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a b s t r a c t 

Background: Bambara groundnut ( Vigna subterranea ) is an indigenous African leguminous crop commonly con- 

sumed in Ebonyi State in Nigeria. 

Methods: This study determined the pesticide residue content, amino acids, toxic and biogenic elements of Bam- 

bara groundnut seeds obtained from three local government areas - Abakaliki, Ikwo, and Afikpo in Ebonyi State, 

Nigeria. The digested samples were analyzed using Inductively Coupled Plasma-Optical Emission (ICP-OES) for 

determination of minerals and toxic elements, while High Performance Liquid Chromatography (HPLC) system 

was used to determine the amino acids and pesticide residue content. 

Results: Pesticide residue content varied from 0.001 ± 0.00 to 0.598 ± 0.03 μg kg − 1 in Afikpo samples, 

0.001 ± 0.05 to 0.50 ± 0.01 μg kg − 1 in Abakaliki samples, 0.001 ± 0.00 to 0.47 ± 0.01 μg kg − 1 in Ikwo sam- 

ples. Pesticide residues detected in the samples were meaningless when compared to the maximum residue limit 

by World Health Organization (WHO). In the amino acid analysis, the composition of the essential amino acids 

was higher when compared to the WHO standard. Isoleucine was found to be the most abundant in the samples 

studied. The total percentage of amino acids in Afikpo sample (24.7 ± 1.4) were significantly higher ( p < 0.05) 

than samples from Abakaliki (17.8 ± 1.0) and Ikwo (16.8 ± 0.1). The samples contained meaningless amounts 

of both macro and micro biogenic elements. Toxic elements such as lead, cadmium, mercury, arsenic, chromium 

and nickel were detected but lower than the WHO standard values. 

Conclusion: This study indicates that this legume may be safe for consumption. 
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. Introduction 

Bambara groundnut ( Vigna subterranea L.) Verd Court is a legume

redominantly grown in Africa [1] , especially in Nigeria. This nut is

escribed as a hard-to-cook grain and therefore has some limitations

2] regarding its cooking. It is grown popularly by subsistence farmers

nd ranked the third amongst legumes, groundnut ( Arachis hypoga ea L . )

nd cowpea ( Vigna unguiculata ) are ranked as the first and second re-

pectively in Africa [3] . The legume has an affordable source of protein

hat improves the nutrition status of most rural households [4] , while

he nutritional composition of Bambara groundnut has been reported to
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rovide a balanced diet when compared to most food legumes because

f its high iron content and the protein profile [5–7] . It is also reported

o be abundant in essential amino acids such as leucine, isoleucine, ly-

ine, methionine, phenylalanine, threonine and valine when compared

o groundnut [ 8 , 9 ]. The protein score of Bambara groundnut is reported

o be 80% when compared to 65% for groundnut, 74% for soya bean and

4% for cowpea [10] . It contains about 63% carbohydrates, 24% pro-

ein, 6.5% lipids and 5.5% fiber [11] . The fatty acid profile consists of

inoleic, palmitic and linolenic acids [12] . Tan et al. [13] reported that

ome macro minerals such as zinc, iron, calcium, sodium and potassium

re found in this legume. This legume is also relevant in agriculture be-
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ause it improves soil fertility by fixing atmospheric nitrogen as nitrates

14] , thereby improving soil yields [15] . 

This indigenous leguminous crop is commonly consumed as food and

nack which plays an important role in the food and culture of individu-

ls in the South East of Nigeria. Fresh and dry Bambara nuts are eaten in

ifferent ways after processing - the fresh pods are boiled with salt and

onsumed as a tasty snack while the dried nuts are roasted, grilled and

hewed with dried palm kernel nuts as snack [16] . Despite all the nutri-

ional potentials of Bambara groundnut, it still remains an underutilized

lant [17] . It has also been reported to be a good source of starch for

ndustrial purposes [1] . The ground seed is sieved to make fine flour,

hich can be used for different purposes such as in preparing cakes

nd puddings. An example is “Koki ” which is a type of delicacy from

entral Africa locally cooked to form a paste [18] . Also, “Okpa ” is pro-

uced from Bambara groundnut flour which is a local delicacy cooked

ith other ingredients such as palm oil, “uziza ” ( Piper guineense ) seeds

nd “scent leaf ” ( Ocimum gratissimum ), mixed into a paste, wrapped and

ooked in plantain leaves. 

Recently, studies have shown that Bambara groundnut flour can be

sed in the production of food products such as milk, yogurt, bread, bis-

uits and dough nuts [19] . Apart from its nutritional uses, its medicinal

ses have been reported. Its protein hydrolysate and peptide fractions

ave been reported to be used in the formulation of functional foods

gainst high blood pressure and oxidative stress [20] . Despite the vari-

us nutritional and medicinal benefits of this legume, there are several

onstraints such as pest-infestation, hard-to-cook process and the pres-

nce of anti-nutrients such as phytic acid and trypsin inhibitor that could

revent the bioavailability of essential nutrients [21] . The incidence of

oxic elements and pesticide residues present in various legumes and sta-

le foods such as Bambara nuts consumed in Nigeria has been a source

f concern. Therefore, the study aimed at investigating the pesticide

esidues, amino acid, biogenic and toxic element contents of Bambara

roundnut samples obtained from three local governments in Ebonyi

tate, Nigeria with different soil types- Ikwo, Afikpo and Abakaliki. 

. Materials and methods 

.1. Sample collection 

A total of nine samples were collected from different market loca-

ions in Ebonyi State- Afikpo, Abakaliki and Ikwo. They were identified

nd authenticated by a Botanist in the Department of Plant Science and

iotechnology, University of Nigeria. A voucher specimen (UNH 154a)

as deposited at the herbarium. The samples were washed, dried in

n open-air shade and manually ground to coarse powder. The samples

ere contained in air-tight sample bottles and stored till analysis. 

.2. Analysis of pesticide residues 

Samples were prepared and analyzed following the method de-

cribed by Tsochatzis et al. [22] as reported by David et al. [23] . Work-

ng standard solutions were prepared by appropriate dilution of the

tock solutions with their respective dilution solvents. The samples were

issolved in 100 μL acetonitrile, vortexed for about 30 s and 20 μL were

njected in the High-Performance Liquid Chromatography- Diode Ar-

ay Detection (HPLC-DAD) system. The chromatographic system used

as an Agilent Technologies (Waldbronn, Germany) 1200 series model

hich consisted of an on-line degasser system, a thermostated column

ompartment, a quaternary gradient pump, a Rheodyne (Cotati, CA,

SA) injector valve with a 20 μL loop and a Diode Array Detection

ystem. Chromatographic condition used was described by David et al.

23] . 
2 
.3. Analysis of amino acid profile 

The amino acid profile of Bambara groundnut was determined ac-

ording to the method of Thomas et al. [24] and reported by David

t al. [23] . High Performance Liquid Chromatography (HPLC) was used

o determine amino acid composition. 100 mg of the ground samples

as mixed with 5 mL 6 M HCl and heated at 110 °C for 24 h. The hy-

rolysates obtained were mixed with 400 μL of 50 μmol mL − 1 of L- 𝛼-

mino- n -butyric acid (AABA) as internal standard. 

.4. Analyses of biogenic and toxic elements 

Glasswares and plastic vials used were rinsed thoroughly with dis-

illed water and then soaked in 14% HNO 3 (v/v) for 24 h, cleaned

horoughly with deionized water and dried. The employed chemicals

nd reagents were all of analytical grade. Inductively Coupled Plasma-

ptical Emission Spectrometer (ICP-OES) (A Perkin Elmer (Waltham,

A, USA), model Optima 8000) was used for the analysis of biogenic

nd toxic elements as described by Hafuka et al. [25] . Kjeldahl digester

VELPE Scientific, Japan) was used for digestion of coarse Bambara

amples. 

2 g of the Bambara samples was added to 80 mL of 0.1M HCl and

he mixture was stirred at room temperature for 10 min. Following cen-

rifugation for 10 min at 8000 g, the supernatant was filtered through a

.0 μm pore- size cellulose ester membrane to obtain the extract. About

 mL of extract solution and 1mL of concentrated HNO 3 were added

nto 10 mL test tubes. The digested samples were injected into the ICP-

ES to determine the biogenic and toxic elements concentrations. All

nalyses were done in triplicate. 

.4.1. Estimated weekly intake of biogenic elements 

Estimated weekly intake (EWI) was calculated based on the already

etermined concentrations of the biogenic elements using the following

quation described by [26] . 

WI = 

ALC × c × 7 
BW 

here: ALC is the assumed legume consumption which is set to be 20 g

er day [27] , c is the concentration of selected element (mg/kg), 7 is

 factor for weekly duration and BW is an average body weight for a

igerian adult which is 68 kg for adults [28] and 16 kg for children 

.5. Statistical analysis 

Mean v alues were presented as Mean ± Standard error of mean

SEM). Analysis was carried out using one-way analysis of variance

ANOVA) to compare the experimental groups followed by Tukey’s post

oc test. A test value of ( p < 0.05) was considered to be statistically

ignificant. 

. Results and discussion 

.1. Pesticide residues 

Table 1 shows the levels of various pesticide residue content

n Bambara groundnut samples. Some pesticide residues found

ere cyclodienges, cyclohexane, dichlorodiphenyltrichloroethane

DDT), dichlorodiphenyldichloroethane (DDD), dicofol, perthane,

ethoxychlor, aldrin, dieldrin, heptachlor, chlordane, endosulfan,

exachlorobenzene, pentachloro benzene, mirex, toxaphene, alpha-

exachlorocyclohexane (HCH), beta-HCH and gamma-HCH. The levels

anged from 0.001 to 0.598 μg/kg. Pesticide residue content varied

rom (0.001 ± 0.00 to 0.598 ± 0.03 μg kg − 1 ) in Afikpo, (0.001 ± 0.00

o 0.50 ± 0.01 μg kg − 1 ) in Abakaliki and Ikwo had (0.001 ± 0.00 to

.470 ± 0.01 μg kg − 1 ). However, there was a significant ( p < 0.05)

igher concentration of dieldrin in Afikpo sample relative to the
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Table 1 

Pesticide residues (μg kg − 1 ) in Bambara groundnut in comparison with MRL ORIGIN. 

Pesticides Afikpo Abakaliki Ikwo MRL(μg kg − 1 ) 

Cyclodienges 0.11 ± 0.0 a 0.50 ± 0.0 b 0.47 ± 0.0 b NA 

Cyclohexane 0.01 ± 0.0 a 0.03 ± 0.0 b 0.04 ± 0.0 c NA 

DDT 0.004 ± 0.0 a 0.007 ± 0.0 b 0.009 ± 0.0 c 50 ∗ 

DDD 0.002 ± 0.0 a 0.013 ± 0.0 b 0.076 ± 0.0 c 50 ∗ 

Dicofol 0.004 ± 0.0 a 0.004 ± 0.0 b 0.003 ± 0.0 a 50 ∗ ∗ ∗ 

Perthane 0.11 ± 0.0 a 0.07 ± 0.0 b 0.06 ± 0.0 c 10 ∗ 

Methoxychlor 0.29 ± 0.0 a 0.07 ± 0.0 b 0.03 ± 0.0 c 10 ∗ ∗ 

Aldrin 0.02 ± 0.0 a 0.02 ± 0.0 a 0.04 ± 0.0 c 20 ∗ ∗ 

Dieldrin 0.6 ± 0.03 a 0.4 ± 0.02 b 0.3 ± 0.0 c 50 ## 

Heptachlor 0.06 ± 0.0 a 0.06 ± 0.0 a 0.06 ± 0.0 a 50 ## 

Chlordane 0.003 ± 0.0 a 0.004 ± 0.0 a 0.005 ± 0.0 b 20 ## 

Endosulfan 0.001 ± 0.0 a 0.001 ± 0.0 a 0.001 ± 0.0 a 50 ∗ 

Hexachlorobenzene 0.001 ± 0.0 a 0.002 ± 0.0 b 0.002 ± 0.0 b NA 

Pentachlorobenzene 0.002 ± 0.0 a 0.003 ± 0.0 b 0.006 ± 0.0 c NA 

Mirex 0.01 ± 0.0 a 0.01 ± 0.0 a 0.01 ± 0.0 a 10 ∗ 

Toxaphene 0.005 ± 0.0 a 0.007 ± 0.0 b 0.008 ± 0.0 b 100 # 

alpha-HCH 0.02 ± 0.0 a 0.01 ± 0.1 c 0.02 ± 0.0 a 200 ∗ ∗ 

beta-HCH 0.065 ± 0.0 a 0.027 ± 0.0 b 0.024 ± 0.0 b 200 ∗ ∗ 

gamma-HCH 0.003 ± 0.0 a 0.002 ± 0.0 b 0.003 ± 0.0 a 10 ∗ 

Values are reported as mean ± SEM of three determinations. ( n = 3). a–c different 

superscripts along the rows are significantly different ( p < 0.05). MRL: Maximum 

residue level; ∗ European Union MRL [29] ; ∗ ∗ FAO/WHO MRL [30] ; ∗ ∗ ∗ Thailand 

MRL [31] , # Leonards et al. [32] , ## China MRL [33] ; DDT: Dichlorodiphenyl- 

trichloroethane; DDD: Dichlorodiphenyldichloroethane; HCH: hexachlorocyclohex- 

ane (HCH); NA: not available at the time of this report. 
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Table 2 

Biogenic elements in Bambara groundnut (mg/100g). 

ORIGIN 

Element Afikpo Abakaliki Ikwo 

Calcium 58.2 ± 0.5 a 24.2 ± 0.1 b 39.4 ± 0.2 c 

Manganese 1.8 ± 0.4 a 0.7 ± 0.1 b 0.9 ± 0.1 c 

Potassium 36.5 ± 0.9 a 18.2 ± 0.1 b 24.3 ± 0.7 c 

Sodium 12.0 ± 5.3 a 21.2 ± 10.3 b 36.0 ± 9.4 c 

Phosphorus 122.4 ± 0.2 a 124.5 ± 0.1 a 111.4 ± 0.0 b 

Sulphur 0.5 ± 0.1 a 0.3 ± 0.1 b 0.3 ± 0.1 b 

Magnesium 157.0 ± 2.1 a 73.0 ± 0.0 b 88.2 ± 1.7 b 

Iron 94.0 ± 1.4 a 58.0 ± 1.1 b 65.0 ± 0.7 b 

Zinc 12.6 ± 1.0 a 7.4 ± 1.5 b 8.1 ± 0.5 b 

Copper 43.1 ± 1.1 a 17.1 ± 0.10 b 22.1 ± 0.1 b 

Cobalt 0.007 ± 0.0 a 0.008 ± 0.0 a 0.009 ± 0.0 b 

Aluminium 0.003 ± 0.0 a 0.003 ± 0.0 a 0.003 ± 0.0 a 

Silver 0.003 ± 0.0 a 0.002 ± 0.0 b 0.003 ± 0.0 a 

Molybdenum 0.9 ± 0.0 a 0.4 ± 0.0 b 0.5 ± 0.0 c 

Selenium 0.002 ± 0.0 a 0.002 ± 0.0 a 0.002 ± 0.0 a 

Boron 0.1 ± 0.0 a 0.1 ± 0.0 a 0.1 ± 0.0 a 

Vanadium 1.0 ± 0.0 a 0.6 ± 0.0 b 0.3 ± 0.0 c 

Barium 0.001 ± 0.0 a 0.001 ± 0.0 a 0.003 ± 0.0 b 

Silicon 0.002 ± 0.0 a 0.002 ± 0.0 a 0.002 ± 0.0 a 

Titanium 0.002 ± 0.0 a 0.003 ± 0.0 b 0.002 ± 0.0 a 

Gold 0.04 ± 0.0 a 0.02 ± 0.0 b 0.02 ± 0.0 b 

a–d Different superscripts along the rows are significantly dif- 

ferent ( p < 0.05). Values are presented as mean ± SEM of 

three determinations ( n = 3). 
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bakaliki and Ikwo samples. Interestingly, the levels of all residues

n these samples were lower when compared to the maximum residue

imits (MRL) established by national and international bodies as listed

elow Table 1 . 

In Nigeria, pesticides are widely used in agriculture by farmers and

raders to protect their growing plants on the farm from pests and stored

roducts from insect-borne diseases. Though the pesticide residue con-

ent in the samples of Bambara groundnut were found in meaningless

mounts when compared to the Maximum Residue Limit (MRL) set by

arious MRL standards as listed in Table 1 . Dieldrin was higher in all

hree samples studied though meaningless when compared to the Maxi-

um Residue Limit (MRL) in China. These meaningless amounts of pes-

icides detected in these samples could have accumulated during growth

r storage to preserve the grains from pest attacks. This is in agreement

ith reports by Puri [34] who reported that pesticide residues detected

n crops could be as a result of application of pesticide during cultivation

nd to some extent from residues in the soil. Other ways by which pesti-

ides can be found in these grains could be during pesticide production,

istribution of agricultural produce, surface run off of pesticides, acci-

ental discharge or spillage near groundwater or potable water [35] .

eports have shown that the presence of pesticide residues and antin-

trients such as trypsin inhibitors in legumes could limit the bioavail-

bility of the essential nutrients [36] required for human health. Ad-

quate processing methods such as boiling, fermentation and roasting

f the Bambara groundnut samples could reduce the level of pesticide

esidues. The meaningless amount of these residues suggest that these

ambara groundnut samples are safe for consumption. 

.2. Biogenic elements 

Table 2 presents biogenic elemental composition in Bambara ground-

ut samples collected at three local governments -Afikpo, Abakaliki and

kwo. The result shows that the three samples were rich in biogenic el-

ments and therefore could be beneficial for both humans and animal

ealth. Macro biogenic elements determined in the samples include Na,

, Mg, Ca and P. The levels of Ca, Mg and K in Afikpo sample were sig-

ificantly ( p < 0.05) higher than that of Abakaliki and Ikwo; whereas Na

evel in Ikwo sample was significantly ( p < 0.05) higher than the other

wo samples. The micro biogenic elements reveal that sulphur, man-
3 
anese, iron, zinc, copper and boron levels were significantly ( p < 0.05)

igher in Afikpo than in Abakaliki and Ikwo samples. Cobalt level in

kwo sample was significantly ( p < 0.05) higher when compared to the

ther samples. 

Biogenic elements perform important physiological functions in the

uman body [37] . The most abundant elements in the three samples of

ambara groundnut are Ca, K, Mg, P, Cu and Na. This confirms what

ther authors have reported about the most abundant elements which

re Mg and P in Bambara groundnut [ 38 , 39 ]. These macro biogenic

inerals are required in large amounts in the human body. The aver-

ge daily dietary intake for each micronutrient that is required to sus-
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Table 3 

Recommended Dietary Allowances and Adequate Intakes for selected biogenic elements. 

Biogenic elements 

Life Stage Group Ca (mg/d) Cu (mg/d) Fe (mg/d) Mg (mg/d) Mn (mg/d) P (mg/d) Zn (mg/d) K(g/d) Na(g/d) 

Children 1-3yrs 700 340 7 80 1.2 400 3 3 1 

Children 4-8yrs 1000 440 10 130 1.5 500 5 3.8 1.2 

Male 19-50yrs 1000 900 8 420 2.3 700 11 4.7 1.5 

Female 19-50yrs 1000 900 18 320 1.8 700 8 4.7 1.5 

Pregnancy 19-50yrs 1000 1000 27 360 2 700 11 4.7 1.5 

Lactation 19-50yrs 1000 1300 9 320 2.6 700 12 5.1 1.5 

This table presents Recommended Daily Allowance (RDA) in ordinary type and Adequate Intake (AI) in italics type. mg/d- milligrams per 

day. The table was adapted from Dietary Reference intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 

Manganese, Molybdenum, Nickel, Silicon, Vanadium and Zinc [49] ; and Dietary Reference intakes for Water, Potassium, Sodium, Chloride, 

and Sulphates [50] . These reports may be accessed via www.nap.edu. The values of daily intake, Recommended Dietary Allowances (RDA) 

or Adequate Intakes (AI), as well as the Upper Intake Levels (UL) recommended by the Food and Nutrition Board/Institute of Medicine 

(US) for the minerals analyzed were used as a reference for adults 

Table 4 

Estimated Weekly intake (EWI) 

of some selected minerals. 

EWI (mg/kg) 

Element Adults Children 

Ca 83.59 355.25 

Cu 56.47 240.01 

Fe 148.91 632.89 

Mg 218.38 928.11 

Mn 2.33 9.89 

P 245.88 1045.01 

Zn 19.29 81.99 

K 54.21 230.39 

Na 47.50 201.86 

EWI- Estimated weekly intake. 
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ain normal physiologic functions is measured in milligrams or smaller

uantities. These macro elements are known for their specific functions

n the metabolic regulation of biological systems. Calcium is needed for

rowth, maintenance of bone, teeth and muscles in children and adults

40] . Zinc and calcium participate in glucose metabolism by enhanc-

ng insulin production [41] . The intake of essential elements such as

alcium, potassium and iron promote growth, health and cognitive de-

elopment both in children and adults [42] ( Table 3 ). 

Micro minerals such as Se, Cu, Zn, Mn and Fe were obtained in rea-

onable amounts. These micro elements act as cofactors for some pro-

ective antioxidant enzymes. For example, superoxide dismutase con-

ains Mn, Cu, Zn, which protect cells from pro-oxidant molecules es-

ecially free radicals. Iron concentration ranged from (58.0 ± 1.1 to

4.0 ± 1.4) mg/100g. These were lower in values when compared to iron

alues obtained other reports from Bambara groundnut (150.34 ± 0.51

o 159.99 ± 0.82) obtained from different market locations in Nigeria

43] . 

Studies have also shown that concentration and bioavailability of

hese biogenic elements can be influenced by duration of storage, ade-

uate processing method, location of elements in the seeds and min-

ral chelation [44] . The variability in the composition of these ele-

ents observed in all samples could be attributed to soil, climatic con-

itions, seasonal variations and even legume maturity as reported by

45] . Both macro and micro biogenic elements are known for their spe-

ific functions which include regulation of blood glucose homeostasis,

smo-regulation, hormonal and metabolic functions, regulation of en-

yme activity and heme synthesis. 

Children had higher values for the various selected minerals when

ompared to adults as shown in estimated weekly intake in Table 4 .

his could be attributed to their rapid growth rate, development and

heir need for a balanced diet [46] . In the estimated weekly intake ta-

le, P, Mg and Fe had higher values for children when compared to
4 
he Recommended Daily Allowance and Adequate intake values. These

inerals have been involved in growth and development in children es-

ecially during early childhood [47] . Therefore, dietary element intake

ust be sustained in children and adults to maintain physical health as

cute imbalances of these nutrients may be fatal [48] . 

.3. Toxic elements 

Toxic elements in Bambara groundnut samples which includes lead,

admium, mercury, arsenic, nickel and chromium are presented in

able 5 . However, the levels of Pb, Cd and Hg in Afikpo sample were

ignificantly ( p < 0.05) lower than the corresponding toxic elements

easured in Abakaliki and Ikwo samples. The toxic elements levels in

ll samples were lower than the FAO/WHO standard. 

The level of toxic elements (Pb, Cd, Hg, As, Ni and Cr) in Bam-

ara groundnut samples were relatively lower when compared to the

AO/WHO standard. Bioaccumulation of these toxic elements could re-

ult to various abnormalities which includes organ toxicity and oxida-

ive stress in the human body which could be deleterious to body tissues

nd organs [52] . Most farmers and traders use pesticides to prevent pests

nd fungi so therefore this could lead to accumulation of such toxic el-

ments during growth process and storage. Food stuffs or farm produce

tuffs can also be contaminated by toxic elements during harvest, trans-

ortation, storage and processing stages [23] . For example, mercury is

sed as fungicides to prevent fungi attack on plants and also known as

n environmental pollutant, some of its compounds have been applied

o mining in the extraction of gold and some industrial processes [52] . 

Pollution of soil, air and water by toxic elements are detrimental to

uman health. The local governments- Afikpo, Abakaliki and Ikwo have

ining sites where lead and some heavy metals are mined. Lead is an

nvironmental pollutant and can find its way into food samples through

ontaminated water and through lead mining sites in found in these local

overnments in Ebonyi state. Lead exposure can lead to disturbances in

hysiological functions of the body and could predispose one to so many

iseases [52] . The accumulation of these toxic metals such as Pb could

ave arisen to the mining sites located in these areas. High levels of

d in water, air, and soil can occur due to industrial activities which

an be a substantial exposure to humans [52] . Arsenic (As) is present in

ur natural environment and its concentration increases when human

ctivities such as pesticide application, mining and smelting operations

 53 , 54 ] 

Some of these elements become toxic when their permissible ranges

re exceeded [55] . Adequate processing methods are required in or-

er to eliminate the presence of these toxic elements. Scientific reports

n Bambara groundnut have shown that traditional processing methods

uch as fermentation, germination and roasting could increase the nu-

rient content of Bambara groundnut seeds [56] and therefore decrease

he levels of these toxic elements. 
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Table 5 

Comparison of toxic elements (mg kg − 1 ) in Bambara groundnut with FAO/WHO 

standards. 

ORIGIN 

Toxic element Afikpo Abakaliki Ikwo FAO/WHO reference # 

Lead 0.001 ± 0.0 a 0.004 ± 0.0 b 0.005 ± 0.0 b 0.10 

Cadmium 0.01 ± 0.0 a 0.02 ± 0.0 b 0.01 ± 0.0 a 0.05 

Mercury 0.02 ± 0.0 a 0.02 ± 0.0 a 0.02 ± 0.0 a NA 

Arsenic 0.002 ± 0.0 a 0.002 ± 0.0 a 0.007 ± 0.0 b 0.10 

Nickel 0.015 ± 0.0 a 0.006 ± 0.0 b 0.004 ± 0.0 b 0.20 

Chromium 0.018 ± 0.0 a 0.014 ± 0.0 b 0.020 ± 0.0 a NA 

a,b Different superscripts along the rows are significantly different ( p < 0.05). Values 

are presented as Mean ± SEM of three determinations ( n = 3). NA: Not available # Food 

and Agriculture Organization/ World Health Organization [51] . 

Table 6 

Percentage (%) composition of amino acids. 

ORIGIN 

Amino acid Afikpo Abakaliki Ikwo 

Alanine 0.005 ± 0.0 a 0.003 ± 0.0 b 0.004 ± 0.0 c 

Arginine 0.002 ± 0.0 a 0.003 ± 0.0 b 0.002 ± 0.0 a 

Asparagine 0.12 ± 0.0 a 0.08 ± 0.0 b 0.001 ± 0.0 c 

Aspartic acid 0.001 ± 0.0 a 0.001 ± 0.0 a 0.001 ± 0.0 a 

Cystine 0.04 ± 0.0 a 0.04 ± 0.0 a 0.05 ± 0.0 a 

Glutamic acid 0.037 ± 0.0 a 0.007 ± 0.0 b 0.005 ± 0.0 c 

Glutamine 0.012 ± 0.0 a 0.007 ± 0.0 b 0.007 ± 0.0 b 

Glycine 0.009 ± 0.0 a 0.006 ± 0.0 b 0.006 ± 0.0 b 

Histidine 0.02 ± 0.0 a 0.02 ± 0.01 a 0.01 ± 0.00 b 

Isoleucine 8.6 ± 0.8 a 10.4 ± 0.5 a 9.3 ± 0.8 a 

Leucine 2.2 ± 0.1 a 0.6 ± 0.0 b 0.3 ± 0.0 c 

Lysine 1.3 ± 0.0 a 1.6 ± 0.0 a 1.4 ± 0.0 a 

Methionine 3.0 ± 0.0 a 1.7 ± 0.0 b 1.0 ± 0.0 c 

Phenylalanine 0.02 ± 0.0 a 0.02 ± 0.0 a 0.02 ± 0.0 a 

Proline 0.01 ± 0.0 a 0.02 ± 0.0 b 0.02 ± 0.0 b 

Serine 0.02 ± 0.0 a 0.02 ± 0.0 a 0.02 ± 0.0 a 

Threonine 9.3 ± 0.7 a 3.3 ± 0.4 b 4.6 ± 0.1 b 

Tryptophan 0.002 ± 0.0 a 0.003 ± 0.0 b 0.004 ± 0.0 b 

Tyrosine 0.013 ± 0.0 a 0.009 ± 0.0 b 0.014 ± 0.0 a 

Valine 0.02 ± 0.0 a 0.01 ± 0.0 b 0.01 ± 0.0 b 

Total amino acids (%) 24.7 ± 1.4 a 17.8 ± 1.0 b 16.8 ± 1.00 b 

a–c Means with different superscripts along the rows are significantly 

different ( p < 0.05). Values are presented as Mean ± SEM of three 

determinations ( n = 3). 
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Table 7 

Percentage of essential amino acids of Bambara ground- 

nut in comparison with the WHO reference standard for 

dietary proteins. 

ORIGIN 

Amino acids Afikpo Abakaliki Ikwo WHO 

a 

Phenylalanine 0.08 0.1 0.1 6.0 

Histidine 0.08 0.1 0.07 NA 

Isoleucine 34.8 58.3 55.3 4.0 

Leucine 8.9 3.2 1.9 7.0 

Lysine 5.4 9.0 8.5 5.5 

Methionine 12.1 9.5 6.1 3.5 

Threonine 37.4 18.6 27.2 4.0 

Tryptophan 0.01 0.02 0.02 3.6 

Valine 0.09 0.07 0.06 5.0 

a World Health Organization [57] . Calculation of each 

essential amino acid is expressed as a percentage of the 

total amino acids obtained as shown in Table 5 .Values 

are based on three determinations ( n = 3).). NA: Not 

available 
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.4. Percentage composition of amino acids 

Table 6 presents the percentage composition of amino acids in Bam-

ara groundnut samples. The percentage of amino acids ranged from

.001 to 10.39%. The percentage composition of isoleucine, threonine,

ethionine, leucine and lysine were relatively high in all three samples.

owever, the highest percentage of amino acid (10.39% isoleucine)

as obtained in Abakaliki sample. The total percentage of amino

cids in Afikpo sample (24.7 ± 1.4)% were found to be significantly

 p < 0.05) higher than samples from Abakaliki (17.8 ± 1.01)% and Ikwo

16.8 ± 0.99)%. 

.5. Essential amino acids 

Table 7 shows the comparison of essential amino acid composition of

ambara groundnut samples with the WHO standards. All three samples

ontain essential amino acids and the percentage content of isoleucine,

ysine and threonine are comparable and higher than the WHO stan-

ard. However, leucine and lysine values obtained from the sample from

fikpo are comparable to the WHO standard. 

Amino acids are the building blocks of peptides and proteins.

hey are starting materials to a variety of biomolecules such as hor-
5 
ones, coenzymes, nucleotides, alkaloids, pigments and neurotransmit-

ers [58] . Both essential and non-essential amino acids are present in the

ambara groundnut samples. This legume contains essential amino acids

hich are required to protect against protein deficiencies and therefore

ould combat malnutrition because of its rich protein content. Scientific

vidence has revealed that Bambara groundnut is used in improving the

rotein quality of a staple diet- maize gruel also called “ogi ” due to its

igh protein content [19] . 

Leucine and lysine were comparable to the WHO standard and this

onfirms reports by authors who reported that leucine and lysine were

igh in the dehulled and whole seeds of Bambara groundnut [59] .

soleucine, threonine, methionine, leucine and lysine are relatively high

n percentage compared to the WHO standard. The values of these

mino acids could be attributed to the physiological status and sea-

onal variations of this plant where the Bambara groundnut samples

ere sourced. Isoleucine is a branched chain amino acid which plays a

ey role in maintaining the body immune function and necessary in var-

ous functions of the human body, such as growth and immune function,

etabolism of protein and transport of glucose [60] . 

In summary, essential amino acids play variety of roles in the body

hich includes, physiological functions, growth, immune functions, pro-

ein metabolism, glucose transportation, protein folding functions. Bam-

ara groundnut has been widely used in enriching traditional foods be-

ause of its relatively high nutritional value and fairly balanced amino

cid profile. This confirms reports by various authors who reported that

ambara groundnut is a good source of amino acids therefore can serve

s a food supplement [ 2 , 59 ]. 
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. Conclusion 

The importance of Bambara groundnut as an underutilized crop has

ast prospects for food production and has the capability to combat mal-

utrition both in adults and children. Bambara groundnut samples ob-

ained from various locations -Ikwo, Abakaliki and Afikpo contain some

easonable levels of biogenic elements and essential amino acids. Chemi-

al pesticides both in farming and storage of food products should be ap-

ropriately monitored to avoid long term side effects on human health.

here is need to control and monitor pesticides usage in these areas

here the samples were sourced because of their potential toxicity. Al-

hough our study reports that the toxic element concentrations were

ithin the permitted limits. However, adequate processing methods of

he Bambara groundnut seeds could result to zero levels of both pesti-

ide residue contents and toxic elements. Therefore, Bambara groundnut

akes a complete and safe edible diet for human consumption in Ebonyi

tate. 
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