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Abstract

The current study evaluated the proximate composition, functional, and sensory properties of instant moi-moi flours, which can
be easily steamed-cooked into moi-moi (bean pudding), from four indigenous cowpea varieties, namely; Sampea 6 (AAA),
Sampea 9 (BBB), Sampea 51 (CCC), and Tchad (DDD), respectively. Using a 4 x 1 factorial design with a completely
randomized design, each cowpea variety was processed separately into flour by soaking, dehulling, drying, and milling.
Proximate analysis of moi-moi produced from each flour mixed with relevant ingredients revealed that there were significant
(p<0.05) variations between samples; moisture content ranged between 54.40 - 58.34%, and ash content ranged between 1.38—
1.61%. Sample BBB showed the highest crude protein content (15.39%). Carbohydrate content was generally low, particularly
in samples AAA (17.69%) and BBB (17.68%), respectively. Functional properties of the moi-moi flours, such as water absorption
capacity, foaming capacity, and emulsion capacity, also varied significantly (p<<0.05) among the samples, It was observed that
AAA exhibited higher foaming capacity, while CCC demonstrated higher water absorption capacity. DDD exhibited the highest
emulsion capacity at 55%. In terms of sensory evaluation of the steam pudding incorporated with salt, palm oil, and other
ingredients, it was observed by a twenty-member semi-trained panel that sample AAA was the most accepted overall, though all
samples scored above average. These findings provide information on the nutritional adequacy and consumer acceptability of
cowpea-based steamed pudding, with each variety offering unique benefits that can guide varietal selection for both home and
commercial processing.
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1. Introduction

In Nigeria, steamed bean paste commonly referred to as
moi-moi, ilele, or alele is often made from cowpea paste and
a variety of seasonings [1], along with additional ingredients
like egg, salt, fish, crayfish, vegetable oil, corned meat, and
bone marrow. In essence, moi-moi is made from cowpeas
(Vigna unguiculata), a significant leguminous crop that is ex-
tensively grown in tropical and subtropical regions [2]. In Ni-
geria, cowpea is usually referred to as beans, black-eyed pea,
waki, and egwa, among others. Cowpea plays an important
role in the lives of many Africans and other developing coun-
tries, where it serves as a major source of dietary protein that
nutritionally complements staple low-protein cereal and tuber
crop diets often served in several families [3]. Moi-moi is a
delicacy in all parts of Nigeria, as well as some other parts of
Africa, from time immemorial, where it is consumed alone as
a meal or snack, as well as alongside bread, pap, soaked gari,
and cooked varieties of rice. It has often been used as both
complementary and convalescent food because of its high pro-
tein content [1] and rich flavour. The dish is also often served
at special gatherings, like weddings and festivals, and is often
on the menu of street vendors [4] and fast food spots. Moi-moi
variants are continuously being created by households and
vendors for enjoyment. These may be in terms of ingredients
as well as different spices (both traditional and foreign) being
added to the bean paste before steaming, or the packaging ma-
terials used in wrapping, ranging from leaves, plastic films,
metal cans, and mini pouches, as the case may be. Some pop-
ular variations include adding finely chopped green leafy veg-
etables (amaranth, garden egg, or fluted pumpkin leaves),
meat, or fish to the raw paste, or using different varieties of
beans or peas for its processing [5].

Moi-moi, as a good source of protein, is essential for build-
ing and repairing muscles, organs, and tissues in the body [5].
Moi-moi is a rich in dietary fiber, which can help lower cho-
lesterol levels, promote digestion and digestive health, as well
as maintain a healthy blood sugar level [6]. Furthermore, moi-
moi is noted as a good source of minerals such as potassium,
magnesium, and iron, which are necessary for maintaining
healthy blood pressure, bone health, and preventing anemia
[7]. 1t has been found to exhibit antioxidant properties, which
can help scavenge free radicals in the body, fighting oxidative
stress [5]. The presence of prebiotic fiber in moi-moi can in-
fluence the growth of healthy gut bacteria, thus promoting a
strong human immune system and general health [6].

There exist some unique varieties of cowpea, which include
sampea 6, sampea 9, sampea 51, and Tchad, respectively.
Sampela 6 and Tchad are varieties of cowpea that originated
from the International Institute of Tropical Agriculture (IITA)
in Ibadan, Nigeria [8]. They were developed through breeding
programmes aimed at improving the yield, disease resistance,
and nutritional quality of cowpeas. Sampea 9 and Sampea 51
were both developed and released by the Institute for Agricul-
tural Research (IAR), Ahmadu Bello University (ABU), Zaria,
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Nigeria [9] in 2013 and 2019, respectively.

Despite the aforementioned nutritional importance, the con-
tinuous traditional processing method of soaking, dehulling,
washing, milling (with the use of mortar and pestle or attrition
mill), packaging before steaming in plantain leaves, and re-
cently aluminum pouch packages, takes a long period of time
and is so cumbersome. Moi-moi has never been a fast-to-cook
meal or one that is cooked in a hurry. Thus, the development
and possible commercialization of instant moi-moi powder
will cut down a considerable portion of the processing time
for the benefit of the consumers as well as offer convenience.
It is, however, feared that the differences in species may create
variations that may affect the organoleptic and other proper-
ties of prepared moi-moi. This study was therefore aimed at
producing and evaluating instant moi-moi flour samples for-
mulated from four indigenously developed cowpea varieties
(Sampea 6, 9, 51, and Tchad), in order to identify the most
desirable variety for commercialization recommendations.

2. Materials and Methods

Sample Preparation

The raw materials used for this study were four varieties of
cowpea (Vigna unguiculata) identified by specialists in the
Crop Production department of the Faculty of Agriculture,
Prince Abubakar Audu University, Anyigba. These included:
Sampea 6 (Kano 16960), Sampea 9 (IT90K-277-2), Sampea
11 (IT89KD-288), and Sampea 20-T (Tchad), with other in-
gredients sourced from Anyigba main market of Kogi State.
Anyigba is categorized under the middle belt region of the
country (latitude about 6.33° N - 8.44° N and longitude within
5.40°E - 7.49° E).

About 2 kg of each variety was sorted to eliminate extrane-
ous materials, cleaned with running tap water, and soaked
with the same clean water for 12 hours. Afterwards, seeds
were dehulled by manually rubbing off the seed coat within
the palms, then dried at 60°C until crisp, using a solar drier.
The dried seeds were further milled into flour using a com-
mercial attrition mill and sieved to a 400 um particle size.
Packaging into airtight zip-lock bags followed, and finally, the
samples were stored in a cool, dry place before further use [10].
All the other ingredients were also processed and stored sepa-
rately for the production of the steamed pudding for sensory
evaluation. They include onion powder, crayfish powder, chili
pepper powder, salt, bullion cubes, and palm oil, respectively.

To produce each sample, each of the four flours processed
from each variety was reconstituted individually with potable
water after proper mixing with 30% ratio of dry ingredients.
The slurry made was then packaged into airtight cooking
pouches. These pouches were carefully loaded into a boiling
pot of water, which was tightly lidded to prevent the escape of
steam. The hot water steaming continued for 30 minutes, after
which the pouches were removed. The pouches were zipped
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open to release the fully cooked set of each sample, which was
cut into small slices to cool down before further analyses.

Experimental design

A 4 x 1 factorial experiment design was adopted in a com-
pletely randomized design, such that Sampea 6 cowpea vari-
ety served as the control sample, as this variety is most com-
monly used for traditional moi-moi production in both rural
and urban areas in Nigeria. All determinations were conducted
in triplicate, except for sensory evaluation, where a panel of
20 staff and students from the Department of Food, Nutrition,
and Home Sciences was recruited without coercion for a mid-
day tasting session.

Methods of Analysis

Processed moi-moi samples were subjected to proximate
analysis (Moisture, Ash, Fiber, Crude Fat, Crude Protein, and
Carbohydrate) according to AOAC [11] methods.

Functional properties (Bulk Density, Water Absorption ca-
pacity, Oil Absorption capacity, swelling capacity, and emul-
sion capacity) were also determined following the methods
described by AOAC [11].

Sensory evaluation was conducted by a 20-member semi-
trained panel using a 9-point hedonic scale to judge appear-
ance, flavour, taste, texture, mouthfeel, and overall accepta-
bility using standard methods [12].

3. Results

Proximate composition

The results for the proximate composition of the moi-moi
samples are shown in Table 1. It was observed that moisture
content levels of samples ranged between 54.40%—58.34%,
with sample AAA recording the highest and BBB the lowest.
Also, sample DDD (1.66%) recorded the highest ash content
value, while BBB had the lowest (1.38%), with all samples
showing significant differences (p < 0.05). In terms of crude
fibre, samples ranged between 1.23—1.43%, with sample DDD
and BBB recording the highest and lowest values (p < 0.05),
respectively.

Crude fat content of the sample was observed to be 7.43—
8.53%, with samples BBB and AAA having the highest and
lowest values.

The crude protein content of the samples was recorded as
13.58-15.4%, with samples BBB and AAA having the highest
and lowest values.

Low carbohydrate levels were recorded across all samples
(17.68-19.18%), with sample AAA having the lowest value.

Functional Properties

Functional properties resulting from the individually pro-
cessed cowpea flours are presented in Table 2. It was observed
that sample BBB had the highest Water Absorption Capacity
(WAC) of 1.56 g/g, while sample AAA recorded the lowest
(1.00 g/g). Oil Absorption Capacity (OAC) ranged from 0.97—
1.76 g/g, with sample CCC recording the highest and sample
AAA the lowest values, respectively. Furthermore, bulk den-
sity levels of the samples ranged between 0.75 and 0.87 g/ml,
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with sample DDD recording the highest value. The swelling
capacity of the flour samples ranged between 28.0 37.5%,
with sample AAA recording the highest value. Emulsion ca-
pacity values ranged between 49.02 — 55%, with sample DDD
having the highest value. Finally, foaming capacity values
ranged from 15-20%, with sample AAA having the highest
value.

Sensory Evaluation

Mean sensory scores obtained from hedonic tests carried
out by semi-trained panelists on moi-moi samples indicated
that, in terms of appearance, samples were rated 7.90 to 8.40,
with sample BBB having the highest score. The flavour of the
sample ranged from 7.90 to 8.15; sample CCC and sample
DDD were both rated highest (p>0.05). The mouth —feel of
the sample ranged from 7.45 to 7.90, with sample BBB having
the least value, while DDD had the highest. The taste of the
sample was rated 7.50 to 8.25, with sample CCC having the
lowest taste value while sample AAA had the highest. The
texture rating of the samples ranged from 7.55 to 7.95, with
sample DDD ranked highest (7.95). In terms of overall accept-
ability, samples CCC and BBB were scored 7.85 and 8.40, re-
spectively.

4. Discussions

Proximate Composition

The results recorded from moisture content analysis show a
correlation between the current study and previous studies.
Previous research showed that the results in this study were
within the ideal range to offer softness and palatability to con-
sumers [13]. Similar patterns were observed by Adebayo etal.,
who linked high moisture to soft texture, though reduced stor-
age life in cowpea-based products [14]. For moi-moi consum-
ers, softness is one of the most attractive factors, allowing easy
mastication, reducing chewiness, facilitating the release of
sweetness and aroma, as well as easy swallowing. For shelf
life extension, low-temperature storage and intermittent
warming of the product can retain organoleptic qualities for a
short period of time. Ready-to-use mix powder provides con-
venience and retains desirable texture.

Results for ash analysis suggest the moi-moi samples are
rich in minerals [15, 16]. Higher ash in sample DDD suggests
richer mineral density.

Crude fibre results (1.23—1.43%), which showed sample
DDD and BBB recording the highest and lowest values, imply
that the samples are rich in crude fibre. Fibre normally sup-
ports digestive health and helps lower cholesterol. [17] re-
ported that crude fibre in cowpea meals will enhance bowel
movement and can help reduce the risk of heart disease. These
values are within the expected range of 1.2—1.6% for steamed
cowpea dishes [17]. Fibre enhances digestion and lowers the
glycemic index. Moi-moi with such fibre content is nutrition-
ally advantageous for managing diabetes and obesity [18]. [19]
and [20] linked cowpea fibre to enhanced satiety, stating that
high fibre slows gut movement, delays emptying, and may
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likely influence satiety over a longer period.

Crude fat analysis results imply that samples will offer pleasant
organoleptic qualities. Fat enhances palatability, improves mouth
feel, and provides satiety [21]. Moderate fat levels in cowpea
blends contribute to energy provision without greasiness.

Crude protein values confirm their roles as superior muscle-
building food [22]. The results in the current study (13.58-
15.4%), with samples BBB and AAA having the highest and
lowest values, qualify these samples as those with great pro-
tein levels. Protein levels above 14% are often considered
ideal for fortifying local foods. It is important to note that the
varieties utilized in this study underwent dehulling, a process
of removing the seed coat. When left unhulled, the cowpea
powder often contains more proteins, though retaining more
anti-nutrients, such as raffinose and stachyose. These factors
are responsible for bowel upset and bloating, which are often
complaints presented by individuals after consuming whole
cowpea-based diets.

Lower carbohydrate levels were recorded across all sam-

ples (17.68-19.18%), sample AAA having the least value [23].

This is consistent with reports that cowpea products provide
18-21% carbohydrate in ready-to-cat forms [24]. Cowpea-
based steamed pudding is relatively low in carbohydrate com-
pared to cereals, supporting glycemic control and weight man-
agement [25-27]. Low-carbohydrate legumes improve satiety
while reducing postprandial blood sugar spikes [28].

Functional Properties

Water absorption capacity (WAC) indicates a food mate-
rial’s superior ability to bind water. This is crucial in moi-moi
production, where moisture retention is expected to ensure
softness and smooth consistency. According to [25], high
WAC enhances reconstitution properties in steamed cowpea
dishes, especially during processing and cooking. WAC also
determines hydration during steaming. Higher value recorded
by sample BBB indicates that the sample would produce moi-
moi, which will swell more and cook uniformly than other
samples. Similar trends were reported by [26], linking WAC
to tenderness in steamed legumes.

The Oil Absorption Capacity (OAC) revealed that since
sample CCC had the highest OAC (1.76 g/g), it possesses a
better ability to absorb and retain oil, which is important for
flavor enhancement and mouthfeel. [17] emphasized that high
OAC in legumes not only contributes to richness but also im-
proves the eating experience of local dishes such as moi-moi.
High OAC is desirable for savory foods. The result of this
study is in agreement with [22], who found that higher OAC
enhances palatability in cowpea dishes.

In terms of bulk density values obtained in this study, the
samples with the highest density will require more compact-
ness when packed. This is beneficial for packaging and trans-
portation. On the other hand, sample BBB, which had the low-
est bulk density (0.75 g/ml), is lighter, indicating a lighter and
more aerated paste when processed into moi-moi. This is de-

sirable for achieving a fluffy moi-moi texture, as noted by [23].

The Swelling Capacity results indicate that sample AAA,
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having the highest swelling capacity (37.5%), possesses the
ability to increase in volume upon water absorption. This
property contributes to the desirable fluffiness of steamed
moi-moi. [24] observed that a higher swelling index in cowpea
flour enhances the volume and texture of finished products.

The Emulsion Capacity, which ranged from 49.02 to 55.0%,
sample DDD displayed the highest emulsion capacity (55%),
which is beneficial for forming stable emulsions in batters.
This ensures that oil and water phases remain uniformly
mixed, preventing oil separation during steaming. This obser-
vation is supported by findings from [15], who noted that good
emulsifying capacity in cowpea flour supports consistent
product quality.

The foaming capacity (FC) results indicate that sample
AAA, having the highest foaming capacity (20%), possesses
the most ability to trap air during mixing. While this is not a
primary attribute for moi-moi, this property can contribute to
a lighter, airy texture. [25] linked foaming properties in cow-
pea to protein concentration and the potential for improved
mouthfeel in steamed pastes. FC is an important functional
property of food materials, especially legumes, because it de-
termines their ability to trap air during processing. This prop-
erty is particularly relevant in food formulations such as cakes,
whipped toppings, baked goods, and desserts, where aeration
and light texture are desirable [26, 27].

The foaming capacity observed in the present study showed
variations among the cowpea-based samples, which may be
attributed to differences in protein solubility, molecular flexi-
bility, and surface activity. Proteins play a critical role in
foaming because they rapidly migrate to the air—water inter-
face, reduce surface tension, and form cohesive films around
air bubbles [28, 29]. According to [30], cowpea proteins pos-
sess good surface-active properties that enhance their foaming
ability, although these properties may differ across varieties.
Additionally, processing methods such as soaking, dehulling,
and thermal treatments can either improve or reduce foaming
by modifying protein structure [31].

In a study by [32], cowpea flour exhibited moderate foam-
ing capacity, making it suitable for bakery and confectionery
applications. Similarly, [33] reported that substitution of cow-
pea flour into composite blends improved foaming stability
compared to cereal-based flours, suggesting its potential in
producing light-textured foods.

The relatively moderate foaming capacity of the present
samples indicates that they could be applied in food systems
where aeration is desirable but not excessive, such as steamed
puddings (moi-moi), cakes, and bean-based snacks. However,
it should be noted that high foaming capacity is not always
beneficial, as excessive foam formation during the cooking of
foods like moi-moi may negatively affect texture and appear-
ance [22].

Sensory Evaluation

In terms of the appearance of the moi-moi samples, the fact
that sample BBB had the highest score (8.40) suggests that it
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was a visually attractive product with appealing color and uni-
formity. Aesthetics are key to consumer preference and first
impressions. This supports [23], who noted that brightness and
uniformity influence perceived quality. Good appearance is
often linked to consumer acceptance since it is the first sen-
sory quality assessed before consumption [35]. Similar find-
ings were reported by [36], who noted that cowpea products
with bright, uniform color and appealing surface finish at-
tracted higher preference.

The Flavour of the sample, which ranged from 7.90 to 8.15,
sample CCC and sample DDD were both rated highest (indi-
cating strong aroma and taste complexity. This may be at-
tributed to fat content and seasoning synergy. [13] affirmed
that cowpea varieties with richer fat profiles produce more
pronounced flavor in moi-moi. Previous studies have shown
that flavour is a dominant factor in consumer preference for
cowpea-based products [37]. The high rating for BBB may be
attributed to favorable volatile compounds developed during
steaming, as supported by [38]. The fact that BBB stood out
in the midst of other samples, which all had the same season-
ings added gives an added advantage to this sample in terms
of commercialization.

The mouthfeel of the samples was scored between 7.45 and
7.90. This range indicates that all samples had a smooth,
creamy texture desired by the panelists. This can be linked to
its emulsifying and fat-absorption properties [39]. [15] high-
lighted that well-emulsified cowpea paste yields better oral
texture.

The taste of the samples, when graded separately, showed
values that reinforce their consumer acceptability and nutri-
tional superiority. Taste reflects seasoning interaction and nat-
ural flavors. This aligns with [24], who associated high protein
cowpea with fuller taste perception.

The texture of the samples ranged from 7.55 to 7.95, signi-
fying balanced moisture, emulsion, and swelling properties
[40]. Texture affects chewability and bite, making it critical
for moi-moi enjoyment. According to [34], texture plays a
crucial role in the acceptability of steamed cowpea products
such as moi-moi. The softer yet firm nature of BBB could
have contributed to its preference.

The overall acceptability clearly indicates that sample BBB
was the most preferred sample across sensory attributes. This
suggests that BBB had the best balance of appearance, flavour,
taste, and texture. These findings are consistent with earlier
research by [41], who reported that consumer preference for
cowpea-based foods is determined by a combination of sen-
sory attributes, with taste and flavour having the strongest in-
fluence.
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5. Conclusions

The study demonstrates that all cowpea varieties used in
this study, which included sampea 6, sampea 9, sampea 51,
and Tchad, all possessed general and personal unique qualities
to support their use in the production of moi-moi flours. Sam-
pea 6 was highest in moisture, ash, foaming, and swelling ca-
pacities, while lowest in carbohydrate content. Sampea 9 was
also observed to be the least in ash contents but highest in pro-
tein and water absorption capacity, while low in carbohydrates,
producing a superior instant moi-moi flour due to its higher
protein content, higher water binding capacity, and top sen-
sory scores. Sampea 51, though low in carbohydrates, had the
highest oil absorption capacity. Tchad variety stood out in
terms of ash and crude fibre, bulk density, emulsion capacity,
and also ranked next to Sampea 9 in terms of crude protein
content. Commercializing this mix can reduce preparation
time while providing a nutritious, shelf-stable product for con-
sumers.
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Appendix

Supplementary data for Proximate, Functional, and Sensory Characterization of Instant Moi-moi Flours Produced from Cow-
pea (Vigna unguiculata) Varieties of Nigerian Origin.

Table 1. Proximate Composition of formulated moi-moi Mix Powders (%).

Samples Moisture content  Ash content Crude fiber Crude Fat Crude Protein  Carbohydrate content
AAA 58.34°+0.01 1.60°+0.0 1.36°+£0.23 7.40%£0.23 13.579+0.28 17.69°+0.15
BBB 55.76"+0.06 1.38°+0.03 1.234£0.01 8.50%+0.00 15.39%+0.75 17.68°+0.11
CCC 55.31°£0.05 1.51°+£0.03 1.28+£0.00 8.30°+0.00 14.47°£0.05 19.142+£0.00
DDD 54.409+0.03 1.612+0.03 1.40°+0.02 7.89°+0.08 14.88°+0.00 19.18%+0.90

Values are means +SD of duplicate determinations.

Values in the same column with same superscripts do not differ significantly (p<0.05)
Legend:

AAA: sampea 6; BBB: sampea 9; CCC: sampea 51; DDD: Tchad

Table 2. Functional properties of formulated moi-moi mix powders.

Samples Water absorption Oil absorption Bulk density Swelling Capac- Emulsion Capac- Foaming Capac-
P capacity (g/g) Capacity (g) ((g/ml) ity (%) ity (%) ity (%)
AAA 1.009+0.00 0.969+0.00 0.85+0.05 37.5%+0.05 52.8°+0.09 20.0%£0.05
BBB 1.56°+0.57 1.50°+£0.00 0.75%0.05 28.5%+0.05 49.029+0.05 15.0°+£0.05
Cccc 1.40°+0.00 1.762+0.00 0.84°+0.05 28.5°+0.05 50.0°+0.05 15.06°+0.01
DDD 1.10°+0.00 1.61°+0.05 0.87°+0.05 28.0°+0.05 55.0°+0.05 18.0%+£0.90
Values are means +SD of duplicate determinations.
Values in the same column with same superscripts do not differ significantly (p<0.05)
Legend:
AAA: sampea 6; BBB: sampea 9; CCC: sampea 51; DDD: Tchad
Table 3. Mean sensory scores of formulated moi-moi mix powders.
Samples Appearance Flavour Mouthfeel Taste Texture Overall Accept ability
AAA 8.202+0.52 7.902+0.91 7.752+0.69 8.00%+ 1.21 7.55% 1.09 8.402+0.94
BBB 8.402+0.88 8.152+1.14 7.452+0.99 8.2524+0.96 7.752+1.12 8.052+0.88
CCC 7.902+0.97 7.752+£0.07 7.602+1.14 7.502+0.99 7.702+1.17 7.852£1.08
DDD 8.202+1.00 8.152+1.04 7.902£1.02 7.75%£1.55 7.952+1.27 8.202£1.01

Values are means +£SD of n=20
Values in the same column with same superscripts do not differ significantly (p<0.05)

Legend:

AAA: sampea 6; BBB: sampea 9; CCC: sampea 51; DDD: Tchad
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