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Food insecurity and malnutrition are currently major issues affecting most developing countries, especially on the African
continent. To mitigate this effect, focus is being given to orphan or underutilized crops with immense potentials to boost food and
nutrition security in Africa, such as the African yam bean (AYB) Sphenostylis stenocarpa. )e effect of AYB seed and tuber meals
on the tissues of the kidney, liver, and testis of healthy male Wistar rats were investigated in this study. Four accessions of AYB
were used for this study, TSs 107, TSs 140, AYB 45, and AYB 57.)irty rats were randomly assigned into five groups (n= 6). Group
I was fed on standard pelletized rat chow (control), Group II fed on 50% seedmeal, Group III fed on 100% seedmeal, Group IV fed
on 50% tuber meal, and Group-V fed on 100% tuber meal. At the end of the treatments, the animals were sacrificed after 72 h
under light ether anesthesia, and biochemical and histopathological analyses were conducted on the tissues. Phytate concentration
was higher in the seeds (TSs140 (550mg 100g−1), AYB45 (460mg 100g−1), and AYB57 (485mg 100g−1)) compared to the tubers
(TSs140 (14.8mg 100g−1), AYB 45 (275mg 100g−1), and AYB57 (240mg 100g−1)). )e consumption of 100% unprocessed AYB
seeds caused liver and kidney damage in rats due to increased levels of aspartate aminotransferase (5.04± 1.62 U L−I), alanine
aminotransferase (8.46± 2.43 U L−I), and lipid peroxidation (0.27± 0.02-unit mg−1protein). AYB tubers were innocuous toWistar
rats investigated. Good processing of AYB seeds is required for safe consumption by humans and livestock. )is study has shown
that tubers of AYB are safe for human consumption and should be utilized in meals as it contains fewer antinutrients and had no
significant effect on the tissues examined in Wistar rats.

1. Introduction

)e diet of most households in sub-Saharan Africa is de-
ficient in protein and essential nutrients, especially among
the rural poor. Some individuals cannot afford to purchase
animal protein (fish, meat, and poultry products) to include
in their diets; hence, they seek an alternative source in le-
gumes. Legumes are used as the staple food at the subsistence
level in nearly all parts of the world, and it is often eaten
together with cereals and used as a substitute source of
protein and calorific value for humans and livestock [1]. )e

major staple crops have received much focus over the years
in enhancing food security with the disregard for underu-
tilized crops with immense potentials as a substitute protein
source and nutrition security crop [2]. One of such crops is
Sphenostylis stenocarpa (Hochst ex. A. Rich), commonly
called African yam bean [3]. It belongs to the Fabaceae
family and stands out as the most valuable species out of all
seven essential species of Sphenostylis [4–6]. )e AYB
produces two essential products, the underground root
tuber and the edible yam bean seeds, which grow in pods
above the ground [7]. )e crop is cultivated mostly at the
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subsistence level, and only a little percentage of the grains
produced is sold [8].)e genetic resources of AYB need to be
preserved for use in genetic improvement/breeding pro-
grammes as it ranks well among neglected crops with great
potentials as a food security crop [9]. )e crop can produce
root nodules and fix atmospheric nitrogen effectively in the
soil [10].

)e AYB seeds are rich in protein with high levels of
essential amino acids, especially lysine and methionine, as
well as carbohydrate, lipid, and minerals, making it a crop
with remarkable nutritional potentials equivalent with other
known grain legumes [1, 11, 12]. Nutritionally, the seed
contains between 2–5% fat and 20–29% protein, [2, 4, 9] as
well as 2–4% fibre and 50–62% carbohydrate [1]. )e tubers
when cooked taste like potato, but unlike potato which has
just 5% protein content, AYB tubers have 11–19% protein on
a dry weight basis [9, 13]. It could be used as a good al-
ternative to cowpea, and it is highly consumed by the
farmers who maintain the crops genetic resources [3, 9, 14].
AYB could be used as a substitute protein source for live-
stock and poultry given that a small amount AYB could
replace soybean in the meal of weaner rabbits.)e weights of
white Leghorn layers, when fed with AYB meal, increased
after proper processing [15]. Besides being used as a dietary
protein, neglected grain legumes like AYB have compara-
tively higher free radical scavenging ability, as well as the
ability to reduce cholesterol, and hence, they could be
considered as a functional food [16].

Nonetheless, underutilized legumes contain anti-
nutrients, such as trypsin inhibitors, and phytate which
impedes protein digestibility and mineral availability due to
their toxic nature which decreases the overall nutritional
value in legumes [12]. AYB contains high concentrations of
antinutrients such as trypsin inhibitor, phytate, tannin,
oxalate, and alkaloids [17–19]. )is attribute coupled with
the hardness of the seed coat increases the time taken for
cooking and processing the beans which are often consumed
either alone or with yam, maize, and rice [20]. )ese
antinutrients have discouraged the utilization and accept-
ability of AYB by consumers and subsistent farmers. Safety
of humans and livestock can still be achieved through ap-
propriate and efficient processing and cooking of the bean
seeds of AYB before consumption to reduce the anti-
nutritional factors present [11]. Notwithstanding the high
nutritional worth and economic importance of AYB, it is still
neglected with regards to research for crop improvement
[3, 21].)e pharmacological properties of AYB seeds possess
pharmacological properties and reports have been made on
the use of AYB for the treatment of different ailments such as
gout, arthritis, and hypertension [20, 22]. Aqueous extracts
of the seed of AYB reduced the lipid profiles and sodium
(Na+) concentration in the serum of experimental Wistar
rats, with 3ml of aqueous extract of AYB reducing cho-
lesterol and triglyceride levels more than the control [22].

In Nigeria and most West African countries, the seeds
are consumed but the tubers, if harvested, are discarded due
to the belief that tubers of AYB may be toxic to humans and
livestock despite its rich nutritional content although the
tubers are eaten in Central Africa. How the tubers are

utilized in Africa is not fully known; however, its South
American counterpart, the Mexican yam bean (Pachyrhizus
erosus), is consumed in various ways; a well-known snack
can be prepared if the tubers are sliced and pickled with
onion and chili, a tasty milk can be produced from boiled
milk containing grated tubers, chopped tubers are added to
oriental stir-fries, or cooked tubers are eaten alone or to-
gether with other vegetables to prepare a soup [13]. Research
on the effect of consumption of the tubers of AYB by Wistar
rats will give us a better understanding of the possible effects
it would have on humans and livestock. )is study, there-
fore, investigated the effect of AYB seed and tuber meals on
the liver, kidney, and testis of healthy male Wistar rats, to
determine the level of toxicity, if any, when consumed.

2. Materials and Methods

2.1. Location of Study. )is research was conducted in the
Laboratory of the Department of Chemical and Food Sci-
ences, College of Natural and Applied Sciences, Bells Uni-
versity of Technology, Ota, Ogun State, Nigeria.

2.2. Source of Plant Materials and Animals. )e four ac-
cessions of AYB used in this study were obtained from the
Genetic Resources Centre of the International Institute of
Tropical Agriculture Ibadan (IITA), TSs 107 (mosaic seeds)
and TSs 140 (mosaic seeds), and the Institute of Agricultural
Research and Training moor plantation Ibadan (IAR&T),
AYB 45 (mosaic seeds) and AYB 57 (brown seeds). )irty
healthy adult male Wistar rats (45 days old) of about 200g
weight used in this study were obtained from the Depart-
ment of Physiology, University of Ibadan, Nigeria [23].

2.3. Preparation of Samples. Tubers of the four AYB ac-
cessions (AYB57, AYB45, TSs107, and TSs140) were pre-
pared using the method of Ogunlakin et al. [24]. )e tubers
were dried in an oven at 80°C for 24 h following the pro-
cedures given by Odebunmi et al. [25]. With the aid of an
electric blender, the dried samples were milled into fine flour
and sieved using a 250 nm stainless sieve and, subsequently,
packaged in air-tight containers for analysis [1, 25]. AYB
seeds of the same accessions were cleaned to remove ex-
traneous matter, oven-dried, and milled to fine flour in the
same way as the tubers for antinutritional analysis. )e seed
and tuber flours of the four accessions were made into
separate composite meals for the Wistar rats (Supplemen-
tary Figure S1).

2.4. Determination of Antinutrients inAfricanYamBean Seed
and Tuber. )e antinutritional factors, tannin, phytate, sa-
ponin, oxalate, and lectin, were determined following the
official methods given by the Association of Analytical
Chemists [26].)e spectrophotometric method was used for
the determination of tannin, saponin, and phytate contents.
)e absorbance for the amount of tannins and saponins in
the AYB samples was read at an optical density of 620 nm,
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using a spectrophotometer, and the concentrations calcu-
lated as follows:

PT � Ab × S × Df × 100(mg/g tannin), (1)

where PT is the percentage tannin, Ab is the absorbance, S is
the slope, and Df is the dilution factor [27].

Ps − Ab × S × Dr × 100(mg/kg saponin), (2)

where Ps is the percentage of saponin, Ab is the absorbance,
S is the slope, and Df is the dilution factor [27].

Saponin content of each sample was estimated from the
standard saponin curve obtained from plotting the con-
centration of the standard against the absorbance [26–28].
)e absorbance for the presence of phytate in the samples
was measured at 420 nm using a spectrophotometer, and
the concentration of phytate in each sample was calculated
from a graph of known weights of phytate plotted against
their absorbance [26–28]. Oxalate content was determined
using the colorimetric method following the official pro-
cedures given by the Association of Analytical Chemists
[26]. About 5ml of the extract of each sample was placed in
a conical flask, and potassium permanganate in a burette
was titrated against it. )e appearance of a stable red colour
was taken as the end point reading, and the concentration
of oxalate (mg kg−1) calculated by multiplying the burette
reading by a constant 11.5 [26–28]. Lectin content in AYB
seeds and tubers were determined using the colorimetric
method [26]. )e absorbance of the AYB samples was
measured at 510 nm using a spectrophotometer. )e
amount of lectin in each sample was estimated from the
standard curve of lectin. Trypsin inhibitor and cyanogenic
glycosides were determined following the procedures of
Edeogu et al. [27].

2.5. Treatment of Animals. )e rats were randomly placed
into five groups (n � 6) and raised at the Department of
Biochemistry’s animal house at Bells University of Tech-
nology, Ota, Nigeria. )ey were acclimatized for 2 weeks
and fed on a standard diet of pelletized rat chow with water
given ad libitum at room temperature with a 12 h light and
dark cycle before the experiment commenced [29]. )e
Animals Ethics Committee of the Institute of Medical
Research and Training, University College Hospital, Uni-
versity of Ibadan, approved the experimental procedures
used in this study. )e five test groups and meal treatments
were as follows:

Group-I Wistar rats fed on a standard pelletized rat
chow (control group) +water ad libitum
Group II Wistar rats fed on 50% African yam bean seed
meal +water ad libitum
Group III Wistar rats fed on 100% African yam bean
seed meal +water ad libitum
Group IV Wistar rats fed on 50% African yam bean
tuber meal +water ad libitum
Group-V Wistar rats fed on 100% African yam bean
tuber meal +water ad libitum

Humane care was given to the experimental rats fol-
lowing the advice given in the Guidelines for the Care and
Use of Laboratory Animals [23, 30]. Seventy-two hours after
administration of the treatments, the rats were sacrificed
using light ether anesthesia.

2.6. Antioxidant Assays. )e organs harvested from the rats
were homogenized in 50Mm Tris HCL buffer (pH 7.4)
which contained 1.15% KCL, and the homogenate was
centrifuged at 10,000 g for 15min at 4°C [23]. )e super-
natant was collected, and catalase (CAT) activity was esti-
mated using hydrogen peroxide as a substrate [23].

2.6.1. Superoxide Dismutase (SOD). )e SOD activity was
determined by calculating the inhibition of autoxidation of
epinephrine at pH 10.2 at 30°C [31]. )e amount of total
protein produced was determined by Lowry’s method [32],
and reduced glutathione (GSH) was determined at 412 nm
[33].

2.6.2. Lipid Peroxidation Assay. Spectrophotometry was
used to determine lipid peroxidation at 532 nm by thio-
barbituric acid reactive substances and malondialdehyde
(MDA) estimated in mmol g−1 tissue [32].

2.6.3. Assay of Serum Alanine Aminotransferase and As-
partate Aminotransferase Activity. )e method of Gowda
et al. [34] was used to determine the serum concentrations of
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST). ALT was recorded by checking the
concentration of pyruvate hydrazones produced with 2, 4
dinitrohydrazine.

2.7. Histopathological Analysis. )e three organs from the
Wistar rats (kidney, liver, and testis) were sliced in bits and
prepared by fixing in Bouin’s fixative for 6 h [23], followed
by treatment with formalin.)e tissues were, then, sectioned
and stained with hematoxylin and eosin for histopatho-
logical examination [23]. A light microscope was used to
produce stable photomicrographs.

2.8. Statistical Analysis. Data collected were checked for
normality and, then, analyzed with a one-way analysis of
variance. Significantly different means were separated using
Least Significant Difference (p< 0.05). )e antinutritional
composition of AYB seeds and tubers were compared using
the paired t-test. All the results are expressed as mean-
s± standard deviation (SD) with six rats per group. Statis-
tical Analysis Software version 9.3 was used for the analyses
9.3 [23, 35].

3. Results and Discussion

)is study investigated the effects of AYB seed and tuber
flour meals on the liver, kidney, and testis of healthy male
Wistar rats. )e enzymatic activity of alanine
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aminotransferase and aspartate aminotransferase was
studied to assess liver malfunctions. )e analysis of variance
revealed that ASTand ALTconcentrations were significantly
(p< 0.05) higher in both the kidney and liver of rats fed with
100% seed flour meal compared to the other meal types. )e
concentrations of AST and ALT were significantly lower in
the organs of rats fed with 50% and 100% tuber flour
compared to rats fed with 50% and 100% seed flour (Table 1).

)is study confirmed that the consumption of unpro-
cessed 100% AYB seeds caused liver and kidney damage in
rats as revealed by elevated serum concentrations of the two
enzymes used as biomarkers, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) compared to
other meal types. )e cellular integrity of the liver is affected
by the plasma levels of ALT, AST, and total protein which
also determines its functionality [36]. Estimation of ASTand
ALT levels in the serum is often used as a quantifiable
biomarker for detection of hepatocellular damage and liver
malfunction [23]. Rats fed on 50% and 100% tuber flour
meals had reduced levels of AST and ALT in the serum,
which meant that there was no damage to the liver. In
contrast, higher values obtained for ASTand ALTcould be as
a result of severe damage to kidney and liver in rats fed with
50% and 100% seed flour meal. Antioxidants are funda-
mental to maintaining homeostasis within living organisms.
)e main enzymes involved include superoxide dismutase,
catalase, and glutathione reductase which were investigated
in this study.

Hundred percent seed meal generated oxidative stress in
the kidney of rats. )ere were moderate renal cortical
congestion and mild necrosis (100% tuber meal) and mild
renal cortical congestion (50% tuber meal) in the kidneys of
the rats investigated (Figures 1(a) and 1(b)). No visible lesion
was observed in the control (Figure 1(c)). Severe diffuse
degeneration and necrosis of renal tubules in the kidney of
rats were observed in rats fed on 100% seed meal
(Figure 1(d)). Protein casts were also observed in the tubular
lumen of fed rats. Moderate renal cortical congestion and
mild necrosis were observed in the kidney of rats fed with
50% seed meal (Figure 1(e)). No visible lesions were ob-
served in the control fed with rat chow (Figure 1(f)). His-
topathologically, kidney sections from rats fed with rat chow
revealed normal renal architecture, whereas severe diffuse
degeneration and necrosis of renal tubules and protein casts
in the tubular lumen were observed in the kidney of 100%
seed meal fed rats possibly due to generation of oxidative
stress in the kidney of the fed Wistar rats.

)e effect of AYB seed and tuber meals on levels of
superoxide dismutase, lipid peroxidation (LPO), reduced
glutathione, catalase, and total protein in the kidney of
healthy Wistar rats 72 h after administration of the treat-
ments is presented (Figure 2). )e levels of SOD, CAT, and
total protein had no significant effect on the kidney as in the
control group (Figures 2(a) and 2(b)). However, the results
revealed that there were significant reductions in LPO
(MDA) levels in the kidney of rats fed on 50% tuber and 50%
seed meals compared to 100% seed meal which had the
highest value (Figure 2(a)). GSH levels were not significantly
different (p> 0.05) in groups II to V, but the control group

(Group I) fed with rat chow had significantly lower GSH
levels (Figure 2(b)).

)e levels of SOD, GSH, and total protein in the liver of
rats 72 h after administration of the treatments were not
significantly different from the control group fed with rat
chow (Figures 3(a) and 3(b)). Lipid peroxidation (LPO) was
significantly (p< 0.01) increased in rats fed on 100% seed
meal compared to the other meal types, as well as the control
group (Figure 3(a)). Moreover, there was also a significant
increase in liver catalase activity in rats fed on 100% seed
meal which was not significantly different from rats in
Group-V and Group-II fed on 100% tuber and 50% seed
meals, respectively (Figure 3(b)). )e control group fed with
rat chow had the least catalase concentration (891.6± 54.4)
followed by Group-IV rats fed on 50% tuber meal. )e 50%
and 100% tuber flour meals did not affect the liver of the
treated rats. GSH levels were not significant in all treatments
(Figure 3(b)).

)e 50% and 100% tuber flour meals had no effect on the
liver. Severe portal and central venous congestion were
observed in the liver of rats fed with 100% seedmeal. Rats fed
with 50% seed meal had mild periportal hepatic necrosis and
severe periportal infiltration by mononuclear cells (Fig-
ure 4).)e effect of AYB seed and tuber meals on SOD, LPO,
GSH, CAT, and total protein on the testis of healthy Wistar
albino rats 72 h after administration is presented in Table 2.
)e results indicated that SOD levels in the testis were
significantly (p< 0.01) reduced in rats fed on 50% tuber meal
compared to the other treatments. Nonetheless, there were
no significant differences in SOD levels in rats fed on rat
chow (control), 50% seed, 100% seed, and 100% tuber meals.
Likewise, there was no significant variation in the levels of
GSH and LPO in the testis. Catalase concentration was,
however, elevated in rats fed on 100% seed and 100% tuber
meals by 31.43% and 29.09%, respectively, than in the
control treatment. Nevertheless, there was a considerable
reduction in catalase concentration in rats fed on rat chow
and 50% tuber meals (Table 2). )e total protein level was
also significantly reduced by 20.83% in rats fed on 50% and
100% tuber meals than the control and by 12.50% than in
rats fed on 100% seed meal where it was significantly
(p< 0.001) increased (Table 2). No lesions were seen in the
testis for all the treatments (Supplementary Figure S2).

Hundred percent seed meal generated an unevenness
between the free radicals produced [36, 37] and the ability of
the liver and kidney to detoxify the negative effects through

Table 1: Effect of AYB seed and tuber meal on Plasma AST and
ALT levels in Wistar rats.

Treatments AST concentration ALT concentration
100% seed flour 5.04± 1.62a 8.46± 2.43a
50% seed flour 3.42± 0.63b 4.43± 0.10b
100% tuber flour 0.41± 0.36c 2.96± 0.79bc
50% tuber flour 0.72± 0.28c 2.20± 0.45c
Rat chow 1.18± 0.68c 2.54± 0.62c

Means followed by the same letters are not significantly different (p< 0.05)
using Least Significant Difference. AST (U L−I) and ALT (U L−I) values are
presented as means± SD.
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Figure 2: Effect of AYB seed and tuber meals on the levels of (a) lipid peroxidation (LPO), total protein, and superoxide dismutase;
(b) reduced glutathione (GSH) and catalase in the kidney of healthy Wistar rats 72 h after administration. All values are expressed as
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Figure 1: Effect of (a) 100% tuber meal, (b) 50% tuber meal, (d) 100% seed meal, and (e) 50% seed meal, on the kidney of Wistar albino rats.
(c and f) Rat chow (control) original magnification ×240.
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neutralization by the antioxidant defense mechanisms.
Oxidative stress is a pathological condition caused by the
disparity between the development and removal of reactive
oxygen species (ROS) derived from free radicals and the

potential of a biological system to get rid of the reactive
intermediates and return the system to its regular state
[38, 39]. Oxidative stress causes base damage by the for-
mation of ROS such as O−

2 (superoxide radical), OH−1
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(b) reduced glutathione (GSH) and catalase in the liver of healthy Wistar rats 72 h after administration. Means followed by the same letters
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(hydroxyl radical), and H2O2 hydrogen peroxide in addition
to fragmentation of the genetic material, the DNA [38].
Superoxide dismutase, catalase, and glutathione peroxidase,
as well as nonenzymatic compounds such as tocopherol
ascorbic acid and glutathione, give protection to cells against
oxidative stress by reducing free radical concentrations
[39, 40]. Under conditions of oxidative stress, activities of
these enzymes are elevated. Soetan et al. [34] also made such
observations on the liver and kidney of rats fed with Lablab
purpureus seeds.When the capacity of antioxidant systems is
reduced, ROS concentrations increase which perpetually
distorts the permeability of the mitochondria and induces
the release of enzymes that activate cell death [41].

)e different treatments of Sphenostylis stenocarpa seed
and tuber flour meals fed to Wistar rats did not have any
significant difference in renal SOD and hepatic SOD activity,
but 100% seed meal increased CAT and GSH activities in
both liver and renal tissues compared to the control group.
Comparable results were also obtained by Soetan et al. [34].
Lipid peroxidation and liver catalase activity were also
observed to be elevated in rats fed on 100% seed meal
compared to 50% and 100% tuber meals. Studies have shown
that CAT protects cells under oxidative stress, and it is also
the most adaptive antioxidant enzyme [34, 42]. )e elevated
level of CAT activity, therefore, could be attributable to an
adaptive response to high concentrations of H2O2 during the
treatment with 100% seedmeal of AYB. Akintunde et al. [23]
stated that H20 and O2 are produced by free radicals or by
superoxide dismutase during elimination of superoxide
anions from the breakdown of hydrogen peroxide by cat-
alase. Rats fed on 100% seed and 100% tuber meals exhibited
higher levels of catalase than the control. )is could be as a
result of production of too much H202 arising from other
intermediary metabolism in the kidney and liver when rats
were fed on 100% seed and tubermeals. Lipid peroxidation is
induced by free radicals which results in reactive molecules
such as malondialdehyde (MDA), used as a biomarker for
lipid peroxidation. Lipid peroxidation (LPO) disrupts the
integrity of plasma membranes and causes damage to the
tissues. Malondialdehyde levels were significantly increased
in the liver and kidney of rats fed with 100% seedmeal which
may be attributed to the increased generation of the ROS and
an altered antioxidant defense system. No damage was
observed in the testis of rats investigated. )us, the

histological changes observed cannot be transferred via
sexual reproduction, not been genetic. )e increase in total
protein level by 50% and 100% seed meals is indicative of a
rise in the globulin portion of the total protein functioning to
combat infections in the rats which could be an indication of
damage to some organs.

)e analysis of the tubers and seeds of the four AYB
accessions TSs107, TSs140, AYB45, and AYB57 revealed that
antinutritional factors: phytate, oxalate, and tannin were
more in seeds (Supplementary Figure S3(a)) compared to
tubers (Supplementary Figure S3(b)). Nevertheless, saponin
content was higher in the tubers of AYB45 (480mg 100g−1)
and AYB57 (540mg 100g−1) compared to the seeds (350mg
100g−1). Higher levels of oxalate were obtained in the seeds
of AYB45 (310.0mg 100g−1), AYB57 (240.0mg 100g−1), and
TSs140 (250.0mg 100g−1) but lower in both seeds (80mg
100g−1) and tubers (30mg 100g−1) of TSs107. Phytate also
followed the same trend as that of oxalate concentration with
TSs107 having the same concentration in both seeds and
tubers. On the other hand, tannins had a higher concen-
tration in the tubers of AYB45 and AYB57 but a lower
concentration in the tubers of TSs107 and TSs140. Lectin
concentration was almost the same in both seeds and tubers
of AYB45, slightly higher in the seeds of AYB57 but only
present in higher concentrations in the seeds of TSs107 (58.4
Lu mg−1) and TSs140 (61.2 Lu mg−1) and absent in the
tubers. )e paired t-test comparison revealed considerable
differences in the concentrations of antinutrients in the seeds
and tubers of AYB with the seeds generally having higher
concentrations for most antinutrients than tubers (Table 3).

)e concentration of ANFs oxalate, phytate, tannin, and
saponin was higher in the seeds of AYB used for meal
formulation compared to the tubers. )is could be re-
sponsible for the noxious effect of the seed flour meal on the
rats. Oxalate, if consumed in large quantities, blocks the
renal tubules by forming calcium oxalate crystals and de-
velopment of urinary calculi [43], which can lead to renal
failure and, hence, death in vulnerable individuals. Oxalic
acid affects the bioavailability of minerals, especially cal-
cium, as it forms insoluble calcium oxalate with calcium
which is not absorbed in the body [44]. Phytate binds to
minerals making them unavailable to animals while tannin
causes a decrease in feed consumption, palatability, and
reduced growth [45]. Phytate chelates ions, thereby reducing

Table 2: Effect of African yam bean seed and tuber meal on superoxide dismutase (SOD), lipid peroxidation (LPO), reduced glutathione
(GSH), catalase, and total protein on the testis of healthy Wistar albino rats 72 h after administration.

Meals SOD GSH LPO Catalase Total protein
Rat chow 0.31± 0.05a 60.43± 4.34a 0.22± 0.10a 859.77± 61.33c 0.29± 0.02a
50% tuber 0.27± 0.01b 59.62± 1.60a 0.21± 0.03a 917.05± 83.80c 0.24± 0.01c
50% seed 0.34± 0.02a 61.32± 2.45a 0.23± 0.04a 994.38± 1.25b 0.26± 0.00b
100% tuber 0.34± 0.02a 59.32± 5.34a 0.25± 0.03a 1109.86± 64.21a 0.24± 0.01c
100% seed 0.34± 0.02a 61.92± 4.38a 0.26± 0.02a 1130.03± 88.48a 0.27± 0.02a
Mean 0.32 60.52 0.23 1002.22 0.26
LSD (α� 0.05) 0.03 5.43 0.07 68.16 0.01
Means followed by the same letters are not significantly different (p< 0.05) using Least Significant Difference. SOD (unit mg−1 protein), GSH (mmoles
min−1 mg−1protein), LPO (unit mg−1protein), catalase (mmoles min−1 mg−1protein), and total protein (mg protein) values are presented as means± SD
(n� 6).
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the availability of calcium, and inhibits the absorption of
iron as a result of calcium phytate complexes produced [45].
Higher concentration of phytate was observed in the seeds of
accessions TSs140 (550mg 100g−1), AYB45 (460mg 100g−1),
and AYB57 (485mg 100g−1) used for formulation of the seed
meal compared to the tubers, TSs140 (14.8mg 100g−1), AYB
45 (275mg 100g−1), and AYB57 (240mg 100g−1).

Exploiting the natural variation in phytate accumulation
in AYB genotypes could lead to selection of genotypes with
low phytate content that could improve micronutrient
bioavailability [46, 47]. Tannin was the highest in the seeds of
accession TSs107 (60 0mg 100g−1) compared to the tuber
(11mg 100g−1). )e high concentration of tannins had
undesirable effects on the digestive tract of rats due to the
noxious nature of the metabolites. )is could explain why
the albino rats ate less of the seed meal but consumed all the
tuber meal. Seeds that contain saponin cause reduction in
methane production in the rumen of livestock by sup-
pressing protozoa which influences butyrate production
during rumen methanogenesis.

An increase in the concentration of saponin in legumes
seeds leads to a reduction in the amount of methane made in
the rumen. )is leads to energy loss derivable from a
feedstuff by the animal. Saponins cause cytotoxic

permeabilization of the intestines through its biological
activities depending on the structure [43]. Elevated levels of
saponin was obtained in the seeds of unprocessed AYB
accessions TSs107 (440mg 100g−1), TSs140 (330mg 100g−1),
AYB 45 (351mg 100g−1), and AYB57 (350mg 100g−1))
compared to the tubers (TSs107 (3mg 100g−1), TSs140 (5mg
100g−1), AYB45 (275mg 100g−1), and AYB57 (225mg
100g−1)), respectively.

Recent studies by Ojuederie and Balogun [1] on the
proximate and mineral composition of the four AYB ac-
cessions used in this study revealed that, on average, the
tubers contained crude protein (15.5%), moisture content
(10.4%), total ash (2.9%), crude fibre (2.4%), crude fat (1.3%),
carbohydrate (68.3%), and a calorific value of 1445.70Kj g−1

and had high amounts of potassium (10.10 g kg−1), magne-
sium (1.67 g k−1), and iron (0.08 g kg−1), respectively [1, 14].
Unprocessed seeds of AYB studied had higher antinutritional
contents which can be eliminated or reduced by appropriate
processing methods to assure safety of AYB meals consumed
by humans and livestock [11]. Roasting eliminates or reduces
the amount of phytate in seeds more efficiently than boiling,
while boiling eliminates oxalate from seeds much better than
roasting [48]. )ese processing methods improve the bio-
availability of minerals while reducing the antinutritional
contents of the seeds as confirmed by Ndidi et al. [12]. )us,
based on the low antinutritional contents of the tubers of AYB
and high nutritional composition, especially the significant
amount of protein (15.5%), consumption of well-processed
AYB seeds and the edible tubers will boost food and nutrition
security, and reduce protein malnutrition in sub-Saharan
Africa if utilized in meals.

4. Conclusions

Consumption of 100% AYB seed meal induced hepatorenal
toxicity in Wistar rats by the induction of oxidative stress
which makes the environment susceptible to diseases, and
lipid peroxidation was induced by free radicals which in-
creased the levels of malondialdehyde. )e tubers of AYB are
safe for human consumption and could be used in animal
feeds as they did not trigger any toxic effect on the tissues and
organs of Wistar rats investigated. To utilize the seeds of AYB
in animal feeds, appropriate processing methods need to be
carried out to reduce the levels of antinutritional factors
which were found to be more concentrated in the seeds and
enhance the bioavailability of minerals and nutrients. Trypsin
inhibitors and lectin were not identified in tubers of TSs 107
and TSs 140 while cyanogenic glycoside was negligible. )is
makes these accessions useful candidates in breeding pro-
grams for development of new varieties with low antinutri-
tional factors. )is study will help researchers to unearth the
knowledge gap in the antinutrient composition of AYB tubers
that many researchers have not explored.)us, the benefits of
eating the tubers of AYB may be achieved.

Data Availability

All data used to support the findings of this study are in-
cluded in the article.

Table 3: Paired t-test comparison of the antinutritional compo-
sition of African yam bean seeds and tubers used in meal for-
mulation for Wister rats.

Accessions Antinutrients Seed Tuber
TSs107 Oxalate (mg 100g−1) 80.0 30.0
TSs140 Oxalate (mg 100g−1) 250.0 60.0
AYB45 Oxalate (mg 100g−1) 310.0 80.0
AYB57 Oxalate (mg 100g−1) 240.0 115.0
TSs107 Phytate (mg 100g−1) 205.0 17.5
TSs140 Phytate (mg 100g−1) 550.0 14.8
AYB45 Phytate (mg 100g−1) 460.0 275.0
AYB57 Phytate (mg 100g−1) 485.0 240.0
TSs107 Tannin (mg 100g−1) 660.0 11.0
TSs140 Tannin (mg 100g−1) 200.0 8.0
AYB45 Tannin (mg 100g−1) 189.5 480.0
AYB57 Tannin (mg 100g−1) 215.0 540.0
TSs107 Saponin (mg 100g−1) 440.0 3.0
TSs140 Saponin (mg 100g−1) 330.0 5.0
AYB45 Saponin (mg 100g−1) 351.0 275.0
AYB57 Saponin (mg 100g−1) 350.0 225.0
TSs107 Trypsin inhibitor (TIU mg−1) 34.6 0.0
TSs140 Trypsin inhibitor (TIU mg−1) 34.9 0.0
AYB45 Trypsin inhibitor (TIU mg−1) 34.5 34.1
AYB57 Trypsin inhibitor (TIU mg−1) 37.1 33.8
TSs107 Lectin (Lu mg−1) 58.4 0.0
TSs140 Lectin (Lu mg−1) 61.2 0.0
AYB45 Lectin (Lu mg−1) 57.6 57.2
AYB57 Lectin (Lu mg−1) 59.1 56.7
TSs107 Cyanogenic glycoside (mg 100g−1) 6.1 0.9
TSs140 Cyanogenic glycoside (mg 100g−1) 6.9 0.9
AYB45 Cyanogenic glycoside (mg 100g−1) 6.9 6.4
AYB57 Cyanogenic glycoside (mg 100g−1) 6.8 6.3
Mean 204.3 91.9
CV (%) 92.8 159.1
t(0.05) for comparing the two means� 2.88.
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