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A B S T R A C T   

A random assessment and human risk analysis were conducted on 80 groundnut pastes and raw groundnuts from 
some local markets across the different agroecological zones of Ghana. Total aflatoxins (AFtotal) and aflatoxins 
(AFB1, AFB2, AFG1, and AFG2) were analyzed using the High-Performance Liquid Chromatography (HPLC) 
method. Out of 80 samples investigated, 49 (61.25 %) tested positive for AFB1 and ranged from 0.38 ±
0.04–230.21 ± 22.14 μg/kg. The same proportion was recorded for total aflatoxins (AFtotal) and ranged between 
0.38 ± 0.02–270.51 ± 23.14 μg/kg. Limits of AFB1 and total aflatoxins (AFtotal) for the Ghana Standards Au
thority (GSA) (5 and 10 μg/kg) and the European Food Safety Authority (EFSA) (2 and 4 μg/kg), were used as 
checks. A total of 33 (41.25 %) samples were above the limits for both. Risk assessments recorded for Estimated 
Daily Intake (EDI), Margin of Exposure (MOE), potency, cancer risk, and population risks ranged 0.087− 0.380 
μg/Kg.bw/day, 1052.630–4597.700, 0− 0.00396 ng Aflatoxins kg− 1bwday− 1 and, 1.5 × 10− 3 - 7.9 × 10-4 

respectively for total aflatoxins. While for aflatoxins B1 (AFB1), ranges of values of 0.068− 0.300 μg/Kg.bw/day, 
1333.33–5882.35, 0− 0.00396 ng aflatoxins kg/bw/day and, 1.19 × 10− 3 - 6.34 × 10-4 corresponded for Esti
mated Daily Intake (EDI), Margin of Exposure (MOE), potency, cancer risk, and population risk respectively. 
There were risks of adverse health effects involved in the consumption of groundnuts for all age groups inves
tigated since MOE values were all below 10,000.   

1. Introduction 

Groundnuts (Arachis hypogaea) are edible seeds of herbaceous legu
minous plants which normally grow to a size of 1.0–1.6 feet [1]. They 
are eaten as food and treasured widely by almost everyone in Ghana and 
beyond (globally) owing to their high nutritive, medicinal as well as 
culinary values ([2,3]). Besides its direct consumption, groundnuts are 
used extensively for innumerable industrial processes such as abstrac
tion of oils for domestic, industrial uses, soap production, cooking, and 
the manufacturing of cosmetics [4]. Groundnut is indisputably an 

important cash crop in Ghana and forms a significant part of the diet of 
many Ghanaians and as explained by Awuah, [5] and Florkowski and 
Kolavalli, [6], they form components or used wholly in dishes such as 
soups, stews, "kuli-kuli", "daakoa", "khebab powder", "aboda”…etc. 
Groundnuts are rich in proteins so they are used to complement many 
food staples to combat protein-energy malnutrition in many developing 
countries [2]. Furthermore, they are used in complementary food for
mulations for weaning babies. Likewise, used in many animal feed for
mulations to achieve specific desires. 

Fungi, naturally have the penchant to grow very well on different 
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nuts as well as other foods. Previous researchers [7,8] reported that 
different species of fungi colonize these nuts and specialize in the 
different phases of activities; cropping, harvesting, handling and trans
portation so produce an array of mycotoxins that contaminate our 
foodstuffs. The physical presence of these fungi causes contaminations 
likewise their mycotoxins. 

Mycotoxins are poisonous substances produced by certain fungi 
found primarily in grains and nut crops, spices, traditional herbal 
products, alcoholic drinks and other produce [9] and many have been 
proven by several researchers ([8,10] and [11]) [12,13],) to pose a 
potential menace to both human and animal health. Contamination due 
to mycotoxins is indeed a serious food safety and security concern [14] 
that has had confrontational monetary consequences as well as health 
penalties in agricultural regions across the globe especially sub-Saharan 
Africa. The danger involved in their association with food commodities 
is their obstinate persistence and their ability to stay potent even 
through rigorous processing and treatment [15] as a majority of them 
are very fatal and stable thus are of significant importance in food safety. 
These mycotoxins accrue finally in the liver of human bodies in an active 
state as a relocation from animal bodies via poisoned animal products. 

Aflatoxins (AFs), which are predominantly the most popular of all 
mycotoxins are produced mainly by fungi of the genus Aspergillus; 
Aspergillus flavus, Aspergillus parasiticus and rarely by Aspergillus nomius 
and Aspergillus tamarii [16,17]. Nonetheless, a perfect stage fungal spe
cies: Emericella venezuelensis has recently been identified to seldom 
produce AFB1, AFB2, AFG1 and AFG2 [18]. They are recognized car
cinogens to humans and have been categorized aptly as Group 1 car
cinogens by the International Agency for Research on Cancer [10]. 
According to [10] and [11] and Mateo et al., [19], among all of them, 
AFB1 has been established the most toxic, most carcinogenic [10], 
principal and most potent hepato carcinogenic natural compound ever 
categorized. Aflatoxins ominously surge the risk of liver cancer in 
chronic hepatitis B patients [20] and are considered a risk factor for 
hepatocellular cancer development. Co-exposure to aflatoxins and 
hepatitis B virus (HBV) greatly increases hepatocellular cancer (HCC) 
risk and is common in developing countries. Individuals with both ex
posures often have an exponentially greater risk of HCC development 
than those exposed to aflatoxins alone [20–22]. When food contami
nated with aflatoxins is ingested, the aflatoxins are then transformed 
into aflatoxin-8,9-epoxide metabolite in the liver which has been 
implicated in the numerous hazardous consequences in the body [8,23]. 
When consumed even at the minutest quantities through the skin, af
latoxins have teratogenic, carcinogenic, hepatotoxic, and mutagenic 
outcomes on human health [24,25], due to their accumulative poten
tials. Malnutrition, notably “Kwashiorkor” has been reported to be 
positively correlated with aflatoxins by several researchers ([2,12,13]) 
in Africa. 

Several countries (at least 100 countries and international organi
zations) have attempted to curb the exposure to aflatoxin by regulating 
and monitoring its incidence on food and feed commodities. These 
regulations differ from country to country and are also reliant on eco
nomic as well as health considerations [26]. Strict regulatory limits of 2, 
4 μg/kg for Aflatoxins B1 and Total aflatoxins respectively for the Eu
ropean Food Safety Authority [27] and 5,10–15 μg/kg by the Ghana 
Standards Authority [28] have been set to ensure food safety by the 
European Union as well as the Ghana Government thus non adherence to 
these may have dire consequences. 

The prevention of mycotoxicity (especially with aflatoxin) is one of 
the most perplexing toxicology issues of recent times. By and large, 
fungal venoms have become the fulcrum of rife in humans and animals 
for the past 30 years according to a report by John and Miller [29] and 
has been the emphasis of vast scientific curiosity and countless in
vestigations pertaining to their harmfulness, frequency in food and 
agricultural products, production, storage, processing and marketing 
conditions, etc. The outputs of several international meetings and val
uations ([30–3210] and [11]) contain the bulk summary of the 

researches. As emphasized by WHO in 2018, aflatoxin has been 
confirmed to have a great impact on a significant fraction of the most 
prioritized health menaces in developing countries and are probably the 
most well-researched mycotoxins in the world to the detriment of the 
other lesser-known but potentially dangerous mycotoxins [33]. Disap
pointingly, aflatoxin consciousness is still low despite recurrent reports 
and education of local folks as well as the other stakeholders of aflatoxin 
contamination of foods spanning over several decades in Ghana (Kpodo 
et al. 1996, Kumi et al. 2014 [34],) and reviews describing aflatoxin’s 
toxicological influences in Ghanaians, predominantly among the 
vulnerable (children and women) (Shuaib et al. 2012 [34,35],). Good 
manufacturing practices (GMP), knowledge and the awareness of 
serious adverse health effects presented by these aflatoxins is still poor. 
Awuah et al. (2008) reiterated and buttressed that most Ghanaians 
neither have adequate knowledge of aflatoxins nor the health risks 
posed by these toxins. 

The presence of aflatoxins in most of our foods has culminated into 
the rejection of many food commodities (especially peanut butter, cocoa 
beans, spices, and edible seeds) that exceed permissible limits at Euro
pean boundaries (The Rapid Alert System for Food and Feed- RASFF) 
(RASFF, 2017) and as a result, negatively affected the local trade sector. 
These regulatory limits may vary between countries as they are influ
enced by financial affairs [17]. It was hypothesized that no groundnut 
paste and groundnuts contained aflatoxins above the permissible limits 
in Ghana. The objectives of this study were to monitor, estimate levels 
and assess human risk exposure to aflatoxins via the consumption of 
some groundnut products in Ghana. 

2. Materials and methods 

2.1. Study area 

Ghana is geographically positioned on the Gulf of Guinea, West Af
rica where it covers about 23,884,245 ha of land and water is aptly 
positioned between latitudes 4 ◦N and 11 ◦N and longitudes 4 ◦W and 2 
◦E [36]. Ten (10) regions and 216 districts constitute the country and is 
well defined by five broadly characterized agro-ecological zones 
namely; Coastal Savannah, Evergreen, Deciduous Forest, Transitional, 
and Savannah) (Fig. 1). The population of Ghana stands at 24,658,832 
people according to the data of Ghana Statistical Service, [37]. 

2.2. Sample collection 

Raw groundnut samples and groundnut paste samples were 
randomly purchased from different markets across the different regions 
in Ghana (Table 1) from the period of February to September 2019 and 
grouped into 2 categories (groundnuts and groundnut paste) 
(Tables 3a–7). Twenty (20) grams each of the samples were fetched and 
stored in sterile bags in an ice chest at − 4 ◦C and transported to the 
laboratory and kept in a deep freezer prior to chemical exploration [38]. 

2.3. Extraction of samples 

Procedure outlined by The European Committee for Standardization 
(CEN) [45] official method EN14123 for the determination of AFB1, 
AFB2, AFG, and AFG2 from samples were followed accordingly. For the 
extraction, methanol in water (200 mL) (8 + 2) and 5 g NaCl were used 
for 20 g of samples. Materials with greater than 50 % fat contents, 100 
mL of Hexane was added and the mixture homogenized for 3 min at 
3000 rpm (2 min) and 3500 rpm (1 min). Filtration of extracts was 
achieved following the addition of 10 ml–60 ml of phosphate buffer 
saline (PBS) for solid-phase extraction using a pre-conditioned immu
noaffinity column specific for AFB1, AFB2, AFG1, and AFG2. The 70 mL 
filtrate-PBS mixture was loaded onto the pre-conditioned column and 
allowed to elute by gravity at a flow rate of 1 mL min− 1. A cleanup with 
15 mL distilled water at a flow rate of 5 mL min− 1. Aflatoxins were 
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eluted in two steps into a 5 mL volumetric flask with 0.5 mL followed by 
0.75 mL of methanol (HPLC grade) and permitted to elute by gravity. 
Deionized water was added up to a volume of eluates to 5 mL and eluate 
vortexed and 2 mL pipetted into HPLC vials for quantification. 

2.4. HPLC parameters 

Injection volume: 10 μl flow rate: 1 mL/min, column temperature: 35 
℃, excitation wavelength: 360 nm, emission wavelength: 440 nm, 

Fig. 1. Map of Ghana showing regions of sampling (Source- Abbam et al, 2018).  

Table 1 
Geographical locations and some attributes of the origins of samples.  

Region No. of samples Agro-ecological zones Rainfall (mm) Temperature (oC) Coordinates 

Greater Accra 6/80 Coastal Savanah 800− 1000 26.6 5.8143 ◦N, 0.0747 ◦E 
Central 7/80 Deciduous Forest 1400− 1600 26.7 5.5608 ◦N, 1.0586 ◦W 
Western 10/80 Evergreen 1800− 2000 25.9 5.3902 ◦N, 2.1450 ◦W 
Eastern 9/80 Deciduous Forest 1400− 1900 25.9 6.2374 ◦N, 0.4502 ◦W 
Ashanti 11/80 Deciduous Forest 1200− 1400 26.3 6.7470 ◦N, 1.5209 ◦W 
Brong-Ahafo 7/80 Transitional zone 1400− 1600 23.9 7.9559 ◦N, 1.6761 ◦W 
Volta 9/80 Coastal Savanah/Deciduous forest 1000− 1400 26.2 6.5781 ◦N, 0.4502 ◦E 
Northern 7/80 Savanah 1000− 1200 27.9 9.5439 ◦N, 0.9057 ◦W 
Upper East 7/80 Savanah 800− 1000 28.3 10.7082 ◦N, 0.9821 ◦W 
Upper West 7/80 Savanah 1000− 1200 27.8 10.2530 ◦N, 2.1450 ◦W  
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mobile phase composition: water/acetonitrile/MeOH (65:15:20 v/v/v), 
post-column derivatization: Kobra cells. HPLC Column Specification 
Spherisorb ODS1- Excel 

(4.6 mmx25 cm), 5 μm particle size, 250 A pore size 
LOD = limit of detection 
LOQ = limit of quantification 
ACN = Acetonitrile 
MeOH = Methanol 
Supplier of Column R- Biopharm, Block 10 campus, West Scotland 
Science Park, Acre Road, Glasgow, Scotland G20 OXA. 
Analysis of samples 
High-Performance Liquid Chromatography HPLC (Agilent 1260 Se

ries, OpenLab software, X-bridge column) (250 mm x 4.6 mm, i.d., 5 
μm), USA with fluorescence detector and post-column derivatization 
using Kobra cells to produce bromine electrochemically was used to 
evaluate the aflatoxins at the CSIR- Food Research Institute, Ghana. LOD 
for AFB1, AFB2, AFG1 and AFG2 were 0.20 μg/kg, 0.17 μg/kg, 0.26 μg/kg 
and 0.36 μg/kg respectively (Table 2). 

3. Limit of detection/quantification (LOD/LOQ) 

Limit of detection and quantification (LOD/LOQ) of the HPLC were 
estimated by making a calibration curve around the least standard used 
for spiking, 5 μ/kg (lowest concentration range of calibration curve). 
Blank did not produce any signal, so the LOD and LOQ were calculated 
as;  

LOD = 3 X standard deviation/slope.                                                  (1)  

LOQ = 3 X LOD.                                                                           (2)  

4. Measurement accuracy 

Spiking of pure aflatoxin standard solution was done to ensure 
measurement accuracy of analysis [46]. Three levels spiking were done 
at the lower, mid and upper concentration range of the calibration curve 
concentrations (5 ppb, 15 ppb and 30 ppb). Spike volumes of pure 
standards were calculated as; 

Sample weight(g) X spike concentration(ppb)
Concentration of standard(ug/ml)

(3) 

Spike volumes were distributed evenly on aflatoxins free sample 
(blank) and spiked sample analyzed for percentage recovery which was 
calculated as; 

Cs − Cb
Sa

× 100 (4) 

Cs-concentration measured in spike 
Cb-concentration measured in blank 
Sa- spiked amount 

5. Measurement precision 

Repeatability and intermediate precision analyses of an internal 
reference material (IRM) was used to ensure measurement precision of 
the method [46]. For repeatability analysis, 10 parallel extractions of 
the IRM was done by the same analyst at the same time using the same 
HPLC and the relative standard deviation among results calculated. For 
intermediate precision, 10 extractions of the IRM were done at different 
days by different analysts and the relative standard deviation among 
results calculated. The relative standard deviations were calculated as;  

[Standard deviation / mean] x 100.                                                            

6. Required performance criteria for accuracy and precision 

Repeatability: Relative standard deviation among repeatable re
sults should be less than 15 %. 

Intermediate Precision: Relative standard deviation among results 
obtained under intermediate precision conditions should be less than 20 
%. 

Recovery: Percent recovery of measurement procedure should be in 
a range of 80–120 %. 

Limit of Detection: The limit of detection should be less than 1 ug/ 
kg for all aflatoxins. 

Limit of Quantification: The limit of Quantification should be less 
than 3 ug/kg for all aflatoxins. 

Linearity: Linearity from regression curve should be 0.99 (B1, B2, 
G1) and 0.98 (G2). 

Table 2 
Limits of Detection and Quantification (LOD & LOQ) of aflatoxins AFB1, AFB2, 
AFG1, AFG2 and Total aflatoxins (μg/kg) measured by HPLC.  

Aflatoxin Limits Amount (μg/kg) 

AFB1 LOD 0.20  
LOQ 0.60 

AFB2 LOD 0.17  
LOQ 0.51 

AFG1 LOD 0.26  
LOQ 0.78 

AFG2 LOD 0.36  
LOQ 1.08 

LOD-Limit of Detection. 
LOQ-Limit of Quantification. 

Table 3a 
Concentration of aflatoxin types in different groundnut paste sampled from 
different locations of Ghana.   

Sample Concentrations of Aflatoxins (μg/kg) 

Category  AFB1 AFB2 AFG1 AFG2 AFTotal 

Groundnut 
paste 

GPnsb 3.99 ±
0.28f 

0.57 ±
0.03f 

n.d n.d 4.56 ±
0.25e  

GPnb n.d n.d n.d n.d n.d  
GPa 32.20 ±

1.50d 
7.75 ±
0.50bcd 

2.14 ±
0.13a 

n.d 42.16 ±
0.65c  

GPb 44.20 ±
2.50c 

7.90 ±
0.50bc 

1.74 ±
0.02ab 

n.d 53.88 ±
1.02b  

GPp 45.10 ±
2.50bc 

12.50 ±
1.30a 

n.d n.d 57.67 ±
2.51b  

GPd 22.20 ±
0.43e 

3.93 ±
0.35e 

1.02 ±
0.10c 

n.d 27.20 ±
1.41d  

GPe 17.20 ±
1.21e 

4.89 ±
0.47de 

n.d n.d 22.11 ±
0.45d  

GPf 31.03 ±
2.50d 

6.97 ±
0.32cd 

1.41 ±
0.06bc 

n.d 39.65 ±
2.50c  

GPt n.d n.d n.d n.d n.d  
GPnk n.d n.d n.d n.d n.d  
GPnsw n.d n.d n.d n.d n.d  
GPj n.d n.d n.d n.d n.d  
GPfr 3.30 ±

0.22f 
0.82 ±
0.03f 

n.d n.d 4.12 ±
0.12e  

GPbg 21.00 ±
1.0e 

5.09 ±
0.70cde 

n.d n.d 26.07 ±
0.36d  

GPelm 4.28 ±
0.43f 

0.72 ±
0.08f 

n.d n.d 5.00 ±
0.42e  

GPho 52.32 ±
0.94b 

5.16 ±
0.62cde 

n.d n.d 57.46 ±
1.08b  

GPAk 8.61 ±
0.21f 

2.81 ±
0.13ef 

n.d n.d 10.68 ±
0.05e  

GPfdam 77.7 ±
1.86+

10.5 ±
0.06ab 

n.d n.d 88.16 ±
1.62a  

GPbas n.d n.d n.d n.d n.d 

Means that do not share a letter are significantly different(P < 0.05) n.d- Not 
detected. 
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7. Experimental data 

Repeatability: Relative standard deviation was; 
B1 = 5.5 %; B2 = 6.7 %; G1 = 7.4 %; G2 = 12.1 % and Total afla

toxins = 5.2 %. 
Intermediate Precision (Reproducibility): Relative standard de

viation was; 
B1 = 13.2 %; B2 = 13.4 %; G1 = 13.7 %; G2 = 12.2 % and Total 

aflatoxins = 11.9 %. 
Recovery: Percent recovery of measurement procedure was; 
Low concentration: B1 = 107 %; B2 = 87.2 %; G1 = 113.4 %; G2 =

112.8 % and Total aflatoxins = 108.2 % 
High concentration: B1 = 102.6 %; B2 = 101.6 %; G1 = 104.2 %; G2 

= 104.4 % and Total aflatoxins = 103.3 % 
Linearity: Linearity from regression curve was; 
B1 = 0.991; B2 = 0.997, G1 = 0.994; G2 = 0.995 

8. Assessment of Human risk due to aflatoxins via consumption 
of groundnuts 

8.1. Exposure estimation 

Estimated Daily Intake (EDI) was arrived at by using the average 
quantities of aflatoxins in groundnut products, the daily ingestion of the 

same samples, and the average body weight. Eq. (5) was used for the 
calculation of EDI as described by Dos Santos et al., (2013) for mean 
aflatoxins and articulated as μg/kg of body weight/day (μg/kg b.w/day) 

EDI =
dailyintake(food) X average quantity of Aflatoxins

Body weight
(5) 

Weekly intake of groundnuts in Ghana is 0.61 kg/week ([5], Jolly 
et al. 2008, [6]). Daily intake of groundnuts in Ghana is, therefore, 
0.61/7 = 0.087 kg/day 

Table 3b 
Concentration  of aflatoxin types in different groundnut paste samples from 
different locations of Ghana.   

Sample Concentrations of Aflatoxins (μg/kg) 

Category  AFB1 AFB2 AFG1 AFG2 Total 

Groundnut 
paste 

GPagom 55.11 ±
0.32ef 

12.7 ±
0.98c 

n.d n.d 67.72 ±
1.67e  

GPBA2 78.20 ±
1.82c 

5.14 ±
0.32efg 

n.d n.d 83.33 ±
2.12d  

GPcm 65.43 ±
1.71de 

11.5 ±
1.22cd 

9.62 ±
0.24b 

2.45 
±

0.12a 

88.94 ±
3.24d  

GPNav 25.23 ±
0.31hi 

2.53 ±
0.31fg 

1.62 ±
0.35c 

n.d 29.17 ±
0.95fgh  

GPTdi 34.72 ±
2.82gh 

5.13 ±
0.24efg 

n.d n.d 39.83 ±
3.01f  

GPketa 2.41 ±
0.15k 

0.50 ±
0.03g 

1.02 ±
0.01c 

n.d 3.93 ±
0.22ij  

GPbibi 74.15 ±
1.84cd 

9.6 ±
0.25cde 

32.13 
±

0.41a 

n.d 118.95 
± 2.51c  

GPcape 9.93 ±
0.25jk 

2.97 ±
0.15fg 

2.61 ±
0.92c 

n.d 15.51 ±
1.30hij  

GPTam1 22.90 ±
0.35i 

7.33 ±
1.80def 

n.d n.d 30.23 ±
2.15fgh  

GPAsafo 175.33 
± 2.15a 

45.4 ±
2.25a 

7.57 ±
1.83b 

2.66 
±

0.71a 

230.63 
± 8.33a  

GPKane 43.5 ±
0.51fg 

12.7 ±
0.9c 

n.d n.d 56.3 ±
1.42e  

GPkojo 16.72 ±
0.81ij 

n.d n.d n.d 16.7 ±
0.84ghi  

GPazugyr 1.51 ±
0.06k 

n.d n.d n.d 1.51 ±
0.06j  

GPBolga 5.19 ±
0.26jk 

0.69 ±
0.01g 

n.d n.d 5.93 ±
0.27ij  

GPMakola 5.96 ±
0.26jk 

1.78 ±
0.05g 

n.d n.d 7.74 ±
0.32ij  

GPwow 2.88 ±
0.12k 

0.59 ±
0.04g 

n.d n.d 3.75 ±
0.6ij  

GPAgtime 106.23 
± 7.21b 

29.8 ±
0.40b 

n.d n.d 135.81 
± 2.12b  

GPAboa 23.7 ±
0.39hi 

6.95 ±
0.33def 

n.d n.d 30.65 ±
2.14fg 

Means that do not share a letter are significantly different(P < 0.05) n.d- Not 
detected. 

Table 3c 
Concentrations  of aflatoxin types in different  groundnut samples from different 
locations of the country.   

Sample Concentrations of Aflatoxins (μg/kg) 

Category  AFB1 AFB2 AFG1 AFG2 Total  

GPhuni 4.24 ±
0.27f 

1.37 ±
0.06c 

n.d n.d 5.61 ±
0.8ef  

GPEjisu1 n.d n.d n.d n.d n.d  
GPEjusi 2 36.92 ±

0.25b 
12.8 ±
0.39a 

n.d n.d 49.75 ±
0.65b  

GPDonko1 24.61 ±
0.71d 

2.91 ±
0.14bc 

20.92 ±
0.5a 

n.d 48.44 ±
0.6b  

GPDonko2 45.1 ±
0.65a 

12.50 ±
0.64a 

n.d n.d 57.67 ±
1.1a  

GPJF 28.5 ±
0.71c 

5.66 ±
0.91b 

5.62 ±
0.82b 

n.d 39.74 ±
0.65c  

Gsini n.d n.d n.d n.d n.d  
GPKoft 0.38 ±

0.04g 
n.d n.d n.d 0.38 ±

0.02g  

GPefij n.d n.d n.d n.d n.d  
GPSuh n.d n.d n.d n.d n.d  
GPkint n.d n.d n.d n.d n.d  
GPhoh 2.12 ±

0.73fg 
n.d n.d n.d 2.12 ±

0.18fg  

GPSoga 7.36 ±
0.45e 

1.00 ±
0.22c 

n.d n.d 8.36 ±
0.85e  

GPFosu 28.2 ±
0.52c 

n.d 2.73 ±
0.56c 

n.d 30.93 ±
4.50d  

GPAseswa n.d n.d n.d n.d n.d 

Means that do not share a letter are significantly different. 

Table 4a 
Concentrations  of aflatoxin types in different groundnut  samples from different 
locations of the  country.   

Sample Concentrations of Aflatoxins (μg/kg) 

Category  AFB1 AFB2 AFG1 AFG2 Total 

Groundnuts GNn n.d n.d n.d n.d n.d  
GNk n.d n.d n.d n.d n.d  
GNesi 230.21 ±

22.14a 
38.85 ±
1.06a 

2.14 ±
0.23c 

n.d 270.51 ±
23.14a  

GNbibi n.d n.d n.d n.d n.d  
GNmor n.d n.d n.d n.d n.d  
GNkaye n.d n.d n.d n.d n.d  
GNsav n.d n.d n.d n.d n.d  
GNkwah n.d n.d n.d n.d n.d  
GNashT n.d n.d n.d n.d n.d  
GNoffin n.d n.d n.d n.d n.d  
GNdonko n.d n.d n.d n.d n.d  
GNkwae 3.18 ±

0.22b 
n.d n.d n.d 3.18 ±

0.22b  

GNaboab n.d n.d n.d n.d n.d  
GNnkwa n.d n.d n.d n.d n.d  
GNTam3 n.d n.d n.d n.d n.d  
GNsagn n.d n.d n.d n.d n.d  
GNguru 1.62 ±

0.17b 
n.d n.d n.d 1.62 ±

0.17b 

Means that do not share a letter are significantly different(P < 0.05) n.d- Not 
detected. 
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8.2. Population risk characterization for aflatoxins 

The Margin of Exposures (MOEs) is the most appropriate method for 
the evaluation of health risk for aflatoxins (genotoxic and oncogenic 
biomolecules). This was determined by dividing the Benchmark dose 
lower limit (BMDL) for aflatoxins- 400 ngkg− 1bwday− 1 by EDI values 
(EFSA 2020) as expressed in Eq. (6). 

MOE =
Benchmark dose lower limit

EDI(Exposure)
(6) 

A public health concern is indicated in situations where MOEs were 
lesser than 10,000. Conversely, it implies that aflatoxin exposures above 
0.04 ngkg− 1bwday− 1 (as obtained by dividing 400 ngkg− 1bwday− 1 by 
10,000) would be an indication of a risk of public health concern ([8,47, 
48]). 

Table 4b 
Concentrations  of aflatoxin types in different groundnut samples from different 
locations of the country.  

Category Food 
Sample 

Concentrations of Aflatoxins (μg/kg)   

AFB1 AFB2 AFG1 AFG2 Total 

Groundnuts GNtfc n.d n.d n.d n.d n.d  
GNnulu n.d n.d n.d n.d n.d  
GNkpan n.d n.d n.d n.d n.d  
GNadido n.d n.d n.d n.d n.d  
GNlaw 1.77 ±

0.12a 
n.d n.d n.d 1.77 ±

0.12a  

GNtumu 1.61 ±
0.13a 

n.d n.d n.d 1.61 ±
0.13a  

GNsab n.d n.d n.d n.d n.d  
GNnkor n.d n.d n.d n.d n.d  
GNbere 3.01 ±

0.43b 
2.55 ±
0.44 

n.d n.d 5.56 ±
0.93b 

Means that do not share a letter are significantly different(P < 0.05) n.d- Not 
detected. 

Table 5 
Proportions of samples that exceeded AFTotal and AFB1 and limits of Ghana Standard Authority (GSA) and the European Food Safety Authority (EFSA).   

Samples Total samples Exceeding GSA regulation Exceeding EFSA regulation    

Yes (%) Range Yes (%) Range 

AFTotal        

Group 1 54 27 (50) 10.68− 230.63 34 (62.96) 4.1− 230.63  
Group 2 26 1 (3.85) 270.5 1 (3.85) 270.5  
Total 80 28 (53.85) 10.68− 270.5 35 (66.81) 4.1− 270.5 

AFB1        

Group 1 54 31 (57) 5.19− 175.0 38 (70.37) 2.12− 175.0  
Group 2 26 1 (3.85) 230.2 3 (11.53) 3.01− 230.2  
Total 80 32 (60.85) 5.19− 230.2 41 (81.9) 2.12–230.2 

European Union Food Safety (EFSA) limit for AFTotal = 4 μg/kg. 
European Union Food Safety (EFSA) limit for AFB1 = 2 μg/kg. 
Ghana Standards Authority(GSA) limit = 10 μg/kg. 
Ghana Standards Authority(GSA) limit = 5 μg/kg. 

Table 6 
Evaluation of risk for Total Aflatoxins via consumption of groundnuts and groundnut paste.  

Age Weight (kg) References (weight) EDI MOE Pav Population Risk 

Infants (6− 52mths) 7 
Glover-Amengor et al [39] 

0.38 1052.63 0.00396 1.51 × 10− 3 
Abeshu et al [40] 

Children (5− 11y) 24− 28 
Biritwum et al [41] 

0.20 2000.00 0.00396 7.9 × 10− 4 
WHO [42] 

Adolescents (12− 18yrs) 38.5− 54 Afrifa-Anane et al [43] 0.11 3636.36 0.00396 4.5 × 10− 4 

Adults (18− 60yrs) 60.7 Walpole et al [44] 0.087 4597.70 0.00396 3.45 × 10− 4 

EDI – Estimated Daily Intake - (μg/Kg.bw/day). 
MOE- Margin of Exposure. 
Pav – Average Potency (ng Aflatoxins kg− 1bwday− 1). 
*Mean aflatoxins- 60.62 μg/kg. 
*Daily intake of groundnuts for infants was halved (0.5 × 0.087). 

Table 7 
Evaluation of risk for Aflatoxin B1 (AFB1) via consumption of groundnuts and groundnut paste among age groups in Ghana.  

Age Weight (kg) References (weight) EDI MOE Pav Population Risk 

Infants (6− 52mo) 2.5− 11.65 
Glover-Amengor et al [39] 

0.30 1333.33 0.00396 1.19 × 10− 3 
Abeshu et al [40] 

Children (5− 11y) 24− 28 [41] 0.16 2500.00 0.00396 6.34 × 10− 4 
WHO [42] 

Adolescents (12− 18y) 38.5− 54 Afrifa-Anane et al [43] 0.09 4444.44 0.00396 3.56 × 10− 4 

Adults (18− 60y) 60.7 Walpole et al [44] 0.068 5882.35 0.00396 2.69 × 10− 4 

EDI – Estimated Daily Intake - (μg/Kg.bw/day). 
MOE- Margin of Exposure. 
Pav – Average Potency (ng Aflatoxins kg− 1bwday− 1). 
*Mean of AFB1− 47.45 μg/kg. 
*Daily intake of groundnuts for infants was halved (0.5 × 0.087). 
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8.3. Liver Cancer risk valuation via consumption of Groundnuts 

The liver cancer risk valuation for Ghanaian adult consumers was 
worked out for aflatoxins owing to the potential initiation and devel
opment of liver cancer [49,50] through the consumption of the toxin. 
Reckoning the population cancer risk per 10,000 was obtained as a 
product of the EDI and the mean hepatocellular carcinoma (HCC) po
tency figure from individual potencies of HBsAg-positive and for HBsAg 
negative groups. 

The Joint Expert Committee for Food and Agriculture (JECFA) pre
dictable potency values for AFB1 which tallied with 0.3 cancers year− 1 

10,000− 1 population/ ngkg− 1bwday− 1 (uncertainty range: 0.05− 0.5) in 
HBs Ag positive individuals and 0.001 cancers 
year− 110,000− 1population/ ngkg− 1bwday− 1 (uncertainty range: 
0.002− 0.03) in HBsAg-negative individuals (EFSA, 2020; [50]) were 
assumed. Also, the HBsAg + prevalence rate of 10.2 % for Ghana [51] 
was assumed and 89.8 % (100 to 10.2 %) was deduced for 
HBsAg-negative groups. Hereafter the average potency for cancer in 
Ghana was valued in Eq. (7) as follows:  

Average potency = (0.03 × 0.102) + (0.001 × 0.898)                           (7) 

= 0.003958 cancers per year per 10,000 population per ng Aflatoxins 
kg− 1bwday− 1. 

Accordingly, the population risk was assessed with Eq. (8):  

Population risk = Exposure (EDI) × Average potency                           (8)  

8.4. Statistical analysis 

Regression analysis were used to estimate the quantities of aflatoxins 
computed from the curves resulting from the plotted aflatoxins stan
dards using Excel for Microsoft Windows (version 10). Analysis of 
variance (single factor ANOVA) and separation of means were deter
mined post-hoc with Duncan’s multiple range test (DMRT). A 5% level 
of significance (p < 0.05) was used. Data was reported as means +
standard deviations and analyzed using SPSS 22 (Chicago, USA). 

9. Results 

Good linearity or coefficients of correlations (R2 > 0.990) within the 
tested zone was attained in most of the samples tested. For the recovery 
analysis, one groundnut and groundnut paste samples previously 
analyzed to guarantee the absence of studied mycotoxins, were used in 
the validation procedure. The Limits of Detection for AFB1 and AFB2 
likewise AFG1 and AFG2 ranged between 0.13− 0.15 while Limits of 
Quantification ranged between 0.26− 0.30 respectively for both 
(Table 2). 

The number of groundnut samples contaminated with AFB1, AFB2, 
AFG1, AFG2 and AF Total (Total Aflatoxins) are presented in 
Tables 3a–7. The degree of toxicity was in a decreasing order of AFG2<

AFG1< <AFB2<AFB1. As explained by Quinto et al., [52], the 
life-threatening furan moiety of AFB1 is the critical point accountable 
the degree of biological activity of this group of fungal toxins. Out of 
eighty (80) samples investigated, 49 (61.25 %) tested positive for AFB1 
and the contamination levels of AFB1 ranged from 0.38 ± 0.04–230.21 ±
22.14 μg/kg for GNac and GPkof1 respectively. For AFB2, 40 (50 %) 
samples tested positive and had levels ranging from 0.50 ± 0.03–38.85 
± 1.06 μg/kg for GPketa and GPAsafo respectively. AFG1 was present in 
14 (17.5 %) samples at a range of 1.02 ± 0.10–32.13 ± 0.41 μg/kg for 
GPd and GPbibiani respectively while, AFG2 was detected in only 3 
(3.75 %) samples, and their values ranged between 2.45 ± 0.12–2.66 ±
0.71 μg/kg for GPcm and GPAsafo respectively. Lastly, AFTotal ranged 
between 0.38 ± 0.02–270.51 ± 23.14 μg/kg for GPFR and GNac 
respectively. The total aflatoxin determinations were obtained from 49 

(61.25 %) samples. 
The total aflatoxin yields of 270.51 ± 23.14 and 230.63 ± 8.33 μg/kg 

obtained from Esiama (Western Region) and Asafo (Ashanti Region) 
markets respectively, were significantly (p < 0.05) higher than all other 
samples studied. 

Toxin quantity limits prescribed by the Ghana Standards Authority 
[28] which is an extension of European Union [49] limits, are 5 and 10 
μg/kg respectively for AFB1 and Total aflatoxins. Out of the total sam
ples investigated, 33 (41.25 %) were above the limits for both. 

Results from the study were compared to the European Food Safety 
Authority (EFSA) and Ghana Standards Authority (GSA) regulatory 
concentration limits for total aflatoxins (AFTotal) and Aflatoxins (AFB1) 
(Table 5). A half (50 %) of the 54 samples analyzed for total aflatoxins in 
group one (groundnut paste) exceeded the limits of GSA. These 
groundnuts paste samples had AFTotal ranging from 10.68 to 230.63 μg/ 
kg. Only 1(3.85 %) out of 26 groundnut samples (Group two) was found 
to exceed the GSA limit. For AFB1 57 % of Group one and 3.9 % of Group 
two samples exceeded GSA standard (Table 5). 

Nearly 63 % of groundnut paste and 3.9 % groundnuts exceeded the 
tolerable limit of the ESFA, for AFtotal, whereas 70.4 and 11.5 % of 
samples respectively from the two groups exceeded EFSA for AFB1 
(Table 5). 

9.1. Risk assessment 

The Estimated Daily Intakes (EDI) of the total aflatoxins in the 
groundnut samples were 0.38, 0.2, 0.1 and 0.087 μg/Kg.bw/day for 
infants, children, adolescents, and adults respectively. For the Margin of 
Exposure (MOE), values of 1052.63, 2000.00, 3636.36 and 4597.70 
were recorded respectively. The average potency of the aflatoxins was 
0.00396 ng Aflatoxins kg− 1bwday− 1 and produced a population risk of 
1.51 × 10− 3, 7.9 × 10-4, 4.5 × 10-4, 3.45 × 10-4 respectively (Table 6). 
For AFB1, the EDIs for infants, children, adolescents and adults were 
0.30, 0.16, 0.09 and 0.068 μg/Kg.bw/day respectively. MOE values 
recorded were 1333.33, 2500.00, 4444.44 and 5882.35 respectively. 
The average potency was the same as total aflatoxins while the popu
lation risk was respectively 1.19 × 10− 3, 6.34 × 10-4, 3.56 × 10-4 and 
2.69 × 10-4 (Table 7). 

10. Discussion 

Maize and groundnuts are key primary crops for the bulk of the 
population [53] in Ghana. According to the Ministry of Food and Agri
culture [53], the upper regions (the Northern, Upper East, and Upper 
West regions) of Ghana is where well over 90 % of groundnuts are 
produced and generates income and livelihood for many farmers. This 
sector lies within the Southern Guinea Savanna (SGS) and Derived 
Savanna (DS) Agro-Ecological Zones (AEZ) [53]. The above mentioned 
two food crops (maize and groundnuts) are combined in most cases in 
the design of complementary feed formulae for babies or adults to fight 
protein-energy malnutrition (PEM) [2]. It is conjectured that the con
sumption of groundnuts results in high exposure to aflatoxins in Ghana 
since most of the nuts are contaminated from the field, storage and 
handling that have survived most of the processing methods. In 2009, 
Ghana produced approximately 495,000 metric tonnes of groundnuts on 
346,900 ha by Ghanaian farmers and its production tripled the record 
for over ten years period between 1995 and 2005 [54] due to its high 
demand for consumption. The Northern, Upper West and Upper East 
regions of Ghana are the major regions of production where about a fifth 
of farmers named groundnut as one of their two most important crops 
(GSS, 2011). Florkowski and Kolavalli, [6], as well as Awuah [5], esti
mated average weekly consumption of 0.61 kg/week for Ghanaians. 

The results obtained in this study were higher than the values re
ported in several related works. Recently, Asare- Bediako et al. [38] and 
Agbetiameh et al. [55] reported mean values of 928.7 ng/g and 145.6 
ppb in groundnut samples from the Upper West and Brong Ahafo regions 
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of Ghana respectively. Sugri et al. also reported 250 ppb for samples 
from Bantanarigu in the Upper Regions of Ghana. Awuah & Kpodo [56] 
previously reported relatively low levels of total aflatoxins (50 % 
infection rate – 0.1 μg/kg to 12.2 μg/kg) in undamaged kernels and a 
range of 5.7 μg/kg to 22,168 μg/kg in damaged kernels. Also, Flor
kowski and Kovalli (2013), reported 288.78 ppb in groundnut samples 
purchased from an Accra market, Ghana. Abizari et al. [57] also re
ported a range of 1.0–7.45 from the Northern regions of Ghana. A study 
by Kumi et al. [58] in the Ejura- Sekyedumase District of Ghana, food 
samples locally made into infant foods from a relational blend of 
groundnut, beans, and maize contained aflatoxins within a range of 
7.9− 500 ppb in 36 samples out of which 30 (83 %) of the samples had 
exceeded the 20 ppb limit. 

Studies from other parts of Africa have shown high levels of aflatoxin 
contamination in staple foods. Greater quantities of aflatoxin have been 
reported for groundnut samples from Kenya (Max; 250 μgkg− 1), and 
Nigeria (216.1 μgkg− 1) ([4,59,60]). Adetunji et al. [8] from Nigeria 
reported a range of 29–33.78 ng/g. From the Gambia, a range of 2.2–459 
μgkg− 1 was recorded by some scientists (Turner et al. 2000, 2003, 2007, 
Diallo et al. 1995, Wild and Hall, 2000) 

Aflatoxin B1 (AFB1) which is known to be linked with the total af
latoxins, is of high relevance to food safety. Results obtained in this 
study followed a similar trend as the total. Mean values reported by 
Willliams et al. (2004) and Kpodo [61] were 12.8 μgkg− 1 and 3300 
μgkg− 1 respectively from groundnut paste samples in Ghana. From Mali, 
Waliyar et al. [62] reported values of range 171.2–530.2 μg/kg from 
different districts (Kolokani, Kayes, and Kita) and were within the range 
of aflatoxin levels of >500 μg/kg from groundnut produce of farmers in 
Andhra Pradesh, India [63]. Gachomo et al. [60] from Kenya, reported 
AFB1 values of 159 ppb in groundnut samples. Related results from 
Sudan reveal a range of 0.2–345 μgkg− 1 in some groundnuts and 
groundnut pastes samples ([64,65], Idris et al., 2010). However, a rather 
surprising low values of <10 μgkg− 1 of AFB1 was recorded by Mutegi 
et al. [66] from the Western Province of Kenya. Oh et al. [67] reported 
that the exposure level of total aflatoxins (B1+B2+G1+G2) through food 
(including nuts) intake marketed in Korea was 0.04 ng/kg BW/day 

Our results obtained for AFG1 and AFG2, disagreed with results re
ported by Kooprasertying et al. (2016) as they found no (nil) AFG1 and 
AFG2 in groundnut samples but agreed with results (within range of 
values) reported by Anyebuno et al. (2018). 

Early life introduction to aflatoxin is concomitant with compromised 
growth, mainly stunting. This early introduction is a probable risk for 
synergistic interactions with other toxins as subjects develop in future. 
[68,69]. It is noteworthy that no little quantity of aflatoxins is consid
ered safe for human and animal consumption as these toxins are po
tential bio accumulators in the liver [70]. 

Albeit a substantial fraction of samples from each region was seem
ingly regarded as safe for consumption in Ghana (≤20 ng/g), although 
there is evidence of some components exceeding 20 ng/g which makes it 
riskier. The high aflatoxin incidence in the samples investigated were 
obtained from the deciduous forests to the evergreen rainforests, might 
be due to unfitting postharvest drying which may lead to fungal infes
tation and aflatoxin buildup in store. It can be conjectured that most of 
the groundnut samples used for the study were collected during the dry 
season (October and November 2019) and stockpiled for some time 
before sampling. Groundnuts usually piled by farmers for field drying/ 
curing prior to home drying (Guchi, 2015) and subsequently harvested 
are exposed to warm and moist conditions usually during the period of 
storage leading to an accelerated fungal colonization and subsequent 
aflatoxin accumulation in the store as a traditional practice by farmers. 
Aflatoxin contamination worsens in some locations in the Northern, 
Upper East, and Upper West regions of Ghana by a distinctive late- 
season drought accompanied with high temperature during the 
planting season [71]. Pre-harvest contamination by aflatoxigenic As
pergilli is suggested by Torres et al. (2014) to be influenced by plant 
stress ensuing from high soil temperatures and drought affects. The 

highly contaminated samples (> 20 ng/g) occurring in the fields, have 
the tendency to contaminate clean samples in times of handling, pro
cessing and storage [6]. 

Earlier studies done by Mintah and Hunter [72] pointed to a surge in 
aflatoxin levels in groundnut obtained in the Northern and Volta regions 
that were marketed in Ghana’s capital Accra, there were some un
certainties regarding the mode of contamination. There were un
certainties regarding the mode (during transportation and storage 
before commercialization) and period (prior or after) of contamination 
with aflatoxins in the producing areas. Several years afterwards in this 
current study, a trend of high aflatoxin levels were also detected in both 
groundnut paste and groundnut from the Western and Ashanti regions; it 
can be inferred that there is still the persistence of this problem of 
contamination in Ghana in spite of the numerous education and warn
ings given by stakeholders to farmers and this observation may be 
attributed to several reasons. 

There is sufficient evidence from pertinent literature ([5,38,2,58]) 
points that post-harvest aflatoxin contamination of groundnuts is still a 
major problem in Ghana and probably in most West African 
groundnut-producing countries too. Worthy of note, there was an 
observed comparatively high toxin levels in groundnut paste as found in 
kernels, and this could be attributed to the inferior quality of kernels 
used for preparing groundnut paste. 

It is conjectured that non-compliance to Good Agricultural Practices 
(GAP) might have resulted in the aflatoxins contamination of these 
groundnuts and products. Additionally, the contamination process could 
have ensued during transport and/or storage before sale to consumers. A 
suggested implementation of proper post-harvest handling measures by 
small retailers/traders in Sub-Saharan Africa although difficult because 
of the prevalence of the informal/unorganized market system (Hell and 
Mutegi, 2011), could be a solution. The provision of efficient market 
policy implementation mechanisms in most Sub-Saharan African coun
tries as well as enclosed instead of open-air market systems where the 
pods become prone to pod spoilage owing to the occurrence of abrupt 
rainstorms that wets the pods, can be avoided. 

10.1. Risk assessment 

As explained by Kuiper-Goodman [73], risk estimations are modeled 
to envisage the health problems linked with mycotoxin contact and 
guide food regulators to set thresholds for these toxic substances in 
foodstuffs. Risk assessment results obtained in this study were compa
rable to published findings of Lee et al. (2009) on aflatoxins in Korea as 
they reported values of range 0.00− 0.2 ng/kg bw/day and 0.022 rep
resenting exposure or EDI and potency respectively. Kooprasertying 
et al. (2016) reported an estimated average ingestion of aflatoxins of 
0.49, 0.40 and 2.13 ng/kg bw/day for raw, roasted and ground peanuts, 
respectively in Thailand. Thus, a probable menace for cancer was pro
jected at 0.01− 0.12 cancer− 1 year− 1100,000 persons health among 
some community in Thailand, could be harmed by aflatoxins intoxica
tion via consumption of peanuts and products. In a related study, Tah
ghizadeh et al. (2018) recorded an estimated daily intake (EDI) of 0.013 
ng/kg bw/day of pistachio (nuts) in an Iranian population and further 
calculated a HI value less than 1 which indicated that ingestion of 
investigated pistachios, posed no momentous health hazard. 

A Swedish population appraisal pointed at a mean dietary intake of 
aflatoxins amounting to 1750 μg/ person/day and 3.5 μg/ person/day 
for groundnuts and almonds respectively. Thuvander et al., [74] also 
reported that out of ten percent nut samples investigated, AFTotal levels 
were greater than the maximum thresholds prescribed by the EU. From 
neighboring Nigeria, Adetunji et al. [8] reported a range of EDIs of 
25.13–29.28 ng/kg bw/day (mean 27.20 ng/kg bw/day) and also, with 
an average potency of 0.04944 arrived at a cancer risk of range 
1.24–1.45 (mean 1.35) from the consumption of groundnuts. 

Conversely, some researchers ([60,4,59]) reported greater aflatoxin 
quantities of maximum; 250 μgkg− 1, 10.3 μgkg− 1 and 216.1 μgkg− 1 for 
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groundnut samples from Kenya, Iraq, and Nigeria respectively. The 
previous study from Malaysia by Chin et al. [75] reported contact with 
high concentrations of 24.3- 34.0 ngkg− 1bwday− 1 of aflatoxins in 
groundnuts owing to a greater daily ingestion rate in their diets. 

Our findings support the reports of Adetunji et al. [8] with EDI values 
of range 25.3–29.28 μgkg− 1 corresponding to MOE values of range 
5.81–6.76 which indicated a high risk due to groundnut consumption 
and was of public health concern. 

Likewise, high PDI value of 91.2 ngkg− 1bwday− 1 was reported by 
Oyedele et. al. (2017) from Nigeria for groundnut patrons in the damp 
forest zones and was accompanied with risks which needed public 
health attention. 

It is worthy to note that no amount of aflatoxin above the zero level is 
regarded as safe. “Reduction to As Low As Reasonably Achievable” is the 
endorsement of JECFA regarding the safe level of aflatoxins in foods 
following the significant genotoxic carcinogenic probability of this toxin 
[30,76]. 

11. Conclusion 

The present study investigated the persistence of aflatoxins in 
groundnuts and its products sold on some local markets across Ghana. It 
showed that both total aflatoxins and AFB1, a total of 33 (41.25 %) 
samples were above the stipulated thresholds of the Ghana Standards 
Authority (GSA) and the European Food Safety Authority (EFSA) and 
could be a basis for rejection during export. Human health risk valuation 
from aflatoxins contact via groundnut and its paste consumption from 
the markets by infants, children, adolescents, and adults showed a sig
nificant adverse health risk to humans since all calculated values for 
MOE were below 10,000. 

Good agricultural practices (GAP), good manufacturing practices 
(GMP) as well as good hygiene practices (GHP) are vital so as to avert the 
formation of aflatoxins in the field and during storage. By precluding the 
aflatoxins formation in groundnut, both public health is protected and 
economic losses can be avoided. Monitoring groundnuts for presence of 
mycotoxins in a consistent manner is prudent to assess public level of 
awareness. 
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