
AIMS Agriculture and Food, 7(1): 130–148. 

DOI: 10.3934/agrfood.2022009 

Received: 27 September 2021 

Revised: 04 March 2022 

Accepted: 14 March 2022 

Published: 25 March 2022 

http://www.aimspress.com/journal/agriculture 

 

Research article  

The prevalence of aflatoxins in different nut samples: A global 

systematic review and probabilistic risk assessment  

Arezoo Ebrahimi1,2, Alireza Emadi1, Majid Arabameri1,4, Ahmad Jayedi1, Anna Abdolshahi1,*, 

Behdad Shokrolahi Yancheshmeh1 and Nabi Shariatifar3,* 

1 Food Safety Research Center (salt), Semnan University of Medical Sciences, Semnan, Iran 
2 Department of Food Technology Research, Faculty of Nutrition Sciences and Food 

Technology/National Nutrition and Food Technology Research Institute, Shahid Beheshti 

University of Medical Sciences, Tehran, Iran 
3 Department of Environmental Health Engineering, School of Public Health, Tehran University of 

Medical Sciences, Tehran, Iran 
4 Food and Drug Laboratory Research Center, Food and Drug Organization, Ministry of Health and 

Medical Education, Tehran 

* Correspondence: Email: ana.abdoshahi@gmail.com; nshariatifar@ut.ac.ir; Tel: +982142933071; 

Fax: +982142933071. 

Abstract: Aflatoxins are secondary carcinogenic fungal metabolites derived from the toxic various 

Aspergillus species. These fungi can easily infect nuts and grains. A global systematic review was 

done to extract data on the concentration of aflatoxins in different nuts. Besides, risk assessment was 

conducted on data. The scientific databases were searched systematically from 2000 to 2020. Based 

on the results, aflatoxin B1 (AFB1) had the most frequency in nut samples. The mean concentration 

of aflatoxin total (AFT) and AFB1 in nuts were as follows: peanut (37.85, 32.82 μg/kg), 

pistachio (31.42, 39.44 μg/kg), almond (3.54, 3.93 μg/kg), walnut (42.27, 22.23 μg/kg), 

hazelnut (17.33, 10.54 μg/kg), Brazil nut (4.61, 3.35 μg/kg), and other nuts (26.22, 7.38 μg/kg). 

According to country the margin of exposure (MOE) value for adult was as Argentina (21) > Congo 

(67) > India (117) > Bangladesh (175) > Cameroon (238) > Iran (357) > Bahrain (438) > Brazil 

(447) > Ghana (606) > South Africa (1017) > Egypt (1176) > USA (1505) > China (1526) > Cyprus 

(1588). The MOE of the consumers in some countries was considerably below the safety margin of 

10,000. To conclude, nuts are highly consumed by different consumers, so it is necessary to 

emphasize strict control measures to prevent contamination of these foods with aflatoxins. 
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1. Introduction  

Nuts are one of the foods consumed by a vast range of ages. These foods are good sources of 

nutrients, including essential amino acids, proteins, minerals, vitamins, and fatty acids essential in 

health.  Research by the European Cancer and Nutrition Research (EPIC) found that the average 

consumption of nuts in ten European countries (the United Kingdom, Greece, France, Italy, 

Netherlands, Germany, Germany, Spain, Norway, and Denmark) was 30.8 g/day [1]. A similar study 

in the United States showed that the average consumption of nuts was 11.75 g/day. In contrast, the 

average nut consumption in Australia was 4.6 g/day. Based on nutrition surveys worldwide, 8.9 of 

nuts g per day can be considered the average consumption of nuts globally, which could notably vary 

by country/region [2,3]. Relating, in European countries, almost 15% of daily food is consists of nuts 

or one type of nut. Consumption of nuts in different age groups is typical due to strengthening the 

immune system, especially in children and the elderly. Besides, any contaminants and mycotoxins in 

nuts consumed by those groups have remained a significant concern [3–5]. 

The presence of aflatoxin in nuts is a primary concern of consumers and regulatory 

systems [6,7]. In this regard, several studies have been performed to determine the concentration of 

aflatoxins on different nuts (walnuts, pistachios, almonds, Brazil nuts, etc.) [8,9]. Various factors 

such as lack of crop care during growth and pre-harvest, improper harvesting methods, and post-

harvest processes (sorting, drying, packaging, storage, and transportation) potentially affect the 

presence and occurrence of aflatoxins. In addition, geographically, climate change in temperature 

and humidity can create a favorable environment for fungal growth and aflatoxin production[10,11]. 

In general, due to a lack or weakness of GMP (good manufacturing practices), the risk of food 

contamination by mycotoxin-producing fungi like Aspergillus flavus, Aspergillus parasiticus, and 

Aspergillus nomius increases[12,13]. 

Aflatoxins contamination in nuts is a critical defect due to its heat-resistant nature [14,15]. 

Studies have shown that food processing techniques are not efficient in eliminating aflatoxin [16]. 

The European Commission Rapid Alert System for Food and Feed (RASEF) adopts several alerts or 

notifications for identifying aflatoxin contaminations in nuts originating from different countries 

annually [17].  

According to epidemiological studies, a strong link between AFB1 consumption and cancer 

occurrence has been documented [18]. The International Agency for Research on Cancer (IARC) 

categorized AFB1 in group1 [19]. In addition, AFB1 has been considered a teratogen, mutagen, 

immune system modulator, and growth suppressant contaminant [20–22]. Other types of aflatoxin, 

including aflatoxin G1 (AFG1), aflatoxin B2 (AFB2), and aflatoxin G2 (AFG2), are classified in 

group 2 as a possible carcinogen for humans [19,23,24]. 

Currently, strict regulations for aflatoxins have been employed by many countries to promote 

the safety of nuts as high-risk contaminated food products. Mainly, these standards were noteworthy 

for exporting and importing nuts worldwide [25]. Furthermore, monitoring programs have been 

implemented in countries regarding the public health risks associated with aflatoxins ingestion via 

the consumption of different nuts [8,26–28]. According to the identification of aflatoxin as a hazard, 

its risk assessment involves determining nut samples' concentrations and consumption data [29]. 
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The  probabilistic assessment is considered a helpful tool for assessing cancer risk in various 

human body organs, especially the liver, due to exposure to AFB1. The health risk related to 

aflatoxins from nuts can be determined by considering carcinogenic risk and daily consumption[30]. 

The Monte Carlo simulation (MCS), a valuable model, could meet the uncertainty of health risks[31]. 

In this method, the amplitude values of the variables that are randomly considered in the health risk 

assessment equation are obtained until the predicted distribution indicates the uncertainty of the input 

variables. 

To our knowledge, there is no comprehensive review of systematic review to assess aflatoxin 

levels in nuts. Therefore, our aim is to conduct a systematic review and healh risk assessment of 

aflatoxins by international studies based on the available evidence on the levels of aflatoxins B1, B2, 

G1, G2 and the total aflatoxins in different nut samples (such as walnuts, pistachios, almonds, Brazil 

nuts, etc.). 

2. Materials and method 

2.1. Search strategy 

The fitting studies were explored in PubMed, Web of Science, and Scopus, from 2000 to June 

12, 2020. The used keywords for the systematic search were: (aflatoxin OR mycotoxin OR 

mycotoxins) AND (nuts OR peanut OR walnut OR almond OR pistachio OR hazelnut) AND (incidence 

OR level OR prevalence OR concentration OR contamination).  

2.2. Inclusion and exclusion criteria 

Two researchers reviewed the title and abstract of articles and chose them according to: (1) 

published in the English language; (2) reporting the concentration of aflatoxins in nuts; (3) 

investigated nuts including peanuts, almond, walnut, pistachio, hazelnuts, Brazil nut or other types of 

nuts; and (4) didn’t report aflatoxin concentration as a range. The excluded articles included the 

studies which had not matched the criteria. 

2.3. Data extraction 

Two authors extracted data from qualified articles. Any conflicts were discussed to reach an 

agreement. The data were documented from each study according to the first author’s name, 

sampling country, publication year, analysis method, type of nut, the mean and standard deviation of 

aflatoxin concentration, aflatoxin type (AFB1 and AFT), and standard error. Regarding nuts, the 

main subgroups were peanuts, pistachio, walnut, almond, Brazil nuts, and hazelnut. In addition, other 

nuts such as cashew nuts, Betelnut, areca nut, Macadamia, Pinhol, Pecan, Assorted nuts, mixed nuts, 

etc., were categorized into other nuts. 

2.4. Health risk assessment 

The Chronic Daily Intake (CDI) of AFB1 from nuts was determined by Equation (1) [32]:  
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CDI =  
C × IR 𝑖× ED𝑖 × EF𝑖

BW × AT
                    (1) 

This is assumed that nuts are consumed 365 d/year, C is the content of AFB1 in nuts (ng/g) 

which determined as mean of AFB1 in countries; IRi as the global daily intake of nuts were noticed 

as g/day (8.9 g/day) [2]; ED is the time-period (70 years); EFi is the exposure frequency (350 

days/year); [33,34]; BWi is the average body weight (70 kg) and AT is the mean time life [35–38]. 

The margin of exposure (MOE) was used to evaluate the carcinogenic risk of AFB1 for humans 

based on consumption of nuts (Equation (2)). The MOE was counted by dividing the benchmark 

dose lower confidence limit (BMDL) by CDI [39]. 

MoE =  
BMDL

CDI 
           (2) 

BMDL is equal to 870 ng/Kg b.w. per day for AFB1 [40], and CDI is the chronic daily 

intake (ng/kg bw/day). MOE values of more than 10000 were considered a low concern for public 

health[41]. 

The carcinogenic (MOE) of AFB1 was estimated by Monte Carlo (MC) simulation (Crystal 

Ball v 11.1.2.4.600 software, Oracle, Decisioneering, Denver, CO, USA) [42]. The simulation was 

carried out using notified indexes, and the MC model was stated for 10,000 repetitions. Furthermore, 

95th percentiles of MOE were selected for risk assessment [43,44].  

2.5. Hierarchical cluster analysis (HCA) 

In real-life applications, multivariate statistical methods may be employed in food microbiology 

studies for visualizing the similarities/differences between samples in a two/three-dimensional aspect 

plane based on the different factors [45,46]. The HCA is the most widely employed tool to 

investigate similarities and concealed schema among samples where associations on data and clusters 

are unclear, in different samples, fungal metabolites details sets, and various nut types are the targets 

of these methods [47–49]. The HCA was performed to evaluate the correlation between the type and 

aflatoxin content in different nuts by applying SPSS software version 18. 

3. Results 

3.1. Data Description 

The literature searches and study selection process are shown in Figure 1. At initial systematic 

search, 3670 eligible studies were determined. Of these, 807 articles were duplicated, and another 

2773 were not qualified according to the title and abstract. Finally, 90 papers were reviewed, and 

73 provided sufficient information for the systematic review. The reasons for excluding are 

mentioned in (Figure 1). 
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Figure 1. Literature search and study selection process for inclusion. 

3.2. Rank order of study area 

Thirty-nine studies (53.42%) were conducted in Asia (Bahrain, Bangladesh, China, India, Iran, 

Japan, Korea, Malaysia, Saudi Arabia, Pakistan, South Korea, Taiwan, Thailand, Turkey, and 

Yemen); 16 studies (21.91%) in Africa (Cameroon, Congo, Côte d’Ivoire, Egyptian, Ghana, 

Morocco, Nigeria, South-western Uganda, and Zambia); 10 studies (13.69%) in Europe (Cyprus, 

Greece, Italy, Poland, Southern Haiti, and Spain) and 8 studies (10.95%) in South America (Brazil 

and Argentina). Distribution of studies included in the present review across different countries were 

as follows: Brazil (7) > Malaysia (6) > Iran (6) ~ Turkey (6) > Pakistan (4) > Spain (3) ~ Italy (3) ~ 

Saudi Arabia (3) ~ Nigeria (3) > China (2) ~ Taiwan (2) ~ Korea (2) ~ Egyptian (2) ~ Cameroon (2) 

~ South-western Uganda (2) ~ Ghana (2) ~ Zambia (2) > Argentina (1) ~ Bahrain (1) ~ Bangladesh 

(1) ~ South Korea (1) ~ Thailand (1) ~ Yemen (1) ~ Congo (1) ~ Côte d’Ivoire (1) ~ Morocco (1) ~ 

Cyprus (1) ~ Greece (1) ~ Poland (1) ~ Southern Haiti (1) ~ Argentina (1) ~ India (1) ~ Japan (1).  
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3.3. Rank order of used method 

The rank order of the used techniques for quantification of aflatoxin based on the number of 

studies was high-performance liquid chromatography (HPLC) (44 article, 60.27%) > thin-layer 

chromatography (TLC) (13 article, 17.8%) > enzyme-linked immunosorbent assay (ELISA) (8 

article, 10.95%) > liquid chromatography-mass spectrometry (LC/MS/MS) (4 article, 5.47%) ~ and 

other methods (UPLC-MS/MS, LC-UV, MFC, MIC, RRLC-MS/MS) (4 article, 5.47%).  

3.4. Aflatoxins Concentration in nuts 

Among the reviewed articles, most studies were performed on peanuts. The sharing of studies 

investigated on nut subtypes were shown in Figure 2. 

 

Figure 2. Sharing of study (%) on aflatoxin concentration in nuts. 

3.4.1. Aflatoxins Concentration in Peanut 

Considering the mean concentration of AFB1 in peanut samples gathered from different 

countries, the observed rank order was as follows: Argentina (530 µg/kg) > Congo (163.22 µg/kg) > 

Nigeria (110.95 µg/kg) > South-western Uganda (103.10 µg/kg) > Bangladesh (93.10 µg/kg) > 

Southern Haiti (58.7 µg/kg) > Zambia (51.10 µg/kg) > Cameroon (47.00 µg/kg) > Italy (42.06 

µg/kg) > Brazil (31.00 µg/kg) > Ghana (18.20 µg/kg) > Malaysia (17.26 µg/kg) > China (6.48 

µg/kg) > Pakistan (5.90 µg/kg) > Saudi Arabia (4.86 µg/kg) > Côte d’Ivoire (4.80 µg/kg) > South 

Korea (4.07 µg/kg) > Korea (3.31 µg/kg) > Cyprus (3.00 µg/kg) > Taiwan (1.56 µg/kg) > Turkey 

(0.96 µg/kg) > Spain (0.91 µg/kg) > Thailand (0.85 µg/kg) > Morocco (0.17 µg/kg) > Iran (0.00 

µg/kg) ~ Japan (0.00 µg/kg) (Figure 3a). The final mean concentration of AFB1 in Peanuts was 

(37.82 µg/kg) (Table 1 Supplementary). 

The mean concentrations of AFT in peanut samples gathered from different countries were as 
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follows: Congo (197.11 µg/kg) > Nigeria (148.75 µg/kg) > South-western Uganda (96.10 µg/kg) > 

Southern Haiti (70.20 µg/kg) > Italy (45.36 µg/kg) > Malaysia (35.99 µg/kg) > Ghana (27.67 µg/kg) > 

Turkey (22.08 µg/kg) > Spain (20.73 µg/kg) > Brazil (16.99 µg/kg) > Saudi Arabia (13.33 µg/kg) > 

Iran (9.94 µg/kg) > Yemen (8.88 µg/kg) > Taiwan (8.20 µg/kg) > Cameroon (6.50 µg/kg) > Pakistan 

(6.26 µg/kg) > Korea (4.08 µg/kg) > Thailand (1.43 µg/kg) > Zambia (0.43 µg/kg) > Morocco (0.30 

µg/kg) > Japan (0.00 µg/kg) (Figure 3a). The final mean concentration of AFT in Peanuts was (43.93 

µg/kg) (Table 1 Supplementary). 
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Figure 3. The concentration of aflatoxin B1 (AFB1) and aflatoxin total (AFT) in nuts (a) 

peanut, (b) pistachio, (c) almond, (d) hazelnut, (e) walnut, (f) brazil nut. 
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µg/kg) > Malaysia (0.00 µg/kg) (Figure 3b). The final mean concentration of AFT in pistachio was 

(35.59 µg/kg) (Table 2 Supplementary). 

3.4.3. Aflatoxins Concentration in Almond 

The mean concentration of AFB1 in almond samples from different countries was according to 

following rank order: Cyprus (32.90 µg/kg) > Pakistan (4.05 µg/kg) > Saudi Arabia (1.97 µg/kg) > 

Turkey (0.05 µg/kg) > Iran (0.00 µg/kg) ~ Korea (0.00 µg/kg) ~ Spain (0.00 µg/kg) (Figure 3c). The 

final mean concentration of AFB1 in almond was (3.93 µg/kg) (Table 3 Supplementary). 

Also regarding AFT in almond the fallowing order was: Turkey (3.57 µg/kg) > Pakistan 

(3.38 µg/kg) > Saudi Arabia (2.20 µg/kg) > China (1.16 µg/kg) > Iran (0.00 µg/kg) ~ Korea 

(0.00 µg/kg) (Figure 3c). The final mean concentration of AFT in almond was (3.16 µg/kg) (Table 3 

Supplementary). 

3.4.4. Aflatoxins Concentration in Hazelnut 

The data showed that the mean concentration of AFB1 in hazelnut samples from different 

countries was: Italy (28.15 µg/kg) > Turkey (2.97 µg/kg) > Spain (0.51 µg/kg) (Figure 3d). The final 

mean concentration of AFB1 in hazelnut was (10.54 µg/kg) (Table 4 Supplementary). 

The mean concentration of AFT in hazelnut was determined as: Italy (41.71 µg/kg) > Turkey (19.60 

µg/kg) > Saudi Arabia (2.50 µg/kg) > China (2.10 µg/kg) (Figure 3d). The final mean concentration 

of AFT in hazelnut was (24.13 µg/kg) (Table 4 Supplementary). 

3.4.5. Aflatoxins Concentration in Walnut 

The mean concentration of AFB1 in walnut samples monitored in different countries was: 

Morocco (360 µg/kg) > Iran (9.00 µg/kg) > Pakistan (4.01 µg/kg) > Turkey (0.34 µg/kg) > Saudi 

Arabia (0.00 µg/kg) ~ South Korea (0.00 µg/kg) ~ Cyprus (0.00 µg/kg) ~ Korea (0.00 µg/kg) ~ Spain 

(0.00 µg/kg) (Figure 3e). The final mean concentration of AFB1 in walnut was (22.23 µg/kg) (Table 

5 Supplementary). 

Also regarding AFT in walnut the obtained order was: Morocco (730 µg/kg) > Iran (13.04 

µg/kg) > Turkey (5.99 µg/kg) > Pakistan (4.44 µg/kg) > Saudi Arabia (2.05 µg/kg) > China (0.86 

µg/kg) > Korea (0.00 µg/kg) ~ Malaysia (0.00 µg/kg) (Figure 3e). The final mean concentration of 

AFT in walnut was (44.84 µg/kg) (Table 5 Supplementary). 

3.4.6. Aflatoxins Concentration in Brazil nuts 

As investigated in studies the mean concentration of AFB1 in Brazil nut samples from different 

countries, the rank order was: Brazil (3.71 µg/kg) > Cyprus (3.00 µg/kg) (Figure 3f). The final mean 

concentration of Aflatoxin B1 in Brazil nuts was (3.35 µg/kg) (Table 6 Supplementary). 

Also, regarding AFT in Brazil nut the order was: Brazil (3.94 µg/kg) > Malaysia (0.88 µg/kg) 

(Figure 3f). The final mean concentration of AFT in Brazil nut was (5.87 µg/kg) (Table 6 

Supplementary). 
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3.4.7. Aflatoxins Concentration in Other nuts 

Considering the mean concentration of AFB1 in other nuts samples the observed order was: 

Betelnut (62.38 µg/kg) > Sliced raw areca nut (10.86 µg/kg) > Assorted nuts (6.68 µg/kg) > Mixed 

nuts (5.70 µg/kg) > Cashew nuts (2.69 µg/kg) > Tigernuts (2.40 µg/kg) > Nuts Cocktail (0.33 

µg/kg) > Pinhol (0.04 µg/kg) > Macadamia nut (0.00 µg/kg) ~ Pecan (0.00 µg/kg) (Figure 3). The 

final mean concentration of AFB1 in other nuts was (7.38 µg/kg) (Table 7 Supplementary). 

Also regarding AFT in other nuts the fallowing order was: Chilgoza pine nut (493.91 µg/kg) > 

Mixed nuts (11.50 µg/kg) > Raw areca nuts (8.90 µg/kg) > Tigernuts (8.67 µg/kg) > Assorted nuts 

(7.89 µg/kg) > Cashew nuts (7.12 µg/kg) > Macadamia nut (0.00 µg/kg) ~ Pecan (0.00 µg/kg) ~ Pine 

nuts (0.00 µg/kg). The final mean concentration of AFT in other nuts was (30.52 µg/kg) (Table 7 

Supplementary). 

3.4. Hierarchical cluster analysis (HCA) 

Hierarchical clustering was used to understand the relationships among the AFT, aflatoxin type, 

and nut type in different countries. Cluster analysis showed the grouping of accessions between two 

significant clusters and two sub-clusters (Figure 4). The first cluster includes the aflatoxin type and 

the nut type, containing two sub-groups. The second cluster only includes AFT. The aflatoxin type 

and nut type in different countries were closer, indicating that these variables had similar trends in 

different samples.  

 

Figure 4. Dendrogram of hierarchical cluster analysis of aflatoxin in nut samples. 
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3.5. Risk characterization 

The exposure assessment of AFB1 through nuts consumption was simulated by the Monte Carlo 

approach, as shown in Table 1. The results for AFB1 revealed that Argentina had a higher mean 

intake (6.42E μg kg bw−1 day−1) compared to the other countries. 

Table 1. Chronic daily intake (CDI) of AFB1 in nuts from different countries simulated 

by Monte Carlo approach. 

Country CDI 

Percentiles 

5% 50% 75% 95% 

Argentina 4.39E-2 6.42E-2 7.57E-2 9.65E-2 

Bahrain 2.01E-3 3.06E-3 3.58E-3 4.56E-3 

Bangladesh 4.99E-3 7.36E-3 8.74E-3 1.09E-2 

Brazil 1.99E-3 2.96E-3 3.51E-3 4.44E-3 

USA 5.80E-4 8.80E-4 1.05E-3 1.34E-3 

Cameroon 3.80E-3 5.65E-3 6.69E-3 8.77E-3 

China 5.93E-4 8.76E-4 1.03E-3 1.29E-3 

Congo 1.33E-2 1.98E-2 2.36E-2 2.99E-2 

Cyprus 5.45E-4 8.09E-4 9.44E-4 1.22E-3 

south Africa 8.66E-4 1.30E-3 1.54E-3 1.92E-3 

Egypt 7.65E-4 1.14E-3 1.35E-3 1.71E-3 

Ghana 1.46E-3 2.20E-3 2.57E-3 3.28E-3 

India 7.62E-3 1.13E-2 1.30E-2 1.67E-2 

Iran 2.52E-3 3.83E-3 4.55E-3 5.71E-3 

Table 2. Margins of exposure (MOE) for AFB1 exposure in nuts simulated by Monte Carlo. 

Country MOE 

Percentiles 

5% 50% 75% 95% 

Argentina 9.11 13.71 16.07 21.24 

Bahrain 189.61 286.41 343.96 438.91 

Bangladesh 75.14 116.99 136.67 175.36 

Brazil 193.02 296.80 351.51 447.83 

USA 628.94 975.49 1152.10 1505.80 

Cameroon 102.16 155.70 186.68 238.66 

China 637.79 993.10 1200.60 1526.20 

Congo 28.53 43.35 52.36 67.39 

Cyprus 664.64 1071.10 1263.50 1588.70 

South Africa 433.60 654.31 785.12 1017.20 

Egypt 506.92 767.02 927.33 1176.20 

Ghana 252.82 392.07 462.82 606.49 

India 47.86 75.71 91.40 117.01 

Iran 144.63 224.35 268.18 357.23 
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Occurrence and risk characterization by a margin of exposure of AFB1 was calculated using a 

probabilistic approach. The rank order of countries based on the country in term of margin of 

exposure value was Argentina > Congo > India > Bangladesh > Cameroon > Iran > Bahrain > Brazil > 

Ghana > south Africa > Egypt > USA > China > Cyprus (Table 2), which the MOE of the consumers 

in some countries was considerably below the safety margin of hepatic carcinogen (MoE > 10,000). 

4. Discussion 

4.1. The concentration of Aflatoxin in nuts 

The present systematic review study updates the aflatoxins content status in nuts, including 

peanut, pistachio, walnut, hazelnut, Brazil nut, almond, and other nuts from different origins and 

markets. According to include studies, AFB1was the predominant notified mycotoxin in nut samples. 

In addition, in a more studied data series, the mean concentration of AFT was similar to AFB1 

content, confirming the importance of AFB1 as the main Aflatoxin associated with nuts. However, 

each nut's susceptibility is different as peanut and pistachio were the most notified contaminated 

commodities from the nut category in reviewed studies. In total, a wide diverse mean level range of 

aflatoxin was reported in nuts samples from a different area. Also, from all reviewed studies, the 

levels of aflatoxins in countries were discussed by different standard maximum levels. Among the 

analytical methods developed to quantify aflatoxins, the HPLC and TLC were the most common 

methods widely used in all research. 

Aflatoxin contamination is a critical defect in nuts and tree nuts. Due to nut type variability, 

different cultivation/production zones, and altered agriculture practice, the concentration of aflatoxin 

dramatically varies from place to place, from year to year also vary among the nuts cultivars [50,51]. 

Besides increasing public knowledge about food safety, international action has focused on 

monitoring food hazards. Aflatoxin is one of the notified hazards considered a significant food safety 

issue[52]. Therefore, crucially establishing a tolerance limit for aflatoxin contamination has 

tremendous importance[53,54]. The regulations have been set in many countries from past decades, 

yet newer rules are being established. The details about the maximum level of aflatoxins in high-risk 

food commodities such as nuts and sampling/analyzing protocols have been revised and republished. 

In this base, the comparing of aflatoxins content is complex from country to country[11]. From the 

joint of FAO/WHO, Codex Alimentarius is the central committee that sets principal standards for 

contaminant and natural toxicants in food and feed. 

The Codex standard states that the maximum levels (ML) of AFT for peanut, pistachio, hazelnut, 

almond, and Brazil nut for processing is 15 µg/kg. For pistachio, hazelnut, almond, and Brazil nut for 

direct human consumption (ready to eat) is 10 µg/kg (Table 3). Also, the criteria for sampling and 

quantification methods are defined by the Codex standard [55]. Many countries accepted and 

followed the Codex legislation as global standards for aflatoxin occurrence evaluation. Comparing 

this standard, the final mean level of AFT in all nuts except in peanuts (13.25 µg/kg) was lower than 

the maximum residue limit (10 µg/kg). Some studies compare the data with the European Union 

(EU), establishing its maximum residue limit (MRL) for aflatoxin in nuts. The EU legislation seems 

to be harmonized with Codex in some parts and be stricter than codex ones in others. In addition, the 

USA, China, Australia, Canada, and Japan have been issued the regulatory MRLs for aflatoxin and 

Guidance for the producer industry [11]. 
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Table 3. The occurrence of AFT in nut samples from included studies. 

Nuts Total 

sample 

number 

AFT 

 mean 

µg/kg 

AFT 

range 

µg/kg 

AFT 

median 

µg/kg 

MRL 

µg/kg 

%Studies 

with AFT 

 mean 

<ML 

µg/kg 

%Studies 

with 

AFT 

 mean 

MRL-50 

µg/kg 

%Studies 

with AFT 

 mean 

51–200 

µg/kg 

%Studies  

with AFT 

mean 

>200 

µg/kg 

Peanuts 4737 40.87 Nd-530 13.25 15 61.60 17.85 16.96 3.57 

Pistachios 11552 37.52 Nd-

245.60 

7.20 10 71.42 11.90 9.52 7.14 

Almonds 517 3.54 Nd-

32.90 

3.10 10 90.62 9.37 0.00 0.00 

Hazelnuts 293 17.33 0.2–124 2.10 10 76.92 7.69 15.38 0.00 

Brazil nuts 173 4.61 0.88–

36.90 

3.00 10 92.30 7.69 0.00 0.00 

AFT: Aflatoxin total (sum of aflatoxin B1, B2, G1 and G2). 

MRL: Maximum Residue Limits (MRLs) for aAflatoxin adopted by Codex Alimentarius. 

Nd: Not detected. 

The aflatoxin occurrence data are significantly varied beyond the world. Also, some countries 

are owing limited or lack available data about aflatoxin contamination in food and nuts. Furthermore, 

several prevalence/ incidence data are from official monitoring programs, mainly agreeing with the 

MRLs. Therefore, the data series has skewness and is often lower than aflatoxin's actual level at the 

farm [11,36]. A report from EFSA (2007) regarding aflatoxin analysis in 34,326 samples from EU 

countries revealed that Brazil nut, pistachio, and spices were the highest contaminated samples. Of 

168 samples containing more than 200 µg/kg, 110 samples belonged to pistachios, 30 samples to 

Brazil nuts, 23 samples to peanuts, 3 samples to other nuts, and two samples to almonds [40].  

The aflatoxin occurrences evaluation in our study indicated a heterogeneous aflatoxin 

distribution in nuts. In most studies, mean values were low, a few were high, and some were very 

high. Also, high mean concentration values were reported by several studies such as 730 µg/kg AFT 

for walnut (Juan 2008), 530 µg/kg AFB1 for peanut [56], 493.91 µg/kg AFT for nut [12], 440 µg/kg 

AFT for peanut [57], 360 µg/kg AF B1 for walnut (Juan 2008). As highlighted in table 3, the median 

was lower than the mean in all studied nut types. All these findings imply a remarkable variation in 

aflatoxin concentration as a contaminant.  

Although aflatoxin contamination originates from the farm and continues to the consumer table, 

preventive strategies predominantly constitute pre-to post-harvest. However, effective safety 

management is needed to minimize and control this hazard in nuts. Other aspects that impact the 

result of aflatoxin determination in research are sampling method, analyses, detection method, the 

condition of sample preservation, climate. Furthermore, a glance at the country of the study 

illustrated that in most cases, the nut samples are originated and imported from other countries; 

hence the fowling of importing/exporting legislation could indirectly affect contamination. 
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4.2. Human Risk assessment 

The attainability of statistics about the content and occurrence of Aflatoxin in various nuts could 

provide necessary information for health risk assessment and exposure assessment. It is such an 

influential role to evaluate and check Aflatoxin in food. The main directly or indirectly path of 

population exposure to Aflatoxin is via diets. There are three intervention actions, including 

agricultural, dietary, and clinical intervention [58]—all these interventions are designed to diminish 

aflatoxin exposure. Generally, the risk evaluation study is an estimating process that can predict the 

adverse effect for individuals/populations. In some countries, the margin of exposure indexes derived 

from the consumption of peanuts, pistachios, almonds, hazelnuts, walnut, brazil nuts, and other nuts 

was considerably lower than the safe margin of 10,000. These findings point to a potential concern 

that world population health may be a global health problem.  

In this context, rare studies have been assessed the risk of aflatoxin exposure in nuts. Liu and 

Wu (2010) estimated that Malaysians had been exposed to AFB1 ranging from 15–140 ng/kg body 

weight/day, reflecting 91–857% of cancer incidence related to dietary Aflatoxin [58]. In contrast, 

Sabran et al. (2012) reported 26.20 ng/kg body weight/day for dietary AFB1 exposure, contributing 

to 13.50 % of liver cancer in Malaysia [59].  

In another study by Foerster (2020), the margin of exposure was reported ranging from 1133 to 

8500. The results showed a public health concern for Aflatoxin in food commodities consumed in 

Chile [41].  

Zhung et al. (2020) studied the probabilistic risk of exposure to AFB1 in Guangzhou 

(China) [60]. The mean of MOE was estimated at 100 to 1000 for Guangzhou residents.  

A probabilistic risk assessment of AFB1 level in walnuts in Iran showed more than 50% of 

samples containing AFB1 at level range from 0.80–14.50 µg/kg. Low carcinogenic risk concluded 

for Iranians [61]. Health risk characterization for dietary exposure to AFB1 in food samples (maize, 

rice, peanut, and sesame) from Vietnam provinces revealed different liver cancer risks. The results 

pointed out AFB1 was the most detected and distributed mainly in samples, leading to 0.23, 0.65, 

and 21.0 liver cancer per 100,000 adults annually [62]. 

The rate of the population facing unwanted exposure to Aflatoxin and then liver cancer 

consequence are unclear. Therefore, risk assessment information helps estimate the aflatoxin 

exposure magnitude [29].  

In aflatoxin exposure, like other pollutants, the leading considered population groups are 

children and adults. For drawing the exposure scenario, probabilistic models are an efficient tool. In 

this field, the simulation methods provide a chance to percept the validity and accuracy of estimation. 

 The health risk assessment demonstrated that some countries, such as Argentina, Congo, India, 

Bangladesh, and Cameroon, are at greater risk. Therefore, preventive strategies for reducing the 

aflatoxin level in nuts should be more practiced. Accordingly, the main limitation in exposure 

characterization is data censoring from occurrence studies and the heterogeneity of aflatoxin levels, 

also reliable biomarkers for detecting Aflatoxin in urine [29,63].  

5. Conclusions 

In this systematic review study, the concentration of aflatoxins was screened in different nuts 

samples, including peanuts, pistachios, walnuts, almonds, hazelnuts, Brazil nuts, and other nuts in 
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different nuts countries. Besides, the health risk related to aflatoxin content was assessed, and the 

correlation between the type and amount of Aflatoxin with nut samples was evaluated by hierarchical 

cluster visualization. The mean concentration of AFB1 and AFT in nuts was significant in different 

nut types and between countries. Even though more than 60% of studies reported AFT mean 

concentration in the subgroups of nuts lower than the maximum allowable level set by Codex 

Alimentarius, risk characterization in some countries was considerably lower than the safe margin of 

exposure. According to determined chronic daily intake and margin of aflatoxin exposure in nut 

samples from all included studies, it was found that we are facing a global health problem. Since nuts 

are widely consumed in different consumer groups, it is necessary to emphasize strict control 

measures to prevent contamination of these foods with aflatoxins. 
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