fluted pumpkin seed flour (Faghemi, 2007).

The crude fiber content of the 48 and 72 h sprouted seed
flour were the highest, 9.2 and 13.13% respectively. The
results corresponded with the findings of Chavan and
Kadam (1989); Anonymous (2008h) where they reported
that germination increases the crude fiber in seeds due
to the disappearance of starch. The crude fiber, a major
constituent of cell walls increases both in percentage
and real terms, with the synthesis of structural
carbohydrates, such as cellulose and hemicellulose
(Peer and Leeson, 1985); Cuddeford (1989).

Total carbohydrates: The carbohydrates were
significantly (p<0.05) increased 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.
Increase in toasting time, increased the total

carbohydrate of the undehulled mung flour although no
significant difference (p>0.05) was observed among
them. Toasting for 30, 45, 60 and 90 min resulted in total
carbohydrate contents of 63.63, 6530, 67.23 and
69.88% respectively.

The total carbohydrates of the sprouted undehulled
mungbean seeds flour reduced but no significant
difference (p>0.05) existed between them. This result
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was in agreement with the findings of Finney ef al
(1982); Mubarak (2005) which showed that sprouting
resulted to a reduction in the carbohydrate content of
mungbean.

Energy value: The energy value of the raw undehulled
mungbean flour was observed to be 336.65 kcal/g and
it significantly differed (p<0.05) from the energy values of
the boiled flour samples. Calloway ef al. (1994) had
earlier reported the energy value of 306 kcal/g raw mung
flour. Increase in hoiling time resulted to significant
differences (p<0.03) in the energy values of the boiled
samples and the values obtained were as a result of the
protein and fat contents of the flours since they were
calculated using the Atwater factor.

However, increase in toasting time resulted to a
significant increase in the energy values of the
undehulled mung flours (Table 1). Significant

differences (p<0.05) in energy values also existed
among the sprouted samples.

Dry matter: Significant difference (p<0.05) existed
between the dry matter contents of the raw sample
(89.75%), the toasted and the sprouted samples (Table
1). However, toasting at different intervals did not
significantly increase the dry matter and also sprouting
at different length of time did not markedly reduce the dry
matter of undehulled mung flours. The reduction in the
dry matter (total solids) could be relatively attributed to
the high moisture content of the sprouted samples.
However, a decrease in the seeds had been attributed
to the increased contents of total proteins, fat, sugars, -
group vitamins and certain essential amino acids
(Ancnymous, 2008b).

Table 2 presents the effect of some processing
treatments on the proximate composition of dehulled
munghbean seeds flour.

Moisture content. The moisture content of the raw
dehulled mungbean seeds flour was 10.11%, however,
other reports showed mungbean flour to contain 8.78%
(Afzal, 1978); 8.25% moisture content (Bhatty ef al,
2000); 9.30% (Augustine and Klein, 1989; Agugo and
Onimawo, 2008); 10.10% (Mubarak, 2005). The
moisture content of the raw flour was observed to qualify
for the standard expected of dry legumes, 10.15% as
reported by USDA (1999), since moisture content is a
quality factor for preservation, stability of products and
convenience in packaging. According to Echendu ef af.
(2009), low moisture content enhances keeping quality
of flours. Even though hoiling slightly increased the
moisture content of the dehulled mungbean flour,
increase in boiling time did not significantly increase
(p=0.05) the moisture content of the flour. Mubarak
(2005) also reported that boiling had no significant
(p>0.05) effect on the moisture content of dehulled
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Table 2: Effect of some processing treatments on the proximate composition of the dehulled mungbean (Vigna radiata (L) Wilczek) flour

Moisture Dry matter Crude protein Crude fat Total Ash Crude fibre Carbohydrate Energy value
Samples (kcal/g)
Raw dehulled 10.11++0.99%  B89.98*+0.98 28.38+0.21 1.89:+0.02 1.20:+0.00 4.05°+0.25 54.47+0.66 348.41+0.00
Boiled
30 min 10.30+0.06 89.702°+0.08 26.2740.03 2.27+40.01 1.10"+0.00 3.90°40.20 57.16"+0.24 354.15°+0.03
45 min 10.91+0.05 89.06°+0.05 25.36%0.16 2.24°40.01 0.20"+0.50 4.005+0.00 57.29"+0.08 350.16+0.00
60 min 10.64+2.08 89.36:+2.08 22 77+0.04 1.15'+0.02 0.18"+0.30 3.70:20.00 61.60%+2.09 347.83+0.00
90 min 10.65+2.10 89.35°+2.10 18.83+0.30 0.76"+0.06 0.9040.00 3.81+0.01 65.05°+2.00 342.36'0.00
Toasted (120°C)
30 min 7.66"+2.70 92.34"+2.70 24.52+0.09 1.47+0.04 1.75°+0.20 4.32°+0.01 60.29"+2 69 3524 7'+0.02
45 min 7.26%+4 61 92.74%+4 61 21.00'+0.02 1.524+0.02 2.10°20.05 4.95:30.05 63.18"+4 .60 350.41:+0.00
60 min 6.58°+0.08 93.42+0.08 17.5240.12 2.06°+0.08 1.33'+0.08 2.05"+0.05 71.18°%%1.31 373.34°+0.00
90 min 6.45°+0.86 93.55+0.86 15.33"+0.11 2.07°+0.01 1.45°+0.05 3.4040.00 71.9941.92 367.91°+0.00
Sprouted
24'1]h 10.43+0.08 89.57+0.08 35.90%+0.09 1.35%0.02 0.40:0.05 2.90:+0.00 49.024+0.15 351.83+0.02
36h 10.694+2.24 89.31°+2.24 36.50+0.31 1.2340.03 0.8840.25 2.83°10.03 47.88+2.16 348.59'+0.00

Values represent means + standard deviation of triplicate determinations. Means with the same superscript on the same column are not significantly

different (p>0.05)

mungbean flour (10.13%). The slight increase in
moisture was due to the water absorbed during
dehulling and boiling.

The flour samples toasted at different intervals had
comparable moisture content with the raw flour and this
could be due to the high temperature of toasting (120°C),
which increased the rate of drying. Sprouting treatments
did not markedly increase the moisture content of the
dehulled mungbean seeds flour and no significant
difference (p>0.05) existed among the 24 and 36 h
sprouted flours (10.43 and 10.69%) respectively.
However, Mubarak (2005) reported that germination
resulted to an increase in the moisture content of the
mung flour from 10.10-11.10%. The increase in
moisture could be attributed to hydration of the seeds
during soaking and germination (Del Rosario and
Flores, 1981).

Crude protein: As shown in Table 2, the crude protein of
the raw sample (28.38%) fell within the range observed
by other researchers. Dehulled mungbean seeds flour
had protein content of 20-27% (Thompson, 1977);
24.95-28.04% (Adel et al, 1980); 22% (Muller, 1988); 23-
29% (Augustine and Klein, 1989); 20-25% (Chen, 1990),
24.5% (Calloway et al., 1994); 25% (Bhatty ef a/., 2000),
27.6% (Mubarak, 2005); 25.09% (Agugo and Onimawo,
2008). All these reports had shown that dehulled
munghean flour contained protein which was higher
than or equal to some of the well-known legumes such
as bambara groundnuts (18-20.73%), cowpea (22%),
peanuts (24.3-27.0%) (Muller, 1988, Sosulski, 1983;
Akinjayeju  and Francis, 2007); rapeseed (25%),
sunflower flour (28.7%), melon seed (Colocynthis
citruffus) 28.44%; (Akobundu et af., 1982). However, the
protein content of the dehulled mungbean seeds flour
was lower than that of soybeans (55.56%) (Sosulski ef
al., 1976); 35.1-36% (Muller, 1988); 45.3-46.8% (Ukwuru,
2003); 38-40% (Rastogi and Singh, 1989).

There were significant reduction (p<0.05) among the
protein contents of the boiled dehulled mungbean
seeds flour with increasing time and the sample boiled

for 90 min had the least crude protein (18.83%). A
significant reduction (p<0.05) in protein content of
dehulled mungbean seeds flour {(27.6-26.8%) had been
reported by Mubarak (2005) to be caused by boiling the
seeds. This decrease has been attributed to leaching
during boiling, also due to proteases-resistant complex
linkage formation and recombination of amino acid
residues (Kylen and McCready, 1975; Faghemi, 2007).
As shown in Table 2, the crude protein content of the raw
sample (28.38%) which fell within the range (20-29%)
(Augustine and Klein, 1989; Chen, 1990). Increase in
toasting time resulted to significant reduction (p=0.05) in
the protein content of the dehulled mungbean seeds
flour with the sample toasted for 90 min having the least
protein value of 15.33%. The greater reduction in the
protein content of the toasted mungbean flours could be
as a result of polymerization of amino acid that occur on
roasting (dry heat processing) (Kato ef a/., 1985) or due
to the formation of meladin at high temperature. The
crude protein of the sample was significantly (p<0.05)
increased by 24 and 36 h sprouting (35.9 and 36.5%)
respectively. Mubarak (2005) similarly reported a
significant (p<0.0%) increase in crude protein value of
germinated mungbean seeds (from 27.6-30.0%). This
was in agreement with the report of Anonymous (2008)
which attributed the protein increase to protein synthesis
during germination or due to inclusion of microbial cells
into the flour. Other researchers reported increase in
protein for sprouted cowpea (Akinjayeju and Adekanye,
2006) and increase in protein for sprouted bambara
nuts (Akinjayeju and Francis, 2007). The increases in
crude protein could be due to enzyme hydrolysis of the
insoluble protein available (Echendu ef af., 2009). It has
also been reported that increase in protein during
germination was due to the release of free amino acids
after enzymatic hydrolysis for the synthesis of new
protein (Bliss, 1975).

Fat:. The fat content of the raw sample (1.89%)
significantly differed (p<0.05) from that of the boiled
samples. Other researchers presented fat content of
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raw dehulled mungbean flour to be 2.83% (Bhatty et al,
2000); 0.86-0.96% (Adel et af., 1980); 1.2-1.3% (Chen,
1990); 1.0-1.5% (Savage and Deo, 2000); 1.82%
(Mubarak, 2005%); 1.45% (Agugo and Onimawo 2008). All
these variations could be due to difference in variety or
probably the varying extent of dehulling (Bhatty ef af,
2000). The fat content of the dehulled mung flour did not
differ much from that found in some other legumes
except some legumes which are oil seeds like peanuts,
soybeans (Sosulski et al., 1976) 11.6%; Ukwuru (2003)
18-19.6%. The low fat levels of legume grains is
because its major function is to maintain the integrity of
cell wall and other forms of proteins (Chikwendu, 2003).
The boiling treatments markedly reduced the fat content
with increasing time although no significant difference
(p=0.05) existed between the fat contents of the mung
seeds flour boiled for 30 and 45 min with values of 2.27
and 2.24% respectively. Similar results were obtained by
Mubarak (200%); Agugo and Onimawo (2008).

Toasting for 30 and 45 min reduced the fat content
significant (p<0.05) to 1.47 and 1.52% respectively
though there was no marked differences between them.
The fat increased in the 60 and 90 min toasted flours to
2.06 and 2.07% respectively. Agugo and Onimawo
(2008) reported a reduction in the fat content of toasted
munghean seeds flour while Fagbemi (2007) reported
an increase in the fat content of toasted fluted pumpkin
seeds flour.

The fat contents of the 24 and 36 h sprouted samples
were reduced (1.35 and 1.23%) significantly (p<0.05).
Similar observation was made by Mubarak (2005) for
germinated munghean seeds which reduced fat content
to 1.45%. Furthermore, Fagbemi (2007) observed a
significant (p<0.05) reduction in fat content of
germinated seeds flour. The decreases could he
caused by the use of fat as an energy source to start
germination (Mubarak, 2005). Contrarily, Chavan and
Kadam (1989); Anonymous (2008b) indicated that
sprouting increases the fat content of seeds due to
disappearance of starch. Akinjayeju and Francis (2007)
attributed fat reduction during soaking to hydrolysis of fat
to fatty acids and glycerol by lipolytic enzymes.

Ash: The ash content of the raw sample (1.2%) was
lower than those obtained by Adel et af. (1980), 3.31-
4.05%; Bhatty et al. (2000), 4.63%; Agugo and Onimawo
(2008), 3.43% for mungbean flour and 6.1% (Sosulski ef
al, 1976); 3.0-4.2% (Ukwuru, 2003) for raw soyflour.
Increase in boiling time did not markedly reduce the ash
content of the dehulled mung flour.

Significant (p<0.05) difference existed among the
toasted samples and this result was in agreement with
the report of Faghemi (2007) for the total ash of the
toasted fluted pumpkin seeds flour.

The ash was reduced by sprouting treatments which
confirms the report of Mubarak (2005) for germinated

mungbean seeds flour. Also, Chikwendu (2003}
reported an increase in ash content of groundbean
germinated for 72 h due to endogenous enzyme
hydrolysis of complex organic compounds to release
more nutrients leaving antinutrients to leach into the
germination medium.

Crude fiber: The crude fiber content of the raw sample
(4.05%) which fell within the range 0.57-5.01% reported
by Adel et al. (1980). However, higher fiber content of
mungbean flour was reported by Agugo and Onimawo
(2008), 8.95%. The variation observed in the fiber
content of raw mungbean was probably due to the
varying extent of dehulling (Bhatty ef a/., 2000). According
to Maforimbo (2001), the fiber contents of the dehulled
soybean seeds were significantly lower than the whole
seeds (undehulled seeds), suggesting that fiber is more
concentrated on the outer seed coat (testa) than in the
endosperm. Agugo and Onimawo (2008) reported that
high fiber content makes mungbean a good digestive
food. Raw soybeans flour was reported to have crude
fiber content of 3.2% (Sosulski etf al., 1976), 4.3-4.5%
(Ukwuru, 2003). Boiling treatments did not significantly
(p>0.05) reduce the crude fiber of dehulled mungbean
flour and this result was in agreement with the report of
Agugo and Cnimawo (2008) for boiled mungbean flour.
There were significant difference (p<0.05) between the
crude fiber contents of the raw and toasted mungbean
flour. Also toasting at different length of times resulted to
a significant difference (p<0.05) among the crude fiber
contents of the mungbean flour. Toasting for 30, 45, 60
and 90 min resulted to crude fiber contents of 4.32, 4.95,
2.05 and 3.4% respectively. According to Agugo and
Onimawo (2008), toasting increased the crude fiber
content of mungbean flour significantly.

The crude fiber was reduced by sprouting treatments
which confirms the report of Mubarak (2003) for
germinated mungbean seeds flour. However, on the
contrary, Peer and Leeson (1985); Cuddeford (1989)
stated that sprouting increased the crude fiber contents
of seeds. The increase in fiber due to germination might
be that the microfloura enzymes hydrolyzed complex
carbohydrate to release fiber which subsequently
decreased carbohydrate.

Carbohydrate: The carbohydrate content of the raw
dehulled munghean was found to be 54.47%. However,
much higher total carbohydrate content have been
observed by Mubarak (2005) to be 62.9%; Agugo and
Onimawo (2008), 61.47%; Adel et al (1980), 64.15-
66.32%. Lower total carbohydrates have been reported
by Muller (1988) to be 35%. The variations could be
attributed to the processing methods (Agugo and
Onimawo, 2008).

Boiling treatments were found to significantly (p<0.05)
increase the total carbohydrate content of the dehulled
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mungbean seeds flour especially with increase in
boiling time. Boiling for 30, 45, 60 and 90 min increased
the total carbohydrates to 57.16, 57.29, 61.60 and
65.05% respectively. These results were in agreement
with the findings of Mubarak (2005); Agugo and
Onimawo (2008) for boiled mungbean seeds flour.
Increase in toasting time resulted to significant (p<0.05)
increase in the total carbohydrates of the dehulled
mungbean flour. Toasting for 30, 45, 60 and 90 min gave
the total carbohydrate contents of 60.29, 63.18, 71.18
and 71.99% respectively. Similar result was obtained by
Agugo and Onimawo ({2008) for toasted mungbean flour
which showed that toasting significantly increased the
total carbohydrate content.

Sprouting treatments were found to significantly (p<0.05)
reduce the total carbohydrate of the dehulled mungbean
seeds flour although, no significant difference existed
among the 24 and 36 h sprouted samples(49.02 and
47 88%) respectively. This result corresponded with the
report of Mubarak (2005) for germinated samples which
showed a significant reduction in the total carbohydrate
(from 62.9-61.7%). This could be due to increased
starch digestibilities promoted by improved hydrolytic
activities of the enzymes during sprouting. Akinjayeju
and Francis (2007) reported the carbohydrate by alpha-
amylases to simple and more soluble sugars needed
by the growing seeds. The decrease in carbohydrate
due to germination might alsc be due to the use of
carbohydrate for metabolism by the young seedling
(Obizoba and Atu, 1993).

Conclusion: It was noted from this study that, as
expected, the dehulled samples had better proximate
composition than the undehulled samples because
dehulling generally, although not with marked
incremental  values, improved the proximate
compositions of the mungbean flour except the crude
fiber values which were much higher in the undehulled
munghean flour. Apparently, boiling treatments
increased the moisture and carbohydrate contents but
reduced the protein, fat, ash, fiber and energy values.
Toasting treatments reduced moisture and protein
values but increased carbohydrates and fat contents.
However, sprouting treatments increased moisture,
crude protein but reduced fat, ash, fiber, energy values
and carbohydrates.
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