
  
African Journal of Sustainable Agricultural Development | ISSN: 2714-4402 

Vol. 3, Number 3 (July-September, 2022) | www.ijaar.org/ajsad  

 

10 

 

 

Aluminum, cadmium, lead and aflatoxin contaminations of fermented 

African locust bean seeds (iru) retailed within Lokoja markets 
 

Beatrice O. Ojiego
1*

, Elizabeth O. Ojo
1
, Ishaku M. Twan

2
, Imbolo F. Diete-Spiff

3 
and 

Gideon I. Ogu
4 

1
Department of Environmental Biotechnology and Bio-conservation, National Biotechnology 

Development Agency, Abuja, Nigeria. 
2
Department of Biology, Ahmadu Bello University, Zaria, Kaduna State, Nigeria 

3
Department of Chemical Sciences, Novena University Ogume, Delta State, Nigeria 

4
Deapretment of Microbiology, Federal University Lokoja, Kogi State, Nigeria 

 

Abstract  

The production conditions, processing ingredients, storage and retailing environments of 

fermented African locust bean seeds (iru) expose them to diverse chemicals and biological 

hazards. Though, a nutritionally rich condiment with wide spread applications in Nigeria 

and other African countries, it is important to provide additional information on exposure 

levels of some harmful heavy metals and microbial toxins for safety concerns. This study 

assessed the concentrations of lead (Pb), aluminum (Al), cadmium (Cd) and aflatoxins in 

‘iru’ retailed within Lokoja main (International, Old, Kpata and Lokongoma) markets. 

Atomic absorption spectrophotometric analysis of the digested samples revealed 

International and Kpata market contaminated samples Pb (0.08 mg.kg
-1

) was significantly 

(p<0.05) highest when compared with Al (0.02 mg.kg
-1

) and Cd (0.01 mg.kg
-1

)which were 

insignificantly different, suggesting contamination mostly from wastewater and automobile 

exhausts gases, which are rich sources of Pb. ELISA assay detectedaflatoxinsin all the 

samples with concentrations ranging from 4.84 ± 0.52μg.kg
-1 

(International market) to (2.21 

± 0.12 μg.kg
-1

 (Kpata market). Although, the concentrations of Pb, Al, Cd, and aflatoxins 

were well below the acceptable limits by FAO/WHO and NAFDAC, it is however pertinent to 

reemphasize the need for enlightenment of processors of iru on the sources and implications 

of heavy metal in order to reduce exposure to the non-essential metals which are abundant in 

exhausts gases of automobiles/generators, dumpsites, and industrial wastewater/agro-

chemicals wastes. Consumers should also ensure thorough heating of ‘iru’ samples to 

inactivate and reduce the effects of the aflatoxins. 

 

Keywords: Aflatoxin, lead, aluminium, ‘iru’, Lokoja market 

 



  

African Journal of Sustainable Agricultural Development | ISSN: 2714-4402 

Vol. 3, Number 3 (July-September, 2022) | www.ijaar.org/ajsad  

 

11 

 

 

INTRODUCTION 

Africans are well known by the special types of condiments they use in making delicious 

cuisines. One of such local seasoning agents is fermented locust beans seed, famously known 

by different local names, such as ‘iru’ by ‘ogiri’, ‘dawadawa’ among others. This special 

condiment, commonly called African locust beans is biologically christened Parkia biglobosa 

(L). The seed of the plant is fermented and used to season different foods, especially soups 

and stews for personal and commercial consumption.  

 

Nutritional scientists have found that locust bean seed is rich in valuable nutrients and 

minerals which are indispensable in human diet. For instance, it was reported that seeds of 

locust bean plant is a good source of proteins, amino acids, fat, soluble fibers, calcium, 

manganese, potassium and copper (Makanjuola and Ajayi, 2012; Oluwaniyi and Bazambo, 

2016). There are reports that when the right quantity is consumed, locust bean seed could aid 

in good vision, lower blood pressure, controls blood sugar levels, and enhances wound 

healings, among others (Builders, 2014; Oguntola, 2019). 

 

Iru’, which is the fermented local bean seeds, is widely used in local delicacies in Lokoja, and 

are commonly sold in markets within the zone. The commercial ‘iru’ are sold in white 

polyethene bags and when purchased, the consumers apply it directly to the soup or stew 

without prior washing with cold or warm water. During the processing and fermentation of 

the locust bean seed to produce ‘iru’, large volumes of water from different sources (surface 

and underground) are used without recourse to their qualities. Consequently, ‘iru’ might be 

exposed to the inherent chemicals (particular heavy metals) and biological hazards when 

contaminated water and raw materials are used. Previous study has shown that water with 

poor quality positively influences the loads of heavy metals and microorganisms in the final 

‘iru’ products (Abiola and Adesokan, 2016). Similarly, an optimal fermentation duration of 

between 48 h and 72 h have been found to impact favorably on the microbial, mineral and 

proximate compositions of iru (Atere et al., 2020). Microbial quality of different forms and 

sources of ‘iru’ have been reported within some locations in Nigerian (Ibeabuchi et al., 2014; 

Tersoo-Abiem et al., 2021). However, there is paucity of studies on the heavy metal contents 

and aflatoxin contaminations of commercial iru within Lokoja metropolis, where ‘iru’ is 

commonly produced, retailed and consumed. Heavy metals and aflatoxin are relatively stable 

to thermal inactivation, can bio-accumulate and harm the body organs, thereby making their 

presence in food, at certain threshold concentrations, a serious public health concern. Hence, 

to augment the currently available information, this study was undertaken to assess the 

concentrations of lead, aluminium, cadmium and aflatoxins in fermented African locust bean 

seed (iru) retailed within Lokoja main markets. 

 

MATERIALS AND METHODS 

Study area 

This study was carried out in Lokoja, Kogi State (Figure 1). Lokoja is geographically located 

at coordinates of latitude 7
0
45’’N and longitude 6

0
45’’E. The population of the location was 

projected as 791,000 in the year 2021 (Anon, 2022) and their occupation is agriculture. The 

town is a nerve center for trading of tubers, grains, fruits and vegetables. 

 

Sample collection  

A total of 40 samples of ‘iru’ (Figure 2) were purchased from different retailers within 

Lokoja main markets (International, Old, Kpata and Lokongoma Markets), properly placed in 
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clean polyethene bags, labeled appropriately and transported immediately to the laboratory 

for analysis. 

 
Figure 1: Map of Nigeria showing Lokoja, the capital of Kogi State. 

.  

 
Figure 2: Fermented African locust bean seed (iru) 

 

Digestion and determination of heavy metals 

The procedure explained by Adedokun et al. (2016) was used. Each of ‘iru’ samples was 

weighed and 0.5 g was collected into a digestion glass beaker containing 10 mL of acidic 

mixture of HNO3/HClO4 in ratio 2:1 before placing the mixed contents in a fume chamber set 

as a temperature of 150 °C for 2 h until clear solution is obtained. The cooled solution was 

filtered and the filtrate was used for determination of lead (Pb), cadmium (Cd), and 

aluminium (Al) alongside a series of blank solutions (for quality control)using a graphite 

furnace atomic absorption spectrophotometer (GBS Scientific Equipment SensAAS 1175, 

Australia.  

 

Determination of total aflatoxin contents  

The total aflatoxin concentrations present in each sample was assayed using the Enzyme 

linked immune-sorbent assay (ELISA, Beacon Test Kit) as described previously (Zheng et 

al., 2005; Harunaet al., 2019).  Exactly 25 g of each sample was pulverized and soaked in 50 

ml of 70% (v/v) methanol before filtering the solution to obtain the extract, which was diluted 

with 20 mL distilled water and mixed gently. The content was filtered again using glass fiber 

filter. 50µL each of sample extracts, enzyme conjugate and aflatoxin standards were mixed 

and added to the antibody-coated micro-wells. After incubating the contents for 15 min at 



  

African Journal of Sustainable Agricultural Development | ISSN: 2714-4402 

Vol. 3, Number 3 (July-September, 2022) | www.ijaar.org/ajsad  

 

13 

 

 

room temperature, the contents of the micro-wells were gently discarded, washed thrice using 

PBS Tween wash buffer and dried before adding 100 µL of enzyme substrate and incubated 

for additional 5 min at room temperature. Thereafter, 100 µL of stop solution was added to 

the blue coloured micro-well contents leading to a change to yellow colour, whose intensity 

was measured optically using a microplate reader with an absorbance filter of 450 nm 

(Haruna et al., 2019). 
 

Data analysis  

Data generated from both heavy metals and aflatoxin determinations were statistically 

analyzed descriptively using Microsoft Excel 2013. The mean values obtained were separated 

using Duncan Multiple Range Test at p-value of 0.05. 
 

RESULTS AND DISCUSSION 

The production conditions, processing ingredients, storage and retailing environments of 

fermented African locust bean seeds have been found to expose the final products (iru) to 

diverse chemicals and biological hazards. Though, a nutritionally rich condiment with wide 

spread applications in Nigeria and other African countries, it is important to provide 

additional information on levels of harmful heavy metals and microbial toxins in fermented 

African locus bean seeds. In this study, the levels of contamination of ‘iru’ by Pb, Cd, Al and 

aflatoxins were investigated from selected markets within Lokoja metropolis, Kogi State, 

Nigeria. After analysis it was observed that the three heavy metals were detected in all the 

samples except for Al in Kpata and Lokongoma, and Cd in Lokongoma samples (Figure 3). 

Both Al and Pb (70 %) occurred most in International market, and Cd (20 %) occurred lowest 

in Kpata market. Generally, this suggests that samples from International market had the 

most occurring heavy metals contaminants, while Kpata market was the least. 

 

With respect to aflatoxin contamination, it was detected in all the ‘iru’ samples from the four 

markets. Aflatoxins occurred most in samples from International markets (80 %), followed by 

both Lokongoma and Old markets (60 %) and Kpata market (50 %) samples being the least 

(Figure 4). Similarly, findings from these results indicate that aflatoxin contamination of ‘iru’ 

was most in samples from International market and least in Kpata market. 
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Figure 3: Occurrence of Pb, Cd, and Al in ‘iru’ samples from Lokoja main markets  

 
Figure 4: Occurrence of total aflatoxins in ‘iru’ samples from Lokoja main markets  

The concentrations of Pb, Cd, and Al in ‘iru’ samples from Lokoja main markets, as 

presented in Table 1, revealed mean values of 0.02 mg.kg
-1

, 0.01 mg.kg
-1

 and 0.08mg.kg
-1

 for 

Al, Cd and Pb, respectively. When compared statistically, the concentrations of Pb was 

significantly (p<0.05) different from Al and Cd, which were not different (p˃0.05) from each 

other. This further suggests that Pb was the most contaminants, followed by Al and Cd in that 

order. Comparable results were reported by Abiola and Adesokan (2016) from locally 

processed locust bean seed samples retailed in Ibadan. They linked the variations in 

contamination of the products by Pb, As and Cd to the differences in sources of processing 

water. They found that using surface water (streams and springs), unlike underground water 

(wells and boreholes) sources, resulted in higher levels of contaminations by the Pb, As and 
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Cd (Abiola and Adesokan, 2016). Although, the concentrations of Pb, Al and Cd in this study 

were below the acceptable limits by FAO/WHO, it is however pertinent to reemphasize the 

use of wholesome water in processing of fermented African locust beans to reduce their rates 

of contaminations, which are abundant in dumpsites, wastewater and soil (Salazar-Flores et 

al., 2019). Similarly, the concentrations of Pb and Cd were significantly lowered than those 

in raw African locust been seeds reported by Ojewumi et al. (2017), indicating that 

fermentation of the seeds helps to reduce the amount of heavy metal contaminants in the final 

product (iru). Naturally, heavy metals are broadly classified into two groups: essential 

(biometals) and non-essential (harmful metals). The biometals, such as Co, Cu, Cr, Zn, Fe, V, 

and Mn, are relatively useful for the normal physiological activities of the cells, tissues, 

organs and enzymes. They, however, become harmful when there concentrations become 

relatively high above the permissible limits the body system can handle (Oguet al., 2018). On 

the other hand, the harmful metals, also known as the toxic or non-essential metals, are 

usually hazardous to the cells, organs and ecosystem even at very low or trace concentrations 

(Tchounwou et al., 2012). Some of the health hazards associated with exposure to Cd, Pb and 

Al (via food and water) are kidney, liver, heart, brain, pulmonary, hepatic, renal system, 

nervous systems, gastrointestinal tract failures and coma particularly in exposed young 

individuals (Tchounwou et al., 2012; Jaishankar et al., 2014; Salazar-Flores et al., 2019). 

Hence, it is advisable for consumers to utilize the fermented or boiled form of African locust 

bean seeds in preparation of their delicacies to reduced exposure to toxicity of Pb (2.65 

mg.mL
-1

), Cd (0.21 mg.mL
-1

), Cu (7.03 mg.mL
-1

), Ni (4.04 mg.mL
-1

) and Co (4.41 mg.mL
-1

) 

(Ojewumi et al., 2017). Some of the major sources of heavy metals in raw, processed and 

ready-to-eat foods include the use of wastewater for irrigation, burning of 

municipal/industrial waste/fossil fuel, over-dependence on chemical products/fertilizers, and 

dumping of hazardous untreated wastes in water bodies (Jaishankar et al., 2014; Thompson 

and Darwish, 2019). 

 

Apart from the detection of heavy metal contaminants in this study, total aflatoxins were also 

detected in all the ‘iru’ samples as shown in Table 2. From the result, it was observed that the 

concentrations of total aflatoxins was significantly (p<0.05) highest in samples from 

International market (4.84 ± 0.52μg.kg
-1

), followed by Lokongoma market (3.51 ± 0.02 

μg.kg
-1

), Old market (3.12 ± 0.12 μg.kg
-1

) and Kpata market (2.21 ± 0.12 μg.kg
-1

). The 

presence of aflatoxins in the ‘iru’ samples could be associated with the nature of the 

processing and storage conditions, which invariably create opportunities for excessive fungal 

growth and elaboration their toxins. Previous findings, revealed intense heat and poor storage 

conditions, among others, as the major factors responsible for the elaboration and 

accumulation of aflatoxin in food by aflatoxin-producing fungi (Ogodo and Ugbogu, 2016). 

These conditions are prevalent in Lokoja, and this is in agreement with previous submission 

on the possible means of aflatoxin contaminations of ‘iru’ samples retailed with Lokoja 

markets. The variations observed in the concentrations of aflatoxins from the markets might 

be due to differences in processing, storage duration, sanitary status of the storage containers 

and environments of the fermented African locust been seeds. Similar submissions were 

made previously for other commercial edible products in Nigeria, such as commercial maize 

(Ayeni et al., 2020) and fresh vegetables/spice (Haruna et al., 2019). Although, the 

concentrations of total aflatoxins in the samples were well below the permissible limit of 10 

μg/kg stipulated by the National Agency for Food and Drugs Administration and Control 

(NAFDAC), it is pertinent for processors/retailers to be educated on ways to reduce the 

exposure of ‘iru’ to afltaoxin-producing fungi. Aflatoxin contamination is of public health 

concern because when consumed above a particular threshold, it initiates and exerts 
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biochemical changes which affect the gut, liver, and other organs leading to cancers, coma 

and death (Fedlu et al., 2019). 

 

Table 1: Concentrations of Al, Cd, and Pb in ‘iru’ samples from Lokoja main markets 

Samples sites Al (mg.kg
-1

) Cd (mg.kg
-1

) Pb (mg.kg
-1

) 

Kpata market ND 0.04 ± 0.00
aA 

0.04 ± 0.21
cA 

Lokongoma market ND ND 0.06 ± 0.05
bc 

International market, 0.05 ± 0.01
aB 

0.02 ± 0.02
cC 

0.14 ± 0.01
aC 

Old market 0.03 ± 0.01
bE 

0.03 ± 0.01
abE 

0.07 ± 0.22
bD 

Mean 0.02 ± 0.01
G 

0.01 ± 0.01
G 

0.08 ± 0.12
F 

Permissible limit* 1 0.05 – 0.2 0.1 – 0.3 

Key: Mean values with the dissimilar lower case alphabets as superscripts (
a-c

) are reported significant 

(p< 0.05) across the columns, while mean values having dissimilar upper case alphabets as 

superscripts (
A-G

) are recorded significant (p< 0.05) across the rows. *(FAO/WHO, 2021) 

 

Table 2: Total aflatoxin concentrations of in ‘iru’ samples from Lokoja main markets  

Samples sites Total aflatoxin concentration (μg.kg
-1

) 

Kpata market 2.21 ± 0.12
a 

Lokongoma market 3.51 ± 0.02
ab 

International market 4.84  ± 0.52
a 

Old market 3.12 ± 0.12
ab 

NAFDAC permissible limit 10  

 

Conclusion 

Investigation of the contaminants; aluminum (AL), cadmium (Cd), lead(Pb) and aflatoxins in 

fermented African locust bean seed (iru) retailed within Lokoja main markets has shown that 

commercial ‘iru’ samples, a nutritional condiments, had all the contaminants at varying 

concentrations. Generally, the heavy metals and aflatoxin analyzed were relatively most in 

International market and least in Kpata market. The concentrations of Pb was significantly 

highest when compared with Aland Cd which were insignificantly different, suggesting 

contamination mostly from water and automobile exhausts gases, which are rich sources of 

Pb. Although, the concentrations of Pb, Al, Cd, and aflatoxins were well below the 

acceptable limits by FAO/WHO and NAFDAC, it is however pertinent to reemphasize the 

need for enlightenment of processors of ‘iru’ on the sources and implications of heavy metal 

in order to reduce exposure to these non-essential metals which are abundant in exhausts 

gases of automobiles/generators, dumpsite and industrial wastewater/agro-chemicals waste. 

Consumers should also ensure thorough heating of ‘iru’ samples to inactivate and reduce the 

effects of the aflatoxins. 
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