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Abstract                                       

Quantitative determination of aflatoxin B1 and total 

aflatoxin in African locust bean condiment samples 

consumed in Kaduna metropolis was investigated in 

this study. ELISA kits were used to determine 

Aflatoxin B1 and total aflatoxin. Samples for analysis 
were obtained by stratified random sampling method 

with central market, Monday market, kawo market 

and mando market identified as the sampling 

locations. With the exception of one sample, all 

samples analyzed showed favorable resultsfor 

aflatoxin B1 and total aflatoxin. 97.9% of the African 

locust bean condiment samples were within the 

standard limit set by the national agency for food and 

drug administration control (NAFDAC) for 

unprocessed food. (5ppb for aflatoxin B1 and 10ppb 

for total aflatoxin) and safe for consumption except 
for type D sample from kawo market.    
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Introduction  

The safety of foodforman and animal feeds has been 

a majorconcerntonationsespecially in recentyears as 

more knowledgeisgatheredontheoccurrence of natural 

toxins in foodstuffs, animal feeds and 

edibleplantmaterials. 

Naturallyoccurringtoxinshavebeencharacterizedbythe

WorldHealthOrganization (WHO, 2002) as 

significantsources of food borne diseases. Of allthe 

natural foodtoxins, theFood and Agricultural 

Organization (FAO) has estimatedthataflatoxins 

(fungaltoxins) alonecontaminateabout 25 % of 

agriculturalproductsworldwideresulting in 

hugelossesforfarmers (Williams et al., 2015). 

Processing of food relies on a series of preservative 

technologies developed to enhance quality, safety, 

and acceptability, one of which is fermentation. 

Fermentation is the oxidation of carbohydrates to 

produce a wide range of products principally alcohol, 
organic acids and carbon dioxide through microbial 

activities. Fermentation being a low-cost technology 

improves the digestibility and functionality of foods 

and facilitates food detoxification (Aziz et al., 1998). 

So far, most microorganisms involved in the 

fermentation of foods (cereals, legumes, oil seeds, 

etc.) belonging mainly to the Lactobacillus, 

Leuconostoc, Lactococcus, Pediococcus,Bacillus and 

Saccharomyces genera. Iru is a condiment that is 

produced via the fermentation of African Locust 

Bean (Parkiabiglobosa) by B. substilisB. 
licheniformis and B. pumilis (Bokhori, 2007).  These 

products amongst variants such as injera, banku, 

amasi, fufu, garri,kenkey,uji, and mawe are 

indigenous to Africa. In Africa, they are typically 

manufactured in homes under spontaneous conditions 

with little or no process control (Aziz et al., 1998). 

Their production is also dominated by informal 

processing sectors (cottage and rural small-scale 

processors) that make use of different traditional 

processing methods there by bringing about variation 

in substrates used, processing conditions (time, 

temperature, moisture etc.), packaging materials, 
handling and storage practices (Haruna et al., 2016). 

These factors determine the quality and safety of the 

final products. However, irrespective of the 

processing method employed, it is expedient for food 

marked for sale to be of good quality and free from 

pathogenic and spoilage microorganisms such as 

fungi and associated toxins. For fungi, a number of 

strains belonging mainly to the Aspergillus, Fusarium 

and Penicillium genera that attack various food 

commodities are toxigenic, producing various types 

of aflatoxins. About 25 % of the global food output is 
contaminated by aflatoxins, causing significant 

economic losses. Moreover, they are a serious health 

hazard, as they are known to be carcinogenic, and 

immunotoxic. Mycotoxins of significance in sub-

Saharan Africa (SSA) in terms of health and 

economy are fumonisins(FBs), aflatoxins (AFs), 

ochratoxin A (OTA), zearalenone(ZEN), and 

trichothecenes (TCs) (Haruna et al., 2016). They 

have been found present in different food categories 
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mainly in Legumes such as groundnut, African locust 
used in the production of African locust beans 

condiment, cereals such as maize and oil seeds such 

as melon that are substrates used in the production of 

fermented foods. Therefore, the presence of 

aflatoxins in fermented foods (i.e., iru or daddawa, 

ogi,ogibaba, ugba and ogiri) cannot be undermined. 

Even though fermentation could play a role in the 

degradation or detoxification of aflatoxins in foods, 

there are increasing reports of aflatoxin in fermented 

foods (Haruna et al., 2016). In Nigeria, there are no 

in-depth studies that report multiple aflatoxin 
contamination in the selected fermented foods and Iru 

condiments in Kaduna State, hence the need for this 

study. Therefore, this study is aimed at studying the 

aflatoxin contaminations of daddawa condiments 

obtained from four selected market in Kaduna 

metropolis.  

Contamination of foodcommoditieswithaflatoxinsis a 

publichealthconcernbecause of theability of 

aflatoxinsto cause human and animal diseases.  

Aflatoxinshavebeenimplicatedwithacute and 

chronicaflatoxicosis, genotoxicity, hepatocellular 

carcinoma, suppression of theimmunesystem, 
aggravation of kwashiorkor and 

impairedchildhoodgrowth (Ephrem, 2015). 

Howeverduetohighreported cases of afore-

mentionedillnesses in KadunaMetropoliswhichmay 

be linkedtotheconsumption of 

foodcommoditieswithaflatoxins.Thereisneedtoacertai

nthelevel of aflatoxin  and compare the result with 

what is stipulated in the relevant Nigerian Industrial 

Standards, ISO standard, Codex Alimentarius and 

WHO guidelines. Consumption of food containing 

aflatoxin is known to be responsible for different 
types of diseases such as Hepatitis B, kidney 

malfunction, reproductive problems, anaemia, and 

suppression of immune system stunted growth in 

children. Hence the need to embark on this study 

 

 

Material and methods. 

Sample collection and pretreatment  

The samples were obtained from four different 
market in Kaduna Metropolis namely; Kaduna 

central Market, Monday Market, Kawo Market and 

Mando Market. The types of African Locust Bean 

Condiments samples used were classified as Hausa 

preparation type, Yoruba preparation type, Igbo 

preparation type and Igala preparation type. Three 

samples of each preparation type were obtained in 

each market using Stratified-Random sampling 

method using 4 identified strata listed above (Botev, 

2017). The sample ware collected from vendors by 
picking each condiment types with equal amount. 

Each representative sample was transferred in to a 

new polythene pouch and labeled properly. The 

representative sample were coded as; A (Hausa type), 

B (Yoruba type), C (Igbo type) and D (Igala type). 

The samples for each preparation type were crushed 

into particle size with pestle and mortar and 

transferred in to clean sample bottles with cover 

separately. 10g of each sample wasweighed and 

combined to produce a composite sample for the 

analysis. 

 

Extraction of samples for Aflatoxin B1 

Analysis 

Five grams (5.0 g) portion of the grinded composite 

sample was transferred in to extraction bottle (sample 

bottle) and 25 ml of 70 % methanol) was added to 

extraction bottle. The mixture was mixed vigorously at 

250 rpm for 10 minutes at room temperature on an orbital 

shaker it was allowed to settle. The mixture was filtered 

through a whatman #1 filter paper and the filtrate was 

collected in a test tube. The resultant solution was further 

purified using mycosep cleanup column. One mill (1 ml) 

of the purified filtrate was diluted with one mill (1 ml) of 

de-ionized water in a 10 ml test tube. Fifty microliter (50 

µl) of the diluted filtrate was used per well for the test 

(Ridascreen, 2017). This method was repeated for all the 

samples. 

Ridascreen Aflatoxin B1 Standard Method 

Sufficient number of micro wells was inserted in to 

microwell holder for all the reference standard and 

samples to be analyzed and positions were recorded. 

Fifty microliter (50 µl) of standard or all the extracted 

samples from 3.9 ware measured in to the micro 

wells. Fifty microliter (50 µl) of enzymes conjugate 

to the bottom of each well was added. Fifty microliter 

(50 µl) of anti-aflatoxin anti-body solution was added 

to each well it was mixed gently by shaking the plate 

manually and incubated for 30 minute at room 

temperature. All the wells were filled with 250 µl 
washing buffer. The micro wells was emptied again 

and all the remaining liquid was removed three times. 

One hundred microliter (100 µl) of the 

Substrate/chromogen was each well, mixed gently by 

shaking the plate manually. One hundred microliter 

(100 µl) of stop solution was added to each micro 

well. The mixture was mixed gently by shaking the 

plate manually. Absorbance was measured at 450 nm 

within 15 minutes after addition of stop solution 
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(Ridascreen, 2017). This method was repeated for all 
the samples. 

Extraction of samples for Total Aflatoxin 

analysis. 

Two grams (2.0 g) of the grinded composite sample 

was weighed into extraction bottle (sample bottle), 10 

ml of 70 % methanol was added to extraction bottle. 

The mixture was mixed vigorously at 250 rpm for 10 

minutes at room temperature on an orbital shaker it 

was allowed to settle. The mixture was filtered 

through a whatman #1 filter paper and the filtrate was 

collected in a test tube. The resultant solution was 

further purified using mycosep (multifunctional) 

cleanup column. One hundred microliter (100 µl) of 

the extract was diluted with six hundred microliter 

(600 µl) of de-ionized water. (Ridascreen, 2018).This 

method was repeated for all the samples 

Ridascreen Total Aflatoxin Standard 

Method 

Fifty microliters 50 µl of the mixture was transferred 

in to micro well. Sufficient number of micro titer 

well was inserted in to microwell holder for all the 

standard and samples to be run. Position of standard 

and samples was recorded. Fifty microliter (50 µl) of 

standard and prepared samples was transferred in to 

separate micro wells. Fifty microliter (50 µl) of the 

conjugate was added to each well. Fifty microliter 

(50 µl) of the ant-body was added to each well mixed 

gently by shaking the plate manually. The mixture 
was incubated for 30 minute at room temperature 

(20-25 0c). The mixture was discarded and the 

microwell holder was damped upside down 

vigorously against absorbent paper (3-times in a raw) 

to ensure complete removal of the liquid from the 

wells, two hundred and fifty micro liters (250µl) of 

the wash buffer was added to the wells, it was 

emptied three times. One hundred microliter (100 µl) 

of the substrate/chromagen was added to each well. It 

was mixed gently by shaking the plate manually, it 

was incubated for 15 minute at room temperature 

(20-25 Oc). One hundred microliter (100 µl) of stop 

solution was added and mixed gently by shaking the 
plate manually. Absorbance was measured at 450nm 

differential filter. Absorbance was read within 

30minute after addition of stop solution. The result 

was obtained read absorbances calculated inform of 

concentration and was printed. It is capable of 

plotting a standard curve using ELISA stat fax micro 

well reader or equivalent (Ridascreen, 2018). This 

method was repeated for all the samples 

The colour changed from blue to yellow. Note that 

the more the colour intensity the less aflatoxin, and 

vice-versa. 

Concentration (ppb) of Aflatoxin B1 and 

Total Aflatoxin of African Locust Bean 

Condiment from Central Market and 

Monday Market 

Table I: the results of aflatoxins B1 and total aflatoxin 

from sample obtained from central market are 

presented, samples A, B, C and D are Hausa, Yoruba, 

Igbo and Igala African Locust Condiments 

respectively. The mean concentration of aflatoxin B1 

of sample C is significantly different from A, B and 
D samples. The concentration pattern of aflatoxin B1 

depicts C is greater than A is greater than D is greater 

than B. The concentration of total aflatoxin in 

samples C is different from samples A, B and D, the 

concentration of total aflatoxin is higher than in 

aflatoxin B1 in all the samples. The trend in the 

occurrence of aflatoxins in these African  

Locust Bean Condiments from the Central Market is 

directly proportional to their moisture contents 

preparation fermentation and storage.  

Results of aflatoxin B1 and total aflatoxin estimation 
from the Monday Market African locust bean 

condiments are presented in table II. The results show 

that sample A, which is the Hausa type of African 

Locust Bean Condiment has no aflatoxin at all. The 

total aflatoxin concentration is higher than the 

concentration of aflatoxin B1 in all the samples. The 

concentration pattern in all the samples for aflatoxin 

B1 and total aflatoxin concentration depicts C is 

greater than D greater than B greater than A. The 

mean concentration also depict same patter
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Table I: Concentration (ppb) of aflatoxin B1 and Total Aflatoxin of African Locust Bean Condiment from Central Market 

Trial Aflatoxin B1 (ppb) Total Aflatoxin (ppb) 

 A B C D A B C D 

1 5.8 5.0 7.0 5.6 6.0 5.2* 7.3 5.6 

2 5.2 5.4* 6.9 6.0* 5.7 5.6 7.3 6.5 

3 5.9 5.0 7.1 5.6 6.1 5.6 7.2 6.3 

Mean 

SD 

 

5.90 

0.10 

5.00                     

0.00 

7.13 

0.15 

5.60 

0.00 

5.93  

0.21 

5.60 

0.00 

7.13 

0.21 

5.80 

0.44 

 

 

 

 

Table II: Concentration (ppb) of aflatoxin B1 and Total Aflatoxin for African Locust Bean Condiment from Monday Market  

 

Trial Aflatoxin B1 (ppb) Total Aflatoxin (ppb)  

 A B C D A B C D  

1 ND 0.8 1.5 1.1 ND 0.9 1.8 1.4  

2 ND 0.9 2.1 1.1 ND 0.9 2.2 1.6  

3 ND 0.7 1.6 1.3 ND 1.1 2.1 1.7  

Mean 

SD  

ND 

0.00 

0.80 

0.10 

1.73 

0.32 

1.33 

0.25 

ND  

ND 

0.93  

0.15 

1.83  

0.25 

1.40 

0.30 

 

 

 

 

NAFDAC standard for  

unprocessed food 

Aflatoxin B1 

5 ppb 

Total aflatoxin 

10 ppb 

 

(*)  outliers 

 

 

Concentration (ppb) of Aflatoxin B1 and 

Total Aflatoxin of African Locust 

Condiment from Kawo Market and Mando 

Market 
Table III, the results of aflatoxin B1 and total 

aflatoxin in African locust bean condiment samples 

obtained from Kawo Market are presented in this. 

The result shows that sample D which is igala type of 

African locust beans condiment has the highest 

concentration which is significantly different from A, 
B, and C samples. The concentration pattern of 

aflatoxin B1 depict that sample D is greater than A is 

greater than B is greater than C. The concentration of 

total aflatoxin depicts that sample D is significantly 

different from sample A, B, and C the concentration 

pattern shows that sample D is greater than A is 

greater than B is greater than C. The concentration of 

total aflatoxin in all the African locust bean 

condiment is higher than aflatoxin B1 concentration. 

The results of aflatoxin B1 and total aflatoxin 

obtained from Mando Market of African Locust Bean 

Condiment are presented in table IV. The result show 

that sample A which is Hausa type of African locust 
bean condiment has the highest concentration and is 

significantly different from D, B, and C samples. The 

concentration pattern of aflatoxin B1 depicts that A is 

greater than D is greater than B is greater than C. The 

concentration of total aflatoxin for sample D is 

significantly different from A, B and C samples. The 

concentration pattern of total aflatoxin depicts that D 

is greater than A is greater than B is greater than C. 

The concentration of total aflatoxin is higher than in 

aflatoxin B1 in all the samples. 
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Table III: Concentration (ppb) of Aflatoxin B1 and Total Aflatoxin of African Locust Condiment from Kawo Market 

 

Trial Aflatoxin B1 (ppb) Total Aflatoxin (ppb) 

 A B C D A B C D 

1 3.1 1.7 0.4 5.6 3.7 2.2 0.6 6.0 

2 3.8 2.3 0.5 5.1 3.8 2.4 0.5 5.6 

3 3.4 2.0 0.4 5.9 3.8 2.3 0.6 6.1 

Mean 

SD  

3.43                                     

0.35 

2.00 

0.30 

0.47 

0.12 

5.87 

0.25 

3.57  

0.21 

2.10 

0.27 

0.57  

0.06 

5.90 

0.26 

 

NAFDAC standard for  

unprocessed food 

Aflatoxin B1 

5 ppb 

Total aflatoxin 

10 ppb 

 

(*)  outliers 

 

Table IV: Concentration (ppb) of aflatoxin B1 and Total Aflatoxin for African Locust Condiment from Mando Market 

 

Trial Aflatoxin B1 (ppb) Total Aflatoxin (ppb) 

 A B C D A B C D 

1 3.2 0.7 0.6 1.4 3.7 2.2 0.9 6.0 

2 3.6 1.0 0.5 1.9 3.8 2.4 0.9 5.6 

3 3.3 0.8 0.6 1.6 3.8 2.3 0.7 6.1 

Mean 

SD  

3.37         

0.21 

0.83 

0.15 

0.56 

0.12 

1.63 

0.25 

3.77  

0.21 

2.30 

0.70 

0.83  

0.21 

5.90 

0.99 

 

 

NAFDAC standard for  

unprocessed food 

Aflatoxin B1 

5 ppb 

Total aflatoxin 

10 ppb 

 

(*)  outliers 

 

 

Mean Concentration (ppb) for Aflatoxin B1 

and Total Aflatoxin in Various Samples 

African Locust Bean Condiment from 

Different Markets in Kaduna Metropolis 

 

The mean concentration of aflatoxin B1 for various 

African Locust Bean Condiment samples from the 

four sampling area, Central Market, Monday Market, 

Kawo Market and Monday Market ware presented in 

table V.  

The results for the concentration of aflatoxin B1 for 

African Locust  Condiments from Central Market 

shows that, Type C condiment had the highest 

aflatoxin B1 concentration at value of 7.13 ± 0.15 ppb 

which was significantly (P<0.05) different from the 

other types whereas Type B revealed the lowest level 

of aflatoxin B1 as shown Table V. For African Locust 

Bean Condiments from Monday market, the 

concentration of aflatoxin B1 for each of the types 

differ statistically at P<0.05 where Type C condiment 

had the highest aflatoxin B1 content at 1.73 ± 0.32 

ppb while Type A African Locust Condiment has no 

aflatoxin B1 at 0.00 ± 0.00 ppb as shown in Table 1.5. 

For African Locust Condiments samples from Kawo 

market, Type D condiment showed the highest 

aflatoxin B1 content at 5.87 ± 0.25 ppb and was 

significantly (P<0.05) different from the other types 

while Type C condiment showed the lowest aflatoxin 

B1 concentration at 0.47 ± 0.12 ppb as shown in 

Table V.  For African locust bean condiments 

samples from Mando market, aflatoxin B1 of Type A 

condiment was significantly highest at 3.37 ± 0.21 

ppb whereas Type B and Type C condiments were 

the lowest and not significantly (p<0.05) different 

from each other as shown in Table 1.5. While for 
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Type D African Locust Bean Condiment samples was 

significantly (p<0.05) different from A, B and C 

respectively.  

The mean concentration of total aflatoxin for various 

African Locust Bean condiment samples from four 

sampling area were also presented in the table 1.6. 

The result for the concentration of total aflatoxin in 

African Locust Beans Condiment gotten from Central 

market showed that Type C had the highest total 

aflatoxin content at a value of 7.13 ± 0.21 ppb which 

was significantly (P<0.05) different from Type A, 

Type B and Type D with values of 5.93 ± 0.21 ppb, 

5.60 ± 0.00 ppb and 5.80 ± 0.44 ppb respectively, 

whereas Type B was the lowest but not significantly 

(P<0.05) different from Type D as shown in Table 

VI. For African locust bean condiments samples from 

Monday market, all the types of condiments were 

significantly (P<0.05) different from each other but 

Type C showed the highest total aflatoxin content at 

1.83 ± 0.25 ppb and Type A was lowest at 0.00 ± 

0.00 ppb as shown in Table VI. For condiments 

samples from Kawo Market, Type D gave the highest 

total aflatoxin content at value of 5.90 ± 0.26 ppb and 

was significantly (P<0.05) different from the other 

types, Type C was the lowest at value of 0.57 ± 0.06 

ppb as shown in Table 1.6. For condiments from 

Mando Market, Type A was the highest with value of 

3.33 ± 0.21 ppb and was significantly (P<0.05) 

different from Type B, Type C and Type D. 

Nonetheless, Type B, C and D were not significantly 

(P<0.05) different from each other as shown in Table 

1.6. 

Values are mean ± standard deviation of triplicate 

analysis. Superscript a, b, c and d used to indicate 

statistical significant difference at 95% confidence 

level 

Values with different superscripts down the column 

are significant (P<0.05) different. 

 

Table V: Mean Concentration (ppb) for Aflatoxin B1 in Various Samples of African Locust Bean Condiments from Different Market in 

Kaduna Metropolis 

Sampling location 

Sample 

 

Central Market 

MEAN±SD 

Monday Market 

MEAN±SD 

Kawo Market 

MEAN±SD 

Mando Market 

MEAN±SD 

A 5.90 ± 0.10
b
 ND ± 0.00

a
 3.43 ± 0.35c 3.37 ± 0.21

c
 

B 5.00 ± 0.00
a
 0.80 ± 0.10

b
 2.00 ± 0.30b 0.83 ± 0.15

a
 

C 7.13 ± 0.15
c
 1.73 ± 0.32

d
 0.47 ± 0.12a 0.83 ± 0.12

a
 

D 5.73 ± 0.23
b
 1.33 ± 0.25

c
 5.87 ± 0.25d 1.63 ± 0.25

b
 

 

Table VI: Mean Concentration (ppb) for Total Aflatoxin in Various Samples of African Locust Bean Condiment from Different Mar ket 

in Kaduna Metropolis 

Sampling location 

Sample Central Market 

MEAN±SD 

Monday Market 

MEAN±SD 

Kawo Market 

MEAN±SD 

Mando Market 

MEAN±SD 

A 5.93 ± 0.21
b
 0.00 ± 0.00

a
 3.57 ± 0.32

c
 3.33 ± 0.21

b
 

B 5.60 ± 0.00
a
 0.93 ± 0.15

b
 2.10 ± 0.27

b
 1.30 ± 0.70

a
 

C 7.13 ± 0.21
c
 1.83 ± 0.25

d
 0.57 ± 0.06

a
 1.03 ± 0.21

a
 

D 5.80 ± 0.44
ab

 1.40 ± 0.30
c
 5.90 ± 0.26

d
 1.88 ± 0.99

a
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Discussion 

 

The study was based on the determination aflatoxin 

B1 and total aflatoxin concentrations in four 

different African locust bean condiments from four 

selected markets in Kaduna Metropolis. The 

Condiments are: Type A (Hausa type), Type B 

(Yoruba type, Type C (Igbo type) and Type D 

(Igala type).  

The results indicated that about 97.9 % of the total 

samples were contaminated with aflatoxins. It was 

further observed that in type C condiment from 

central market (table I) the levels of aflatoxin B1 

are significantly different (higher) from A, D and B  

 

samples. For total aflatoxin the mean concentration 

for condiment C sample was significantly different 

(higher) from A, D and B samples which were all 

within acceptable limit. The results of aflatoxin B1 

and total aflatoxin from Monday Market presented 

in table II Hausa type A of African Locust Bean 

Condiment has no aflatoxin at all, both aflatoxin 

B1 and total aflatoxin ware within the acceptable 

limit, total aflatoxin concentration is higher than 

the aflatoxin B1. The results of aflatoxin B1 and 

total aflatoxin for both Kawo and Mando Markets 

of African locust bean condiment were all within 

acceptable limit (5 ppb for aflatoxin B1 and 10 ppb 

for total aflatoxin in unprocessed food) specified by 

the European Commission (AESAN, 2011), which 

is also currently being used by the National Agency 

for Food and Drug Administration and Control 

{NAFDAC}, in Nigeria. Total aflatoxin 

concentration of all the African locust bean 

condiment were within the standard limit, and were 

within safe intake level of National Agency for 

Food and Drug Administration and Control 

{NAFDAC}. 31.0 % of the sample types contains 

aflatoxin B1 (AFB1) contamination which was 

highest in type C samples 

(7.1 ppb) followed by type A, D and B (5.93, 5.9 

and 5.27 ppb) respectively. All these have 

exceeded the limit of AFB1 specified by NAFDAC 

for human consumption for unprocessed food. The 

trend in the Occourance of aflatoxins in these 

African locust bean condiment from all the Markets 

is directly proportional to their moisture content 

mode of preparation and fermentation processes. 

This observation agrees with the findings from 

other researches (Haruna, et al., 2016; Williams et 

al., 2015). Also levels of total aflatoxins less than 

the levels obtained in this research was reported by 

Bankoleet al., (2010). The high levels of total 

aflatoxin obtained in sample C African locust 

condiment from all the sampling area may be 

attributed to some biotic and abiotic factors such as 

temperature, relative humidity, moisture content, 

preparations, fermentation processes and storage 

duration William et al. (2015). Studies by Simseket 

al. (2002) showed that temperature favorable for 

aflatoxin production is 25-30 °C and relative 

humidity 97-99 %. Also, William et al. (2015) had 

earlier reported that if both temperature (20-38 oC) 

and moisture (16-24 %) are favorable for 

Aspergillusflavus and Aspergillusparasiticus 

aflatoxin can be produced within 48 hours. The 

level of moisture contained in some of condiment 

especially type C preparations used in this study 

may be responsible for the growth of 

microorganisms with subsequent production of 

aflatoxins. Williams et al (2015) had shown that 

moisture determines whether microbes can 

colonize a substrate or not. The high moisture 

content in some of the food materials used in this 

study may be as a result of high humidity (>70 %) 

and high temperature (>25 %), which are 

characteristic of the tropical and sub-tropical 

regions of the world where Nigeria is located. Also 

in this study, African locust bean condiment type C 

preparations showed the highest level of total 

aflatoxin and aflatoxin B1, followed by type A,D 

and B respectively from the central market, while 

condiment from Monday, Kawo and Mando market 

has low concentration with lowest concentration 

for type A from Monday Market. For Kawo  

Market the concentration pattern depicts that type 

D samples of African locust bean condiment for 

aflatoxin B1 and total aflatoxin is significantly high 

than A, B and C respectively. For Mando Market 

concentration of aflatoxin B1 depicts that sample A 

condiment is significantly different from D, C and 

B. For the total aflatoxin concentration of sample D 

is significantly different from A, B and C. The 

trend in the occurrence of aflatoxins in these 

African locust condiment sample is directly 

proportional to their moisture contents, 

preparations, fermentation and storage. It is 
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therefore most probable that the differences in the 

storage of these African locust condiment 

especially type C and B samples respectively were 

responsible for the levels of total aflatoxin found in 

them.  

In this study, a statistical correlation was done 

between African locust bean condiment of different 

preparation type A, B, C and D from the same 

market for aflatoxin B1 and total aflatoxin 

concentration. The results of this study also showed 

that aflatoxin B1 and total aflatoxin were unequally 

distributed in the four African Locust Bean 

Condiments samples examined for significant 

difference (p>0.05 and p<0.05) at 95.0 % 

confidence limit. The bulk of the aflatoxin B1 and 

total aflatoxin were found in C samples. This 

variation in occurrence of the various aflatoxin 

types may be attributable to differences in the 

chemical composition of the bean seed used in the 

study and the nature of propagation of the seed. 

Such differences in bean seed chemical 

composition leading to variation in aflatoxin 

content have been reported by (Schatzki, 2001). 

The bean seed chemical composition could interact 

with some environmental factors to bring about 

differences in the growth of microbes and in the 

subsequent formation of aflatoxins in the various 

African Locust Bean Condiments. These 

environmental factors include excessive moisture 

in the field, storage temperature, humidity, drought, 

variations in harvesting practices and insect 

infestations. These factors have been shown to 

determine the severity of Mycotoxin contamination 

of foodstuffs (Hussein, 2001). It is however 

surprising that type A condiment samples used in 

this study did not show any detectable levels of the 

aflatoxins types assayed, especially from Monday 

Market while the concentration was detected from 

other Markets. The same observation was also 

made on the type C samples in which concentration 

of aflatoxin B1 and total aflatoxin was high from 

the Central Market, while the concentration was 

relatively low from Monday, Kawo and Mando 

Market respectively.  

Studies in other locations within and outside 

Nigeria have shown high levels of aflatoxin 

contamination in groundnut, the commonest being 

aflatoxin B1 (Williams et al., 2004). Ephrem (2015) 

also reported aflatoxin contamination in 

Agricultural product groundnut, maize rice and 

Millet was analyzed in Iran using high performance 

liquid chromatograph the concentration of aflatoxin 

B1 was detected and above the acceptable limit 

(Ephrem, 2015). The largest and severe 

documented aflatoxin poisoning has been reported 

at a level as high as 8000 ppb in Kenya in 2004 

causing 125 deaths of out of 317 cases of patient 

(Ephrem, 2015). However, Sugita-Konishi, et al 

(2006) in their studies on the aflatoxin levels in 

various food and peanut butter sample in Japan 

high level of aflatoxin was detected which is above 

the limit set by their national regulatory agency. 

(Bankole, 2004) also reported aflatoxin 

contamination on dried yam chief and tiger nut 

high level of aflatoxin was determined. This result 

is similar to the finding with the result obtained 

from African locust bean condiments from 

different market in Kaduna metropolis which may 

be attributed to preparation fermentation processes 

and storage. It is therefore possible that all or some 

of these factors were responsible for the high levels 

of the aflatoxin types found in the African locust 

bean condiment samples in the present study. 

Melon seed has also been reported (Bankole, 2004) 

to contain a level of aflatoxin B1 and total aflatoxin 

similar to the results of this study.   

 

Conclusion 

The study revealed that almost all the African 

Locust Bean Condiment samples studied contained 

aflatoxin B1 and the total aflatoxin. The aflatoxin 

contents in the various type of African Locust Bean 

Condiment depicts the pattern C (Igbo type) is 
greater than B (Yoruba type) greater than D (Igala 

type) greater than A (Hausa type). Aflatoxin and 

total aflatoxin were generally found to be within 

the NAFDAC limits for unprocessed foods of 5ppb 

and 10ppb respectively. This study showed that the 

Aspergillusparasiticus and Aspergillusflavus aided 

by moisture and other factors is a common agent of 

contamination of African Locust Bean Condiment 

and other foodstuffs marketed in Kaduna 

Metropolis. However, the levels of total aflatoxin 

in most of the African Locust Bean Condiment  

samples in this study  is in the range of 0.0-7.3 ppb, 
97.9 % of  the samples were found to have 

aflatoxin concentration. The aflatoxin B1 has range 

of  0.0 –7.1 ppb, Concentration of aflatoxin B1 from 

central market shows that all the samples have the 

highest concentration above specifications of 

EU/FAO/NAFDAC therefore highly unsafe for 
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consumption. All other types of African locust 

condiment concentration from Monday, Kawo and 

Mando Market were within acceptable limit and are 

safe for consumption except type D from Kawo 

Market. Reduction of aflatoxin levels in our 

condiment and other food spices in Kaduna and 
indeed Nigeria especially in African Locust Bean 

Condiment samples should be a public health 

priority. 
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