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ABSTRACT 

	Problem statement: Aflatoxin contamination in maize, predominantly caused by Aspergillus flavus and A. parasiticus, poses a severe threat to global food security, public health, and trade. Chronic exposure contributes to liver cancer, immune suppression, and child growth impairment, while acute intoxication can be fatal. Despite decades of research, effective large-scale control remains a persistent challenge in many maize-producing regions.
Aim: This review examines the causes, health implications, and management strategies for aflatoxin contamination in maize, with emphasis on integrated approaches for safe and sustainable mitigation.
Methodology: Literature was systematically analyzed to evaluate the epidemiology of aflatoxin contamination, pre- and post-harvest risk factors, and the effectiveness of biological, cultural, chemical, agronomic, and genetic control measures. Recent innovations, including molecular breeding, microbial biocontrol, and improved storage technologies, were also critically assessed.
Results: Evidence indicates that aflatoxin contamination is influenced by environmental stress, poor agronomic practices, and inadequate post-harvest handling. Chronic exposure poses severe health risks, while contamination significantly undermines grain quality, farmer income, and trade competitiveness. Integrated management strategies—particularly the use of resistant maize varieties, atoxigenic Aspergillus strains, good agricultural practices, hermetic storage, and targeted chemical interventions—have demonstrated up to 70–90% reduction in aflatoxin levels. However, adoption remains limited due to socioeconomic barriers, variable field conditions, and lack of farmer awareness.
Conclusion: Aflatoxin contamination of maize is a global food security and public health challenge that requires a holistic farm-to-market approach. Sustainable solutions depend on integrating scientific innovation with farmer education, stakeholder collaboration, and policy support. Widespread implementation of integrated management strategies can enhance food safety, protect human health, and improve the marketability of maize in both domestic and international markets.
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1. INTRODUCTION 

Aflatoxins are toxic secondary metabolites synthesized by the fungi Aspergillus flavus and A. parasiticus, which are commonly found in tropical soils where maize (Zea mays L.) is cultivated (Thathana et al., 2017; Falade et al., 2018; Shabeer et al., 2022). These compounds pose significant risks to both human and animal health in the short and long term, while also negatively impacting the trade and export potential of maize-derived products (Bouelet Ntsama et al., 2023; Bricknell, 2015). When consumed in low dosages over prolonged periods, aflatoxins may cause liver cancer, suppress immune systems, increase the incidence and severity of infectious diseases, lead to poor nutrient absorption, retarded child growth and development by contributing to malnutrition (Dabuo et al., 2023; Awuchi et al 2020; Benkerroum and Ismail, 2022). Chronic aflatoxin exposure is a significant risk factor for hepatocellular carcinoma, especially in regions with high endemicity of hepatitis B virus infection (Chu et al., 2018; Wambui et al., 2017) Consumption of high doses of aflatoxins can lead to acute aflatoxicosis, characterized by severe hepatotoxicity and, in extreme cases, fulminant liver failure and death (Benkerroum, 2020; Kumi 2015; Omari et al., 2020).
Maize, being Ghana's primary staple food, is notably vulnerable to Aspergillus flavus infection and the resultant aflatoxin contamination (Kortei et al., 2022). The problem is especially great in that it is understood that per capita maize consumption in Ghana is great at about 44 kilograms per capita per year (Darfour and Rosentrater, 2016). Following harvest, maize is often kept on the cob in standard stores or shelled grain in jute or polyethylene bags, even without protective treatment at some point (Aggrey, 2015; Mahamadu, 2016; Koskei 2022). However, aflatoxin contamination remains a chronic and vexing food safety issue, especially in developing nations whose storage and handling conditions tend to be less than optimal (Gelaye, 2024; Negash, 2018). Aflatoxin contamination can be pre- and post-harvest during food production. Contributing factors are agronomic poor practices in the production process, infestation by insects, drought stress, and handling poorly while harvesting, drying, transportation, and storage (Lavkor and Var, 2017; Liliane and Charles 2020). The severity of the contamination differs geographically in each region and depends on the inherent vulnerability of each commodity to being invaded by fungi during storage and maturation (Perrone et al., 2020; Nishimwe et al 2020.). Post-harvest aflatoxin production is dependent to a great extent on how kernel moisture levels, surrounding temperature, storage type, and length of storage interact (Abbas et al., 2009). Aflatoxin production is most favorable when the moisture content of the grain ranges between 18% and 20%, and below 13% it is drastically reduced (Mannaa and Kim, 2017; Coppock and Christian, 2025). The optimal temperature for aflatoxin biosynthesis is 25–35°C, but its production can take place over a wider temperature range, i.e., 11°C to 40°C. Accordingly, where cereals are under storage for extended periods under hot and humid conditions, proper temperature control and moisture management practices must be utilized to reduce the risk of aflatoxin infection (Oduola et al., 2022; Villers, 2017; Negash, 2018).
Farmers can improve food and other farm produce quality and safety, yield, and reduce overall post-harvest losses by following main GAPs. Weed management, pest management, application of fertilizers, utilization of resistant varieties, biocontrol, premature harvesting, proper drying, sorting, etc., are some of GAP. Proper GAP uptake by farmers results in enhanced food and other crops quality and safety, the bonus of higher yield, and mitigation of overall post-harvest losses (Stathers and Mvumi, 2020, Kaur and Watson 2024; Osei-Kwarteng et al., 2024). Aflatoxin contamination can be minimized by good pre- and post-harvest practice (Pretari et al., 2019). During the recent decades, a lot of efforts have been directed towards developing and implementing integrated management strategies to reduce the risk of aflatoxin in maize.
Despite considerable advances in understanding aflatoxin biology and control, there remains a lack of consolidated evidence on the comparative effectiveness of management strategies under diverse agroecological conditions. Notably, limited integration of biological, cultural, and technological interventions hampers scalability and sustainability. 
This review therefore synthesizes current knowledge on pre-harvest aflatoxin contamination of maize and critically examines emerging management practices, with the aim of identifying priorities for future research and implementation. These include resistant maize varieties, biocontrol units (such as atoxigenic strains of Aspergillus), enhanced agronomic and harvest practices, and drying, storage, and detection technological developments (Grace et al., 2015; Dövényi-Nagy et al., 2020; Namusalisi, 2019).
While progress has been made, ongoing and scalable adoption continues to be hampered by socio-economic challenges, variability in the environment, and inadequate awareness among stakeholders. This review focuses on A. flavus preharvest contamination of corn and introduces new aflatoxin contamination management methods.

[bookmark: _Hlk209171260][bookmark: _Hlk209170970][bookmark: _Hlk209170589]2. Fungal infections in Maize
Some fungi can infect and penetrate plant tissue due to their omnipresence in occurrence particularly under optimal conditions (Shabeer et al., 2022; Winter and Pereg, 2019). Such fungi are primarily Saprophytic and can survive in the environment irrespective of most commonly grown crops (O'Hanlon, 2017). Fungal growth is encouraged by a high humid environment (90-95%) and adds temperature (25 and 30°C) and is likely to be more in the field and when maize is poorly dried (more than 15% humidity). Viability and quality of maize seeds are greatly affected because they are infested with fungal disease agents. Other fungi can be present, but Aspergillus species (A. parasiticus, A. flavus, A. niger, A. terreus) is generally the most common (Gebeyaw, 2020; Abdel-Sater et al., 2017). Maize is also most vulnerable to infections of Aspergillus flavus and Aspergillus parasiticus fungi, which are the major producers of aflatoxins (Dadzie et al 2019). These infections generally develop under warm, humid conditions and predominantly at the late stages of plant growth and after harvesting.
The fungi infect maize kernels by means of silks, wounds, or insect penetration, which leads to aflatoxin contamination (Namusalisi, 2019; Kobia, 2022; Ng'ang'a, 2016). Environmental stress factors, farming practices, and resistance of the host plant affect fungal growth and toxin development (van der Does and Rep, 2017). Knowledge of the epidemiology of fungal diseases is essential to construct integrated management packages of aflatoxins, such as resistant maize hybrids, biocontrol materials, and enhanced drying and storage technologies.
 
3. AFLATOXINS IN MAIZE
Mycotoxins are poisonous secondary metabolites produced by a broad spectrum of fungi species (Cano et al., 2018).
These toxins usually infect staple foods and locally produced foods, especially maize, when conditions are favourable, with hot temperatures and humidity at pre- and post-harvest (Gachara et al., 2024; Dövényi-Nagy et al., 2020) Out of these, aflatoxins are of more concern because they have a strong carcinogenic effect, which has severe health consequences for humans and animals too (Figure 1). Maize is particularly susceptible to mycological colonization and mycotoxin buildup because of its high carbohydrate and nutritional content, as well as susceptibility to mechanical damage and water uptake during storage, which favor the proliferation of fungi (Ng'ang'a, 2016; Sharma and Bhandari, 2020).
 [image: ] Figure 1. The structure of aflatoxins (Martínez et al., 2023).
Aflatoxin infection of maize by Aspergillus species is an elemental problem in pre- and post-harvest processes, greatly reducing grain quality, safety, and market value (Gachara et al., 2022; Hussein, 2023). Fungi infection by aflatoxigenic fungi pre-harvesting is the elemental cause of post-harvest infection and reduced grain quality and nutritional value (Sserumaga et al., 2020). The post-harvest contamination is also encouraged by poor handling and poor storage conditions, allowing for moisture buildup and conducive high temperatures for fungal development (Osei-Kwarteng and Ogwu, 2024). Global concern regarding the worldwide incidence of aflatoxins on maize has been there since the 1960s due to its widespread influence on food safety and human health (Wu, 2015). Environmental conditions pre and post-harvest, along with improper practice management that include; postponed harvesting, mechanical harvesting injury, and inadequate drying and curing are elements that significantly enable aflatoxin contamination (Baidhe et al., 2024; Kobia, 20212; Ajmal et al., 2022). Exposure to aflatoxin has been correlated with toxic effects that are quite deep-seated, such as hepatocellular carcinoma, immunosuppression, mucosal inflammation, and respiratory disease in animals and humans (Awuchi et al., 2022; Saha Turna et al., 2024; Janik et al., 2020).
4. HOW AFLATOXINS CAN BE DETECTED IN MAIZE
Some fungi in many instances, the presence of Aspergillus fungi responsible for producing aflatoxins is visually detectable on contaminated substrates. Thus, visible fungal growth often serves as an indicator of potential aflatoxin contamination. However, aflatoxins may also be present in food products that do not exhibit any visible mold. Unlike the fungi themselves, aflatoxins are microscopic and cannot be identified by the naked eye. Accurate quantification of these toxins requires laboratory-based analytical techniques. Nevertheless, qualitative detection methods such as rapid test kits and ultraviolet (UV) light inspection are commonly employed as preliminary screening tools to identify aflatoxin presence in food and feed samples (Figure 2).
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Figure 2: Aspergillus moulds in maize - visible growth of fungal colonies on maize kernels, characterized by greenish-yellow or blackish conidial heads, indicative of potential aflatoxin contamination.
[bookmark: _Hlk209171412]5. MANAGEMENT PRACTICES TO MITIGATE AFLATOXINS CONTAMINATION IN MAIZE
Aspergillus spp. mycotoxin infection of maize by aflatoxins is the priority concern during both the pre-harvest and post-harvest periods; thus, control of aflatoxin accumulation is essential at the production stage. Pre-harvest and post-harvest interventions with synergistic effects should be used together to inhibit access of aflatoxins into food and animal feed supply chains. Nevertheless, a single intervention cannot address this problem. An integrated management plan, from the farm to storage, marketing, and processing, is hence necessary to counteract the effects of aflatoxins in maize (Ojiambo et al., 2018; Chulze, 2010) (Table 1). 
Table 1. Summary of management practices for mitigating aflatoxin contamination in maize, their effectiveness, and limitations
	Management Practice
	Effectiveness
	Limitations

	Resistant/Tolerant Varieties
	Reduces susceptibility to Aspergillus infection; provides season-long protection
	Limited availability; resistance may be partial; adoption depends on seed access

	Timely Planting & Harvesting
	Minimizes exposure to drought/heat stress and pest pressure; reduces fungal growth window
	Requires accurate seasonal forecasting; delayed harvest increases risk

	Good Agronomic Practices (crop rotation, soil fertility, irrigation)
	Improves plant vigor, reducing stress that predisposes maize to infection
	Resource-intensive; irrigation not always feasible in drylands

	Biological Control (e.g., non-aflatoxigenic Aspergillus flavus strains)
	Highly effective in reducing aflatoxin levels (>70% reduction in some studies)
	Costly; requires repeated application; effectiveness varies with environment

	Insect Pest Management (IPM)
	Controls entry points for fungal infection caused by stem borers, ear borers, etc.
	Requires integration of chemical, biological, and cultural methods; smallholder adoption can be low

	Proper Harvesting & Drying (to <13% moisture)
	Very effective in preventing post-harvest fungal growth and toxin buildup
	Requires access to drying facilities or technologies (e.g., solar dryers, tarpaulins)



6. BIOLOGICAL CONTROL
Biological control is among the proposed ways of minimizing aflatoxin in maize. Biocontrol products must first be formulated and effectiveness proven before they can become widely accepted (Collinge et al., 2022). Certain microorganisms such as bacteria, yeasts, and non-toxigenic fungi have been studied for their biological control against toxigenic molds and aflatoxin infestation (Mwakinyali et al., 2019; Ren et al., 2020; Nešić et al 2021). Certain atoxigenic strains of Aspergillus flavus and A. parasiticus to the maize soil has been responsible for most field success that has been achieved thus far, since when the plant is susceptible to infection, the strains used compete with indigenous toxigenic strains for the same niche in the environment and effectively replace them (Nii et al., 2023; Mohammed, 2023; Abbas et al., 2017).
The non-toxic strains are used for the soil in various formulations; however, the most promising methods include mixing the target strain with a carrier or substrate, i.e., minute grains (Awuchi et al., 2021; Agbetiameh et al., 2019; Avelar, 2021). This can either be done by cultivating the strain on sterilized grain or by applying the strain conidia to the surface of the grain. With introduction into the environment, the fungus infects the grain, takes up water, and sporulates intensively, producing inoculum levels adequate enough to provide a competitive edge for the non-toxigenic strain (Mascarin and Jaronski, 2016; Pastor and Torres, 2023; Mdindikasi, 2024)
In some of the areas where maize is grown, there have been biocontrol products that have been used containing atoxigenic strains of Aspergillus flavus to reduce aflatoxin content in grain harvested. For instance, certain products have been created using different native strains in adapted conditions, and corn from treated farms would typically reflect aflatoxin levels under tolerance in both domestic and export markets (Mauro et al., 2018; Okun et al., 2015; Ojiambo et al., 2018). Use of such products has been found to enhance marketability, food safety, and trade potential in instances of large-scale use, with recurring aflatoxin contamination reductions averaging 70-90% from various agroecological zones (Grace et al., 2015).
Control can also be attained through lactic acid bacteria (LAB) and Bacillus species that offer a green approach to controlling phytopathogenic fungi on maize. Some of these molecules from bacteria, for example, organic acids, peptides, enzymes, fatty acids, and volatile compounds, have antifungal substances that prevent Aspergillus growth and viability (Hirozawa eta al., 2023; Gwiazdowski et al., 2023; Guimarães and Venâncio, 2022; Nasrollahzadeh et al., 2022). There are suggestions that the efficacy of these microbial products in reducing aflatoxin infection is consistent in a range of cropping systems and environments, and thus they represent a potential component of atoxigenic fungal biocontrol programs (Moral et al.,2020).
7. CULTURAL PRACTICES.
Use of cultural methods, such as habitat management, pre- and post-harvest management, physical control methods, and use of resistant maize varieties, is significant for aflatoxin contamination control in maize (Gachara et al., 2024; Matumba, 2017). But use of techniques in combination, such as use of deep plowing in combination to reduce inoculum in the field, sowing seeds treated with fungicides, application of manure fertilizers enwrapped with beneficial fungi like Trichoderma in furrow at sowing, application of conditioner material like gypsum at flowering, and foliar application of bio-pesticide like neem oil at critical developmental stages, can be effective in lessening the population of Aspergillus flavus, lessening seed infections and colonization of kernels, and thus significantly aiding in the prevention of aflatoxin contamination (Maliwal, 2020; Wangchuk et al., 2020; Ravisankar et al., 2017). Proper harvesting at the correct time, proper drying of cob, and removal of damaged/moldy kernel appearance supports the effectiveness of these cultural techniques.
 For effective control of aflatoxin in maize, research institutions and their partners have developed integrated approaches that use: (i) resistance in the host plant, (ii) application of various organic and inorganic soil amendments to build up soil fertility, water-holding, and plant vigour, (iii) early harvesting and rapid drying following harvesting up to safe moisture levels, and (iv) extension campaigns and field demonstration to disseminate the technologies to the target farmers. The technology has been demonstrated to significantly reduce aflatoxin infestation of maize and is suitable for use under either smallholder-based or large farm-based farming systems. It is easy to implement, cost-effective, and appropriate for resource-limited farmers, yet also scalable for commercial production, making it a practical strategy for aflatoxin control in maize production systems (Ortega-Beltran and Bandyopadhyay, 2023; Stepman, 2018).
8. GOOD AGRONOMIC PRACTICES.
Pre-harvest aflatoxin production of corn can be minimized by the implementation of good agronomic practices like crop rotation, resistant variety use, proper pest control, quality planting and time for harvesting, weed control, balanced fertilizer application, and supplemental late-season drought stress irrigation (Dövényi-Nagy et al., 2020; Gnonlonfin et al., 2019; Mathemu, 2023).
Other good agricultural practices (GAPs) such as the use of farmyard manure, gypsum for soil conditioning, sheltered irrigation during key growth stages, and drying maize cobs on clean surfaces after harvesting have also been said to contribute significantly to aflatoxin contamination minimization. 
9. PROPER POST-HARVEST HANDLING.
Aflatoxin contamination of maize during the post-harvest period is minimized through post-harvest quality drying, sorting, safe transport and packaging, and post-harvest pest control (Gachara et al., 2022; Wekesa, 2022). High-risk factors like visibly moldy or broken kernels are removed as the leading post-harvest management strategy to minimize mycotoxin contamination of maize (Kyalo 2024). Farmers also roof their cobs during rainfalls, both at harvest and at the start of drying. Drying on platforms or tarps has been shown to successfully prevent aflatoxin contamination by restricting soil contact and fungal spore loads (Gnonlonfin et al., 2019).
In addition, hermetically sealed bag storage of maize diminishes the beneficial environment for fungi compared to storage in conventional woven or poly bags, thus playing a critical part in the prevention of aflatoxin contamination (Bakhtavar and Afzal, 2020). Farmers utilizing good post-harvest management practices lower significantly the risk of aflatoxin contamination of stored grains (Bereka et al., 2022).
These control measures can also be applied in the management of post-harvest aflatoxin infection, such as machinery sanitation, disinfestation, detoxification, inactivation of fungal pathogens, and application of binding agents or antifungal substances that suppress the growth of fungi (Marshall et al., 2020). These post-harvest management methods, together with the optimal agricultural methods including shelling, dehulling, steeping, wet milling, dry milling, heat treatment, and irradiation, are crucial to prevent the issue of aflatoxin contamination of maize (Kirui, 2016; Kiran et al., 2025).
[bookmark: _Hlk209172216][bookmark: _Hlk209172370]10. BREEDING FOR AFLATOXIN TOLERANCE IN MAIZE.
Minimization of the aflatoxin contamination of maize at farm level can be achieved by production and utilization of resistant varieties (Grace et al., 2015). But improvement through breeding is typically limited by Genotype-Environment (G × E) interactions that reduce the association between manifested plant traits and innate genetic capacity. The incompatibility may result in the production of breeding lines that are good in one environment but fail to sustain resistance under other conditions (cooper et al., 2022; Mural, 2025; Resende et al., 2021).
Genetic strategies for managing aflatoxin in maize can be supported by pre-breeding, the utilization of advanced molecular technologies, greater insight into pathogen diversity, and greater knowledge of the networks of resistance gene regulation. Harmonization of these factors, the potential for finding and sustaining stability in the resistance within environments is enhanced (Ncube and Maphosa, 2020; Biswal et al., 2024; Gedil and Menkir, 2019).
To have long-term effects, widely cultivated maize types should include stable resistance to aflatoxin. By choosing resistant donor lines and using focused breeding techniques, programs can produce new maize types that maximize resistance while still having good agronomic quality (Kang and Moreno, 2024). 
11. CHEMICAL CONTROL.
Fungi, insects, and aflatoxins are serious problems in stored cereals under conducive growth conditions, according to Nesci et al., 2016. Synthetic antioxidants such as butylated hydroxy anisole (BHA) and butylated hydroxytoluene (BHT) against Aspergillus and insect vectors have been found to exhibit fungicidal as well as insecticidal effects when applied to maize (Hennia et al., 2019; Mesmar et al 2022). Fungicides azoxystrobin, cyprodinil, and fludioxonil are also effective in aflatoxin regulation since they inhibit fungal development, sporulation, and toxin manufacturing and completely inhibit conidia germination (Lagogianni and Tsitsigiannis, 2018).
The efficacy of synthetic and natural products on aflatoxin inhibition of food products has been fully established (Sipos et al., 2021). For instance, citric acid was used to break down aflatoxin-B1 and aflatoxin-B2 in grains (Gong et al., 2024). Alternative processes involving pressure, in addition to sodium hydrosulfite (Na₂S₂O₄), have also been tried. Treatment using a 2% Na₂S₂O₄ solution under pressure resulted in significant reductions of aflatoxin-B1, B2, G1, and G2 without affecting the maize grains. Among these toxins, aflatoxin-B2 is generally the most resistant to treatment (Fatah, 2019).
Insects further complicate the problem, as they amplify heat and humidity in stored maize through enhanced respiration, creating a favorable environment for fungal growth (Srivastava and Mishra, 2021). To counteract this, a combination of antioxidants such as BHT and biological products such as the entomopathogenic fungus Purpureocillium lilacinum has been shown to reduce stored maize aflatoxin-B1 levels by a significant amount (Barra et al., 2015; Santos et al., 2023). Organic acids also play a role in detoxification, and treatments with tartaric acid, citric acid, lactic acid, and succinic acid transform aflatoxin-B1 into less toxic derivatives, the most effective of which is tartaric acid (Jubeen et al., 2020).
Other possible means include using acidic electrolyzed oxidizing water, which is created through electrolysis in an ion-exchange membrane (Liu et al., 2023). Based on Colbert, 2023, when maize samples are subjected to this solution following contamination with aflatoxin-B1, toxin content falls by around 85%. A very important plus point is that none of these treatments alter the nutritional quality or color of the maize to any significant extent. 
12. PROVISION OF EDUCATION TO FARMERS ABOUT AFLATOXINS AND THEIR MANAGEMENT.
Most farmers do not know the term aflatoxin and do not usually consider the extent of contamination or the need for control (Gichohi-Wainaina et al., 2021). Extension workers and agro-dealers usually have greater awareness of risks (Gichohi-Wainaina et al., 2021). Marketing channels rarely emphasize aflatoxin control, and therefore there are no gaps in production and sale chains (Ola et al., 2022).
Solving aflatoxin problem requires more coordination among different stakeholders. Public institutions, private companies, research centers, local governments, farmers' groups, consumers' groups, non-governmental groups, and agrochemical industries all have important contributions. If farmers are supported with training and follow good agronomic practices, they can greatly minimize aflatoxin infestation. This not only improves food safety but also enhances maize quality and marketability (Anitha et al., 2019; Migwi et al., 2020).
13. CURRENT ADVANCEMENT IN MITIGATION OF AFLATOXIN CONTAMINATION.
Aflatoxin contamination and infection by Aspergillus flavus are greatly favored by dry and warm conditions. Aside from food safety, their impact poses challenges that reach beyond human health, food security, and even social, economic, and political systems (Chiewchan et al., 2015; pickova et al., 2021).
In maize, recent research is utilizing molecular and genetic engineering tools to recognize resistance mechanisms to biotic and abiotic stress that result in pre-harvest aflatoxin contamination (Wahl, 2017). Approaches like proteomics, differential display reverse transcription-PCR (DD-RTPCR), expressed sequence tag (EST) analysis, and gene chip technologies are used to study gene expression under the genetic level due to drought and other stresses (Song et al., 2023).
Genetic drought tolerance has been a critical focus, one of the most significant factors to limit A. flavus infection and aflatoxin buildup subsequently. Genetic enhancement of the crop's natural tolerance holds a sustainable path towards ensuring long-term aflatoxin management in maize production (Berni et al., 2023 Pandey et al., 2019). 
14. CONCLUSION AND RECOMMENDATIONS.
Aflatoxin contamination in maize remains a persistent global challenge, with Africa disproportionately affected due to inadequate awareness, limited infrastructure, and insufficient control measures. The impacts extend beyond reduced farm productivity to severe public health concerns, trade restrictions, and, in extreme cases, fatalities when consumption levels exceed safety thresholds.
Although numerous pre-harvest and post-harvest control strategies exist—ranging from resistant varieties, biological control, and good agronomic practices to improved storage and detoxification—none has proven sufficient in isolation. Effective mitigation therefore requires an integrated approach that combines multiple interventions from field production through to food and feed processing. Adoption at the farm level, however, remains constrained by a lack of awareness, resources, and technical support, leaving many smallholder maize producers especially vulnerable.
Addressing these gaps will require stronger policy and institutional support to enforce food safety standards, expand affordable aflatoxin testing services, and promote the distribution of resistant maize varieties. Incentives for safe storage technologies and biological control products can further enhance adoption. At the same time, farmer awareness and capacity building must be prioritized through large-scale education programs, timely extension services, and community-based approaches that help bridge existing knowledge gaps.
Future research should advance breeding programs for high-yielding, aflatoxin-resistant maize that is adapted to local conditions, while also developing low-cost drying and storage technologies suitable for smallholder farmers. Expanding the use of biological control agents and integrated pest management systems, as well as investigating the socio-economic impacts of aflatoxin contamination, will provide a stronger evidence base for policy prioritization. In addition, stronger surveillance systems are needed to monitor aflatoxin levels in domestic and export markets, supported by public health campaigns to raise consumer awareness about the risks of contaminated maize. Harmonization of regional and international standards will also be important to safeguard trade and market access.
Notably, combating aflatoxin contamination in maize requires not only technical solutions but also coordinated policy action, multi-sectoral collaboration, and sustained farmer engagement. A strategic blend of research, innovation, regulation, and education will be essential to safeguard human health, enhance farmer livelihoods, and secure trade opportunities in maize-based economies. 
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