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1. Introduction

Abstract

Grain legumes are cheap sources of high quality plant protein and are traditionally
utilized in the preparation of diverse traditional cuisines in Nigeria either as whole grain,
splits or flour. However, information is not available on the dimensional characteristics,
milling behaviour and flour qualities of the major grains traded and consumed in the
country. The main objective of this study was to evaluate the dimensional characteristics,
milling quality and flour particle size distribution as well as color attributes of various
grain legumes. The dimensions of the investigated grains correspond to 8.39-11.00 mm,
17.05 mm and 12.05-13.32 mm lengths for cowpea, lima bean and bambara groundnut
(BGN) respectively. Thousand seed weight and length to diameter ratio significantly
(p<0.05) varies between 16.01-32.60 g, 112.77g and 92.80-108.21 g and 1.36-1.46, 1.43 and
1.13-1.81 respectively among cowpea, lima bean and BGN. The decortications efficiency
analysis values varied from 88.20-93.30% (cowpea), 82.00% in lima bean and 84.20-90.30%
in BGN. Split yield was 64.10 to 83.10% for cowpea, 67.20% lima bean and 77.40 to 81.60
for BGN. The percent retention of flour on pan after sieve analysis varied between 3.26 to
11.98%, 10.30% and 0.02 to 0.22% in cowpea, lima bean and BGN respectively. Color
characteristics of flour varied in parameters L* a* b*, C* and h*, 60.28-63.08, 7.00-7.84,
32.22-33.00, 33.16-33.76 and 1.33-1.36 in cowpea, 60.48, 7.56, 32.74, 33.61 and 1.34 for lima
bean and 60.66-61.82, 6.12-6.98, 32.58-33.42, 33.32-34.10 and 1.36-1.39 in BGN flour
respectively. Cluster analysis results indicated grouping of all the samples into 3 main
clusters. This data is critical for producers, processors and consumers in Nigeria and may
also provide guidance in terms of breeding, processing and retail of these seeds and the
flour from them for traditional dishes.

Grain legumes, also called pulses are plants belonging
to the family Leguminosae which are cultivated mainly
for their edible seeds. The seeds of grain legumes are
harvested matured and traded as dry seeds or
processed into splits or flour to be used in varied
traditional cuisines. The United Nations General
Assembly declared 2016 as the International Year of

Pulses (IYP) with the aim of increasing public
awareness of nutritional benefits of pulses as a part of
sustainable food production aimed towards
improved food and nutrition security [1] especially in
developing countries. This special consideration may
be related to the fact that grain legumes are cheap

sources of high quality vegetable protein (18 — 32%)
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with satisfactory digestibility (69 — 90%), low fat
content (0.8-1.5%) and glycaemic index(GI) and lack
of gluten. It is also effective on heart and blood vessels,
diabetes, obesity, cancer diseases when properly
processed and frequently consumed [2]. Traditionally
in West Africa and indeed Nigeria, grain legumes are
used for the preparation of different traditional
cuisines which are consumed either as whole cooked,
roasted or fried grains, or milled and used in soups,
cakes and snacks [3]. Apart from this, pulses when
properly milled and refined into good quality flour
are used in composite flour for the preparation of
bread, baby foods, candies, breakfast cereals, meat
analogues, and in the pharmaceutical industry as
reinforcing agents [4, 2].

For grain legumes to be used in the preparation of the
diverse traditional food recipes as consumed in
Nigeria and indeed neighbouring countries with
similar food habits, pulses are processed into splits,
wet milled or ground into flour. The physical
characteristics and mill ability of the seeds are critical
considerations in the formulation of grain legumes
into flour which are used as value added ingredients.
The process of converting grains into flour may
induce mechanical and chemical changes to the
components of the ingredients [5]. In addition to the
physical qualities and milling behaviour, the particle
size distribution and colour characteristics of flour
produced from the pulses to a greater extent
determine its suitability for utilization as food
ingredients and application in traditional cuisines [6.
7,8]. Individual seed physical qualities when properly
understood is fundamentally applied in the design of
machines required for cleaning, sorting, classification
or grading and processing into flour [7]. A previous
study has shown significant variability in the seed
physical characteristics of some cowpea varieties
marketed and consumed in Nigeria [7], while
functional, nutritional and sensory characteristics of
Nigerian cowpea cultivars were investigated by [9]
and the effect of pre-decortication conditions on the
milling and flour characteristics of some cultivars of
BGN varying in seed coat colour was also reported in
our earlier studies [3].

Traditionally, the method of processing pulses for the
preparation of traditional cuisines are cumbersome,
tedious and time consuming [7], this limits its
industrial processing and acceptability. However,

several authors including [7, 10, 11] were of the
opinion that if locally cultivated pulses are properly
characterized and processed into high quality flour,
new processing methods could be developed that will
improve the acceptability of the processed products
and widen processing industrially. Similarly, impact
studies [12, 13] in sub-Saharan Africa showed that
enhancing the processing of indigenous pulses such
as cowpea and bambara groundnut (BGN) can
significantly reduce the vulnerability of rural
households to food and nutrition insecurity since
these pulses prominently feature in subsistence
farming systems throughout the sub region and are
main ingredients in traditional cuisines. The current
investigation was undertaken with the sole aim of
characterizing the physical, milling, flour particle
distribution and colour characteristics of common
pulses (cowpea, lima bean and bambara groundnuts)
cultivars marketed in the northern parts of Nigeria
and used in the preparation of traditional recipes as a
strategy to enhance its processing to the industrial
level.

2. Materials and methods

2.1 Material sourcing

Samples were collected from local markets in Bida
and Minna in Niger State and Maiduguri Monday
market in Borno State and comprised of 5 BGN, 4
cowpeas and 1 lima bean cultivars (Fig 1). All samples
were sorted and stored at room temperature (32 +2°C)
until required for analysis. Laboratory equipment and
apparatus were used for the research work.

2.2 Description of samples

Brown white eye bean CP1, Light brown white eye
bean CP2, White black eye bean CP3, Cream black eye
bean CP4, Lima bean LBI1, Black white eye BGNI,
Cream non eyed BGN2, Brown spotted white eye
BGN3, Dark cream stripped BGN4, Creamed striped
black eye BGNS (Fig 1)

2.3 Methods

2.3.1 Physical characterization of seeds

From each seed bulk, 3 groups of samples were
randomly drawn and 100 individual seeds were
randomly picked, mixed together and the 300 seeds
thus obtained from the three replicates were
thoroughly mixed again. Finally, 30 seeds were
randomly selected from each cultivar and their
principal dimensions, namely length (L), width (W)
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LB BGN1
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Figure 1. Sample of pulse seeds evaluated in the study

and thickness (T) were measured using Vernier

calliper (0.001 mm). Geometric mean diameter (GMD)

and arithmetic mean diameter (AMD) were calculated

based on the principal dimensions using relationships

reported by [14] (Eq. 1 and 2), while the square mean

diameter (SMD) and equivalent mean diameter (EMD)
were calculated using the mathematical expression

(Eq. 3 and 4) assuming the seed for ellipsoidal bodies

(Fig. 2) [15-17].

Width (W)

Length (L) [y
Thickness (T)

Figure 2. Assumptive ellipsoidal schematic representation
of the geometrical dimensions of pulse seed

GMD (mm) = (LWT)/3 (1)
AMD (mm) = 22D )
SMD (mm) = (“-)13 3)
EMD (mm) — (GMD+AI\:D+SMD) (4)

Sphericity (Sc) which is the ratio of surface area of
sphere having the same volume as that of seed to
surface area of seed was calculated as described by
[14]:

awr)/3  GMD
Sc = —Y = )

The surface area Sa (mm?) was calculated from
previously recorded variables L, W, and T as
described by [18] and [19] (Eq. 6):

1
Sa (mmz) — mx [(WxT)2]x L

(6)

2x L—[(WxT)%]

The aspect ratio (Ra) was calculated using the formula
outlined in Eq. 7 [19]:

Ra = — @)
2.3.2 Seed volume and 1000-seed weight determination
Volume of grain (VOL) (mm?) and 1000-seed weight

(TSW) were calculated by the formula mentioned by
[19] as follows

Vol = i x [(g) xLx (WxL)Z] 8
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The 1000 seed weight (g) was measured by randomly
selecting one hundred seeds of each cultivar and
carefully weighed on digital scale (Kern 572- 30) and
multiplied by 10 to obtain the final weight in grams.
The procedure was repeated three times, and average
value was taken.

2.3.3 Milling characteristics analysis

In this study, “milling” is referred to as the removal of
the seed coat of grain legumes to produce polished
seed (dehulling) and cleavage of the two cotyledons
to produce split seeds (splitting) as they are the most
common milling operations in grain legumes [20]. For
the milling study, cowpea seeds were soaked in water
at room temperature (32 + 2°C) and decorticated after
standing for 30 min, while BGN and lima beans were
soaked in warm water (50 £ 2°C). The splits, seed coat
and broken fractions were separated after drying to an
average of 12.08% moisture level. The methods
proposed by [21] were used for the determination of
the milling characteristics of each pulse seed. The
decortication efficiency (DE), split yield (SY) and
percentage of broken cotyledons (kibbles) were
estimated using Eq. 9, 10 and 11 respectively.

__ WDS+WDD

Decortication efficiency (DE%) = “ows X 100 (9)
Split yield (SY%) = 522 x 100 (10)
Broken cotyledons (Kibbles) % = %x 100 (11)

Where, WDS = weight of decorticated dried seeds,
WDD = weight of decorticated dried dhal (splits) and
OWS = original weight of sample and WK = weight of
kibbles.

2.3.4 Flour colour analysis

After the analysis of DE, SY and kibbles, the splits
were milled and the flour colour and particle size
distribution were analysed. For the determination of
colour characteristics of flour, Monilta Colour Reader
(CR-10, Monilta Co. Ltd., Tokyo, Japan) based on the
International Commission on Illumination (CIE) L*, a*,
b* colour system was used. Where L* values measure
absolute black (0) to pure white (100), a* values
measure redness (+a*) and b* values measure
yellowness when positive. Chroma (C*) and Hue
values were calculated using Eq. 12 and 13

respectively [22].

C* = Va2 +b? 12
(12)

Hue angle (H*) = tan™* (%) (13)

2.3.5 Flour particle size distribution analysis

Particle size distribution of the flour samples was
carried out following the sieve method of American
Society of Agricultural and Biological Engineers
(ASABE) Standard S319.4 [23] where 100 g of flour
was placed on the topmost sieve of a set of sieves of
successively decreasing sizes. The sieves were 63, 150,
250, 300, 425, 500, 710, 850 pm, Imm and the pan. The
weight of the empty sieve was recorded before the
particle size analysis. The whole set-up was placed on
a mechanical shaker which shakes the column for 20
min. After the shaking period, the weight of the flour
retained on each sieve was measured and the value
then divided by the total weight to give a percentage
retained on each sieve (Eq. 14).

Weight retained (g)

Retention (%) - Total weight (g)

x 100 (14)

2.4 Data analysis
A completely randomized experimental design (CRD)
was used to analyse the characteristics of the seeds.
Single seed characteristics were performed in 30
repeated measurements, while grain weight and other
measurements were in triplicate. Data from each test
were analysed for statistical significance using
Statistical Tool for Agricultural Research (STAR, ver.
2.0.1, International Rice Research Institute, IRRI,,
Manila, Philippines). Significant means were
compared using Tukey’s

difference test in STAR.

honestly  significant

3. Results and discussion

3.1 Physical characteristics of grain legumes

Table 1 shows the physical characteristics of the grain
legume cultivars at 11-12% moisture content. The
length was observed to vary significantly (p<0.05)
among the seeds with CP3 having the highest (11.00
mm) and CP4 the least (8.39 mm) among the cowpea
cultivars, while BGN5 was observed to have the
highest (13.32 mm) and BGN4 the least (12.05 mm)
among the BGN cultivars. The lima bean length was
expectedly greater (17.05 mm) than both the highest
values recorded in cowpea and BGN. Among the
cowpeas, the width was observed to be significantly
higher in CP3 (7.89 mm) and lowest (6.19 mm) in CP4,
while there was no significant difference (p>0.05) in
terms of the width of BGN. The lima bean width was
higher than both CP and BGN. There seems to be a
direct relationship between cowpea length and
diameter, but similar relationship was not observed
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Table 1: Physical characteristics of common pulse seeds (n =30) used in traditional cuisines of Nigeria.

Pulses Length Width Thickness  Specific seed Thousand .Length to .

(mm) (mm) (mm) ) seeds diameter ratio
weight (g)

Cowpea cultivars

CP1 10.02 +1.024 7.2620.44<4 5.17+0.604 0.24+0.0224f 22.04+0.78% 1.42 +0.012®

CP2 10.12+0.754 6.93+0.354¢ 4.96+0.384 0.24+0.0201f 22.02+0.404¢ 1.46 +0.022

CP3 11.00+1.114 7.89+1.06¢ 6.22+0.60¢ 0.34+0.0452¢ 32.60+1.734 1.40 £0.0120

CP4 8.39+0.78¢ 6.19+0.42¢ 4.68+0.494 0.17+0.0182f 16.01+0.43¢ 1.36 + 0.012®

LB1 17.05+1.992 11.96+0.992 5.79+0.61¢ 1.26+0.18382 112.77+9.452 1.43 £0.0320

Bambara groundnut cultivars

BGN1 12.87+1.09b¢ 10.54+1.82>  11.22+0.82®  0.98+0.1004¢ 92.80+6.03P 1.23 £0.02¢d

BGN2 12.15+0.44¢ 10.71+0.82>  11.13+0.58®  1.08+0.0721bc 108.21+8.512 1.13 £0.024

BGN3 12.66+1.77b¢ 10.11+1.05>  10.64+1.12° 1.09+0.1805>  104.03+6.812>  1.21 +(.03<d

BGN4 12.05+0.95b¢ 10.26+0.81>  10.79+0.76>  1.01+0.1341bc 93.47+1.46° 1.81 +£0.014

BGN5 13.32+1.61° 10.08+0.75>  11.42+0.96*  0.82+0.1189¢ 75.63+2.32¢ 1.32+0.03¢

Mean 12.03 9.19 8.20 0.72 67.96 1.30

CV (%) 9.80 9.94 8.82 15.01 7.44 2.52

Brown white eye bean = CP1, Light brown white eye bean = CP2, White black eye bean = CP3, Cream black eye bean = CP4, Lima bean =
LB1, Black white eye =BGN1, Cream non eyed= BGN2, Brown spotted white eye = BGN3, Dark cream stripped = BGN4, Creamed striped

black eye = BGNS5.

among the BGN (Table 1). Seed thickness was greatest
among the BGN cultivars, varying between 10.64 mm
(BGN3) and 11.42 mm (BGN5) with no significant
difference (p>0.05) among BGN 1 to 4. Among the
cowpea samples, CP3 recorded the highest diameter
(6.22 mm) and the lowest (4.68 mm) in CP4. The
specific weight which defines the average individual
seed mass was observed to be significantly different
among the pulses. Among the CPs, the highest value
of 0.34g was observed in CP3 and the least (0.17g) in
CP4.

Values are means of 30 measurements for length,
width, thickness and specific weight, but 3 readings
for 1000-seed weight + standard deviation. Means in
the column followed by similar superscript are not
significantly different (’>>0.05) according to Turkey’s
Honestly Significant Difference (HSD) test.

For the BGN cultivars, the weight was highest (1.09g)
in BGN3 and the lowest (0.82g) in BGN5. Lima bean
has the highest weight (1.26g) than both CP and BGN
cultivars. For the thousand seeds weight, variation
similar to the specific weight was observed in all
pulses, this is probably because the thousand seed
weight is measured from the individual weight of the
thousand seeds. Measuring seed dimensional and
the
characterising seed quality and the data may facilitate

gravimetric properties is first step in
decision on the clearance between abrasive surfaces
in the

engineering design of seed grading and cleaning

for the decortication of seeds and also

equipment. The physical properties data are also
useful in defining and quantifying heat transfer
during thermal processing of the seeds [14,7].
Gravimetric properties such as specific weight and
1000-seed weight are all necessary in analysis of
separation, design of hopper and blower [7]. In this
study, the variability observed in the physical
properties of the different grain legumes reveals that
processing machine parameters such as grading
screen and aperture size, air flow rate, abrasive
surface roughness and hopper would be different for
each grain legume seed and therefore need to be taken
into consideration when designing or selecting
equipment for postharvest processing. [24] Made
similar observations when reviewing the current
status of the milling of pulses and technologies.
3.2 Milling characteristics of grain legumes
Fig. 3,4 and 5 show the milling behaviour of cowpea,
lima bean and BGN cultivars respectively. The
dehulling efficiency (DE) of the CPs was observed to
be highest in CP1 (93.3%) and least (88.20%) in CP4
(Fig. 3). BGN3 recorded the highest (90.30%) and
BGNT1 the lowest (84.20%) among the BGN cultivars
(Fig. 5). LB1 was observed to have the least DE
(82.00%) (Fig. 4) when compared with both CP and
BGN samples.
Dehulling of grain legumes prior to processing or
preparation for human consumption plays an
important role in the utilization of grain legumes in
the daily diet of the people [25]. The significantly
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Figure 3. Milling characteristics of cowpea cultivars

higher DE among the cowpeas followed by BGN and
lima bean may be due to the variability in the chemical
nature and quantity of gums between the hull and
cotyledon [11, 24]. The chemical nature and quantity
of the gums determine the strength of the hull and
cotyledon attachment, and, therefore play an
important role in dehulling [11]. High DE is a critical
aspect of pulse processing for use in traditional
recipes and therefore, the yield of dehulled seeds
(split) is an important quality characteristic for grain
legumes which breeders, processors, and exporters
consider critical [24].

The split yield (SY) of the grain legumes ranges
between 64.10% and 83.10%, with that of cowpea
samples varying from 64.10% for CP4 to 83.10% for
CP1 (Fig. 5), while BGN split yield was highest in
BGN1 (81.60%) and least in BGN2 (77.40%) (Fig. 5).
The results indicated that cowpea decortication
results in average less split (76.65%) when compared
to mean value of 80.36% observed among the BGN
samples, but both mean values are higher than 67.20%
observed for lima bean (Fig. 4). This finding is
corroborated by [24], who stated that feasible
theoretical SY is between 84.6 to 95.1% and this
variability is dependent on the cultivar, method and
machine used for decortication. Since the same
method and equipment were used for all the grains,
the variation may be attributed to the cultivar [26],
mentioned SY varying between 65 —75% in traditional
processing of grain legumes, while [28] reported a
range of 74.0 — 83.0%. In this study, CP1, CP3, BGN1,
BGN4 and BGN5 recorded SE that is within the
feasibly theoretical potentials for grain legumes.

100
S0
80

67.2

70

60

50

40

30

3t 15 17.9

10 ' ' 4.9
§ | BRSR

Dehulling Split yield (%) Kibbles (%) Hull (%) Loss (%)
efficiency (%)

Figure 4. Milling characteristics of lima bean

The average hull content of the cowpea samples was
observed to vary between 6.8% in CP3 and 11.8% CP4
(Fig. 3), while that of LB1 was 17.9% (Fig. 4), and
ranges between 9.7% (BGN2) and 15.8% (BGN1)
among the BGN seeds (Fig. 5), indicating higher
average hull weight in LB1 followed by the BGN and
CP seeds respectively. It was reported [28], average
hull content of grain legumes ranging from 4.9% for
kabuli chick pea to 14.4% for pigeon pea. The
percentages of hull in grain legumes to a greater
extent determine its market value since the seeds are
traded in weight. The higher the hull weight the less
the profit if seeds are to be processed before utilization
as food. Hull weight also affects split (dhal) yield. [28],
reported that since the dhal yield includes dehulled
whole cotyledons and dehulled dhals, the feasible
theoretical dhal yield may be significantly affected by
the hull yield.
During the milling of grain legumes, the formation of
broken cotyledons (kibbles) and powdered particles
(loss) are considered milling losses because they are
not used for human consumption [24]. In this study, it
was observed that the kibbles range between 10.4% in
CP1 and 24.2% in CP4 among the cowpea samples
(Fig. 3), while 15.0% was recorded in lima bean (Fig.
4). For BGN samples, it was observed that the value
ranges from 2.9% in BGN1 to 9.7% in BGN2 (Fig. 5).
The powdery loss was highest in CP4 and least (4.8%)
in CP1 among the cowpea samples (Fig. 3), while LB1
recorded a loss of 4.9% (Fig. 4) and the highest value
of 8.4% (BGNB3) and least (1.7%) value was observed
in BGN4 within the BGN samples (Fig. 5). These
values are within 9.0 — 24.6% reported by [27] and 8 -
20% by [29]. The amount of losses during the milling
of grain legumes is often used for the classification of
grain into either easy or difficult-to-mill categories.
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Table 2. Flour particle size distribution for cowpea and bambara groundnut cultivars of Nigeria

Sieve sizes (um)

Samples Total Loss
1mm 850 710 500 425 300 250 150 63 Pan

Cowpea cultivars
CP1 19.42 438 514 1070 698 932 512 1330 1154 1198 9788  2.12
CP2 33.02 286 566 922 462 262 562 1836 1270 3.26 9794  2.06
CP3 38.22 362 338 464 1838 3.06 352 2024 1542 4.10 98.08 1.92
CP4 24.38 350 522 1356 622 522 334 1972 1424 340 98.80 1.20
LB1 20.76 248 338 554 150 544 778 2156 18.86 1030 97.60 240
Bambara groundnut cultivars
BGN1 67.56 558 396 1032 180 1.8 224 354 (084 0.08 9778 222
BGN2 53.06 818 562 994 438 284 310 704 3.38 0.22 97.76 224
BGN3 10.26 1.64 2682 3984 470 240 216 7.66 3.14 0.06 98.68 1.32
BGN4 52.06 214 374 1336 912 326 328 752 224 0.02 96.74  3.26
BGN5 4642 892 950 1228 556 228 3.04 58 362 008 9758 242
Mean 36.52 433 724 1294 467 383 392 1248 858 3.35 9784 212
SD 1816 250 711 990 246 227 175 692 6.60 443 058 058
CV (%) 4974 5774 98.17 7655 5262 5926 4459 5546 7672 13217 059 @ 27.39

Brown white eye bean = CP1, Light brown white eye bean = CP2, White black eye bean = CP3,

Cream black eye bean =

CP4, Lima bean= LB1, Black white eye = BGN1, Cream non eyed= BGN2, Brown spotted white eye = BGN3, Dark cream

stripped = BGN4, Creamed striped black eye = BGN5.

Irrespective of the pre-treatment employed, these
losses are lower in easy-to-mill than difficult-to-mill
seeds [30, 31, 24], implying that BGN seeds in this
study are easy-to-mill than both CP and LB1 samples.
3.3 Flour particle size distribution and color characteristics
The splits when ground, produced flour that was a
heterogeneous mixture of particles of different sizes.
The difference in percent flour retained on each sieve
used for the study is shown in Table 2. It was observed
that the grain legumes were reduced to approximately
63um at different percentages. Among the cowpea,
CP3 was observed to be the highest (15.42%) and CP4
the least (11.54%) indicating that CP1 has the highest
fine particles. When compared with BGN, cowpea
produced more fine particles, as the percent retention
ranges between 0.84% in BGN2 and 3.62% in BGN5
(Table 2). Comparatively, LB1 recorded percent
retention (18.86%) than both cowpea and BGN
samples.

The variation in the percent retention is an indication
of the applicability of flour from these grains for the
production of different traditional cuisines. Particle
size distribution is an important quality parameter of
flour and greatly affects processing techniques and
end product quality [32]. CP1 and LB1 which produce
11.98% and 10.30% retention on the pan may be said
to be easy-to-mill and may be possibly as a results of
softness of their cotyledons. Flour particle size is

significantly influenced by the hardness of the grains
[32] bonds

components [33]. Grain with weak bonds between

and strength of the between its

starch and protein components results in smaller
particles when grounded [34, 35] indicating that the
bonds between the components of CP1 and LB1 may
be weaker when compared with the other samples
and therefore produce higher retention at the pan.
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Figure 5. Milling characteristics of bambara groundnut
cultivar
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Table 3. Color characteristics of different pulses flour

Sample L* b* Chroma (C*)  Hue (h*)
Cowpea cultivars

CP1 60.28+1.33P 7.10+0.722 33.00+0.602b¢ 33.76+0.05% 1.36+0.062
CP2 61.10+1.08% 7.84+0.792 32.22+0.64¢ 33.16+0.50¢¢ 1.33+0.052
Cr3 63.08+2.55° 7.00+0.122 32.82+0.33%¢ 33.56+0.32° 1.36+0.042
CP4 61.26+0.83 7.54+0.582 32.58+0.19b¢ 33.44+0.16° 1.34+0.052
LB1 60.48+1.07° 7.58+0.542 32.74+0.273b¢ 33.61+0.22P 1.34+0.052
Bambara groundnut cultivars

BGN1 61.70+0.48% 6.78+0.412 33.42+0.0.15° 34.10+0.132 1.37+0.042
BGN2 61.82+0.53 6.12+0.572 33.30+0.2120 33.86+0.192 1.39+0.052
BGN3 61.72+0.53 6.76+0.582 33.12+0.31 33.80+0.272 1.37+0.052
BGN4 61.52+0.88 6.98+0.292 32.58+0.50p¢ 33.32+0.42b¢ 1.36+0.062
BGN5 60.66+0.46° 6.96:0.752 33.28+0.40% 34.00+0.38° 1.36+0.06
Mean 61.36 3291 33.66+0.30 1.36+0.02
Ccv 1.86 10.62 1.20 - -

Brown white eye bean = CP1, Light brown white eye bean = CP2, White black eye bean = CP3, Cream black eye bean = CP4, Lima
bean = LB1, Black white eye = BGN1, Cream non eyed = BGN2, Brown spotted white eye = BGN3, Dark cream stripped = BGN4,

Creamed striped black eye = BGN5.

3.4 Color characteristics of grain legume flours

Color is a characteristic of product that attracts a
consumer to it and significantly helps in impulse
purchase [36]. Color is usually considered as the most
important quality attribute of food appearance [37],
especially if it is associated with flour intended for
baking. In this study, the
characteristics of the different flours obtained from

results of color

the grain legumes are presented in Table 3. Lightness
(L*) color index was observed to vary between 60.28
(CP1) and 63.08 (CP3) among the cowpeas and 60.66
(BGN5) and 61.82 (BGN2) among the BGN cultivars,
while lima bean recorded a value of 60.48 (Table 3).
There was no significant difference (p>0.05) among
the samples in terms of this color attribute. L* is an
approximate measurement of luminosity, which is the
property according to which each color quality of a
product can be considered as equivalent to a member
of the grey scale between absolute black (0) and pure
white (100) [38]. It can be concluded from this study
therefore, the color of the flours is above 60 on the
CIELAB coordinate (L*a*b*) color scale and is
significantly white.

For the redness color index (a*), it was observed that
for the cowpea cultivars, the value non significantly
(p>0.05) ranges among all the grain legumes, though
all the cowpea samples and lima bean are greater or
equal to the mean (7.07), but the BGN samples are
slightly less than the average (Table 3). The* takes
positive values for reddish color and negative values

for greenish, indicating slight level of red tint in the
white color of the flours. Yellowness color parameter
(b*) was observed to be highest (33.00) in CP1 and
lowest (32.22) in CP2 among the cowpeas and 32.74 in
lima bean. However, for the BGN samples, the value
was highest (33.42) in BGN1 and the lowest (32.58) in
BGN4. Statistical
difference (p<0.05) among the samples in terms of this

analysis indicated significant
color attribute. The positive value of the b* color
attribute is an indication of presence of yellowness
and absence of blueness in the flour samples.

Values are mean + standard deviation of 5 repeated
measurements. Mean in the same column bearing the
same super script, are not significantly different
(p>0.05) according to new Duncan’s Multiple Range
Test (NDMRT).
The chroma (C*) value which defines the quantitative
attributes of colorfulness and used to determine the
degree of difference between colors of two materials
(eg deep blue, light green etc) were significantly
(p<0.05) different among the flours from the different
grain legumes (Table 3). It was observed that the C*
values were highest (33.76) in CP1 and least (33.16) in
CP2 when considering cowpea samples, but 34.10 was
highest among the BGN samples and was observed in
BGN1, while the lowest (33.32 was recorded in BGN4.
Lima bean recorded a value of 33.61. The significantly
high mean C* values (>33.0) are an indication of high
intensity of the color attributes of the samples as
perceived by the human eyes. [39], observed that, the
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higher the C* values, the higher the color intensity of
samples perceived by humans. For the hue value (h*),
there was no significant difference among all the
samples in terms of these color attributes, recording a
mean value of 1.36. The h* value is considered the
qualitative attribute of color, and traditionally color
has been defined based on it such as reddish, greenish,
whitish etc. [39] reported that a higher h* is an
indication of lesser yellowness in the assays. This
confirms our earlier observation in terms of b* as
being slightly higher indicating moderate level of
yellow characteristics in the flour. On the overall, the
results indicated that the color attributes of the grain
legume flours are white (high lightness) with less red
tent and slightly moderate yellow characteristics.

3.5 Similarity and clustering among the grain legumes

Fig. 6 is the cluster analysis grouping of the different
based on the
characteristics. Among the 10 grain legumes, cluster

grain  legumes dimensional
analysis resulted in three (3) clusters. The clustering
pattern indicated that cowpea cultivars CP1, CP2, CP3,
CP4 and bambara groundnut BGN2 were aggregated
in cluster I, while BGN1, BGN3, BGN4 and BGN5
were grouped into cluster II. Cluster III comprised of

only lima bean.

40.87 4

60.58 4

Degree of similarity

bl I —

100.00

1 2 3 4 5 6 7 10 9 8
Grain legumes

1=CP1, 2=CP2, 3=CP3, 4=CP4, 5~-BGN2, 6=-BGN4,
7=BGN1, 8=LB1, 9-BGN3, 10-BGN4
Figure 6. Hierarchical clustering of the different grain
legumes based on grain physical characteristics

The diagram indicated that the maximum distance of
dissimilarity was highest (40.87) between lima bean
and both cowpea and bambara groundnut cultivars,
followed by a distance 67.58 between the cowpea
group and BGN, except BGN2 which was closely
grouped with cowpeas. The cluster analysis results
provided us with a complete view of the variation
present among the 10 grain legume cultivars and it

might be used for the plant breeders for the genetic
improvement of the grains or classification by
postharvest specialist in

selecting appropriate

processing machinery that is dependent on
dimensional characteristics. The dendogram revealed
that significant adjustment may be needed when
adopting processing equipment used in cowpea
processing for BGN such as screen for grader and

cleaning.

4. Conclusions

This study represents an extensive information
gathering on the physical, milling, flour particle
distribution and color characteristics of cowpea, lima
bean and bambara groundnut cultivars grown and
utilized in the preparation of Nigerian traditional
legume-based cuisines. = The study has shown
significant variability in the principal dimensions of
the seeds. Major variations in the dimensional
characteristics are particularly important in the
appropriate design and optimization of decortication,
cleaning and milling machines. The dehulling
efficiency was generally above 80%, and as it is
important consideration in traditional recipe
preparation, grain legume breeders and indeed
processor may consider this for the development of
the industry. Processing losses were significantly less
than the reported values of between 8-24% as the
highest loss was 4.8%, 4.9% and 8.4% respectively
among cowpea, lima bean and bambara groundnut
samples used in this study. Significantly higher
percent flour particle retention was observed among
the cowpeas and lima bean samples than the bambara
groundnut cultivars, indicating possible variability in
the grain hardness and strength of the bond between
major components of the grains. Color characteristics
of flours was estimated based on the CIE laboratory
system and the results showed close range of recorded
values for L¥, a* b*, C* and h* within sample types.
Cluster analysis based on the physical attributes
resulted in 3 clusters implying that significant
adjustment may be needed when adopting processing
equipment used in cowpea processing for BGN such
as screen for grader and cleaning. The grain legume
characteristics reported in this study are critical for
producers, processors and consumers in Nigeria and
may guide in terms of breeding, processing and retail

of these seeds and the flour from them.
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