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Abstract In order to combat food insecurity in Ghana and Africa as a whole, efforts are being made by the Crops
Research Institute, of the Council for Scientific and Industrial Research (CSIR), Ghana, to produce new bean
varieties with improved characteristics such as high yield, disease resistance and high nutritional value. Some of the
new lima bean (Phaseolus lunatus) accessions collected include: Koloenu white, Koloenu brown, Nsawam black
and white, Ohwam Mampong and Koloenu small black and white. The objective of the present work was to evaluate
the proximate composition, minerals content and functional properties of flour from these five lima bean accessions.
The proximate and functional properties were determined using standard procedures whereas minerals content by
atomic absorption spectrophotometry. The crude protein content was in the range of 20.69-23.08 %, crude fat, 0.59—
1.14 %, crude fibre, 4.06-6.86 %, ash, 4.39-5.61%, moisture 9.19-11.83 %, carbohydrate 54.31-59.64 % and energy,
313.28-328.10 kcal/100 g. The mineral content was in the range of 2.45-172.77 mg/100g, for Iron and Phosphorus
respectively. The functional properties of the flours: foaming capacity, solubility capacity, bulk density, swelling
index, water absorption capacity, and emulsion capacity were in the range of 18.00-22.13%, 17.00-21.01%, 0.66
g/mL, 0.98-1.64, 0.88-1.41 g/g, and 49.63-59.99%, respectively. The results indicate that, lima beans are rich in
protein and have appreciable functional properties that could be exploited in food formulations such as koose, sauces
and stews. The lima bean flours could also be used to fortify conventional flours which are low in protein and fiber.

Keywords: proximate composition, lima bean accessions, minerals, functional properties

Cite This Article: S.B. Yellavila, J.K. Agbenorhevi, J.Y. Asibuo, and G.O. Sampson, “Proximate
Composition, Minerals Content and Functional Properties of Five Lima Bean Accessions.” Journal of Food
Security, vol. 3, no. 3 (2015): 69-74. doi: 10.12691/jfs-3-3-1.

1. Introduction

Lima bean, Phaseolus lunatus belongs to the family
leguminosae and is mostly cultivated in South America
[1]. Lima beans are sometimes referred to as: haba beans,
sugar beans, butter beans, Guffin beans, civet beans,
Hibbert beans, Pallar beans, Sieva beans, Madagascar
beans, and Burma beans. The varietal differences exist in
size (small and large) and colour, usually ranging from
green to creamy white and a phenomenal starchy flavor
[2].

Lima bean like all other legumes are food resources that
offer various optimum nutritional and/ or health benefits
[3]. The protein content of legume grains range from 17 to
40 g/100 g, much higher than that in cereals (7-11.8 g/100
g) and approximately equal to the protein content of meat
18-25 ¢/100 g [4]. In Ghana and other developing
countries, legumes are the second largest sources of
human food after cereals. Lima beans is the fourth
important legume food in Ghana after cowpea, groundnut
and bambara groundnut. The high protein content as well
as the presence of the amino acid lysine makes them a

suitable cheap source for fortification of cereal diets in
most economies in transition [5]. Health problems such as
hypertension, gall-stone formation which are related to
animal protein consumption have raised great social and
public health attention recently. Thus, plant protein of
which legumes form a great majority has been found to
play an important role in several favorable physiological
responses, such as reducing heart and kidney diseases,
lowering the sugar indices of diabetic patients, increasing
in satiety, and reducing the occurrence of cancer [5,6].
The utilization and exploitation of a crop generally
depends on the available knowledge on it. The dearth of
information on Lima beans in lieu with their optimum
nutritional and functional properties has made this
potentially beneficial legume under-utilized. As with
legumes, some undesirable constituents of lima beans
include antinutrients (trypsin inhibitors, phytic acid,
saponins, haematoglutinns and tannins) that interfere with
absorption and utilization of important minerals such as
calcium, iron, zinc and magnesium. Lectins presents in
beans are polymeric proteins that bind to monosaccharide
in glycoproteins of the cell membrane causing lesions in
the intestinal mucosa and reduced nutrient absorption.
Lima beans are also known to contain relative high
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amounts of cyanogenic glycosides (linamarin  or
phaseolunatin) and thus need to be treated prior to
utilization. It is known that processing methods such as
dehusking, soaking, germination, cooking and roasting
inactivate the antinutrients and can be used to improve the
nutritional quality of the beans [7,8].

The objective of the present work is to determine the
proximate composition, minerals content and functional
properties of flour from five lima bean accessions.

2. Materials and Methods

2.1. Collection and Preparation of Samples

Five lima beans (Phaseolus lunatus) accessions
designated: koloenu small black and white, koloenu
brown, koloenu white, Nsawam (cream and black) and
ohwam mampong were collected from Crop Research
Institute/(CSIR), Kumasi, Ghana. The bean samples were
sun and oven dried to constant mass, milled to a particle
size of 0.2mm using a hammer mill, packaged in a low
density polyethylene bag (LDPE) and kept in a cool dry
place pending analysis.

2.2. Proximate Analysis

Proximate analysis of the lima bean was carried out to
determine crude protein, crude fibre, total ash, crude fibre,
total carbohydrate, crude lipid and moisture content using
the methods of AOAC (2000) [9]. Triplicate
determinations were made whereby the average and
standard deviations are reported.

2.3. Minerals Analysis

Samples were dry-ashed according to AOAC [9].
Aliquots were analyzed for mineral components of
potassium, sodium and iron using atomic absorption
spectrophotometer (Buck, 210 Model) while phosphorus
was determined calorimetrically [9].

2.4. Functional Properties Measurement

2.4.1. Solubility Capacity

Water solubility capacity of the beans flours was
determined by the method of Aoki et al., [10]. Flour
samples (2.5 g each) were dispersed in 30 mL of distilled
water, using a glass rod, and cooked at 90°C for 15 min in
a water bath. The cooked paste was cooled to room
temperature and transferred into tared centrifuge tubes,
and then centrifuged at 3000g for 10min. The supernatant
was decanted for determination of its solid content into a
tared evaporating dish and the sediment was weighed. The
weight of dry solids was recovered by evaporating the
supernatant overnight at 110°C.

2.4.2. Emulsion Activity

Emulsifying properties were determined according to
the method of Naczk et al., [11]. Flour samples (3.5 g each)
were homogenized for 30s in 50 mL water in a
homogenizer. Groundnut oil (25 mL) was added to each,
and the mixture was homogenized again for 30 s. Then,
another 25 mL of groundnut oil were added to each, and
the mixture homogenized for 90 s. Each emulsion was

divided evenly into two 50 mL centrifuge tubes and
centrifuged at 1100g for 5 min.

2.4.3. Foaming Capacity

Foaming capacity was measured according to the
methods described by Sathe and Salunkhe [12]. The flour
sample” (0.5 g each) was blended for 30 min in distilled
water (40 ml) at top speed in a blender. The blender was
rinsed with 10 ml distilled water and then gently added to
the graduated cylinder. Foam volume in the cylinder was
recorded per sample after 30 min standing. Triplicate
measurement was taken for each sample and mean values
recorded.

2.4.4. Water Absorption Capacity

Water absorption of the beans flours were measured by
the centrifugation method of Sosulski and Fleming [13].
The samples (3.0 g each) were dispersed in 25 mL of
distilled water and placed in pre-weighed centrifuge tubes.
The dispersions were stirred occasionally, held for 30 min,
followed by centrifugation for 25 min at 3000g. The
supernatant was decanted, excess moisture was removed
by draining for 25 min at 50°C and sample was reweighed.

2.4.5. Swelling Index

The method of Abbey and Ibeh [14] was employed four
the determination of the swelling indices of the flour
samples. One gram of the flour samples was weighed into
10 mL graduation measuring cylinder. Five milliliters of
distilled water was carefully added and the volume
occupied by the sample was recorded. The sample was
allowed to stand undistributed in water for 1 h and the
volume occupied after swelling was determined.

2.4.6. Bulk Density

Ten grams of each sample was weighed and transferred
into a measuring cylinder and the volume occupied by the
flour recorded. This determinations were done in three
replicates and their mean and standard deviations were
recorded

2.7. Statistical Analysis

Data were subjected to analysis of variance and means
were compared with Duncan Multiple range test using
SPSS (version 20, IBM SPSS Statistics, US).

3. Results and Discussion

3.1. Proximate Composition

The results of the proximate composition of the five
lima beans accessions are displayed in Table 1. The crude
protein ranged from 20.69 to 23.08% with Koloenu small
black recording the lowest and Ohwam Mampong
recording the highest protein content. These values are in
conformity with values described in literature [15,16,17,18]
but relatively lower than that reported by Moses et al.,
[19]. Variations in protein content can be attributed to
different environmental conditions, genotype and analytical
methods. In addition, protein content was sensitive to
rainfall, light intensity, length of growing season, day
duration, temperature and agronomic practices [20].
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Table 1. Proximate compositions of lima beans accessions

Sample names Moisture (%) Protein (%) Fat (%) Fiber (%) Ash (%) Carbohydrate (%) (kE:I%g%)lg)

Koloenu White 9.810.01*  21.220.07° 0.77+0.01° 4.17%0.01* 4.390.01° 59.64 +0.28° 326.56 +0.00°
Koloenu Brown 9.19+0.01°  21.76+0.00° 0.810.01° 6.86+0.15" 4.46 +0.03" 56.93+0.14° 317.98 £0.54°
Nsawam Black And White 11.830.07° 22.9620.02° 1.1420.23° 4.1620.01* 5.61+0.06" 5431 £0.01° 314.96 +0.11°
Ohwam Mampong 9.57+0.02°  23.08%0.03° 0.710.01° 4.06+0.02° 4.410.02° 58.24 +0.05" 328.10 £0.37"
Koloenu Small Black & White ~ 11.26 #0.01°  20.69 +0.00° 0.59 +0.01° 4.81+0.04° 5.61 £0.02° 57.05 +0.04° 313.28 £0.17°

Values are the means of triplicate determinations + standard deviation. Mean values in the same column with different superscript latters are

significantly different (p <0.05).

Moisture content estimates directly the water content
and indirectly the dry matter content of the sample. It is
also an index of storage stability of the flour. Flour with
moisture content less than 14 % can resist microbial
growth and thus has better storability [21]. The moisture
contents of the five lima bean accessions ranged from
9.19% to 11.83% with ‘Koloenu brown’ recoding the
lowest moisture content while ‘Nsawam black and white’
recorded the highest moisture content. Results obtained in
the current study agrees with the recommended moisture
contents for flour [22] but differ from findings previously
reported [19,23].

Crude fiber refers to the indigestible plant material. It
lowers blood cholesterol level in humans, prevent cancer,
reduces the risk of developing diabetes, hypertension, and
hypercholesterolemia [24]. The fiber content recorded in
the current study ranged between 4.06% and 6.86% with
‘Ohwam Mampong’ recording the lowest values while
‘Koloenu brown’ recorded the highest value (Table 1).
These findings are in line with values reported previously
[19,23,25,26,27,28]. Current results for the five bean
accessions are also in agreement with findings of Fasoyiro
et al., [26] who recorded values of 1.98% to 7.20% fiber
for different legumes. There was generally a significant
difference between the five samples at 95% confidence
level (p<0.05). However, these values are different from
findings in earlier investigations in the same species
[25,26].

Results for ash content demonstrated significantly
highest amounts in “’Koloenu small black and white’
(5.61+0.02%) and ‘Nsawam black and white’
(5.61+0.06%) but lowest in ‘Koloenu white’ (4.39£0.01).
These values are similar to those previously reported by
Moses et al., [19] and Fasoyiro et al., [26] whereas others
differ [23,27]. The relatively higher ash content of the
‘Nsawam black and white” variety (5.61+0.05) generally
indicates higher concentration of minerals than the other
varieties. There was no significant difference (p<0.05)

between *Koloenu white’, Koloenu small black and white’
and ‘Koloenu brown’ but these differed significantly from
the other two cultivars. ‘Ohwam Mampong’ and ‘Nsawam
black and white’ were not significantly different (p>0.05).

The energy contents were found to be in the range of
313 to 328kcal/100g, these values are slightly different
from those reported in literature [19,26,27]. The
differences in the energy contents are result of the
differences in protein content, carbohydrate, and fat
contents.

3.2. Functional Properties

The functional properties evaluated in the present study
included water absorption capacity, emulsifying activity,
foaming capacity, bulk density and swelling power (Table 2).

The water absorption capacity (WAC) of flour plays an
important role in food preparation due to its influence on
other functional and sensory properties [29]. The WAC of
flour sample in the current study ranged from 0.89 to 1.2
(9/g) where the highest value was obtained from ‘Koloenu
small black and white” cultivar and the lowest value was
determined from ‘Ohwam Mampong’ cultivar bean flour
(Table 2). Water absorption ccapacity represents the
ability of a product to associate with water under
conditions where water is limiting. Flours with high water
absorption have more hydrophilic constituents, such as
polysaccharides. The inherent proteins in the ‘Koloenu
small black and white’ cultivar variety flour may also
have played some role in their higher WAC. Interestingly
these values are in agreement with those reported by Ekpo
and Ugbenyen, [32] and Moses et al., [19] but higher than
that reported by Kaur and Sigh, [33]. The water absorption
capacity of legume flours greatly influences the texture of
food made from cereal- legume composite flours. These
values differed significantly (p<0.05) except for ‘Koloenu
brown’ and Nsawam black and white.

Table 2. Functional properties of lima beans

sample names Foa_rning Solu_bility Bulk density _Swelling We_lter Emulsion capacity
capacity (%) capacity (%) (g/mL) index (v/v) adsorption (g/g) (VIv) (%)
Koloenu White 20.00 +0.33? 21.01 +£0.04° 0.79 +0.00° 1.64 +0.02° 1.22 +0.021° 59.99 +0.02°
Koloenu Brown 19.99 +0.01° 19.76 +0.13° 0.790.00°  1.22+0.02° 1.0140.01° 53.76 £0.01"
Nsawam Black And White 22.13 +0.15° 17.00 +0.10° 0.83 +0.00° 1.02 +0.01° 1.00 £0.01° 53.42 +0.02°
Ohwam Mampong 18.67 +0.29° 20.07 £0.03° 0.66 +0.01° 0.98 +0.01° 0.88 +0.01° 49.63 +0.03"
Koloenu Small Black And White 19.21 £0.15° 19.31 +0.33° 0.68 +0.02° 1.53 +0.01° 1.41 +0.014° 45.75 +0.01°

Values are the means of triplicate determinations + standard deviation. Mean values in the same column with different superscript latters are

significantly different (p <0.05).

Emulsifying activity (EA) reflects the capacity of flour
to aid in the formation of an emulsion and is related to the
protein’s ability to absorb to the interfacial area of oil and
water in an emulsion. Flours from the various lima beans

accession differed significantly in their abilities to
emulsify groundnut oil (p<0.05). The emulsion activity of
the flours ranged from 45.75% to 60% which are in line
with those reported by Ekpo and Ugbenyen, [32] but differ
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from findings of Moses et al., [19]. Flours from ‘Koloenu
white’ cultivar showed significantly higher emulsion

activity (60%) than did in other four cultivar flour samples.

The difference in total protein composition (soluble plus
insoluble) in the flour sample, as well as components
other than proteins (possibly carbohydrates), may
contribute substantially to the emulsification properties of
these flours [29].

Foaming capacity generally depends on the interfacial
film formed by proteins, which maintains the air bubbles
in suspension and slows down the rate of coalescence.
Foaming properties are dependent on the proteins and
some other components, such as carbohydrates, that are
present in the flours [29,30,31]. The foaming capacities of
different legume flours ranged from 19.21% to 22.13%
(Table 2) with ‘Nsawam black and white’ cultivar
recording the highest value and ‘Koloenu small black and
white’ recording the lowest foam activity. The good foam
activity of the ‘Nsawam black and white’ cultivar flours
suggests that the native proteins that are soluble in the
continuous phase (water) are very surface- active in flours.
Furthermore, legumes generally have a high amount of
suface active saponins, which are also water soluble and
may therfore influence the foaming capacity [20,29,32].
Ekpo and Ugbenyen, [32] recorded 14.36% to 20.30% of
foam capacity for different lima beans flour which are
similar to the present findings. These values are different
from those reported by Moses et al., [19] which might be
as a result of different methods used for the analysis.
Diversity of foaming capacities among the cultivars was
also observed at 95% confidence level but significantly
the same for Koloenu white and Koloenu brown (p<0.05)
which might be caused by differences in the state of
protein denaturation or composition of soluble proteins in
the flour samples.

Solubility index determines its use in foods. The water
solubility of the flour indicates the solubility of molecules;
these differed significantly (P<0.05) among the flours
except for ‘Koloenu brown’ and ‘Ohwam Mampong’
where there exist no significant difference between them.
They varied from 17 to 21.01% where the highest value
was obtained from ‘Koloenu white’ cultivar flour and the
lowest value was determined from ‘Nsawam black and
white’ cultivar flour. Difference in values may be as a
result of the formation of amylose-lipid and protein-starch
complexes in the process of heating [35].

Bulk density depends on the particle size of the samples.
It is a measure of heaviness of a flour sample. It is
important for determining packaging requirements;
material handling and application in wet processing in the
food industry. The bulk density for beans accessions
flours varied from 0.66 g/mL to 0.83 g/mL, where the
highest and the lowest values were obtained from Nsawam
Black and White flour and black bean flour, respectively.
Significant differences were observed among the bulk
densities of the flours from different bean accessions in
(Table 2). However, there was no significant difference
(p>0.05) between Koloenu white and Koloenu brown, also
there was no significant difference (p>0.05) between
Ohwam Mampong and Koloenu small black and white in
terms of their bulk density values. These values are in line
with those reported by Moses et al., [19]. The higher bulk
density of Nsawam cultivar flour suggests that it is denser
than the other cultivar flours. Also, Kaur and Singh [33]
reported that the bulk densities of different legume
varieties ranged from 0.536 to 0.971 g/mL, which are
comparable to the results in this study. The bulk densities
of these flours could be exploited in weanling food
formulations, reducing the bulk density of the flour is
probably helpful to the formulation of weanling foods [36].

Swelling power is a measure of hydration capacity,
because the determination is a weight measure of swollen
starch granules and their occluded water. Food eating
quality is often connected with retention of water in the
swollen starch granules [34,37].Values of the swelling
power of the five lima bean accessions ranged from 0.98
to 1.64%. There were significant differences (p<0.05)
among the five flour samples. However, ‘Koloenu white’
cultivar flour exhibited highest swelling power compared
to the other samples with ‘Ohwam Mampong’ recording
the lowest swelling power. These values are in line with
those reported by Moses et al., [19]. The extent of
swelling of the flour depends on the temperature,
availability of water, species of starch, extent of starch
damage due to thermal and mechanical processes and
other carbohydrates (such as pectins, hemicelluloses and
cellulose) and protein [36,37,38].

3.3. Minerals

The Lima bean accessions were observed to contain
fairly good amounts of minerals such as potassium,
sodium, phosphorous and iron (Table 3).

Table 3. Mineral compositions of five Lima bean accessions (mg100g ™)

Sample name K Na Fe P

Koloenu White 50.04+0.02° 20.01+0.01° 2.67+0.01° 170.9620.03°
Koloenu Brown 51.99+0.01° 21.33+0.01° 2.4520.02° 167.09+0.00°
Nsawam Black And White 50.04+0.01° 20.5240.03° 2.4520.02° 172.77+0.021°
Ohwam Mampong 50.66+0.014° 19.99+0.02" 2.55+0.02° 154.98+0.02°
Koloenu Small Black And White 52.08+0.02° 20.04+0.01° 2.52+0.01° 164.97+0.02°

Values are the means of triplicate determinations + standard deviation. Mean values in the same column with different superscript latters are

significantly different (p <0.05).

Sodium in the form of sodium chloride is ingested
directly though food and many food materials contain this
salt. Sodium helps our body retaining the body’s water
and pH. It enables our cell walls to draw in nutrients [39].
The values recorded for the sodium content ranged from
19.99 to 21.33 mg100g™ with Koloenu brown recording

the highest sodium content and Ohwam Mampong
recording the lowest value. There was generally
significant difference (p<0.05) between all the cultivars
except for Ohwam Mampong and Koloenu small black
and white where there exist no significant difference
between them (p>0.05). These values recorded are slightly
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lower than those report in previous literature such as those
of [26,27,28] for both species and other legumes. These
amounts of Na in the legumes are in the tolerable level for
human health [39]. Apata and Ologhobo [40] reported the
association of high sodium content with hypertension.
Higher sodium intake leads to the retention of more water
including water in the blood vessels. This raises the blood
pressure. If it raises the blood pressure too high, this can
cause health problems such as hypertension.

The iron content ranged from 2.45 to 2.67mg100g™.
Present findings regarding iron content are lower than the
recommended daily intake and hence there is a need to
complement these flours with flours of higher iron
contents. These present findings are in accordance with
those reported by Kathirvel and Kumudha, [28] but
slightly different from those reported by lkechukwu and
Madu [27] and Fasoyiro et al., [26]. These values are in
line with values recorded for broad spectrum of legumes
by Fasoyiro et al., [26] who recorded values of 0.002% to
0.008% of iron content. These wvalues differed
significantly (p<0.05) except for Koloenu brown and
Nsawam black and white where there exist no significant
difference between them.

Phosphorous was the predominant mineral in the bean
accessions, with values ranging from 154.98to 172.77 mg
100g™. Nsawam black and white recorded the highest
value and Ohwam Mampong recording the lowest content.
There was generally significant difference (p<0.05)
between the five cultivars which might be as a result of
genetic origin, geographical source and levels of soil
fertility of the five Lima bean accessions. These values are
in line with previous literature such as those of [26,28] for
the same species and broad spectrum of legumes
respectively. Phosphorous helps build and protect bones
and teeth, as part of DNA and RNA, helps convert food
into energy, the recommended daily allowance for both
men and woman is 700mg, which means that one has to
take in much of these flours in order to achieve this value
for the proper functioning of the body hence there is the
need to complement these flours with phosphorous rich
sources.

The potassium content of the five lima bean accessions
were found to be in the range of 50.04 to 52.08 mg 100g™
with Koloenu small black and white recording the highest
content and Koloenu white. There was no significant
difference between Koloenu white and Nsawam black and
white but differed significantly (p<0.05) between the other
three cultivars. These values are lower than those reported
in previous literature such as Kathirvel and Kumudha, [28]
and Ikechukwu and Madu, [27] for the same species. Also
these values are totally different from those reported for
other legumes [26]. Potassium is nutritionally important in
the maintenance of cellular water balance, pH regulation
in the body and it is also associated with protein and
carbohydrate metabolism [41]. A diet rich in potassium
seems to lower blood pressure, getting enough potassium
from diet may benefit bones.

4. Conclusions

Lima beans are rich in protein and have appreciable
functional properties that could be exploited in food
formulations such as koose, sauces and stews. The lima

bean flours could also be used to fortify conventional
flours which are low in protein and fiber. Therefore,
increased efforts should be made to encourage the
cultivation of lima beans as well as its
consumption/utilization in order to help curb food
insecurity.

References

[1] Allen, O.N and Allen, C.K. (1981). The leguminosae: A source
book of characteristics, uses and modulation. Macmillan
Publishers Ltd., London, U.K., pp. 5-29.

[2] Mackie, W.W. (1983). Origin, dispersal and variability of the
Lima bean Phaseolus lunatus.Hilgardia, 15: 1-29.

[3] Tharanathan, R. N., and Mahadevamma, S. (2003). Grain legumes,
a boon to human nutrition. Trends in Food and Science
Technology, 14, 507-551.

[4] De Oliveira, A. C. (2006). Chemical composition, dietary fibre
and resistant starch contents of raw and cooked pea, common bean,
chickpea and lentil legumes. Food Chemistry, 94, 327-330.

[5] Kaur,S., Singh, N., Sodhi, N. S., and Rana, J. C. (2009). Diversity
in properties of seed and flour of kidney bean germplasm. Food
Chemistry, 117, 282-289.

[6] Mathres, J. C. (2002). Pulses and carcinogenesis: potential for the
prevention of colon, breast and other cancers. British Journal of
Nutrition, 88, 273-279.

[7] Deshpande, U.S., and Deshpande, S.S. (1991), Legumes, In:
Foods of Plant Origin: ... of Plant Origin: Production, Technology
and Human Nutrition (Salunkhe, D.K. and Deshpande, S.S. eds),
New York, USA, Van Nonstrand Reinhold, pp. 137-300.

[8] Qayyum, M. M. N., Butt, M. S., Anjum, F. M. and Nawaz , H.
(2012) Composition analysis of some selected legumes for protein
isolates recovery, The Journal of Animal & Plant Sciences, 22(4),
1156-1162.

[9] AOAC (2000). Association of Official Analytical Chemists.
Official Method of Analysis. 13" edition. Washington DC.

[10] Aoki, H., Taneyama, O., Orimo, N. and Kitagawa, I. (1981).
Effect of lipophilization of soy protein on its emulsion stabilizing
properties. Journal of Food Science, 46, 1192-1199.

[11] Naczk, M., Diosady, L. L., & Rubin, L. J., (1985). Functional
properties of canola meals produced by a two-phase solvent
extraction system. Journal of Food Science, 50, 1685-1692.

[12] sSathe, S.K. and Salunkhe, D.K (2006). Functional properties of
the green northern bean (phaseolus vulgari L) proteins: emulsion,
foaming, viscosity and gelation properties. Journal of Food
Science, 46, 71-81.

[13] Sosulski, F.W. and Fleming, S.E., (1977). Chemical, functional,
and nutritional properties of sunflower protein products. Journal
of the American Oil Chemists’ Society, 54, 100A.

[14] Abbey, B.W. and Ibeh G.O. (1998). Functional properties of raw
processed cowpea (vgna uguiculata) flour. Journal of Food
Science 53: 1775-1777.

[15] Ekpenyong, T.E. and Borchers, R.L. (1980), ‘“Effect of cooking
on chemical composition of winged bean (Psophocarpus
tetragonobolus)’’, Journal of Food Science, 45, 1559-1560.

[16] Omueti, O. and Singh, B.B. (1987) *‘Nutritional attributes of
improved varieties of cowpea (Vigna unguiculata L. Walp)”’,
Food Science and Nutrition, 41,103-112, 1559-1560.

[17] Granito M., Brito Y., Torres A., (2007). Chemical composition,
antioxidant capacity and functionality of raw and processed
(Phaseolus lunatus). Journal of food Science and Agriculture, 87,
2801-2809.

[18] Bello-Pe’rez L.A., Sa’yago-Ayerdi S.G., Cha’vez-Murillo C.E.,
Agama-Acevedo E., Tovar J., (2007). Proximal composition and
in vitro digestibility of starch in Lima bean (Phaseolus lunatus)
varieties. Journal of food Science and Agriculture, 87, 2570-2575.

[19] Moses O, Olawuni I. and Iwouno J.O. (2012). The Proximate
Composition and Functional Properties of Full-Fat Flour, and
Protein Isolate of Lima Bean (Phaseolus Lunatus). 1:349.

[20] Bampidis, V.A. and Christodoulou, V. (2011) Chickpeas (Cicer
arietinum) in animal nutrition: A review. Animal Feed Science
and Technology, 168, 1-20.

[21] Arkroyed W.R. and Doughty J. (1994). Legumes in Human
Nutrition. Food and agricultural Nutrition Studies Publication.
Lima Bean (Phaseolus Lunatus). 1:349.



74

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

Journal of Food Security

Rahma E.A, (2000) Production And Evaluation Of Yambean
(Hochstex Rich) And Bambara Groundnut (Voandzeia
Subterranean L) Journal of Science and Food Agriculture, 41,
123-124.

lheanacho, K.M.E., (2010). Comparative Studies of the Nutritional
Composition of Soy Bean (Glycine Max) and Lima Bean
(Phaseolus Lunatus). Scientia Africana, 9(2), 29-35.

Oboh, H.A and Omofoma, C.O. (2008). The effects of heat treated
lima bean (Phaseolus lunatus) on plasma lipids in
hypercholesterolaemic rats. Pakistan Journal of Nutrition, 7(5),
636-639.

Luis Chel-Guerrero, Mario Dominguez-Magafia, Alma Martinez-
Ayala, Gloria Davila-Ortiz, and David Betancur-Ancona, (2012).
Lima Bean (Phaseolus lunatus) Protein Hydrolysates with ACE-I
Inhibitory Activity. Food and Nutrition Sciences, 3, 511-521.
Fasoyiro. S.R., Ajibade, AJ. Omole, O.N. Adeniyan and Farinde,
E.O. (2006). Proximate, minerals and antinutritional factors of
some underutilized grain legumes in south-western Nigeria,
Journal Of Institute Of Agricultural Research And Training,
Obafemi Awolowo University, P.M.B 5029, Moor-Plantation,
Ibadan, Nigeria Nutrition and Food Science, 36(1),18-23.
Ikechukwu Edwin Ezeagu, Madu Daniel Ibegbu., (2010).
Biochemical Composition and Nutritional Potential of Ukpa: A
Variety of Tropical Lima Beans (Phaseolus Lunatus) From
Nigeria — A Short Report Pol. Journal of Food Nutrition and
Science, 60, 231-235.

Kathirvel P and Kumudha P, (2011). A Comparative Study on the
Chemical Composition of Wild and Cultivated Germplasm of
Phaseolus Lunatus L. International Journal of Applied Biology
and Pharmaceutical Technology, 2(4), 298.

Dossou, V.M., Agbenorhevi, J.K., Alemawor, F and Oduro, I.
(2014) Physicochemical and Functional Properties of full fat and
defatted Ackee (Blighia sapida) Aril Flours. American Journal of
Food Science and Technology, 2(6), pp. 187-191.

Adeyeye, E.l., Oshodi, A.A. and Ipinmoroti, K.O. (1994),
““Functional properties of some varieties of African yam bean
(Sphenostylis stenocarpa) flour’’, International Journal of Food
Sciences and Nutrition, 45, 115-126.

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]
[39]
[40]

(41]

Ojieh G.C., Oluba O.M., Ogunlowo Y .R., Adebisi K.E., Eidangbe
G.O. and Orole R.T., (2008). Compositional studies of Citrullus
lanatus (Egusii melon) Seed. The Internet Jouurnal of Nutrition
and Wellness, 6(1), 511-521.

Ekpo, K.E and Ugbenyen, A.M. (2011). Comparative evaluation
of certain functional properties of four different varieties of Lima
Bean (Phaseolus Lunatus) flour, Annals of Biological Research, 2
(2), 399-402.

Kaur M, and Singh N (2006). Relationships between selected
properties of seeds, flours, and starches from different chickpea
cultivars. International Journal of Food Properties, 9:597-608.
Sreerama, Y. N., Sashikala, V. B., Pratape, V. M., and Singh, V.
(2012). Nutrients and antinutrients in cowpea and horse gram
flours in comparison to chickpea flour: evaluation of their flour
functionality. Food Chemistry, 131, 462-468.

Sathe, S. K., Deshpande, S. S., and Salunkhe, D. K. (1982)
Functional  properties of winged bean (Psophocarpus
tetragonolobus, L.) proteins. Journal of Food Science, 47, 503-508.
Milan-Carrillo, J., Reyes-Moreno, C., Armienta-Rodelo, E., CardH
bez-Trejo, A. and Mora-Escobedo, R. (2000). Physicochemical
and nutritional characteristics of extruded flours from fresh and
hardened chickpeas (Cicer arietinum L). Lebensmittel-
Wissenschaft und-Technologie, 33, 117-123.

Rickard, J.E., Blanshard, J.M.V., and Asaoka, M. (1992). Effects
of cultivar and growth season on the gelatinization properties of
cassava (Manihot esculenta) starch, Journal Food science and
Agriculture. (59) 53-58.

Ezema, (1989) Effect of heat on in-vitro digestibility of navy
beans (P.vulgaris). Michigan Quaterly Bull 46: 87.

Dahl, L.K, (1972) Salt and hypertension, American Journal of
Clinical Nutrition, 25, 231-238.

Apata, D.F. and Ologhobo, A.D. (1994), ‘‘Biochemical evaluation
of some Nigerian legume seeds’’, Food Chemistry, 49, 333-338.
Onibon, V.O., Abulude, F. O. and Lawal, L., (2007). Nutritional
and anti-nutritional compositio of some Nigeria beans. Journal of
Food Technology, 5(2), 120-122.



