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Abstract

The study was carried out on proximate, mineral and antinutritional compositions
of cowpea (Vigna unguiculata L. Walp) and rice (Oryza sativa L.) in order to
compare the nutritional and antinutritional composition of these two important
food crops. The standard analytical techniques were used for all the
determinations and analyses. The calculated parameters were metabolized
energy, mineral safety index (MSI), mineral ratios of some minerals. The results
of the proximate composition (%) revealed that crude fat (2.46 + 0.07), moisture
(5.85 + 0.03) and total energy (1539.25 kj/100g) contents were higher for rice
than cowpea (1.61 £ 0.06, 4.58 + 0.10 and 1489.27 kj/100g), respectively while
cowpea had higher level of crude protein (10.10 + 0.14) and crude fiber (4.67 +
0.17) than the crude protein (9.10+0.13) and crude fibre (2.37+0.08) of rice. No
mineral had a deleterious value in the MSI because they had their table value
(TV) > calculated value (CV). The phytate, tannin and oxalate concentrations
were higher in rice (90.08+0.52%, 6.01+0.01 mg/100g and 5.05+0.18%)
compared with that of the cowpea (40.45+2.68%, 3.11+0.08 mg/100g and
4.37£0.09%) while cowpea had higher concentrations in total phenol
(24.79+2.55%) and flavonoids (4.55+0.07%) than rice. Antinutritional analysis
showed that rice had higher levels of phytic acid and tannins, which can reduce
the bioavailability of minerals, while flavonoids were higher in cowpea. This
study concludes that both rice and cowpea are important sources of nutrients and
should be consumed in combination to ensure a balanced diet. Likewise, the high
contents of some of the antinutrients may pose a nutritional problem in their
consumption.

Keywords:

Antinutritional factors, cowpea, minerals, proximate, rice

Article History
Submitted
March 10, 2024

Revised
June 4, 2024

First Published Online
June 8, 2024

*Corresponding author

M. O. Aremu X
lekearemu@gmail.com;
moaremu@science.fulafia.edu.ng

doi.org/10.62050/1jsir2024.v2n2.322

Introduction

In recent times, the global landscape has witnessed a
palpable uptick in the cost of living, a trend particularly
pronounced in developing nations like Nigeria. This
economic shift reverberates across society, significantly
impacting food availability and nutrient accessibility,
especially among the most vulnerable segments of the
population. Against this backdrop, traditional African
diets, characterized by their reliance on carbohydrate-
rich staples and limited intake of animal proteins, come
under heightened scrutiny as households strive to
navigate escalating food prices.

Within this complex socio-economic milieu, access to
an ample food supply and essential healthcare emerges
as fundamental human rights crucial for societal
progress. Food, comprising a spectrum of vital nutrients
such as carbohydrates, proteins, fats, vitamins,
minerals, and water, stands as the bedrock of human
sustenance and daily functionality. Proteins, in
particular, stand out as indispensable building blocks
for all living cells, intricately involved in myriad
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cellular processes vital for health and well-being. In the
realm of human nutrition, crop proteins sourced from
cereal and legume seeds emerge as primary sources of
dietary protein, playing a pivotal role in meeting
nutritional needs [1].

Cowpea (Vigna unguiculata L.) is an important and
annual  herbaceous legume (family Fabaceae)
predominantly grown in Africa and South—East Asia
and is an important staple crop providing an affordable
source of protein [2]. It is thought to have originated
from central Africa and is now grown in many parts of
the tropics like West Africa, India and central Africa.
Cowpea is the most widely grown and distributed
legumes in Nigeria. The chemical composition of
cowpea is similar to that of most edible legumes. The
crop is considered the second most important food grain
legume and constitutes a cheap source of protein for
humans. Cowpea grain is nutritious, inexpensive and is
regarded as a nutrient dense food with low energy
density.
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It is also an excellent source of thiamine, folic acid,
niacin, riboflavin and biotin [3] and it plays a great role
in alleviating malnutrition poverty and in developing
countries. Generally, proteins derived from grain
legumes are rich in several amino acids, such as lysine
and tryptophan; but deficient in sulfur-based amino
acids methionine and cysteine — a factor that makes
these grains slightly inferior to animal-derived proteins

[4].

Plate 1: prea (Vigna unguiculata L.)

Other important source of food is rice (Oryza sativa L.)
which is a monocot plant of the genus Oryza and family
Poaceae which has been cultivated for more than
10,000 years [5]. Awareness on nutritive value and
health benefits of rice is of vital importance as rice is
one of the most important cereals in human nutrition
and is consumed by over 50% of the global population.
Rice is not only a very important source of energy but
also contains micronutrients such as vitamins, minerals
and secondary metabolites. The dietary minerals in rice
include calcium, iron, magnesium, phosphorous,
potassium, sodium, zinc, copper and selenium.

Plate 2: Rice (Oryza sativa L.)

factors

The antinutrients or antinutritional are
substances generated naturally in crops by their normal
metabolism which exert effects contrary to optimum
nutritional contents of these crops. They are natural or
synthetic compounds that interfere with the absorption
of nutrients [6]. Antinutrients can also be defined as

biological compounds present in human or animal
foods that reduce nutrient utilization thereby
contributing to impaired gastrointestinal and metabolic
performance. The presence of antinutritional factors in
cowpea may reduce the acceptability of its food
products and have negative impact on it protein and
mineral bioavailability [7]. Antinutrients can inhibit
human and animal growth by causing discomfort and
stress in humans and animals upon consumption. Some
of these antinutrients have attracted a considerable
interest of researchers owing to their diverse range of
biological activities which may be beneficial for
humans [8].

This work is aimed at assessing the nutritive and
antinutritive values of cowpea (Vigna unguiculata L.
Walp) and rice (Oryza sativa L.) grown in Nasarawa
State, Nigeria so as to add our findings to the food
composition table.

Materials and Methods

Samples collection and treatment

The two different samples of beans and rice were
collected directly from farmersin Shabu Development
Area, Nasarawa state, North-central, Nigeria. Selection
of default seeds was done manually by hand picking to
remove impurities such as stones and dust from the
samples. The beans and rice were sun dried for a period
of 3 days. The dried samples were pulverized using a
manual process of a mortar and pistol, ground into
powder using food blender and later stored in plastic
container prior to the analysis.

Proximate analysis

The ash, moisture, crude fat, crude protein (N x 6.25),
crude fibre and carbohydrate (by difference) were
determined in accordance with the methods of AOAC
[9]. All proximate analyses of the sample flour were
carried out in triplicate and reported in percentage. All
chemicals were of Analar grade.

Mineral analysis

The potassium and sodium were determined using a
flame photometer (Model 405, Corning UK).
Phosphorus was determined by Vanadomolybdate
colourimetric method [10]. All other metals were
determined by atomic absorption spectrophotometer
(Perkin—Elmer Model 403, Norwalk CT). All the
minerals determined were reported in mg/100 g sample.
Anti-nutrient content determination

The contents of tannin, alkaloid, saponin, phytate,
oxalate, total phenol, flavonoids and cyanide were
determined on each of the sample flours by methods
described by some workers [3, 7].

Statistical analysis of the samples

The fatty acid values were obtained by multiplying
crude fat value of each sample with a factor of 0.8 (i.e.
crude fat x 0.8 = corresponding to fatty acids value).
The energy values were calculated by adding up the
carbohydrate x 17 kJ, crude protein x 17 kJ and crude
fat x 37 kJ for each of the samples. Errors of three
determinations were computed as standard deviation
(SD) for the proximate composition.
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Results and Discussion

The proximate composition of cowpea (Vigna
unguiculata L. Walp) and rice (Oryza sativa L.) is
presented in Table 1. It shows that moisture content of
cowpea was (4.58%) while rice was (5.85%) which is
in agreement with most literature for rice [11]. Moisture
content invariably affects the quality and palatability of
rice [12] and plays a significant role in determining the
shelf life and controls the rate of deterioration and
infestation of the grains during storage [13].

Fat provides very good sources of energy, protects
internal tissues, contributes to important oil processes
and aids in transport of fat soluble vitamins. The crude
fat content of cowpea and rice were 1.61 and 2.46%
respectively. Fat content influences the taste of cooked
rice because rice with high fat tends to be more
palatable and have less starch. Fat content in this study
were comparatively somewhat similar to the ones
obtained by Fari et al. [14]; [15]. The value of crude
protein content in cowpea is higher than that of rice.

It is not surprised that the carbohydrate value of rice
was high compared with that of the cowpea because of
its high contents of crude protein and crude fat since
carbohydrate is obtained by difference between 100 and
the summation of other parameters (Table 1). The crude
fiber in cowpea, however, was higher compared to the
value obtained for rice (Table 1). Fibre helps to
maintain the health of the gastrointestinal tract, but in
excess may bind trace elements, leading to deficiencies
of iron and zinc [16].

The metabolizable energy in the present study showed
that rice has energy concentrations that are more
favourable compared with cowpea [17]. The calculated
fatty acids value of the rice (1.99%) is much higher
than that of cowpea (1.29%).

Table 1: Proximate composition (%) of cowpea (Vigna
unguiculata L. Walp) and rice (Oryza sativa L)
Parameter Cowpea Rice Mean SD CV%

Crude protein 10.10+0.14 9.10+0.13 9.60 0.711 7.40
Crude fibre 467+017 237+0.08 352 163 4631
Crude fat 161+0.06 246+0.07 204 060 29.41
Ash 5.04+006 413+499 459 0.64 1394
Moisture 458+0.10 5.85+0.03 522 090 17,24
PCarbohydrate 74.00+£0.33 76.09+5.15 75.05 148 1.97
“Fatty acid 1.29 1.99 1.64 0-49 29.89
“Energy (kj/100 g)  1489.27 1539.25 1514.26 35.34 2.33

*Values are + standard deviations (n = 3); °Carbohydrate (%)
calculated as 100 — total of other components; ‘Calculated fatty acids
(0.8 x Crude fat); ‘Calculated metabolizable energy (kJ/100g)
(Protein x 17 + Fat x 37 + Carbohydrate x 17)

Table 2: Comparative mineral compositions (mg/100
g) of cowpea (Vigna unguiculata L. Walp) and rice
(Oryza sativa)

(rlr\1/gl;/r1%|;)alg) Cowpea Rice Mean SD CV%
Na 26.51 2548 2599 073 281
Ca 83.11 8169 8240 1.01 1.23
K 28478 28165 28321 221 0.78
Zn 9.12 8.85 898 019 212

Lafia Journal of Scientific & Industrial Research, 2(2)

P 24119 25833 249.76 0.01 0.00
Mg 151.41 14245 146.93 6.34 4.32
Fe 13.84 1284 1334 071 532
Cu 141 1.36 141 007 047
Na/K 0.09 0.09 0.09 0.00 0.00
Ca/P 0.11 0.32 030 018 061
Na/Mg 0.18 0.18 0.18 0.00 0.00
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Na/K = Sodium to potassium ratio; Ca/P = Calcium to phosphorus
ratio; Na/Mg = Sodium to magnesium ratio; SD = Standard deviation;
CV = Coefficient of variation

The mineral profiles of cowpea and rice are displayed
in Table 2. Of all the minerals determined, P is the most
abundant having values of 2411.90 and 2583.29
mg/100 g for cowpea and rice respectively. It is
followed by K (284.78 and 281.65 mg/100 g) and Mg
(151.41 and 142.45 mg/100 g) for both cowpea and
rice. Phosphorus is always found with Ca in the body
both contributing to the blood formation and supportive
structure of the body [18]. Low Ca/P ratio facilitates
decalcination of Ca in the bone leading to low Ca level
in the bones while Ca/P ratio above two helps to
increase the absorption of Ca in the small intestine [19].
The values of Ca/P ratios in the present study are less
than 1. Magnesium was found to be high in both
samples (151.41 and 142.45 mg/100 g), respectively.
Mg is required for bone formation which maintains the
electrical potential in nerves [20]. The adrenal glands
play an essential role in regulating sodium retention
and excretion. Studies have also shown that Mg will
affect adrenal cortical activity and results in increase in
Mg retention [20]. The ratio of sodium to potassium in
the body is of great concern for the prevention of high
blood pressure. Na/K ratio less than one is
recommended [21]. The Na/K ratio value was 0.09
each for cowpea and rice. This indicates that regular
consumption of these foods may prevent high blood
pressure. Na/Mg value (0.18) is also presented. Copper
and Zn are intricately related to the hormones,
progesterone and estrogens, respectively and their
tissue levels may be indirectly reflective of the status of
these hormones within the body [20]. The CV% varied
from 0.47 in Cu to 5.32% in Fe.

The mineral safety index (MSI) values of Na, Ca, Mg,
Cu, Zn, Fe and P of cowpea and rice are presented in
Table 3. The standard mineral safety index values for
the elements are Na (4.8), Ca (10), Mg (15), Cu (33),
Zn (33), Fe (6.7) and P (10) [22]. The explanation on
the MSI can be understood as follows: Taking Na as
example: the recommended adult intake (RAI) of Na is
500 mg; its minimum toxic dose (MTD) is 2,400 or 4.8
times the recommended daily average (RAA) which is
equivalent to MSI of Na [22]. This explanation goes for
the other minerals whose MSI were determined. All the
minerals have their table values (TVs) > calculated
value (CV) giving positive differences with
corresponding low percentage differences. The CV of
MSI gave an indication that none of the minerals was
high enough to the deleterious levels when consumed
in cowpea or rice [23].
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Table 3: Mineral safety index (MSI*) of Na, Ca, Mg,
Cu, Zn, Fe and P in cowpea (Vigna unguiculata L
Walp) and rice (Oryza sativa)

Calculated value (CV)

Mineral RAI(mg) TV of MSI Cowpea Rice
Na 500 4.8 0.25 0.24
Ca 1200 10 0.69 0.68
Mg 400 15 5.68 5.34
Cu 3 33 15.95 14.96
Zn 15 33 20.06 19.47
Fe 15 6.7 6.18 5.74

P 1200 10 2.01 2.15

RAI = Recommended adult intake; TV = Table value; * = No MSI
standard for K and Mn

Table 4: Antinutritional compositions of cowpea (Vigna
unguiculata L. Walp) and rice (Oryza sativa L.)

Antinutrient Cowpea Rice Mean S.D CV%
Oxalate (%) 437+0.09 505+018 471 048 10.19
Saponin (%) 0.80+0.00 0.20+0.00 0.50 0.42 84.00
Alkaloids (%) 485+0.07 5.18+0.04 502 023 458
Flavonoids(%) 455+0.07 063+0.04 259 277 106.95

Totalphenol(%) ~ 24.79+2.55 22,10 +0.04 23.43 1.90 8.10
Cyanide (mg/100g) 0.14 +0.02 1.10+0.02 062 0.68 109.68
Phytate (mg/100g) 40.45+ 2.68 90.08 +0.52 65.27 35.09 53.76
Tannin (mg/100g) 3.11+0.08 6.01+001 456 2.05 44.96

Values are expressed as mean * S.D of duplicate determinations

The antinutrient contents are displayed in Table 4.
Dietary anti—nutritional factors such as alkaloid,
oxalate, tannin, saponin, cyanide and phytate have been
reported to adversely affect the digestibility of protein,
protein quality of foods and bioavailability of amino
acids [24, 25]. Oxalate was found in cowpea to be 4.37
mg/100 g while 5.05 mg/100 g in rice. Excess
consumption of oxalate can cause corrosive
gastroenteritis oxalate serves as chelating agents and
may chelate many toxic metals such as mercury and
lead, but one major concern is its ability to rap heavy
metals in the tissues of living organisms thereby
making elimination of them very difficult. Oxalate
binds to calcium and prevents its absorption in human
body [26, 27]. The values of saponin were 0.80 and
0.20 mg/100 g for cowpea and rice, respectively. It has
been reported that dietary saponins exert various
biological benefits such as anti—inflammatory, anti—
diabetic and serve as protective functions like gastro—
protective, hepatoprotective and hypolipidemic [28 -
30]. Alkaloid values in cowpea (4.85 mg/100 g) and
rice (5.18 mg/100 g) were very low compared to the
reported values of 8.6% (scarlet runner bean) and 9.6%
(lima bean) and 5.0% (black turtle bean) [24].
Consumption of high tropane alkaloids will cause rapid
heartbeat, paralysis and in fatal case, lead to death. The
tannin content in cowpea (3.11 mg/100 g) is much
lesser than that of rice (6.01 mg/100 g). The nutritional
effects of tannins are mainly related to their interaction
with protein due to the formation of complexes [28].
Tannin acid may decrease protein quality by decreasing
palatability and digestibility. Other nutritional effects
which have been attributed to tannins include
interference with the absorption of iron, a possible
carcinogenic effect and damage to the intestinal tract

————————
43

[30]. Cyanide is the chemical substance responsible for
tissue hypoxia and chronic exposure to it particularly
hydrogen cyanide may cause respiratory, neurological,
thyroid and cardiovascular defects [31]. The cyanide
content in the rice (1.10 mg/100 g) is higher than that
of cowpea (0.14 mg/100 g). The phytate content in both
samples is too high; 40.45 and 90.08 mg/100g recorded
for cowpea and rice, respectively. Phytate is a salt form
of phytic acid and acts as a strong chelator, forming
protein and mineral phytic acid complexes thereby
reducing protein and mineral availability [32-34]. It
chelates metal ions such as Ca, Mg, Zn, Cu and Fe to
form insoluble complexes that are not readily absorbed
from the gastrointestinal tract [35].

Conclusion

The comprehensive analysis delving into the proximate,
mineral, and antinutritional compositions of rice and
cowpea illuminates their pivotal roles as cornerstone
elements of nutrient-rich diets. Despite their shared
status as dietary staples, a closer examination reveals
stark contrasts in their nutritional profiles. Rice, with its
higher moisture content and crude fat levels, stands in
juxtaposition to cowpea's remarkable richness in crude
protein, ash, and crude fiber. The divergence extends
beyond macronutrient composition to encompass
mineral content as well. Cowpea emerges as the
frontrunner, boasting superior concentrations of all
scrutinized minerals except phosphorus. This nuanced
understanding of mineral composition underscores the
potential of cowpea as a potent source of essential
nutrients. However, it's not just about what these staples
offer in terms of nutrients; their antinutritional factors
also play a crucial role. Rice, unfortunately, exhibits
elevated levels of phytate, tannin, and oxalate,
compounds infamous for their hindrance of mineral
absorption. In stark contrast, cowpea presents a more
favorable profile, characterized by lower concentrations
of these inhibitors, while concurrently showcasing
higher levels of total phenols and flavonoids, which
offer potential health benefits. These disparities
highlight the necessity of a balanced dietary approach
that incorporates both rice and cowpea. Such a strategy
ensures not only optimal nutrient assimilation but also
mitigates the adverse effects of antinutritional factors
present in these staples. By acknowledging the unique
attributes of each food item, tailored dietary
recommendations can be formulated to promote holistic
nutrition and cultivate healthier dietary habits within
communities.

In essence, this study serves as a poignant reminder of
the nutritional diversity inherent in staple foods and
underscores the significance of embracing dietary
variety for comprehensive nutrient intake. Through
informed dietary choices, individuals can harness the
nutritional potential of both rice and cowpea, fostering
a healthier and more nourished society.
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