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ABSTRACT 
 
The purpose of this study was to assess the level of aflatoxin awareness among employees and 
students at the Institute of Adult Education (IAE) in Tanzania, as a baseline study for 
understanding the level of aflatoxin awareness within the Tanzanian population. This study 
employed a quantitative research approach. The study adopted a descriptive design. Purposive 
and simple random sampling techniques were used in this study. A total of 68 respondents were 
included in the study. Before questionnaire administration, it was pre-tested and the internal 
consistency of components was assessed. A Cronbach's alpha of 0.8142 was obtained 
indicating acceptable reliability of the questionnaire used in this study. Data collected were 
analyzed using Statistical Package for Social Science (SPSS) version 20. A threshold of 
significance was set at p < 0.05. Wilcoxon-paired sample test was used to compare respondents' 
familiarity with the terms mold, fungi, and aflatoxins. Results were presented as descriptive 
statistics in tables, and graphs to facilitate interpretation. Results from the study indicated that 
most respondents (82.4% of n=56) had not heard about aflatoxins, suggesting a potential lack 
of awareness about this topic. There was no significant difference (p>0.05) between the socio-
demographic characteristics of respondents and awareness and knowledge of aflatoxin. A 
relatively small percentage of respondents (23.5% of n=16) were aware that aflatoxins are 
produced by fungi/molds. A substantial number of respondents (32.4% of n=8) have observed 
molds on their food items. It is recommended that sufficient resources be committed to 
improving aflatoxin awareness levels in Tanzania, through public enlightenments and 
collaborations among local, regional, national, and international governmental and non-
governmental agencies. The study concludes that the respondents had no adequate knowledge 
of aflatoxin contamination. Awareness campaigns and training through local televisions, radio 
stations, newspapers, social media, and agricultural extension services should be fast-tracked. 
 
Keywords: Aflatoxins, fungal contamination, employees, students, awareness, Tanzania.  
 
INTRODUCTION 
Aflatoxins are a group of structurally related toxic, mutagenic, and carcinogenic mycotoxins 
that contaminate many food and agricultural products with a special affinity to cereals and nuts. 
Mycotoxins are chemical substances produced by certain species of fungi as secondary 
metabolites in the field and during the storage of agricultural products (Shephard, 2009). 
Among the many analogs and derivatives of aflatoxins that have been identified, the B-series 
(aflatoxins B1 and B2), the G-series (aflatoxins G1 and G2), and M-series (aflatoxin M1) are 
of the most relevance from a food safety point of view (Afsah-Hejri et al., 2013). Aflatoxins 
B1 (AFB1), B2 (AFB2), G1 (AFG1), and G2 (AFG2) are the four (4) main types of aflatoxins 
frequently found in contaminated food and AFB1 is the most virulent of the four (Omari et al., 
2020). They have been associated with liver cancer and have been classified as class 1 
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carcinogens, with peanut, maize, and their derivatives being the main vehicles (Benkerroum, 
2020). 
 
Depending on environmental factors (temperature, humidity, and rainfall) and farm 
management practices (cropping, harvesting, and storage conditions), fungal proliferation and 
subsequent mycotoxin excretion could happen at any stage of the crop production chain 
(Waliyar et al., 2015). Aflatoxin-producing fungi are found in areas with a hot, humid climate 
and their presence in food is a result of both pre-harvest and post-harvest fungal contamination 
(EFSA, 2020). Plant immunocompromising factors such as drought stress, injury, pest 
infestation, and poor fertilization are also known enablers of aflatoxin production in 
agricultural products (Bhat & Vasanthi, 2003). Aflatoxins are ubiquitous and occur in various 
food crops, including cereals, nuts, and dairy products, among other food and agricultural 
products. A recent review by Eskola et al. (2019) suggests that about 60% to 80% of the global 
food crops are contaminated with mycotoxins. This estimation pushed back the widely cited 
25% estimation attributed to the Food and Agricultural Organization (FAO) of the United 
Nations. Nonetheless, these figures are staggering; a large proportion of the world's population 
is faced with the risks associated with exposure to aflatoxin and a host of other mycotoxins. A 
recent rise in global temperatures has also presented another scenario; aflatoxins are 
increasingly detected in some parts of Italy and South Europe in quantities not seen before 
(Moretti et al., 2019). 
 
Biblical and other written records of human illness and death related to food spoilage suggest 
mycotoxins have haunted humans for an extended period, perhaps since the beginning of 
human engagement in crop production for food (Pitt & Miller, 2017). However, scientific 
research into aflatoxin did not start until 1960 when a sudden death of more than 100,000 young 
turkeys in England died due to an unknown condition termed "turkey X disease" which caught 
the attention of scientists (Stoloff, 1976). Turkeys died from acute necrosis of the liver and 
hyperplasia of the bile duct after consuming groundnuts infected with A. flavus (Strosnider et 
al., 2006). Multidisciplinary scientific research attributed these deaths to feed contaminated 
with a toxin produced by the fungus Aspergillus flavus, thus the name "aflatoxin" (Nesbitt et 
al., 1962). Research resulted in a sufficient understanding of the toxin enabling the 
development of better analytical methods and a better understanding of its public health impact 
(Pitt & Miller, 2017). 
Humans may be exposed to aflatoxins through the consumption of aflatoxin-contaminated 
foods or the ingestion of foods produced by animals previously exposed to aflatoxins (Leong 
et al., 2012). Chronic dietary exposure to aflatoxins poses severe health complications in 
humans and animals (Williams et al., 2004). Aflatoxin B1, due to its toxic, mutagenic, 
immunotoxic, teratogenic, and carcinogenic effect on humans and animals, is classified as a 
group 1 carcinogen in the International Agency for Research on Cancer (IARC) classification 
of carcinogenic substances (Ostry et al., 2017). As a potent carcinogen, aflatoxin B1 may affect 
organs like the liver and kidneys (Alvarez et al., 2020; Li et al., 2018). It is also reported to 
suppress humans' immune systems, rendering them vulnerable to infectious diseases like HIV 
and AIDS (Jiang et al., 2008; Jolly et al., 2013). Prolonged exposure to aflatoxin has also been 
linked to congenital disabilities and stunting in children (Smith et al., 2015). 
 
Additionally, acute aflatoxin exposure can be life-threatening. Exposure to high levels of 
aflatoxin within a short period is found to cause aflatoxicosis (Williams et al., 2004). Recently, 
multiple outbreaks of acute aflatoxin exposure have been reported, particularly from regions 
with tropical climates, such as Kenya and Tanzania (Awuor et al., 2017; Kamala et al., 2018). 
The implications of aflatoxin contamination of agricultural products go beyond public health 
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issues; it equally carries trade and economic ramifications for both developed and developing 
countries. Maize farmers in the United States incur an annual loss of $160 million due to 
aflatoxin-related issues (Wu, 2015). These figures are higher in developing countries, 
especially sub-Saharan Africa, where losses amount to $450 million, representing 38% of the 
global agricultural losses due to aflatoxin (Gbashi et al., 2018). Williams et al., 2004 estimated 
that aflatoxins are ubiquitous and approximately 4.5 billion people were exposed to these 
carcinogens. Factors that contribute to aflatoxin contamination may include regional climate, 
crop genotype, soil type, and atmospheric moisture (Strosnider et al., 2006). Furthermore, 
aflatoxin is responsible for a significant decline in agricultural trade between developed and 
developing countries (Wu, 2015-25). Attempts to quantify the health and economic burden of 
aflatoxin contamination of food crops have been made by Liu and Wu (2010) at a global scale, 
and country and regional studies published by Matumba et al. (2019). 
 
Different mitigation and control measures are being applied to prevent or minimize human and 
animal exposure to aflatoxin. These include prevention of pre- and postharvest contamination 
of agricultural products, or their reduction to acceptable levels in already contaminated 
products through removal, degradation, or decontamination. Basic measures such as Good 
Agricultural Practices (GAPs) and Good Manufacturing Practices (GMPs) as aflatoxin 
preventive measures have proven effective when combined with proper postharvest handling 
practices (Hell & Mutegi, 2011). Scientific advances have also permitted the use of 
sophisticated biological, chemical, and physical measures for the prevention and 
decontamination of already contaminated agricultural products (Lizárraga-Paulín et al., 2013). 
The need for enlightenment as an intervention strategy has been emphasized over the years 
with insignificant follow-up. At higher learning institutions, comprising a large number of 
educated personnel is expected to constitute a pool that can teach the rest of society. To achieve 
this aim, there is a need to assess the level of awareness for the educated group of people in 
society. Therefore, this study aimed to assess the level of awareness of aflatoxin among 
employees and students in Tanzanian higher learning institutions, using the Institute of Adult 
Education as a reference point. Specifically, the study sought to: evaluate the current level of 
awareness and knowledge about aflatoxins among employees and students; assess the 
association between socio-demographic characteristics and knowledge of aflatoxins. 
 
Research Questions and Hypothesis 
i. What is the current level of awareness and knowledge about aflatoxins among employees 
and students? 
 
Research Hypothesis  
The following null hypothesis was tested in this study. 
Ho: There are no statistically significant differences in the responses based on socio-
demographic characteristics (sex, education level, and age). 
 
Materials and Methods  
Study settings 
The current study was conducted among employees and students at the Institute of Adult 
Education in Tanzania. The study took place from November to December, 2023. Twelve (12) 
employees were conveniently selected and fifty-six (56) students were systematically selected 
from the population at Morogoro-Campus. The study was conducted at the Institute of Adult 
Education in Tanzania because it was convenient for the researcher to collect the data as he 
works as a lecturer in the same Institute. 
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Research Approach and Design 
This study employed a quantitative research approach. The research design was a descriptive 
study using survey techniques. 
 
Population and Sampling Techniques 
Quantitative data were collected from employees and students. A total sample of 12 employees 
and 56 students comprised the sample size of the study (36 male; and 32 female). A total of 68 
respondents were included in the study. Mixed sampling techniques including simple random 
sampling and purposive sampling were used in this study to get respondents who were 
categorized into two groups namely employees and students at the Institute of Adult Education. 
Simple random sampling was employed to select the respondents to represent others from a 
group of students at IAE. A sampling frame was prepared and then respondents were selected 
using the Table of Random Numbers. A total of 56 respondents were randomly selected using 
this method. Purposive sampling was employed to select the 12 employees at IAE. 
 
Sample size determination 
The minimum sample size was calculated using the Leslie and Kish formula for descriptive 
studies n = p (1-p) Z2/e2 where n is the minimum sample size needed; e is the level of error that 
can be tolerated (0.087) absolute precision) and p, the estimated proportion of aflatoxin 
knowledge among employees and students, 16% i.e. p= 0.16. Z is the standard variation 
corresponding to the confidence level. At a confidence level of 95%, Z= 1.96. Therefore:  
n = 0.16(1-0.16)* 1.962/0.0872 
n=68 respondents. Therefore, the  sample size of the study was 68 respondents. 
 
Data collection tool and procedure 
The researchers developed a five-point Likert-scale questionnaire it consisted of two sections 
the first section was used to collect the demographic data and the second section was used to 
collect the core data. A total of eight items were included in the second section of the 
questionnaire. The scale of the questionnaire ranged from level 1 to level 5 in which level     1 
= "strongly disagree" and level 5 = "strongly agree". A pilot study was conducted to measure 
the validity of the Likert-scale questionnaire. A unit score was given to each Yes or No answer. 
In addition, several statements were included in the questionnaire to measure the level of 
awareness of the respondents, about mold infestation of food products and its consequences. 
 
Data analysis 
All quantitative data were analyzed using IBM Statistical Package for Social Software (SPSS) 
version 20. Wilcoxon paired sample test was used to compare respondents' familiarity with the 
terms mold, fungi, and aflatoxins. All statistical tests were conducted at a significance level of 
p = 0.05. Results were presented as descriptive statistics in tables and graphs to facilitate 
interpretation. 
 
Validity and reliability of the questionnaire 
Prior to questionnaire administration, it was pre-tested and the internal consistency of 
components was assessed. A 10-sample pre-test questionnaire was used to validate the 
questionnaire and to evaluate its clearness and consequently, some adjustments were made in 
the final set of the questionnaire. A Cronbach's alpha reliability of 0.8142 was obtained 
indicating an acceptable reliability of the questionnaire used in this study. 
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Ethical Considerations 
A verbal consent was given by the respondents. The author hereby declares that the study has 
therefore been performed in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki. 
Findings 
Aflatoxin awareness and knowledge levels among Employees and Students at the Institute 
of Adult Education, Tanzania 
The aflatoxin awareness levels among employees and students are depicted in Table 1. Only, 
12 (17.6%) of participants from the sample population had heard about the term "aflatoxin".                  
A significant large portion (82.4%) of respondents had not heard about aflatoxins, indicating a 
potential lack of awareness about this topic. The majority of those who haven't heard about 
aflatoxins attribute their lack of knowledge to a lack of awareness campaigns or a perceived 
lack of relevance to their field. A relatively small percentage of respondents (23.5%) are aware 
that aflatoxins are produced by fungi/molds. A substantial number of respondents (32.4%) have 
observed molds on their food items. Only 19.1% of respondents know the physical appearance 
of food items as a possible indicator of fungal infestation (Table 1). 
Table 1: Aflatoxin awareness and knowledge of respondents 

S/No Questions  regarding aflatoxins knowledge Answers Total( n=68) 
         n    % 

1. Have you heard of the word aflatoxin? Yes 12 17.6% 
    No 56 82.4% 

2. Are you aware that aflatoxins are produced by fungi? Yes 16 23.5% 
    No 52  76.5%) 

3. Are you aware of the harmful effects of aflatoxin on humans? Yes 20 29.4% 
    No 48 67.6%) 

4. Are you aware of the presence of aflatoxins in foods? Yes 16 23.5% 
    No 52 76.5%) 

5. 
Have you ever observed damaged food by moulds on your food 
items? Yes 8 32.4% 

    No 4 67.6% 

6. 
Foods items mostly affected by aflatoxins are cereals and oil  based 
foods I Know 14 20.6% 

    Not sure 16 23.5% 
    I Don’t Know 38 55.9% 

7. 
Economically, aflatoxin contamination of food produce may 
negatively impact international trade I Know 8 11.8% 

    Not sure 20 29.4% 
    I Don’t Know 40 58.8% 

8. 
Physical appearance of food items is a possible indicator of fungal 
infestation and possible aflatoxin contamination I Know 13 19.1% 

    Not sure 21 30.9% 
    I Don’t Know 34 50.0% 

9. Aflatoxin is the cause of a toxic syndrome known as aflatoxicosis I Know 9 13.2% 
    Not sure 5 7.4% 
    I Don’t Know 54 79.4% 

10. 
By preventing fungal infestation, we also prevent aflatoxin 
contamination of food products I Know 15 22.1% 

    Not sure 10 14.7% 
    I Don’t Know 43 63.2% 
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As to how familiar the respondents were with the terms mold and fungi, a mean score of 2.431 
was obtained; how familiar the respondents were with the term aflatoxin recorded a mean score 
of 2.014 which is lower than the average mean of the knowledge of respondents. The results 
show that there is no statistically significant difference between the familiarities with the three 
terms. Essentially, respondents' levels of familiarity with "molds, fungi, and eukaryotic 
organisms" are not significantly different from their familiarity with "aflatoxins." (p > 0.05) 
(Table  2). The fact that the p-value is p>0.05, means that familiarity with both sets of terms is 
consistently low across respondents. In a real sense, filamentous fungi and molds can produce 
harmful mycotoxins, posing significant health risks to humans and animals. 
 
Table 2: Respondents familiarity with the terms mold, fungi, and aflatoxins using 
Wilcoxon paired sample comparison test (n=68) 

Statements Responses % (n) Mean Std.Dev 
 

p-value 

1* 2* 3* 

       
1. How familiar are you with 
these terms: molds, eukaryotic 
organisms and fungal spores? 

73.53(50) 17.65(12) 8.82(6) 1.35 0.64  
>0.05 

2. How familiar are you with the 
term aflatoxin? 

82.35(56) 7.35(5) 10.29(7) 1.28 0.64 

Overall mean score    1.315 0.64 

1* No idea,    2* Quite familiar,  3 * Very familiar.  Significant values are in bold 
 
Practical implication: These results might suggest that educational or awareness campaigns 
regarding these terms (molds, fungi, and aflatoxin) could be necessary, as respondents 
generally seem to be unfamiliar with them. 
 
Association between Socio-demographic Characteristics and Knowledge of Aflatoxin 
Socio-economic variables were analyzed with aflatoxin contamination variables to determine 
their associations/correlations. The sex of the respondent was not significantly associated with 
knowledge of aflatoxin (χ2, 1 =1.24, p > 0.05). Likewise, the education level of respondents 
was not found to be significantly associated with knowledge/awareness of aflatoxin (χ2, 
4=1.06, p>0.05), and also, the age of respondents was not significantly associated with 
knowledge of afflation (χ2, 5 =0.725, p>0.05) (Table 3). Generally, there are no statistically 
significant differences in the responses based on sex, education level, or age in this dataset. All 
demographic characteristics investigated (sex, education level, and age) were found to have no 
significant (p > 0.05) influence on the knowledge status of the respondents. 
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Table 3: Association between Socio-demographic Characteristics and Knowledge of 
aflatoxins  

Variables Category Yes 
Frequency  
f (%) 

No 
Frequency 
 f(%) 

Chi-
square(χ2) 

p-value Remarks 

Sex Male  8(11.8%) 28(41.2%) 1.24 0.266* Not significant 
Female  12(17.6%) 20(29.4%) 

Education 
level 

Certificate 1(1.5%) 4(5.9%) 1.06 0.900** Not significant 
Diploma 5(7.4%) 15(22.1%) 
Bachelor 3(4.4%) 13(19.1%) 

Master 6(8.8%) 16(23.5%) 
PhD 2(2.9%) 3(4.4%) 

Age(in 
years) 

21-24 5(7.4%) 8(11.8%) 2.84 0.725*** Not significant 
25-29 4(5.9%) 13(19.1%) 
30-34 2(2.9%) 3(4.4%) 
40-44 9(13.2%) 11(16.2%) 

45-49 1(1.5%) 4(5.9%) 
>50 years 2(2.9%) 6(8.8%) 

Level of significance as determined by Pearson chi-square test p <0.05 
 
Discussion 
This study assessed the level of aflatoxins awareness among employees and students at the 
Institute of Adult Education in Tanzania. The current study revealed low levels of awareness 
and knowledge of aflatoxins. The study showed that 82.4% of respondents were not aware of 
the term aflatoxin. Only, 12(17.6%) of respondents had heard of aflatoxin. The level of 
awareness was substantially low among employees and students at the Institute of Adult 
Education. A relatively small percentage of respondents (23.5%) are aware that aflatoxins are 
produced by fungi/molds. This finding is similar to what was reported in Kenya and Mali; 
awareness and knowledge of the potential danger posed by aflatoxin contamination in 
foodstuffs is extremely low (Narrod et al., 2011). Studies conducted in various regions of the 
world demonstrate that the knowledge of aflatoxin is low. Part of the documented levels are 
for instance, 25% in Vietnam (Lee et al., 2017), 6% in Zimbabwe (Loreen and Moses, 2015), 
12% in Ethiopia (Gizachew et al., 2015), and 20% in Tanzania (Kamala et al., 2016; Ngoma et 
a., 2017). Regarding awareness of the presence of aflatoxins in foods, only 23.5% were aware 
of the presence of aflatoxins in foods. Respondents in this study were not aware of the health 
problems associated with the consumption of food contaminated with fungal toxins (Table 1). 
Their ignorance can be traced to their low level of education as reported by Magembe et al. 
(2016) in Tanzania. 
 
The Chi-square test was used to examine the relationship between three categorical variables 
(sex, education level, and age) and respondents' answers (Yes or No). All p-values (0.266 for 
sex, 0.900 for education level, and 0.725 for age) are higher than the standard cut-off of 0.05. 
Therefore, none of the variables (sex, education level, or age) have a statistically significant 
relationship with the response. There was no significant association (p<0.05) between the 
socio-demographic characteristics of respondents and knowledge of aflatoxin. Previous studies 
have also shown that awareness of aflatoxin contamination tends to increase with an increase 
in education level (Jolly et al 2009, Dosman et al 2001), which is in contrast with the current 
study. Likewise, education level has been observed to positively affect awareness level on 
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aflatoxin, knowledge, and management strategies in combating aflatoxin contamination as it 
was stated by Jolly et al 2009  but this finding is contrary to this current study. 
 
Although aflatoxin contamination and its effects are not the subjects of concern, especially in 
Tanzania's formal education system, illiteracy may suggest the observed results. Several 
studies conducted in Tanzania and other parts of the world revealed that education plays a 
greater role in creating awareness and reducing aflatoxins contamination of crops (Ayo et al 
2018; Jolly et al 2009). To this end, awareness campaigns and training through local television, 
radio stations, newspapers, social media, and agricultural extension services should be fast-
tracked. 
 
Conclusion 
In conclusion, the findings of this study shed light on the level of aflatoxins awareness among 
employees and students at the Institute of Adult Education in Tanzania. Several key 
observations emerged from the data, providing valuable insights into the knowledge and 
awareness of the surveyed population. From this study, it was observed that the majority of  the 
respondents were not aware and did not have enough knowledge of aflatoxin and its effect on 
human health. Hence, there is a need for more sensitization of the subject among employees 
and students and throughout the general public. 
 
Recommendations 
Based on the findings and conclusions of this study, here are some recommendations for further 
action: 
1. Educational Campaigns 
It is advised to develop and implement targeted educational campaigns to enhance public 
awareness of aflatoxin contamination, its visual indicators, and the potential economic and 
health consequences. Collaborate with health agencies, agricultural extension services, and 
educational institutions to disseminate accurate information. 
2. Visual Indicator Guidance 
It is advised to provide clear and accessible guidance on the visual indicators of aflatoxin 
contamination in food items. This could include educational materials, workshops, and online 
resources that will help individuals recognize and understand the significance of discoloration, 
unpleasant odor, and moldy appearance. 
3. Community Engagement 
It is advised to engage local communities in discussions and workshops to address concerns 
and dispel misconceptions regarding aflatoxin contamination. Community involvement can 
foster a sense of shared responsibility and empower individuals to actively participate in 
ensuring food safety. 
4. Research and Innovation 
Encourage research initiatives and innovation in agricultural and food processing technologies 
to develop solutions for aflatoxin prevention. Investing in research can lead to the identification 
of new and improved methods for reducing aflatoxin contamination throughout the food supply 
chain. 
5. Academic and research institutions 
It is also important for educational institutions and research organizations to partner in training 
students on aflatoxin management and other phytopathology concerns. This may ensure 
continuity in capacity development for the management of aflatoxigenic fungi, their toxins, 
and other food security and food safety threats. 
 
 



European Journal of Advanced Research in Biological and Life Sciences  Vol. 11 No. 1, 2024 
  ISSN 2056-5984  

Progressive Academic Publishing, UK   Page 9  www.idpublications.org 

Acknowledgment 
The author wishes to thank the respondents for their time and cooperation in completing the 
questionnaires. 
The author would like to convey his sincere appreciation to the employees and students at the 
Institute of Adult Education, Tanzania where the study was carried out for their willingness to 
participate in this study and to all those who contributed to the success of this study. 
 
Funding 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Conflict of interest 
The author declares no conflict of interest 
 
References 
 
Afsah-Hejri, L., Jinap, S., Hajeb, P., Radu, S., & Shakibazadeh, S. (2013). A review on 

mycotoxins in food and feed: Malaysia case study. Comprehensive Reviews in 
Food Science and Food Safety, 12(6), 629-651.https://doi.org/10.1111/1541-
4337.12029. 

Alvarez, C. S., Hernández, E., Escobar, K., Villagrán, C. I., KrokerLobos, M. F., Rivera-
Andrade, A., Smith, J. W., Egner, P. A., Lazo, M., Freedman, N. D., Guallar, E., 
Dean, M., Graubard, B. I., Groopman, J. D., Ramirez-Zea, M., & McGlynn, K. 
A. (2020). Aflatoxin exposure and liver cirrhosis in Guatemala: A case–control 
study. BMJ Open Gastroenterology, 7(10), 11-36. 
https://doi.org/10.1136/bmjgast-1630. 

Awuor, A. O., Yard, E., Daniel, J. H., Martin, C., Bii, C., Romoser, A., Vulule, J., Zitomer, N. 
C., Rybak, M. E., Phillips, T. D., Montgomery, J. M., Oyugi, E., Elmore, S., 
Amwayi, S., & Lewis, L.S. (2017). Evaluation of the efficacy, acceptability, and 
palatability of calcium montmorillonite clay used to reduce aflatoxin B1 dietary 
exposure in a crossover study in Kenya. Food Additives & Contaminants: Part A, 
34(1), 93–10. 

Ayo, E. M., Matemu, A., Laswai, G. H., & Kimanya, M. E. (2018). Socioeconomic 
characteristics influencing the level of awareness of aflatoxin contamination of 
feeds among livestock farmers in the Meru district of Tanzania. Scientifica, 1–11. 
https://doi.org/10.1155/2018/3485967. 

Benkerroum, N. (2020). Aflatoxins: Producing-molds, structure, health issues and incidence in 
Southeast Asian and sub-Saharan African countries. International Journal of 
Environmental Research and Public Health, 17(4), 1215. 
https://doi.org/10.3390/ijerph17041215 

Bhat, R. V., & Vasanthi, S. (2003). Mycotoxin food safety risk in developing countries. 
https://ideas.repec.org/p/fpr/2020br/1003.html 

Dosman, D.M., Adamowicz, W. L., & Hrudey, S.E. (2001). Socioeconomic determinants of 
health‐and food safety‐related risk perceptions. Risk Anal, 21(2), 307-317. 
https://doi.org/ 10.1111/0272-4332.212113. 

EFSA (European Food Safety Authority) (2020). Outcome of a public consultation on the draft 
risk assessment of aflatoxins  in food. EFSA supporting publication 2020: EN-
1798. 51pp.  

Eskola, M., Kos, G., Elliott, C. T., Hajšlová, J., Mayar, S., & Krska, R. 
(2019). Worldwide contamination of food-crops with mycotoxins: 

https://doi.org/10.1111/1541-4337.12029
https://doi.org/10.1111/1541-4337.12029
https://doi.org/10.1136/bmjgast-1630
https://doi.org/10.1155/2018/3485967
https://doi.org/10.3390/ijerph17041215
https://ideas.repec.org/p/fpr/2020br/1003.html


European Journal of Advanced Research in Biological and Life Sciences  Vol. 11 No. 1, 2024 
  ISSN 2056-5984  

Progressive Academic Publishing, UK   Page 10  www.idpublications.org 

Validity of the widely cited ‘FAO estimate’ of 25%. Critical Reviews 
in Food Science and Nutrition, 60, 1–17. https://doi.org/10.1080/ 
10408398.2019.1658570. 

Gbashi, S., Madala, N. E., De Saeger, S., De Boevre, M., Adekoya, I., Adebo, O. A., & Njobeh, 
P. B. (2018). The socio-economic impact of mycotoxin contamination in Africa. 
In P. B. Njobeh & F. Stepman Mycotoxins-impact and management strategies. 
Intechopen. https://www.intechopen. com/books/mycotoxins-impact-and-
management-strategies/ the-socio-economic-impact-of-mycotoxin-
contamination-in africa: Intech Open. 

Gizachew D, Szonyi, B, Tegegne A., Hanson, J.,  & Grace, D. (2015). Feed Storage Practices 
and Aaflatoxin contamination of Dairy Feeds in the Greater Addis Ababa Milk 
Shed, Ethiopia. [Accessed 22th September 2024] Available from World Wide 
Web:  https://agris.fao.org/agris-search/search. do? Record ID=QT2016105392. 

Hell, K., & Mutegi, C. (2011). Aflatoxin control and prevention strategies in key crops of sub-
Saharan Africa. African Journal of Microbiology Research, 5(5), 459–466. 
https://doi.org/10.5897/AJMR10.009. 

 Jiang, Y., Jolly, P. E., Preko, P., Wang, J.-S., Ellis, W. O., Phillips, T. D., & Williams, J. H. 
(2008). Aflatoxin-related immune dysfunction in health and in human 
immunodeficiency virus disease.  Clinical and Developmental Immunology, 
Volume 2008, Article ID 790309, 12 pages.  https:// 
doi.org/10.1155/2008/790309. 

Jolly, C.M, Bayard B, Awuah, Simon, C. F.,  Johnathan, T., & Williams, T.J . (2009). 
Examining the structure of awareness and perceptions of groundnut aflatoxin 
among Ghanaian health and agricultural professionals and its influence on their 
actions. J. Socio. Econ, 38, 280-287. https://doi.org/10.1016/j.socec.2008.05.013. 

Jolly, P., Inusah, S., Lu, B., Ellis, W., Nyarko, A., Phillips, T., & Williams, J. (2013). 
Association between high aflatoxin B1 levels and high viral load in HIV-positive 
people. World Mycotoxin Journal, 6(3), 255. 
https://doi.org/10.3920/WMJ2013.1585. 

Kamala, A., Kimanya, M., Haesaert, G., Tiisekwa, B., Madege, R., Degraeve, S., Cyprian, C., 
& De Meulenaer, B.(2016). Local post-harvest practices associated with aflatoxin 
and fumonisin contamination of maize in three agroecological zones of Tanzania. 
Food Addit Contam - Part A Chem Anal Control Expo Risk Assess, 33(3):551–
559. https://doi.org /10.1080/19440049.2016.1138546. 

Kamala, A., Shirima, C., Jani, B., Bakari, M., Sillo, H., Rusibamayila, N., Saeger, S. D., 
Kimanya, M., Gong, Y. Y., & Simba, A. (2018). The outbreak of Acute 
aflatoxicosis in Tanzania in 2016. World Mycotoxin Journal, 11(3), 311–320. 
https://doi.org/10.3920/ WMJ2018.2344. 

Lee, H.S., Nguyen-Viet, H., Lindahl, J., Thanh, H.M.,  Khanh, T.N., Hien, L.T.T., &   Grace, 
D.  (2017). A survey of aflatoxin B1 in maize and awareness of  aflatoxins in 
Vietnam. World Mycotoxin Journal 10(2), 195–202. 

Leong, Y.H., Latiff, A.A., & Izzah, N., &. Rosma, A. A. (2012). Exposure measurement of 
aflatoxins and aflatoxin metabolites in human body fluids. A short review. 
Mycotoxin Res, 28, 79–87. https://doi.org/10.1007/s12550-012-0129-8. 

Li, S., Min, L., Wang, G., Li, D., Zheng, N., & Wang, J. (2018). Occurrence of aflatoxin M1 
in raw milk from manufacturers of infant milk powder in China. International 
Journal of Environmental Research and Public Health, 15(5), 879. 
https://doi.org/10.3390/ijerph15050879. 

https://agris.fao.org/agris-search/search.%20do?%20Record%20ID=QT2016105392
https://doi.org/10.1016/j.socec.2008.05.013
https://doi.org/10.3920/WMJ2013.1585
https://doi.org/10.1080/19440049.2016.1138546
https://doi.org/10.1007/s12550-012-0129-8
https://doi.org/10.3390/ijerph15050879


European Journal of Advanced Research in Biological and Life Sciences  Vol. 11 No. 1, 2024 
  ISSN 2056-5984  

Progressive Academic Publishing, UK   Page 11  www.idpublications.org 

Liu, Y., & Wu, F. (2010). Global burden of aflatoxin-induced hepatocellular carcinoma: A risk 
assessment. Environmental Health Perspectives, 118(6), 818–824. 
https://doi.org/10.1289/ehp.0901388. 

Lizárraga-Paulín, E. G., Miranda-Castro, S. P., Moreno-Martínez, E., Torres-Pacheco, I., & 
Lara-Sagahón, A. V. (2013). Novel methods for preventing and controlling 
aflatoxins in food: A worldwide daily challenge. In (P. M. Razzaghi-Abyaneh 
Ed.), Aflatoxins-recent advances and future prospects (pp. 93–128). 
https://www.intechopen.com/ books/aflatoxins-recent-advances-and-future-
prospects/novel-methods-for-preventing-and-controlling-aflatoxins-in-food-a 
worldwide-daily-challenge 

 Loreen, D., & Moses, M. (2015). Assessment of aflatoxin awareness by players in the 
groundnut value chain: the case of Dora in Mutare, Zimbabwe. International 
Journal  of Innovative Research and Development, 4(10), ISSN 2278–0211.  

Magembe, K., Mwatawala, M., Mamiro, D., & Chingonikaya, E. (2016). Assessment of 
awareness of mycotoxins infections in stored maize (Zea mays L.) and groundnut 
(Arachis hypogea L.) in Kilosa district, Tanzania. Int. J. Food Contam. 3, 1–8. 

Matumba, L., Van Poucke, C., Njumbe Ediage, E., Jacobs, B., & De Saeger, S. (2015). 
Effectiveness of hand sorting, flotation/washing, dehulling, and combinations 
thereof on the decontamination of  mycotoxin-contaminated white maize. Food 
Additives & Contaminants: Part A, 32(6), 960–969. https://doi.org/10.1080/ 
19440049.2015.1029535. 

Moretti, A., Pascale, M., & Logrieco, A. F. (2019). Mycotoxin risks under a climate change 
scenario in Europe. Trends in Food Science & Technology, 84, 38–40. 
https://doi.org/10.1016/j.tifs.2018.03.008. 

Narrow, C., Tiongco, M., Ndjeunga, J., Collier, W., & Lamissa, D. (2011). Do knowledge, 
attitude, and perceptions about aflatoxin affect producer action? A  Case Study of 
Malian groundnut  producers? Aflacontrol  Working Paper. 

Nesbitt, B. F., O'Kelly, J., Sargeant, K., & Sheridan, A. (1962). Toxic metabolites of 
Aspergillus flavus. Nature London, 195(4846), 1062-1063.  
https://doi.org/10.1038/1951062a0. 

Ngoma, S.J., Kimanya, M., Tiisekwa, B., & Mwaseba, D. (2017). Perception and Attitude of 
Parents Towards Aflatoxins Contamination in Complementary Foods and its 
Management in Central Tanzania. The Journal of Middle East and North Africa 
Sciences, 3(3), 6-21. 

Omari, R., Tetteh, E. K., Baah-Tuahene S., Karbo R., Adams A., & Asante I. K. (2020). FARA 
research report on Aflatoxins and Their Management in Ghana: A Situational 
Analysis. 

Ostry, V., Malir, F., Toman, J., & Grosse, Y. (2017). Mycotoxins as human carcinogens—The 
IARC Monographs classification. Mycotoxin Research, 33(1), 65–73. 
https://doi.org/10.1007/s12550-016-0265-7. 

Pitt, J. I., & Miller, J. D. (2017). A concise history of mycotoxin research. Journal of 
Agricultural and Food Chemistry, 65(33), 7021–7033. 
https://doi.org/10.1021/acs.jafc.6b04494. 

Shephard, G. S. (2009). Aflatoxin analysis at the beginning of 
the twenty-first century. Analytical and Bioanalytical Chemistry, 
395(5), 1215–1224. 

Smith, L. E., Prendergast, A. J., Turner, P. C., Mbuya, M. N., Mutasa, K., Kembo, G., & 
Stoltzfus, R. J. (2015). The potential role of mycotoxins as a contributor to 
stunting in the SHINE trial. Clinical Infectious Diseases, 61, 733–737. https:// 
doi.org/10.1093/ cid/civ849. 

https://doi.org/10.1289/ehp.0901388
https://doi.org/10.1080/%2019440049.2015.1029535
https://doi.org/10.1080/%2019440049.2015.1029535
https://doi.org/10.1016/j.tifs.2018.03.008
https://doi.org/10.1038/1951062a0
https://doi.org/10.1007/
https://doi.org/10.1021/acs.jafc.6b04494


European Journal of Advanced Research in Biological and Life Sciences  Vol. 11 No. 1, 2024 
  ISSN 2056-5984  

Progressive Academic Publishing, UK   Page 12  www.idpublications.org 

Stoloff, L. (1976). Occurrence of mycotoxins in foods and feeds. J. V. Rodricks Mycotoxins 
and Other Fungal Related Food Problems. 149(23–50). ACS Publications. 

Stronider, H., Azziz-Baumgatner, E., Banziger, M., Bhat, R. V. R., Breiman, R., Brune, M. N. 
M., & Bhat, R. V. R. (2006). Public health strategies for reducing aflatoxin 
exposure in Developing Countries. Environ. Health Perspective 114(12), 1898–
1903. https://doi.org/ 10.1289/ehp.9302.  

Waliyar, F., Umeh, V., Traore, A., Osiru, M., Ntare, B., Diarra, B., Kodio, O., Vijay, K., 
Kumar, K., & Sudini, H. (2015). Prevalence and distribution of aflatoxin 
contamination in groundnut (Arachis hypogaea L.)  in Mali, West Africa. Crop 
Protection, 70, 1–7. https://doi.org/10.1016/j.cropro.2014.12.007. 

Williams, J. H., Phillips, T. D., Jolly, P. E., Stiles, J. K., Jolly, C. M., & Aggarwal, D. (2004). 
Human aflatoxicosis in developing countries: a review of toxicology, exposure, 
potential health consequences, and interventions. The American Journal of 
Clinical Nutrition, 80(5), 1106–1122. https://doi.org/10.1093/ajcn/80.5.1106. 

Wu, F. (2015).  Global impacts of aflatoxin in maize: Trade and human health. World 
Mycotoxin Journal, 8(2), 137–142. https://doi.org/10.3920/WMJ2014.1737. 

 
 

https://doi.org/10.1289/ehp.9302
https://doi.org/10.1016/j.cropro.2014.12.007
https://doi.org/10.1093/ajcn/80.5.1106
https://doi.org/10.3920/WMJ2014.1737

