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Abstract

In this study on bean, four wild types were compared with the edible for their functional and nu-
tritional characteristics in unprocessed and malted form. Results obtained in functional proper-
ties showed that bulk density was higher in wild types compared to edibles types. Feregede has the
least dispersibility compared to all the bean samples. The swelling power of all the wild and edible
types was almost the same with the edible bean IT845-2246-4 having the highest value of 26.15 *
0.02. Pakala had the broadest foaming stability even up to the region of alkaline pH. In proximate
compositions, the entire edible bean had more carbohydrate and crude fibre content than the wild
types but after malting, there was no significant difference (P < 0.05) in the crude fibre content
between the edible and the wild type beans. After malting, it was observed that Pakala and edible
bean IT99K-573-1-1 had more moisture content with the values 9.2 + 0.14 and 9 + 0.15 respec-
tively. There was no significant difference in the protein content across both the wild and edible
bean and ranged between 28.45 * 0.012 and 30.70 * 0.014 while these values were slightly re-
duced after malting. This study reveals that Mucuna and other types of underutilized wild beans—
Otili, Feregede, and Pakala are important food sources that can be exploited to mitigate shortage
in animal protein and under nutrition facing families in many developing countries particularly in
Nigeria.
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1. Introduction

Beans seeds are rich sources of plant proteins that present a substitute for the scarce animal proteins. Bean seeds
consist of array of edible types otherwise known as common bean and non-common wild types otherwise known
as non-edible types. Of the many known of this legume specie, few are used extensively today as food [1]-[3].
The edible types are known to be used especially in developing countries as a staple of diet, due to their rela-
tively very low cost, high nutritional value and health benefit [4] [5]. They are also explored more in the devel-
oped countries as ingredients primarily to provide a variety of functional properties, including desirable structure,
texture, flavour, and colour characteristics in formulated food products [6] [7]. They are widely used in high
protein foods including dairy foods, nutritional supplements, meat systems, infant formulas, nutritional beve-
rages, cream soups, sauces and snacks and also as a protein source in milk replacers [8] [9]. In this respect, the
edible bean types appear to be the most explored among the beans. Interestingly, utilization of legume protein by
the food industry has increased interest in seed protein research.

Mucuna and other types of wild beans [(Sphenostylis stenocarpa Africa Yam bean; (Otili), Cajanus cajan
Pigeon Pea; (Feregede), Phaseolus lunatus Lima bean/Butter bean; (Pakala)] presented in this report are grossly
underutilized tropical legume. Information on Mucuna and the other wild bean being study in this present work
is scarce. They are grown in tropical countries as a green manure/cover crop [10] [11]. Mucuna especially is
known to be rich in protein (23% - 35%) and has a nutritional quality comparable to other pulses like soybean,
rice bean and lima bean [12] [13]. It has good potential as a cheap and alternate source of protein while its
foaming, gelation and electrophoretic characteristics, protein concentrates have been well studied by Adebowale
et al. [14]. However, there have been reports in Nigeria that, the wild bean—African yam bean, pigeon bean and
lima bean are popular legumes consumed in many communities [15]-[17]. Chemical composition of these grain
legumes were shown to contain high quantities of proteins, amino acids, fiber and minerals [18] [19]. Their high
intake has been associated with reducing the risk of developing diabetes, hypertension, animal’s cancer and
hypercholesterolemia [20]. Their hard-to-cook phenomenon and the presence of antintutrients have limited their
utilisation [13] [21]. At present in Nigeria they are usually eaten in cooked form after overnight cooking. In the
process, it consumes a lot of fuel and high loss of nutrients. Attempts have been made to improve their utilisa-
tion in human diet due to increasing need for cheaper and available plant proteins to meet the increasing demand
of the Nigerian populace. For example, reducing cooking time and acceptability have been achieved for pigeon
pea through dehulling process [22].

Despite all these aforementioned findings, these wild beans are still considered an orphan crop, with a huge
untapped potential for improvement both in quantity and quality of food products. Conversely, the commonly
relied source of quality protein which is animal protein is grossly expensive and scarce. Hence the objectives of
this study is to compare the functional properties, nutritional quality of selected Nigerian wild type bean with the
common edible type and identify the needs for future work on these assumed wild type. Since the need for sus-
tainable development and economic recovery in the developing regions of the world is crucial particularly in the
area of access to quality proteinous food.

2. Materials and Method

2.1. Collection of Materials

The legume (beans) used in this work are of two types; Edible beans and Wild-type beans. The edible types are
pure breed from International Institute of Tropical Agriculture (IITA) and the wild-types are gotten from the
farmers in Ado-EKkiti.

Physical Characteristic Test

This is the determination of color, bean classification, and number of bean per 10 g. From each sample, some
beans were selected randomly and placed in petri-dish each. The weight of 10 g of beans was determined by a
weighing balance.

2.2. Functional Properties of the Samples

2.2.1. Bulk Densities
This was determined by the method of Narayana and Nrasinga-Rao [23]. A graduated measuring cylinder was
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filled to 100 ml with the sample. The sample was packed by gently tapping the cylinder on the laboratory bench.
Bulk density was recorded as a ratio of weight (g) of sample to volume (ml).

2.2.2. Dispersibility Test

The method of Kulkarni et al. [24] was adopted for the dispersibility determination. 10 g of each flour sample
were weighed into a 100 ml measuring cylinder, distilled water was added up to 100 ml volume. The sample
was vigorously stirred and allowed to settle for 1hour, the volume of settled particles was recorded and sub-
tracted from 100 to give a difference that is taken as percentage dispersibility.

2.2.3. Swelling Properties

Swelling power was determined by the procedure of Takashi and Seib [25]. The sample was first kept in the
oven at 44°C for 1 hour. 1 g of flour sample was mixed with 10 ml of distilled water contained in a centrifuge
tube. The slurry was stirred, the tube with the slurry was gently lowered into a water bath and held at 70°C for
15minutes with slow but continuous stirring to prevent clumping with its contents. The tube containing the paste
was centrifuged at 3000x g for 10minutes then the weight was taken after centrifugation.

2.2.4. Seed Viability

This is the rate at which the seeds get sprouted when they are subjected to certain condition. The inner of the pe-
tri dish was covered with a cotton wool, the bean seed was put inside and they were sprinkle with water. The pe-
tri dish was covered with its lid. This was leave for 3 days to allow sprouting of the seeds.

2.2.5. Foaming Capacity

Foaming capacity was determined according to Dipak and Kumar [26]. 2 g of each sample was whipped with
100ml of distilled water in the test-tubes at different pH ranging from pH 2 - 10 for 5 minutes. The increase in
volume on whipping was measured. Foam capacity was expressed as a percentage of the original volume of the
liquid. Foam stability was expressed as a percentage of foam volume remaining in relation to initial foam vo-
lume at room temperature after 10, 20, 30, 40 and 50 minutes.

2.2.6. Proximate Analysis
Associations of Official Analytical Chemist [27], procedure were used to determine the proximate composition
of the different vegetable sample.

2.2.7. Crude Fibre Determination
Two grams sample was put into 200 ml of 1.25% of H,SO, and boiled for 30 minutes. The solution and content
then poured into bucheur funnel equipped with muslin cloth and secured with elastic band. This was allowed to
filter and residue washed with hot water to free it from acid. The residue was then put into 200 ml boiling 1.25%
NaOH and boiled for 30 min, then filtered. It was then washed twice with alcohol the material obtained was
washed thrice with petroleum ester. The residue obtained was put in a clean dry crucible and dried in the mois-
ture extraction oven to a constant weight. The dried crucible was removed, cooled and weighed. Then difference
of weight (i.e. loss in ignition) is recorded as crucible fibre and expressed in percentage of the original weight.
Percentage crude fibre = Mxloo

W3
where;

W1 = Weight of sample before incineration;

W2 = Weight of sample after incineration;

W3 = Weight of original sample.

2.2.8. Fat Content Determination

Two grams sample was loosely wrapped with a filter paper and put into the thimble which is fitted to a clean
round bottom flask, which has been cleaned, dried and weighed. The flask contained 120 ml of petroleum ether.
The sample was heated with a heating mantle and allowed to reflux for 5 h. The heating was then stopped and
the thimbles with the spent samples kept and later weighed. The difference in weight was received as mass of fat
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and is expressed in percentage of the sample. The percentage oil content is calculated;
Percentage Fat = W2-WL_ 100
W3
where
W1 = Weight of the empty extraction flask;
W2 = Weight of the flask and oil extracted;
W3 = Weight of the sample.

2.2.9. Ash Content Determination

Two grams of each of the samples was weighed into crucible, heated in a moisture extraction oven for 3 h at
100°C before being transferred into a muffle furnace until it turned white and free of carbon. The sample was
then removed from the furnace, cooled in desiccators to a room temperature and reweighed immediately. The
weight of the residue was then calculated as ash content expressed in percentage.

Weight of Ash x100
Weight of sample

Percentage ash =

2.2.10. Crude Protein Determination

The microkjeldahl method described by AOAC [27] was used. Two grams, each of the samples was mixed with
10 ml of concentrated H,SO, in a heating tube. One tablet of selenium catalyst was added to the tube and mix-
ture heated inside a fume cupboard. The digest was transferred into a 100 ml volumetric flask and made up with
distilled water. Ten milliliter portion of the digest was mixed with equal volume of 45% NaOH solution and
poured into a kjeldahl distillation apparatus. The mixture was distilled and the distillate collected into 4% boric
acid solution containing 3 drops of zuazaga indicator. A total of 50 ml distillate was collected and titrate as well.
The sample was duplicated and the average value taken. The nitrogen content was calculated and multiplied
with 6.25 to obtain the crude protein content.

(100>< N><14><Vf)T
100x Va

Percentage Nitrogen =

where: W = Weight of the ample;
N = Normality of the titrate (0.1 N);
vf = Total volume of the digest = 100 ml;
T = Titre value;
va = Aliquot volume distilled.

2.2.11. Carbohydrate Content Determination
The nitrogen free method described by AOAC [27] was used. The carbohydrate is calculated as weight by dif-
ference between 100 and the summation of other proximate parameters as Nitrogen Free Extract (NFE).

Percentage carbohydrate (NFE)=100—(M+P +F1+F2)

where;
M = moisture; P = protein; F1 = fat; A = ash; F2 = fibre.

3. Results and Discussion

This report is based on the premise that, a number of functional properties are invariably enhanced during malt-
ing. They include ash composition, protein, fat, reconstitution indices, water holding capacities and foaming
properties [28]-[31].

The results obtained on the functional parameters (Table 1) being considered in this investigation showed that
there were generally marked variations in all the tests carried out. There were correlation in the bulk density
across the wild beans and are found between the ranged 80.2 + 0.06 and 83.7 = 0.04 Showing clearly to be
denser than the edible types which are found between the ranged 70.70 £ 0.02 and 77.77 £ 0.03. Table 1 further
shows the result on the seed viability test carried out on each sample where Pakala is significantly different with
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Table 1. Result of functional properties of the samples.

Sample Bulk Densities Dispersibility psr\(l)vgélrit?gs Seed viability
Otili 83.70 £ 0.04 73.7+0.06 24.8 +0.03 1.53+0.01
Feregede 82.5+0.05 66.50 + 0.03 24.5+0.02 3.0+0.01
Pakala 80.2+0.06 72.0+0.04 24.35+0.03 5.4+0.01
Mucuna 83.5+0.04 77.0+0.03 24.00 + 0.04 4.83+0.01
IT99K -573-2-1 77.77 £0.03 76.5+0.05 24.65+0.03 2.73+0.03
IT99K -573-1-1 77.07 £0.02 71.5+0.03 26.65 +0.03 2.83+0.02
IT97K - 499 - 35 73.87 £0.03 77.0 £0.06 24.65 +0.04 4.83+0.03
ITO7K -243-1-10 71.00 £0.04 71.0+0.04 24.45 £ 0.02 3.16 £0.02
ITO4K - 333-2 70.70 £ 0.02 72.0£0.05 24.9+0.01 3.33+0.01
1T845 - 2246 - 4 74.26 +0.02 70.5+0.04 26.15 +0.02 3.20+0.01

the value 5.4 + 0.01 from the rest of the samples. Water absorption, holding or binding capacity (WAC) may be
defined as ability of food material to hold its own and added water during application of forces and heating.
Water absorption is due to its dipolar nature so that proteins with more charged amino acids tend to absorb more
water than proteins with uncharged amino acids [9] [32]. Low water absorption capacity Feregede compared to
others may be attributed to decreased charge on its protein. The swelling power of all the Samples (Wild and
Edible types) were almost the same except edible bean 1T845-2246-4 with the higher value of 26.15 + 0.02
(Table 1) of swelling power. The result of dispersibility shows Feregede with the least value of 66.50% com-
pare to other bean which were found to be high and closely related. These observations suggest in exception of
Feregedeall the bean samples would have almost the same ability to retain same amount of water for the gela-
ti/nization process, and swell appreciably at same rate [31]. The ability of protein to gel and provide a structure
for holding water, flavours, sugars and food ingredients is useful in food applications [33]. However, the sprout-
ing of the seeds which was measured as the seed viability was higher in the wild bean Pakala, followed by Mu-
cuna and Edible bean IT97K-499-35. The foaming property of each sample was the foaming stability (Figure 1).
At pH 2 (acidic pH) Otili showed the highest foaming stability, while Pakala showed the lowest foaming stabil-
ity. At pH 4 (Acidic pH), all the Wild types displayed the highest foaming stability except Feregede with lower
foaming stability. Also all the Edible types displayed low foaming. At pH 6 (Acidic pH) all the Wild types dis-
played the highest foaming stability than the edible bean 1T99k-573-2-1 competed with Feregede and Mucuna
in its foaming stability (Figure 1). At pH 8 the Wild types showed the highest foaming stability Feregede that
dropped rapidly in its foaming stability. At pH 10 only Pakala in all the Wild types showed the highest foaming
stability while all the Edible types showed the lowest foaming stability except edible bean IT99K-573-2-1. At
pH 12 all the wild types also showed the highest foaming stability. The high stability of foam up to alkaline pH
region by the wild bean may be as result of formation of stable molecular layers in the air-water interface that
imparts stability, and elasticity to the foams [25] [31]. In food foams, foaming performance depends on the abil-
ity of the continuous phase to include air (foam capacity) and also retain it for specific period of time (foam sta-
bility) [12].

Table 2 and Table 3 show the results of proximate analysis carried out on the pulverized non-malted dry bean
and pulverized malted bean respectively. As shown, in Table 2 the results on the moisture content with the edi-
ble bean 1T845-2246-4 having the highest value of 8.90 £ 0.013 compare to other samples. Both wild and edible
beans appreciably had increase in moisture content after malting. After malting it was observed Pakala and edi-
ble bean IT99K-573-1-1 had more moisture content with the values 9.2 + 0.14 and 9 + 0.15 respectively (Table
3). Moisture content is an index of water activity of many foods and a factor for a long shelf life since microor-
ganisms that cause spoilage does not thrive in foods having low moisture content [2].

The Edible bean has the higher percentage of crude fibre content than the Wild types but after malting there
was no significance difference in the crude fibre content between the edible and the wild type beans. A humber
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Figure 1. Graph showing the plot of foaming properties of the samples with respect to ph and time (minutes).

Table 2. Result of proximate analysis of pulverized samples.

Moisture content Carbohydrate

Sample %) Crude fibre (%)  Fat content (%) Ash content (%) Protein content (%) %)
Otili 7.10+0.013 6.10 £ 0.018 2.84+0.011 4.20 £0.012 31.50 £ 0.012 48.24 £ 0.017
Feregede 6.10 +0.015 7.40 £0.013 2.97 £0.012 3.90 £0.012 29.46 +0.013 50.26 + 0.012
Pakala 6.90 =0.012 7.90+0.017 2.95+0.014 5.10+0.011 30.09 £ 0.015 47.15 £ 0.015
Mucuna 8.70 +0.014 7.90+£0.011 2.79+0.018 3.42+0.013 30.70 £ 0.014 46.54 £ 0.018
IT99K -573-2-1 8.10 +0.011 6.80 £ 0.015 3.00+0.013 6.90 +0.018 29.10 £ 0.011 46.00 £ 0.014
IT99K -573-1-1 7.80 +0.013 7.80 £0.012 2.74+0.019 5.68 £ 0.012 30.09 £ 0.018 48.12 +0.011
IT97K - 499 - 35 5.70 +0.014 8.70 £ 0.018 2.87+0.017 3.46 +0.011 29.90 +0.013 50.03 +0.014
ITO7TK-243-1-10 570 +0.012 8.02 £0.016 2.47+0.014 4.84 +0.01 28.45 +0.012 50.43 £ 0.017
ITO4K - 333 -2 7.60 £0.014 9.71+0.013 3.10+0.016 3.14+0.011 28.90 £ 0.014 47.84 +0.014
1T845 - 2246 - 4 8.90 =0.013 8.61 £0.011 2.91+0.012 3.89+£0.012 29.98 £0.011 45.54 £ 0.019

of studies have indicated that components of plants such as dietary fiber have beneficial effects in lowering
blood cholesterol levels. It cleanses the digestive tract, by removing potential carcinogens keeping them away
from the cells lining the colon, providing yet another line of protection from colon cancer [34]. Prior to malting
the fat content of edible bean IT99K-573-2-1 and 1T04K-333-2 were significantly higher than other bean sample
with the values 3.00 £ 0.013 and 3.10 % 0.016 respectively from other samples (Table 2). However, after malt-
ing there was no significant different in all the bean samples (Table 3). Lipid bodies decrease in direct propor-
tion to the lipase content during germination due to the activation of synthesized lipase. Free fatty acids (FFAS)
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Table 3. Result of proximate analysis of malted samples.

Sample Moistu(roz;: ontent Crude fibre (%)  Fat content (%) Ash content (%) Protei(r; /f )ontent Carb(()‘%drate
Otili 8.3+0.02 6.8 £ 0.045 2.77+0.01 4.47 +0.01 29.90 +0.01 47.72 £0.02
Feregede 7+0.15 7.67 +£0.05 2.94+0.08 3.35+0.02 28.80 £ 0.08 50.16 £ 0.13
Pakala 9.2+0.14 7.14 +0.06 245+0.01 5.6 +0.08 29.15+0.01 46.40 £ 0.15
Mucuna 11 +£0.02 8.10 £ 0.02 2.7+0.02 3.91+0.51 27.87 £0.01 46.95+04
IT99K -573-2-1 8+0.03 7.8+0.08 2.94+£0.02 6.92+0.01 28.10 £ 0.01 4541 +0.04
IT99K -573-1-1 9+0.15 8.3+0.02 2.68+0.01 5.94 +0.01 27.76 £0.08 45.09 £0.18
IT97K - 499 - 35 6+0.34 8.7+0.02 2.61+0.01 481+0.14 28.10 £ 0.01 50.58 £ 0.30
ITO7TK -243-1-10 5.9+0.03 7.28 £0.02 2.46 £0.02 4.16 +.008 27.76 £ 0.08 52.44 £ 0.96
ITO4K - 333 -2 7.1+0.01 8.8 +0.01 2.98+0.01 3.98+0.01 28.80 £0.04 48.13£0.29
17845 - 2246 - 4 8.7+0.02 7.9+0.08 2.91+0.08 3.87+£0.09 29.10 £ 0.57 48.19 + 0.45

resulting from its hydrolysis during germination will therefore contribute significantly to the pool of FFAs
available for peroxidative reactions which will result in flavour instability (rancidity) of the products [31]. Table
2 also shows the result on the Ash content of the samples, where edible bean IT99K-573-2-1 had the highest
value of 6.90 + 0.018 compared to other bean sample even after malting with the value 6.92 + 0.01 from the rest
of the samples. This suggests that they all contain almost the same mineral content.

Table 2 further shows the result on the protein content carried out on the samples where sample Otili, Pakala
and Mucuna had a significantly values 31.50 £ 0.012, 30.09 + 0.015 and 30.70 + 0.014 respectively but with a
slight reduction to 29.90 + 0.01, 28.80 + 0.08 and 29.15 * 0.01 after malting (Table 3). The protein content is
comparable with those in other legumes [5] [35]-[37]. This shows that the seeds have a great potential in alle-
viating chronic protein deficiency syndromes that are widespread in developing countries such as Nigeria. Table
2 and Table 3 show the result of carbohydrate content before and after malting the results show Feregede as the
only wild bean that compete favourably with other edible beans in carbohydrate content.

4. Conclusion

From this study, it can be deduced that the functional properties such as the bulk densities swelling power and
dispersibility are high in both the wild and edible type. In the proximate compositions, there was no significant
difference in the protein content across both the wild and edible bean, but the edible bean had more carbohydrate
and crude fibre content than the wild bean.
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