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Abstract: Grain production and storage are major components in food security. In the ancient
times, food security was achieved through gathering of fruits, grains, herbs, tubers, and roots from
the forests by individual households. Advancements in human civilization led to domestication
of crops and a need to save food for not only a household, but the nation. This extended need for
food security led to establishment of national reservoirs for major produces and this practice varies
greatly in different states. Each of the applied food production, handling, and storage approaches
has its benefits and challenges. In sub-Saharan Africa, several countries have a public funded
budget to subsidize production costs, to buy grains from farmers, and to store the produce for
a specific period and/or until the next harvests. During the times of famine, the stored grains are
later sold at subsidized prices or are given for free to the starving citizens. If there is no famine,
the grain is sold to retailers and/or processors (e.g., millers) who later sell it to the consumers.
This approach works well if the produce (mainly grain) is stored under conditions that do not favor
growth of molds, as some of these microbes could contaminate the grain with toxic and carcinogenic
metabolites called mycotoxins. Conditions that alleviate contamination of grains are required during
production, handling, and storage. Most of the grain is produced by smallholder farmers under
sub-optimal conditions, making it vulnerable to colonization and contamination by toxigenic fungi.
Further, the grain is stored in silos at large masses, where it is hard to monitor the conditions
at different points of these facilities, and hence, it becomes vulnerable to additional contamination.
Production and storage of grain under conditions that favor mycotoxins poses major food health
and safety risks to humans and livestock who consume it. This concept paper focuses on how
establishment of a local grain production and banking system (LGPBS) could enhance food security
and safety in East Africa. The concept of LGPBS provides an extension of advisory and finance support
within warehouse receipt system to enhance grain production under optimal conditions. The major
practices at the LGPBS and how each could contribute to food security and safety are discussed.
While the concept paper gives more strength on maize production and safety, similar practices could
be applied to enhance safety of other grains in the same LGPBS.
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1. Introduction

Maize is a staple food to the East African people and is consumed at a per capita of slightly
over 90 kg per annum in the region [1]. Because of the dietary value attached to maize in Kenya
and Tanzania, a lack of maize is synonymous to a “famine hit”. To cushion the consumers against famine,
the governments provide subsidized fertilizers and buy maize grains and store them at national strategic
grain reserves, which are located at the major producing regions [2–4]. The quality and quantity
of the produce stored in the strategic reserve depends on farm management and the immediate
post-harvest handling techniques [5]. Cultivation of maize under stress induced by abiotic or biotic
conditions can lead to low yield and poor-quality grain. Furthermore, inadequate application of
farm inputs would affect the quality and quantity of the grain [6]. In East Africa, the majority of
maize is produced by small-scale farmers under sub-optimal farm conditions [2,7]. Maize that is
produced under drought and under low nitrogen was reported to have high chances of contamination
by mycotoxins, toxic, and carcinogenic substances produced by some grain molds [8,9]. To enhance
the quality of harvested maize, there is a need to adopt strategies that can enable farmers to produce
the crop under the optimal conditions. Because the optimal maize production conductions are diverse
and costly to achieve, there is need to provide financial and advisory services to the small-scale maize
growers. Here, we propose a concept through which the farmers could be given long-term supports
to achieve the optimal maize production conditions through community-based non-governmental
business institutions. The proposed concept seeks to overcome challenges stemming from lack of farm
inputs, expensive farm labor services, and lack of knowledge on proper farm practices.

Although different countries have tried to subsidize fertilizer, other maize stress factors such
as drought, weeds, pests and diseases, and post-harvest handling methods affect the quality of
the grain [9,10]. Additional deterioration in grain quality occurs when the produce is stored under
conditions that favor the growth of toxigenic molds and toxin production [11]. To ensure safety of
grain in the national strategic reserve, workers of the reserve facility conduct grain moisture content
tests upon delivery of the grain by the farmers. If maize has moisture of above 13%, the farmers
are required to dry the grain to the recommended content, mainly by pouring and spreading it on
the surface of plain polythene sheets, which are placed on the ground under the sun [12]. Once dried,
the grain is repackaged into gunny bags and reweighed before it is purchased for storage within
the facility. The number of bags stored within a facility depends on the annual government budget
and the availability of the commodity in the respective regions during the specific season. The storage
facilities consist of huge silos where the gunny bags are kept in large masses. These bags are
stored for 4–12 months. In Kenya, massive mycotoxin contamination has been reported in farmers’
storage sheds and the national maize reserves [13]. Application of better grain handling and storage
methods can reduce loss of maize quality and mycotoxin contamination [14]. Unfortunately, most of
the maize growers do not have the capacity to overcome the predisposing conditions for mycotoxin
contamination in maize. The grain is produced, handled, and stored under sub-optimal conditions
that favor colonization by toxigenic molds.

Availability of food does not fully address the food security concerns if the food is unsafe
and/or is contaminated. While Africa struggles to boost its food production to feed the burgeoning
population, food safety challenges arise from several environmental contaminants such as industrial
wastes, sewage systems, plant toxins, food additives, pesticide residues, and mycotoxins. At farm
level, fungal colonization and subsequent contamination by mycotoxins in food stuff occurs
produced, handled and/or stored under conditions that favor growth of molds and toxigenesis [14].
Mycotoxins contribute to the huge burden of food contaminants across the world and pose
a particularly large health risk to maize consumers in East Africa [13,15]. The chronic risk factor for
mycotoxins is higher than for any of the other contaminants [16]. There is an increasing concern
that extreme conditions due to climate change could worsen food safety in Africa [17]. Efforts to
mitigate mycotoxins, particularly aflatoxin contamination in East African maize, have recently gained
momentum, but there is still need for more action. Given the complexity of the problem, there is a need
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to adopt concerted approaches to effectively prevent factors that favor contamination in the entire
maize value chain (Figure 1).

Mycotoxins of importance in the East African maize value chain include aflatoxin
and fumonisin [15,18,19]. Aflatoxin is mainly produced by Aspergillus flavus, a maize pathogen
which causes ear rot, and by A. nomius and A. parasiticus [13]. Aflatoxin B1 is the most potent
carcinogen known globally and has been reported to contaminate maize and peanuts in many parts
of Eastern and Central Africa [20]. The factors for and the effects of the toxin are described below,
as it represents a classical case for the complexity of mycotoxin contamination in maize value chain
(Figure 1). Acute exposure to aflatoxin routinely causes lethal poisoning, including recent outbreaks in
Kenya and Tanzania [21,22]. Chronic exposure to aflatoxin has been associated with multiple health
issues such as liver cancer, reduced nutrient absorption, stunting of children, poor fetal development,
immunosuppression, and a general increase in morbidity [23,24]. When livestock are fed with feed that
is contaminated by AFB1, the toxin is metabolized to release another potentially harmful substance
called aflatoxin M1 (AFM1). This metabolized aflatoxin has been reported in livestock products such
as eggs, milk, and cheese [25–27]. Higher chances of liver cancer were observed in hepatitis B patients
whose urine tested positive for the AFM1 [25]. Another major maize contamination is fumonisin and is
produced by Fusarium fungal species. Fumonisin is a carcinogen and is widespread in maize-growing
areas of East Africa, particularly Tanzania and Kenya [15,19,28].

There is an urgent need to establish effective and sustainable mycotoxin mitigation strategies
because the toxins cause many known socio-economic and health impacts in African livelihoods [14,29].
Mycotoxins affect trade because contaminated grains and peanuts from Africa cannot be accepted in
markets of countries with stringent regulatory systems [30]. Furthermore, exposure to mycotoxins
affects the health of livestock and humans [30]. Exposure to mycotoxins in livestock occurs through
ingestion of contaminated feeds [27]. Exposure of humans occurs through ingestion of contaminated
foods derived from cereals such as maize or peanuts, and livestock products such as milk and eggs [27].
Acute exposure is fatal and occurs when high doses of the toxins are consumed. For example, in
2004, 125 people died after consumption of maize that was highly contaminated with aflatoxin
in Kenya [21]. Chronic exposure to mycotoxins is the gradual ingestion of small doses over long
time. Chronic exposure has been reported to cause perpetual hidden human health problems in
Africa [23,25]. Studies have shown that many mycotoxins have carcinogenic and antinutritional factors.
Mycotoxins are thought to alter the cellular and biochemical functions of the intestine, resulting in
micronutrient deficiencies, systemic immune activation, and impaired nutrient uptake [31].

A strong association between poverty and aflatoxin exposure was reported in a cross-sectional
study conducted in Kenya [32]. Based on urine and albumin tests, people from a lower economic class
were found to be more likely to be exposed to aflatoxin. People with low income have less access to basic
items, including clean water, balanced diets (particularly dietary diversity, as this reduces chances of
mycotoxin exposure), and are likely to have multiple health problems (e.g., depressed body immunity).
Mycotoxin exposure is more harmful to people with compromised body immune systems, and it can
lead to perpetual health risks [29]. Further studies found that malnourished children who suffered
from kwashiorkor and had been exposed to aflatoxin had a higher morbidity, and were found to
have lower hemoglobin, edema, increased infections, and spent longer durations in hospitals [33].
The increased morbidity and reduced nutrient absorption, due to the antinutritional characteristics
of mycotoxins, could be the major cause of the reported strong association between exposure to
mycotoxins and stunting in children, which has been reported across several countries in Africa [31].
Additionally, hepatitis B patients who had been exposed to aflatoxin were found to be more likely to
develop liver cancer [1,34]. Notwithstanding the economic losses caused by impaired maize trade
due to mycotoxin, the implications of the health burden in exposed societies is immense. Many
studies provide associations between chronic exposure to mycotoxins and perpetual sickness in society,
a condition that results in physical and mental weakness, depression, inability to work, and hence,
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low income [1,31,33]. A society filled with depressed people becomes a home for crimes (e.g., riots,
suicides, thefts, etc.) [35].

Based on available literature for aflatoxin (as this is a globally known case) contamination in
African food and feed value chains, we synthesized the complex relationship between the driving factors
and the recognized/perceived outcomes. Results of this synthesis are summarized into an aflatoxin
problem tree, whose roots are the factors that drive, and branches are the outcomes of the contamination
and exposure of humans and livestock (Figure 1). The factors that predispose maize to colonization by
toxigenic fungi and subsequent contamination by aflatoxin include the biology of the resident fungi
(abundance and toxigenicity potential), maize (host resistance), environmental stress on maize crop
(drought, inadequate/excess soil nutrients, and damage by pests), and improper handling of grain
during and after harvesting [36,37]. Generally, maize stress leads to colonization and contamination by
mycotoxins [8,37]. Once the grain is colonized, its level of contamination begins in the field and could
continue if stored under conditions that favor aflatoxin formation [19].

The ideal strategies to effectively manage aflatoxin and fumonisin contamination would be to
prevent plant stress during crop production in the field, ensure proper handling during harvesting,
and to store the grain under conditions that do not favor growth and contamination by the toxigenic
molds. Unfortunately, such ideal conditions are not easy to achieve by all stakeholders in the value chain.
Many of the small-scale holders are faced with challenges of meeting the high costs of maize production
inputs. Further, farmers may not have the capacity to grow and handle the grain under conditions that
prevent peri- and post-harvest contamination [38]. Although the majority of the small-scale grain traders
sort or blend to reduce the concentration of apparent moldiness in the purchased grain, this practice
has not been proven to significantly reduce aflatoxin, but fumonisin [15]. Additionally, if the grain
is sold to traders at high moisture content, the level of contamination could increase during storage
in a wait for the sale to the millers and the grain reserve. In Kenya and Tanzania, it is customary for
farmers and traders to spend weeks in a queue of trucks for the grain to be offloaded at the millers
and at the grain reserves. This delay in offloading of trucks could be a terrible cause of deterioration
and mycotoxin contamination in grain that might have been harvested at a moisture content above 13%.
Upon delivery at the storage silos, grain that is already colonized by toxigenic molds is likely to have
more contamination, if the conditions are not checked.

In the current setting, the East African national grain reserves serve the storage purpose.
However, establishment of facilities that can tackle other factors affecting maize value chain, alongside
the storage and safety concerns, is still prudent. For the theme of enhancing maize productivity
and safety, there is a need to establish sustainable systems that not only address soil fertility and grain
storage, but also can minimize other risks for mycotoxin contamination at pre-, peri-, and post-harvest
stages. To deal with the challenges arising from the national produce and produce board (NCPB),
Kenya has passed a policy to create a warehouse receipt system (WRS) for grains [39]. The WRS
allows farmers or traders to deposit their grain at a nearby certified warehouse facility and then be
issued with a document of title called a warehouse receipt. The farmer or trader can then apply for
short-term credit from a participating bank or other financial institution using the warehouse receipt
as security for a loan, thus increasing access to finance for small-scale farmers [40]. While this is a good
idea, the design implies that the credit accessed would differ based on the income of the farmer or
trader. However, because harvested grain is consumed by the whole community and country, at large,
there is need to expand this system to ensure that farmers are given enough support to produce to
the capacity of their farms. Here, we propose a concept of a community-supported farming system, to
exist as an expansion of the WRS through provision of financial credit and crop management advisory
system at different stages in the value chain. It is envisaged that implementation of the concept can
boost maize production, productivity, profitability, and effectively reduce contamination and human
exposure to the damaging toxins.
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Figure 1. The aflatoxin problem tree. Diagrammatic representation of factors and outcomes for 
aflatoxin contamination in maize.  
Figure 1. The aflatoxin problem tree. Diagrammatic representation of factors and outcomes for aflatoxin
contamination in maize.

2. The Concept of Local Grain Production and Banking System (LGPBS)

2.1. Description of LGPBS

Conceptually, LGPBS refers to centers that provide farm inputs, management practice advisory
services, grain aggregation, grain storage, grain drying, grain safety assessment, and credit facilities to
farmers in the neighborhoods where the grains are grown. These centers could be established through
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collaborations between corporate organizations, local, and/or national governments. The centers could
operate within delineated maize-growing areas, which could be termed as maize production schemes.
The sizes of the schemes and capacity of the centers would depend on the intensity of grain production
within a given area. Individual centers should be able to efficiently provide key support service to
the farmers within the respective schemes. LGPBS would ensure that the grain is produced under
optimal conditions by providing advice and inputs to farmers to ensure that the crop has minimal
stress. They would further participate in provision of facilities that ensure that the harvested grain is
appropriately handled and tested prior to storage under the custody of the WRS. Because the centers
serve many farmers in a given schemes, they would participate in finding potential grain buyers,
and in turn, farmers would deposit the grain. Per the WRS program, farmers can withdraw their
grain on a regular basis and can even acquire credit depending on the value of their contribution in
the center [40]. Owing to the economies of scale enjoyed by bringing the farmers together, the LGPBS
would play a key role in enhancing better livelihoods of the participant farmers. They would serve
as key points through which any interested governmental and non-governmental organizations can
channel their support for the farmers in the region. The sustainability of the centers would be through
the business transactions with the farmers and external resource mobilization e.g., support by local
and national governments, development partners, and donors.

Major stakeholders of the LGPBS would comprise the farmers, ministries of agriculture, agricultural
research institutions, health and water organizations from local and national governments, private
investors, agro-dealers, seed companies, national food safety organizations, microfinance organizations,
and insurance companies. Each of these bodies would contribute at different points in the grain value
chain (Figure 2). Although the government agencies would have a stake, a preferred model is to
have LGPBS operate as independent businesses with autonomous management. The autonomous
management would enhance efficiency by eradication of bureaucracy and political interference; hence,
better service delivery to the farmers. The key sections of the LGPBS would work in tandem to
ensure that all major services are efficiently provided to the farmers, with an overall goal of enhancing
increased maize productivity and safety within the respective production schemes.
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Figure 2. A schematic summary of East African maize value chain showing the importance of small-scale growers. The small-scale growers are faced with multiple
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2.2. Role of LGPBS in Management of Mycotoxins

The scope of the current paper will be limited to activities that directly relate to eradication of
mycotoxin contamination. It is proposed that these centers be key points for control of mycotoxins
because the problem needs to be tackled at different points in maize value chain [38,41]. Although many
agencies have proposed many great ideas to tackle mycotoxin contamination in maize, no single action
can individually solve the complex problem, as it involves different points in the maize value chain
(Figures 1 and 2). We utilize the publicly available research-based data to propose integrated mycotoxin
mitigation strategies to target the roots of the aflatoxin problem tree. The proposed strategies are listed
before each point in the problem tree (Table 1). It is envisaged that adoption of these local grain support
centers will not only overcome the pre-harvest production constraints, but also replace the currently
applied storage systems, which can easily allow for colonization of maize grain by toxigenic fungal
species (Figure 3). Further, the localized systems could be designed to overcome the challenges faced
with the heaping of grain in large silos at the national reserves, through adoption of modern facilities
that provide better grain drying and aeration (Figure 4). By establishing a facility with different support
systems to enhance maize production, the potential mycotoxin mitigation strategies are brought
together, and the efforts can complement in tackling the challenges at different levels in the value
chain (Figure 2). The key sections of the center are expected to interact amongst themselves and with
the stakeholders, as illustrated herein (Table 1 and Figure 5).

Table 1. Support services and activities to enhance production of safe maize grain in East Africa.

Point Activity/Support Problem Tree Issue Sections of LGPBS

Pre-harvest

Provision of certified seed of
cultivars with desirable traits

Less susceptible
maize genotype

-Agronomy advisory team—this would provide farmers with
the appropriate information on the best cultivars to grow
-Finance credit—this would provide information on monetary
support to enhance acquisition of the seed

Provision of farm labour Improved soil quality
-Agronomy advisory team—inform farmers on the correct
tillage method, based on the type of soils in their farms
-Finance credit—enhance payment for tillage labour

Input for control of soilborne
pests/weeds/other pests

and diseases

Improved soil/plant
health

-Crop Protection section—to provide information on what
pesticides and/herbicides, and the appropriate timing
and application rates
-Finance credit—to enhance acquisition of
the appropriate input

Fertilizer application Improve soil
nutrient content

-Agronomy advisory team—this would provide appropriate
information on fertilizer type, rates and timing for application,
based on farmers’ field conditions
-Finance credit—to facilitate purchase of fertilizer

Provision of information
on plant spacing

Reduced competition
and enhanced

plant vigor

-Agronomy advisory team—this would provide the advice to
the farmers based on the type of cultivar they grow in
their fields

Irrigation Management of
water stress

-Water Harvesting Section—this would support farmers to
ensure that the crop gets optimal amount of water
-Finance credit—to support water harvesting initiative for
the farmers

Peri-harvest

Information on proper
harvesting equipment

Good harvesting
practices

-Agricultural Mechanization team—provide appropriate
information on the most sustainable harvesting methods.
Could adopt harvesting using special equipment which is
provided by the LGPBS

Information on shelling
devoid of kernel breakages

Good harvesting
practices

- Agricultural Mechanization team—provide appropriate
information on the most sustainable harvesting methods.

Post-harvest

Information on appropriate
grain packaging

Grain handling after
harvest

-Postharvest Loss Prevention team—can advise the farmers on
how to package the grain. If possible, the LGPBS should take
the responsibility of packaging in bags that can allow enough
grain drying prior to storage

Collection of grain for
delivery to LGPBS

Grain handling
after harvest

Postharvest Loss Prevention and Transport sections of
the LGPBS to facilitate delivery of the grain to the local
reservoir. This should avoid exposure to additional moisture
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Table 1. Cont.

Point Activity/Support Problem Tree Issue Sections of LGPBS

Post-harvest

Provision of grain drying
services by the LGPBS

Drying to attain
optimal grain

storage moisture

-Postharvest Loss Prevention team—the LGPBS should have
sustainable /inexpensive grain drying methods. To reduce
the cost of running the system, modern solar powered driers
could be acquired and utilized. They would provide
information to farmers about maize cultivars with fast kernel
dry-down

Prevention of damage
by storage pests

Control of weevil
and other storage

pests

Postharvest Loss Prevention team—grain could be stored
at conditions that do not favour infestation by weevil, moths
and rodents. The section could apply recommended
pesticides to keep the grain free from damage

2.2.1. Advice on Farm Practices

Farmers’ advisory services is a key component in grain production. While this service is a duty
of the agricultural extension agents, the specific design of the LGPBS can determine whether these
important government workers could take duties within these centers. To provide specific advice to
farmers, the centers would involve qualified and experienced personnel on need basis. The services
would include how to conduct pre-, peri-, and post-harvest management practices. This would ensure
that the crop is produced under optimal conditions.

a. Good agronomic practices
Proper farm management practices can boost crop vigor and are able to reduce crop stress

and the subsequent susceptibility of maize to mycotoxigenic fungi [42]. Crop stress is determined by
multiple factors during the growth and development stage. For example, aflatoxin accumulation in
maize has been strongly associated with drought, insect damage, and a lack of adequate nitrogen in
the soil [8,11,12,43]. The LGPBS centers can play a role of advising farmers on how to adopt sustainable
methods to ensure that the crop is produced without water, soil fertility, and biotic stresses, as these
would lead to mycotoxin accumulation. Individual stress factors can be managed by adoption of
the strategies on case basis.

Management of soil environment and fertility: Good soil architecture, aeration, and fertility are
components for the maize growing agro-ecologies. Thus, characterization of the physical and chemical
aspects of the soil is an important activity prior to a recommendation for crop establishment [44].
While farmers in East Africa have a tradition of growing what they have seen in other farms in
the neighborhood, it is imperative that governments should zone crop production activities based on
evidence of the prevailing favorable soil conditions for maize production. Certain cropping systems,
tillage methods, and application of natural and synthetic fertilizers could be used to adjust and attain
the appropriate architecture, but proper expertise advice is necessary [15,44–46]. The LGPBS can
play the role of providing advice through which various soil conditions can be overcome to achieve
the requirements of maize production. To achieve this, the LGPBS should have established soil
analytical capabilities. The LGPBS could also offer advice on the recommended fertilizer application
rates to the farmers. Currently, soil testing services are limited to very few institutions, which are
located within the major cities of East Africa. Good soil health would translate into better utilization of
nutrients by the crop, hence, a higher vigor and less susceptibility to mycotoxin accumulation [8,47].

Management of weeds, pests, and diseases: Biotic stresses are parasitic to the crop plants.
Weeds compete for water and nutrients or they could attach themselves and deprive the nutrients
(e.g., Striga hermonthica.) causing up to 85% loss in maize crop [48,49]. Stress due to weed infestation has
been strongly associated with aflatoxin and fumonisin contamination in maize [50,51]. Thus, the center
can play a key role in advising farmers on accurate timing and rates of application of herbicides,
and/or the manual management of the weeds. Insect pests cause damage to field and stored crops.
The parasitic field pests deprive maize of the nutrients and water, and their feeding creates infection
courts for toxigenic fungal species. Damage of maize by thrips was strongly associated with fumonisin
accumulation [52]. Further infestation on mature grain causes breakage and avenues for penetration
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and colonization by molds, and, hence, contamination by aflatoxin [15]. Application of insecticides
reduces insect damage, hence, enhancing crop vigor. Furthermore, application of fungicides eradicates
both true and opportunistic fungal pathogens, some of which are mycotoxigenic. Because many
farmers may not know about the proper application of chemicals, there is need for the LGPBS to have
expertise who can provide advisory services. The facilities could also be used as points of distribution
of products with beneficial microbial organisms to the farms (e.g., the biocontrol products currently
being adopted in different countries in Africa) [53].

Water stress management: Although there is a lot of climatic data that have been gathered over
the years, there is a concern that climate change will bring uncertainty in crop production and food
safety. Erratic weather conditions can lead to unexpected drought and floods within the arable
regions of East Africa. The magnitude of drought determines whether a certain season would provide
any grain to the farmers. Under extreme conditions, there is little or no grain, and the little that is
available could be contaminated with aflatoxin [43,52]. In this situation, maize consumers eat what is
available, and are likely to be exposed to the damaging toxins. Proper mapping and communication
of drought risk to farmers could prevent exposure to damaging toxins. The LGPBS could work with
the meteorological departments to provide timely awareness about the weather changes in given
locations, and the best crop cultivars/varieties that suits the contemporary seasons. The LGPBS could
also provide advice on cropping systems that could conserve moisture and facilitate water harvesting.
As a long-term intervention, the centers could work with government agencies to establish inexpensive
water harvesting strategies for their schemes.

Provision and promotion of seed stocks of adapted maize cultivars: While each of the identified practices
for reduction of mycotoxin accumulation through agronomic practices only confer a fraction of
the overall effect, identification of an adapted cultivar for individual maize production environments
can be important in solving the problem. Adapted maize cultivars possess a cumulative resistance
owing to multiple important traits that protect them against the mycotoxin predisposing factors [54].
Although genetic resistance to aflatoxin and fumonisin has not yet been bred into East African maize,
the problem can be overcome by growing adapted maize cultivars, as they possess some of the key traits
that are associated with reduced contamination [8,55]. Thus, the LGPBS could advise the farmers to
grow maize cultivars that are well-adapted to the abiotic and biotic stresses of a given environment [56].
The LGPBS can have a stock of the seed of the adapted and well-performing maize cultivars for
provision to farmers during the planting season. Among the traits that have been associated with
reduced mycotoxin accumulation in maize are early maturity, tolerances to drought, insect damage,
low soil nitrogen, and compactness of the endosperm (flintiness) [8,56,57]. As a long-term intervention
strategy, breeders could work with the LGPBS to identify key germplasm for integration of the traits
that are correlated with mycotoxin resistance into high adapted and yielding backgrounds using
modern breeding methods such as genomic selection [58].

b. Timely and proper management of agronomic practices
Most of the farmers pay for farm labor. In some cases, the farm activities may not be accomplished

to the right standards due to lack of enough training of the workers. To overcome the bottlenecks of
unskilled labor, LGPBS could establish a pool of trained workers to perform some farm practices for
at a fee. The crew would ensure that the major farm activities are performed correctly and within
the acceptable timing. For example, timely planting is essential for rain-fed maize because the crop
gets the advantage of early establishment, before the onset of other biotic stresses and competitors,
and could reduce plant stress and aflatoxin accumulation in maize [59]. Timely control of weeds is
essential because it prevents detrimental competition with the crops (Figure 2). Also, pests and diseases
must be controlled early enough to avoid epidemics that can lead to extreme plant stress, quality
damage, and economic losses [38,60]. Timely harvesting ensures that the activity does not take place
when it is rainy, the ears are not over matured, and the kernels have not been broken by weevil, as these
would lead to further entry of the toxigenic molds (Figure 2) [12].
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The alternative to offering labor for the farmers is to provide advice and training for better
pre-, peri-, and post-harvest farm practices. Further, the facilities should provide information about
the available products, services, and opportunities throughout the maize value chain. To achieve this,
the centers would prepare teaching materials and hold regular training workshops. Regular farm visits
to farmers fields by trained personnel is required to ensure proper implementation of the farm practices.
In a case where records are given to the farmers, the trainers must ensure that the best possible methods
of communication are applied (e.g., most of the farmers are not able to understand the fertilizer
and pesticide application rates). Thus, the experts need to know the exact size and the planting
density in their farms so that they can recommend the optimum amounts of inputs to be applied in
the entire field.

c. Harvesting and post-harvest practices
Peri-harvest activities can play a key role in preventing mycotoxin contamination. For small-scale

farmers, harvesting involves cutting off the maize plants and stacking them to remain in the field for
several days and/or until they are presumed to be dry [61]. Field stacking does not provide enough
aeration for the ears and could lead to colonization of grain by toxigenic fungal strains. Upon drying,
maize is de-husked and dropped onto the ground to dry up and then they are collected into bags ready
for transport. Dropping of de-husked ears on the ground can expose maize to entry of the spores
of toxigenic fungi [62]. Through on-farm demonstrations, LGPBS would serve the role of providing
advice on how to handle the maize ears appropriately during harvesting. The LGPBS would provide
inexpensive moisture testing equipment at a fee. The facility could also acquire and install multiple
modern driers (e.g., EasyDry M500) so that farmers can deliver the grain for a centralized drying [63].
Further, the centers could also provide seeds of maize with fast dry-down. The combined approaches
would reduce the grain drying duration. Fast drying would reduce chances of entry of toxigenic fungi,
hence, preventing mycotoxin contamination.

Grain shelling should be conducted in a way that minimizes kernel breakage, as these have been
associated with increased mycotoxin contamination [15]. The majority of small-scale farmers shell
maize using mechanical methods that can cause breakage. To avoid this problem, the LGPBS could
establish inexpensive and high throughput mobile on-farm shelling equipment, which could be shared
by farmers within the scheme. To ensure that only clean ears are shelled, farmers would be advised
to sort and remove ears with apparent moldiness. Removal of moldy ears after harvest was found
to significantly reduce aflatoxin contamination in maize [14]. Sorting based on apparent moldiness
was also found to reduce the percentage of contaminated samples by more than half [15]. To advance
the safety through more efficient sorting, the LGPBS could work with scientists to validate and adopt
multi-spectral sorters, as preliminary studies have shown that they can detect and sort both aflatoxin
and fumonisin [64].

Upon drying, the grain can be packaged in aerated bags, which can handle a mass that can be easily
handled by human operators (e.g., a maximum of 25 kg). The grain can then be transferred to the LGPBS
facility for storage. To prevent entry of weevil during storage, regular inspection and fumigation
with insecticide should be conducted. To avoid challenges associated with the traditional grain
storage systems, the WRS should provide storage systems that include modern facilities (Figure 3).
If not prevented, weevils can cause breakage and could introduce opportunistic molds to the stored
grain. Recently, there have been many reports of successful hermetic grain storage technologies to
prevent weevil damage and subsequent accumulation of mycotoxins. For example, the hermetic plastic
and metallic silos, Purdue Improved Crop Storage (PICS), and GrainSafe®bags have been widely
recommended for storage of maize and other grains [65]. The LGPBS can evaluate the potential of
storage of maize in these improved facilities or adopt the same technologies in larger equipment to
accommodate the large volumes of grain from their schemes.
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Figure 3. Maize handling and storage practices by small-holder farmers in East Africa. (a) Maize ears
are dropped on the ground during harvesting; (b) maize ears are dried on the ground; (c,d) maize ears
are stored in traditional wooden cribs, which are vulnerable to entry of water and rodents. Photos a–c,
by S. Mutiga in 2010 within Bungoma district, Kenya and d by A. Mushongi in 2016 within Tunduru
district, Tanzania.

d. Innovations for decontamination and alternative use of contaminated maize
It is anticipated that LGPBS will consult and work with experts at different stages of grain value

chains to ensure maximum quality and safety of the produce. One important area of support that would
contribute to food safety is research on new technologies. By working with local and international
research organizations, these centers can test existing and new technologies. For example, although some
interventions were found to reduce mycotoxin contamination at the experimental level, they have
not been tested in actual field conditions. A promising technology like spectral sorting has been
reported to work in the developing countries and was recently tested at laboratory level in Kenya [64].
Additionally, a recent study showed less aflatoxin in maize kernels of high density, but the potential of
density-based sorters has not received adequate support to enhance evaluation [8]. Similarly, addition
of diatomaceous earth has been reported to enhance grain drying and to reduce weevil infestation,
but this technology has not received enough scientific support to ensure its safety and efficacy in
East Africa [66,67]. The facility could also serve as a learning and acquisition center for foreign food
preparation practices such as nixtamalization (washing and cooking of maize in an alkaline solution),
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as this reduces aflatoxin levels [68]. The facilities could also be used as centers for application of
alternative uses of contaminated maize. For example, after sorting, the highly contaminated grains could
be used to generate heat energy. The facilities could explore possibilities of utilizing the contaminated
grain for production of ethanol. Ethanol production from maize is common in the US [69].Sustainability 2019, 11, x FOR PEER REVIEW 6 of 21 
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Figure 4. Maize packaging and storage within East African national grain reserves. (a) a maize storage
silo in Nakuru, Kenya. (b) maize packaged in typical 90-kg sisal bags and heaped on wooden pallets
in a storage silo at Makambako branch of the national food reserve agency, Njombe region, Tanzania.
Photos. a, by S. Mutiga, June 2018. b, by A. Mushongi, May 2019.

2.2.2. Farm Input Provision and Related Services

The small-scale farmers of East Africa are faced with financial challenges and may not afford
some important farm inputs e.g., fertilizers, herbicides, pesticides [70]. To boost farmers’ productivity,
provision of inputs on a need basis can be helpful. For most regions of East Africa, input provision are
incentives provided by the governments or by donor agencies [70]. However, these interventions are not
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sustainable and are faced with inefficiencies due to lack of resources and a general misunderstanding
of the requirements for different growing parts of individual countries. To bridge the gap of the lack of
actual demands of specific agro-ecologies, the LGPBS would be able to assess the needs and react to
farmers in each of the grain-producing areas. Timely provision of herbicides would reduce competition
between maize and weeds, and hence, boost crop vigor. Additionally, timely provision of pesticides
would ensure that insect pests and diseases are managed before they can achieve economic threshold.
The most promising role of the LGPBS would be to stock the inputs and to provide them, together
with support services (e.g., advice and labor) to avert plant stress. These incentives would be achieved
in a business agreement between the local facility and the farmers. In addition, farmers would benefit
from advice on how to apply the inputs appropriately.

2.2.3. Sales, Promotions, and Credit Services

LGPBS would be major stakeholders in grain production and would play a role in establishing
better external markets for the farmers. This means that they would advertise and promote the grains
(and any associated products) from their respective regions. In return, LGPBS would benefit from
sales commissions. Furthermore, LGPBS could benefit from interests arising from grain banking
systems. On the other hand, farmers would benefit through timely access to advice, inputs and loan
services, better quality grain, and reduced exposure to mycotoxins. Individual centers would develop
and market their products to the farmers and to other customers outside their geographical areas.

2.2.4. Grain Custodians and the Associated Banking Services

LGPBS would aggregate and store grain on behalf of the farmers in a model named the warehousing
receipt system [40]. Establishment of the WRS was aimed at banking systems for the grain and would
replace the current storage systems, which are characterized by large storage silos (Figure 4).Sustainability 2019, 11, x FOR PEER REVIEW 8 of 21 
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(e.g., advisory, credit, donations, research, etc.) from different stakeholders to the LGPBS are shown in
light green arrows. List of the potential benefits of the LGPBS to millers, traders, farmers, and consumers
is contained in white rectangular boxes.
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To obtain the custody, the center would develop a system of tracking the transactions for individual
farmers, as described by the regulations of individual countries. In the current concept, additional key
activities have been described to be implemented at the LGPBS besides grain banking. As a custodian
of large quantities of grain from the many farmers, the LGPBS facility would enjoy economies of
scale; hence, they can build modern equipment to handle the grain appropriately. As a food safety
enhancement measure, grain banking by the LGPBS would ensure that the important produce is
not kept under conditions that would favor toxigenic fungi. It would also ensure that the grain is
handled by personnel who have a better understanding of the conditions that lead to contamination.
Furthermore, because LGPBS are business oriented, there would be a greater sense of responsibility;
hence, regular monitoring of the quality would be implemented in the facility. The potential benefits of
the proposed LGPBS are summarized in Figure 5.

3. The Scope and Limitations of the Concept

While this concept focuses on mitigation of mycotoxin contamination in maize, there are other
crops and foods that are vulnerable to contamination [71]. The concept provides a foundation for
community-based integrated mycotoxin mitigation strategies, with maize as an example of a popular
and a frequently contaminated crop in East Africa [7,15]. Given the high per-capita consumption
of maize in East Africa, effective control of mycotoxins in maize would significantly reduce human
fatal poisoning and cancer incidences [1,36]. Efforts to enhance production of maize under optimal
conditions would not only improve human and livestock health, but also the boost increased production
and, hence, food security. If successful, the proposed model could be implemented on other vulnerable
crops such as groundnuts.

Production of maize under optimal conditions is hypothetical and relies on human activities
and environmental factors. While the proposed concept aims at enhancing optimal maize production
conditions to prevent contamination by mycotoxins, participation of farmers would depend on
a prior communication of the expected benefits. Improper management of the LGPBS could prohibit
participation of farmers. Lack of willingness of farmers to participate in the community-based integrated
mycotoxin control scheme could hinder the success of the concept. Furthermore, uncontrollable factors
such as the effects of climate change may frustrate the efforts of attaining optimal maize production
conditions [72]. To achieve the full benefits of the proposed concept, there is a need for concerted efforts
by multiple stakeholders within individual countries and at the regional level. Within a country and its
administrative units, policy makers must establish proper tools to engage all the other stakeholders.
There must be good communication for the focus, the associated challenges, and the costs.

Cropping systems and farm management differ across agro-ecologies, communities, and for
different crops. Furthermore, different crops have different production regimes, including management
of abiotic and biotic stresses. In the current concept, we have highlighted the need for establishment of
delineated maize production schemes within feasible production agro-ecologies. Partitioning of these
schemes could be guided by existing shared traditions in maize production practices, which could be
mainly guided by the climatic conditions and existing policies of individual regions.

The culture of self-provisioning of food in most East African communities can hinder the whole
community-based mycotoxin mitigation effort [15]. Although some level of self-provisioning is
acceptable, a consumer education and policy could be adopted to regulate food items that are
historically known to be vulnerable to mycotoxin contamination. This proposed concept prioritizes
maize as a food item with a clear history of contamination by the damaging mycotoxins [20,73,74].
Through the LGPBS, consumers would buy or withdraw grain from the central reservoir. For community
safety, the reservoir would only circulate grain that has fully been certified not to contain harmful toxins.
Because of the need to enhance food safety, it would remain a responsibility of individual LGPBS to
establish facilities that are attractive to farmers and to maintain good quality grain for the consumers.

Implementation of the LGPBS concept relies on willingness of investors to participate in supporting
the farmers within the model. The principle of enhancing crop production exists but is fragmented
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within the value chain. Currently, each player acts in a proprietorship scope by fitting themselves
within the points that provide profit. For example, agro-shops sell farm inputs, while banks provide
credit facilities based on collaterals. When stakeholders act independently, they may be in favor of
profits, risking the common goal of good livelihood of humankind. The challenge in the LGPBS model
is to bring these key players under one roof with a focus on enhancing food safety and increased crop
productivity. To influence investors into this new business model, there is need for good communication,
and provision of enough evidence of the existence of the problem in the value chain.

4. Concept Implementation Perspectives

The overall goal of this concept is to have an integrated regional mycotoxin control strategy that
originates at community level. The need for regional effort is driven by the fact that maize grain
is traded within East Africa, and high levels of contamination in one country would easily spill to
the entire region [14]. The need to initiate the effort at community level is similar but has the force of
pooling resources together to enjoy economies of scale and, hence, to boost the capacity for farmers to
afford farm inputs, labor, and better storage facilities. Furthermore, given the frequent grain trade,
mycotoxin contamination within a neighborhood means a health risk to maize consumers, as maize
is marketed for consumption at households, institutional levels, and even in big hotels. Exposure to
mycotoxins has been associated with increased morbidity, a condition that affects the general health of
the community and, hence, reduced income of the people (sick people cannot work effectively) [29].
Thus, effective control of mycotoxins in food and feed value chains would boost the general safety,
hence, enhancing income and better livelihoods of the people.

The primary implementer of this model would be the national and local authorities within
East Africa. The authorities could play a role in establishment of policy frameworks to ensure that
the mycotoxin problem is solved using a community-based approach. To initiate a community-based
integrated mycotoxin control system, there is a need for education of maize consumers, policy
makers, and regional leaders to combat the problem. A clear description of the complexity of
the problem (as shown in Figure 1, case of aflatoxin) and the potential action options would enable
the authorities to support adoption of the current proposed model. To enhance operationalization
of these centers, there is a need to establish government policy to govern how the LGPBS would
operate, with a clear goal of enhancing food safety and productivity. There are some intergovernmental
organizations that have played a key role in communications about food safety and mycotoxin
regulations. For example, the East African Grain Council (EAGC) and the partnership for aflatoxin
control in Africa (PACA) have spearheaded government operations towards eradication of mycotoxins
in food and feed. Currently, the East African countries do not have robust mycotoxin surveillance
systems, as most people rely on self-provisioned foods. Furthermore, grain handling strategies
differ greatly, and the associated policy may not be known to maize growers. Kenya already has
some laws in place to initiate the warehouse receipt system, which could support the provisions of
the proposed model.

A complete implementation of the LGPBS model would require a lot of infrastructural acquisition
and modification. To minimize the costs associated with new infrastructure, existing stakeholders
could be amalgamated. Structures that were previously used in the national grain reserves could
be acquired and modified appropriately. Furthermore, some stakeholders (those already existing in
the maize value chain) could be enlightened and provided with options for the amalgamation process.
For example, agro-vets can provide inputs to the centers so that these can be provided to the farmers
in each scheme. To initiate the implementation process, pilot models could be implemented with
funding from individual governments, non-governmental organizations, and other interested parties.
The pilots could be conducted across the country, with each of the key components of the model being
tested. To communicate the progress to the stakeholders and potential investors in the subsequent
implementation stage, the pilots should measure grain quality and productivity improvements.
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5. Conclusions

The complex problem of mycotoxin contamination in maize has been a major challenge in
enhancing food safety and security in East Africa. Here, we synthesized the publicly available data to
develop an aflatoxin problem tree, which contains roots (factors for contamination), the body (the target
aflatoxin entry points), and the branches (outcomes on human and livestock). We utilize this tree to
propose integrated mycotoxin intervention strategies at the community level for the whole of East Africa
in a concept model named local grain production and banking systems (LGPBS). It is envisaged that
implementation of this concept could improve grain production, handling, and storage practices,
hence, reducing mycotoxin contamination in maize. The concept of LGPBS provides an opportunity to
stem the problem of quality loss of grain at all stages of the maize grain value chain.

Establishment and operationalization of the facilities would ensure that stakeholders are cushioned
of maize quality and quantity losses caused by abiotic and biotic constraints. Further, the facilities
would provide an environment where farmers, who are willing to venture into maize agri-business,
are fully supported through provision of inputs, finance, and advisory services. This would, in turn,
lead to production of maize under optimal conditions, and hence, reduced mycotoxin contamination,
and a subsequent reduced exposure of humans and livestock to the damaging toxins. The post-harvest
handling and storage systems would ensure that there is minimal or no grain loss due to ear rot
and mycotoxin contamination. This facility, if adopted, would not only lead to enhanced grain
productivity, but also improved food safety. An increase in grain production would enhance trade
and better livelihoods. On the other hand, enhanced food safety would lead to a healthier population.
Therefore, LGPBS provides an excellent concept towards enabling agribusiness, food safety, and food
security in East Africa and beyond.

Author Contributions: S.K.M conceived the idea of the concept paper. A.A.M and E.K.K reviewed and contributed
to the development of all sections of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Williams, J.H.; Grubb, J.A.; Davis, J.W.; Wang, J.S.; Jolly, P.E.; Ankrah, N.A.; Ellis, W.O.; Afriyie-Gyawu, E.;
Johnson, N.M.; Robinson, A.G.; et al. HIV and hepatocellular and esophageal carcinomas related to
consumption of mycotoxin-prone foods in sub-Saharan Africa. Am. J. Clin. Nutr. 2010, 92, 154–160.
[CrossRef]

2. Denning, G.; Kabambe, P.; Sanchez, P.; Malik, A.; Flor, R.; Harawa, R.; Nkhoma, P.; Zamba, C.; Banda, C.;
Magombo, C.; et al. Input subsidies to smallholder maize productivity in Malawi: Toward an African Green
Revolution. PLOS Biol. 2009, 7, e1000023. [CrossRef] [PubMed]

3. Sheahan, M.; Black, R.; Jayne, T.S. Are Kenyan farmers under-utilizing fertilizer? Implications for input
intensification strategies and research. Food Pol. 2013, 41, 39–52. [CrossRef]

4. Murphy, S. Strategic Grain Reserves in an Era of Volatility; Institute for Agriculture and Trade Policy: Minneapolis,
MN, USA, 2009.

5. Abbas, A.B.; Ndunguru, G.; Mamiro, P.; Alenkhe, B.; Mlingi, N.; Bekunda, M. Post-harvest food losses in
a maize-based farming system of semi-arid savannah area of Tanzania. J. Stored Prod. Res. 2014, 57, 49–57.
[CrossRef]

6. Okoboi, G.; Muwanga, J.; Mwebaze, T. Use of improved inputs and its effects on maize yield and profit in
Uganda. Afr. J. Food Agric. Nutr. Dev. 2012, 12, 6931–6944.

7. Hellin, J.; Kimenju, S. Exploring the Scope of Cost-Effective Aflatoxin Risk Reduction Strategies in Maize
and Groundnut Value Chains so as to Improve Market Access of the Poor in Africa; CIMMYT: Nairobi, Kenya, 2009.

8. Mutiga, S.K.; Morales, L.; Angwenyi, S.; Wanaina, J.M.; Harvey, J.W.; Das, B.; Nelson, R.J. Association
between agronomic traits and aflatoxin accumulation in diverse maize lines grown under two soil nitrogen
leves in Eastern Kenya. Field Crops Res. 2017, 205, 124–134. [CrossRef]

http://dx.doi.org/10.3945/ajcn.2009.28761
http://dx.doi.org/10.1371/journal.pbio.1000023
http://www.ncbi.nlm.nih.gov/pubmed/19175292
http://dx.doi.org/10.1016/j.foodpol.2013.04.008
http://dx.doi.org/10.1016/j.jspr.2013.12.004
http://dx.doi.org/10.1016/j.fcr.2017.02.007


Sustainability 2019, 11, 2827 18 of 21

9. Fountain, J.C.; Scully, B.T.; Ni, X.; Kemerait, R.C.; Lee, R.D.; Chen, Z.-Y.; Guo, B. Environmental influences on
maize-Aspergillus flavus interactions and aflatoxin production. Front. Microbiol. 2014, 5, 40. [CrossRef]

10. Kaliba, A.R.M.; Verkuijl, H.; Mwangi, W. Factors affecting adoption of improved maize seeds and use of
inorganic production in the intermediate and lowland zones of Tanzania. J. Agric. Appl. Econ. 2000, 32, 35–47.
[CrossRef]

11. Bhatnagar, D. Elimination of post-harvest and pre-harvest aflatoxin contamination. In Proceedings of the 10th
International Working Conference on Stored Product Protection, Estoril, Portugal, 27 June–2 July 2010; p. 484.

12. Kaaya, A.N.; Warren, H.L.; Kyamanywa, S.; Kyamuhangire, W. The effect of delayed harvest on moisture
content, insect damage, moulds and aflatoxin contamination of maize in Mayuge district of Uganda. J. Sci.
Food Agric. 2005, 85, 2595–2599. [CrossRef]

13. Probst, C.; Cotty, P.J. Aflatoxins in Kenyan maize: Etiology holds clues to recurrent human aflatoxin
poisonings. Phytopathology 2009, 99, S158.

14. Hell, K.; Fandohan, P.; Kiewnick, S.; Sikora, R.; Cotty, P.J. Pre- and postharvest management of aflatoxin in
maize: An African perspective. In Mycotoxins: Detection Methods, Management, Public Health and Agricultural
Trade; Leslie, J.F., Bandyopadhyay, R., Visconti, A., Eds.; CABI: Wallingford, UK, 2008; pp. 219–229.

15. Mutiga, S.K.; Were, V.; Hoffmann, V.; Harvey, J.W.; Milgroom, M.G.; Nelson, R.J. Extent and drivers of mycotoxin
contamination: Inferences from a survey of kenyan maize mills. Phytopathology 2014, 104, 1221–1231. [CrossRef]

16. Kuiper-Goodman, T. Food safety: Mycotoxins and phycotoxins in perspective.
In Mycotoxins and Phycotoxins—Developments in Chemistry, Toxicology and Food Safety; Miraglia, M.,
van Edmond, H., Brera, C., Gilbert, J., Eds.; American Chemical Society and American Society of Pharmacognosy:
Fort Collins, CO, USA, 1998.

17. Magan, N.; Medina, A.; Aldred, D. Possible climate-change effects on mycotoxin contamination of food crops
pre- and postharvest. Plant Pathol. 2011, 60, 150–163. [CrossRef]

18. Bruns, H.A. Controlling aflatoxin and fumonisin in maize by crop management. Toxin Rev. 2003, 22, 153–173.
[CrossRef]

19. Kimanya, M.E.; de Meulenaer, B.; Tiisekwa, B.; Ndomondo-Sigonda, M.; Devlieghere, F.; van Camp, J.;
Kolsteren, P. Co-occurrence of fumonisins with aflatoxins in home-stored maize for human consumption
in rural villages of Tanzania. Food Addit. Contam. Part A Chem. Anal. Control Expo. Risk Assess. 2008, 25,
1353–1364. [CrossRef]

20. Bhatnagar, D.; Payne, G.A.; Cleveland, T.E.; Roberts, J.F. Mycotoxins: Current issues in USA. In Meeting
the Mycotoxin Menace; Wageningen Academic Publishers: Wageningen, The Netherlands, 2004; pp. 17–47.

21. Azziz-Baumgartner, E.; Lindblade, K.; Gieseker, K.; Rogers, H.S.; Kieszak, S.; Njapau, H.; Schleicher, R.;
McCoy, L.F.; Misore, A.; DeCock, K.; et al. Case-control study of an acute aflatoxicosis outbreak, Kenya, 2004.
Environ. Health Perspect. 2005, 113, 1779–1783. [CrossRef]

22. Buguzi, S. Tanzania: Food Poisoning Linked to 14 Deaths in Two Regions; The Citizen Newspaper, Nation Media
Group: Dar es Salaam, Tanzania, 2016.

23. Shirima, C.P.; Kimanya, M.E.; Kinabo, J.L.; Routledge, M.N.; Srey, C.; Wild, C.P.; Gong, Y.Y. Dietary exposure
to aflatoxin and fumonisin among Tanzanian children as determined using biomarkers of exposure. Mol. Nutr.
Food Res. 2013, 57, 1874–1881. [CrossRef]

24. Cardwell, K.F.; Henry, S.H. Risk of exposure to and mitigation of effect of aflatoxin on human health: A West
African example. Toxin Rev. 2004, 23, 217–247. [CrossRef]

25. Sun, Z.T.; Lu, P.X.; Gail, M.H.; Pee, D.; Zhang, Q.N.; Ming, L.H.; Wang, J.B.; Wu, Y.; Liu, G.T.; Wu, Y.Y.; et al.
Increased risk of hepatocellular carcinoma in male hepatitis B surface antigen carriers with chronic hepatitis
who have detectable urinary aflatoxin metabolite M1. Hepatology 1999, 30, 379–383. [CrossRef]

26. Khalil, M.M.H.; Gomaa, A.M.; Sabaei, S. Reliable HPLC determination of aflatoxin M1 in eggs. J. Annal.
Met. Chem. 2013, 2013, 5. [CrossRef]

27. Kang’ethe, E.K.; Lang’a, K.A. Aflatoxin B1 and M1 contamination of animal feeds and milk from urban
centers in Kenya. Afr. Health Sci. 2009, 9, 218–226.

28. Wakhisi, J.; Patel, K.; Buziba, N.; Rotich, J. Esophageal cancer in north Rift Valley of Western Kenya.
Afr. Health Sci. 2005, 5, 157–163. [PubMed]

29. Williams, J.H.; Phillips, T.D.; Jolly, P.E.; Stiles, J.K.; Jolly, C.M.; Aggarwal, D. Human aflatoxicosis in
developing countries: A review of toxicology, exposure, potential health consequences, and interventions.
Am. J. Clin. Nutr. 2004, 80, 1106–1122. [CrossRef]

http://dx.doi.org/10.3389/fmicb.2014.00040
http://dx.doi.org/10.1017/S1074070800027802
http://dx.doi.org/10.1002/jsfa.2313
http://dx.doi.org/10.1094/PHYTO-01-14-0006-R
http://dx.doi.org/10.1111/j.1365-3059.2010.02412.x
http://dx.doi.org/10.1081/TXR-120024090
http://dx.doi.org/10.1080/02652030802112601
http://dx.doi.org/10.1289/ehp.8384
http://dx.doi.org/10.1002/mnfr.201300116
http://dx.doi.org/10.1081/TXR-200027817
http://dx.doi.org/10.1002/hep.510300204
http://dx.doi.org/10.1155/2013/817091
http://www.ncbi.nlm.nih.gov/pubmed/16006224
http://dx.doi.org/10.1093/ajcn/80.5.1106


Sustainability 2019, 11, 2827 19 of 21

30. Marasas, W.F.O.; Gelderblom, W.C.A.; Shephard, G.S.; Vismer, H.F. Mycotoxins: A global problem. In Mycotoxins:
Detection Methods, Management, Public Health and Agricultural Trade; Leslie, J.F., Bandyopadhyay, R., Visconti, A., Eds.;
CABI: Wallingford, UK, 2008; pp. 29–39.

31. Lombard, M.J. Mycotoxin exposure and infant and young child growth in Africa: What do we know?
Ann. Nutr. Metab. 2014, 64, 42–52. [CrossRef]

32. Leroy, J.L.; Wang, J.S.; Jones, K. Serum aflatoxin B1-lysine adduct level in adult women from Eastern Province
in Kenya depends on household socio-economic status: A cross-sectional study. Soc. Sci. Med. 2015,
146, 104–110. [CrossRef]

33. Adhikari, M.; Ramjee, G.; Berjak, P. Aflatoxin, kwashiorkor, and morbidity. Nat. Toxins 1994, 2, 1–3. [CrossRef]
34. Reddy, K.R.N.; Salleh, B.; Saad, B.; Abbas, H.K.; Abel, C.A.; Shier, W.T. An overview of mycotoxin

contamination in foods and its implications for human health. Toxin Rev. 2010, 29, 3–26. [CrossRef]
35. Lund, C.; Breen, A.; Flisher, A.J.; Kakum, R.; Corrigall, J.; Joska, J.A.; Swartz, L.; Patel, V. Poverty and common

mental disorders in low and middle income countries: A systematic review. Soc. Sci. Med. 2010, 71, 517–528.
[CrossRef] [PubMed]

36. Richard, J.L.; Payne, G.A. Mycotoxins: Risks in Plant, Animal, and Human Systems. Available online:
http://www.trilogylab.com/uploads/Mycotoxin_CAST_Report.pdf (accessed on 15 May 2014).

37. Payne, G.A. Process of contamination by aflatoxin producing fungi and their impacts on crops. In Mycotoxins
in Agriculture and Food Safey; Bhatnagar, D., Ed.; Marcel Dekker, Inc.: New York, NY, USA, 1998.

38. Hell, K.; Mutegi, C.K. Aflatoxin control and prevention strategies in key crops of Sub-Saharan Africa. Afr. J.
Microbiol. Res. 2011, 5, 459–466.

39. GoK. The Warehouse Receipt System; Assembly, N., Ed.; Republic of Kenya: Nairobi, Kenya, 2018.
40. Coulter, J.; Onumah, G. The role of warehouse receipt systems in enhanced commodity marketing and rural

livelihoods in Africa. Food Policy 2002, 27, 319–337. [CrossRef]
41. Clarke, R.; Connolly, L.; Frizzell, C.; Elliott, C.T. Challenging conventional risk assessment with respect

to human exposure to multiple food contaminants in food: A case study using maize. Toxicol. Lett. 2015,
238, 54–64. [CrossRef]

42. Kangéthe, E.K.; Korhonen, H.; Marimba, K.A.; Nduhiu, G.; Mungatu, J.K.; Okoth, S.A.; Joutsjoki, V.; Wamae, L.W.;
Shalo, P. Management and mitigation of health risks associated with the occurrence of mycotoxins along the maize
value chain in two counties of Kenya. Food Qual. Saf. 2017, 1, 268–274. [CrossRef]

43. Kebede, H.; Abbas, H.K.; Fisher, D.K.; Bellaloui, N. Relationship between aflatoxin contamination
and physiological responses of corn plants under drought and heat stress. Toxins 2012, 4, 1385–1403.
[CrossRef]

44. Jaetzold, R.; Schmidt, H.; Hornetz, B.; Shisanya, C. Farm Management Handbook of Kenya. Part C, East Kenya.
Volume II: Natural Conditions and Farm Management Information, 2nd ed.; Ministry of Agriculture: Nairobi,
Kenya, 2006.

45. Nesci, A.; Barros, G.; Castillo, C.; Etcherry, M. Soil fungal population in pre-harvest maize ecosystem in
different tillage practices in Argentina. Soil Tillage Res. 2006, 91, 143–149. [CrossRef]

46. Zablotowisc, R.M.; Abbas, A.K.; Lucke, M.A. Population ecology of Aspergillus flavus associated with
Mississippi Delta Soils. Food Addit. Contam. 2007, 24, 1102–1108. [CrossRef]

47. Blandino, M.; Reyneri, A.; Vanara, F. Influence of nitrogen fertilization on mycotoxin contamination of maize
kernels. Crop Prot. 2008, 27, 222–230. [CrossRef]

48. Shetto, R.; Kwiligwa, E. Weed Control Systemin Maize Based on Animal Drawn Cultivar; FAO: Rome, Italy, 1998.
49. Parker, C. Parasitic weeds: The continuing threat from parasitic weeds. Outlook Pest Manag. 2014, 25, 237–242.

[CrossRef]
50. Xavier, R.; Eychenne, N.; Delos, M.; Folcher, L. Withdrawal of maize protection by herbicides and insecticides

increases mycotoxin contamination near maximum thresholds. Agron. Sustain. Dev. 2016, 36, 1–10.
51. Jones, R.K. The influence of cultural practices on minimizing the development of aflatoxin on field maize.

In Proceedings of the Aflatoxin in Maize, El Batan, Mexico, 7–11 April 1987; pp. 136–142.
52. Parsons, M.W.; Munkvold, G.P. Associations of planting date, drought stress, and insects with fusarium ear

rot and fumonisin B1 contamination in California maize. Food Addit. Contam. Part A Chem. Anal. Control
Expo. Risk Assess. 2010, 27, 591–607. [CrossRef]

53. Marechera, G.; Ndwiga, J. Estimation of the potential adoption of Aflasafe among smallholder maize farmers
in lower eastern Kenya. Afr. J. Agric. Res. Econ. 2015, 10, 72–85.

http://dx.doi.org/10.1159/000365126
http://dx.doi.org/10.1016/j.socscimed.2015.10.039
http://dx.doi.org/10.1002/nt.2620020102
http://dx.doi.org/10.3109/15569541003598553
http://dx.doi.org/10.1016/j.socscimed.2010.04.027
http://www.ncbi.nlm.nih.gov/pubmed/20621748
http://www.trilogylab.com/uploads/Mycotoxin_CAST_Report.pdf
http://dx.doi.org/10.1016/S0306-9192(02)00018-0
http://dx.doi.org/10.1016/j.toxlet.2015.07.006
http://dx.doi.org/10.1093/fqsafe/fyx025
http://dx.doi.org/10.3390/toxins4111385
http://dx.doi.org/10.1016/j.still.2005.11.014
http://dx.doi.org/10.1080/02652030701546198
http://dx.doi.org/10.1016/j.cropro.2007.05.008
http://dx.doi.org/10.1564/v25_jun_11
http://dx.doi.org/10.1080/19440040903456337


Sustainability 2019, 11, 2827 20 of 21

54. Mideros, S.X.; Warburton, M.L.; Jamann, T.M.; Windham, G.L.; Williams, W.P.; Nelson, R.J. Quantitative Trait
Loci Influencing Mycotoxin Contamination of Maize: Analysis by Linkage Mapping, Characterization of
Near-Isogenic Lines, and Meta-Analysis. Crop Sci. 2014, 54, 127–142. [CrossRef]

55. Betrán, J.; Isakeit, T.; Odvody, G.; Mayfield, K. Breeding corn to reduce preharvest aflatoxin contamination.
In Aflatoxin and Food Safety; Abbas, H.K., Ed.; CRC Press LLC: Boca Raton, FL, USA, 2005; pp. 353–377.

56. Betrán, F.J.; Isakeit, T. Aflatoxin accumulation in maize hybrids of different maturities. Agron. J. 2004,
96, 565–570. [CrossRef]

57. Manoza, F.S.; Mushongi, A.A.; Harvey, J.W.; Wainaina, J.; Wanjuki, I.; Ngeno, R.; Darnell, R.; Gnonlonfin, B.G.J.;
Masomo, S.M.S. Potential of using host plant resistance, nitrogen and phosphorous fertilizers for reduction
of Aspergillus flavus colonization and aflatoxin accumulation in maize in Tanzania. Crop J. 2017, 93, 98–105.
[CrossRef]

58. Bhat, J.A.; Ali, S.; Salgotra, R.K.; Mir, Z.A.; Dutta, S.; Jadon, V.; Tyagi, A.; Mushtaq, M.; Jain, N.; Sing, P.K.; et al.
Genomic selection in the era of next generation sequencing for complex traits in plant breeding. Front. Genet.
2016, 7, 221. [CrossRef] [PubMed]

59. Munthali, W.M.; Charlie, H.J.; Kachulu, L. How to Reduce Aflatoxin Contmaination in Groundnuts and Maize:
A Guide to Extension Workers; ICRISAT: Pancheru, India, 2016.

60. Higley, L.G.; Pedigo, L.P. Economic injury level concepts and their use in sustaining environmental quality.
Agri. Ecosys. Environ. 1993, 46, 233–243. [CrossRef]

61. CTA; EAGC. Structured grain trading systems in Africa. In Technical Centre for Agricultural and Rural
Cooperation; Wageningen and East African Grain Council: Nairobi, Kenya, 2013.

62. Opit, G.P.; Campell, J.; Arthur, F.; Armstrong, P.; Oseko, E.; Washburn, S.; Baban, O.; McNeill, S.; Mbata, G.;
Ayobami, I.; et al. Assessment of maize postharvest losses in the Middle Belt of Ghana. In Proceedings
of the 11th International Working Conference on Stored Product Protection, Chian Mai, Thailand, 24–28
November 2014.

63. Walker, S.; Davies, B. Feasibility of Up-Scaling the EasyDry M500 Portable Maize Dryer to Kenya. Available online:
https://www.acdivoca.org (accessed on 29 December 2018).

64. Stasiewicz, M.J.; Falade, T.D.O.; Mutuma, M.; Mutiga, S.K.; Harvey, J.J.; Fox, G.; Pearson, T.C.; Muthomi, J.W.;
Nelson, R.J. Multi-spectral kernel sorting to reduce aflatoxins and fumonisins in Kenyan maize. Food Control
2017, 78, 203–214. [CrossRef]

65. Walker, S.; Jaime, R.; Kagot, V.; Probst, C. Comparative effects of hermetic and traditional storage devices on
maize grain: Mycotoxin development, insect infestation and grain quality. J. Stored Prod. Res. 2018, 77, 34–44.
[CrossRef]

66. Kavallieratos, N.G.; Athanassiou, C.G.; Korunic, Z.; Mikeli, N.H. Evaluation of three novel diatomaceous
earths against three stored grain bettle species wheat and maize. Crop Prot. 2015, 75, 32–138. [CrossRef]

67. Malia, H.A.E.; Rosi-Denadai, C.A.; Martins, G.F.; Guedes, R.N.C. Diatomaceous earth impairment of water
balance in the maize weevil, Sitophilus zeamais. J. Pest Sci. 2016, 89, 945–954. [CrossRef]

68. Méndez-Albores, J.A.; Arámbula-Villa, G.; Preciado-Ortíz, R.E.; Moreno-Martínez, E. Aflatoxins in pozol,
a nixtamalized, maize-based food. Int. J. Food Microbiol. 2004, 94, 211–215. [CrossRef]

69. Schwietzke, S.; Kim, Y.; Ximenes, E.; Mosier, N.; Landisch, M. Ethanol production from maize. In Molecular
Genetic Approaches to Maize Improvement; Kriz, A.L., Larkins, B.A., Eds.; Springer: Berlin/Heidelberg, Germany,
2009; Volume 63.

70. Salami, A.; Abdul, B.; Zuzana, B. Small-Holder Agriculture in East Africa: Trends, Constraints and Opportunities;
African Development Bank: Tunis, Tunisia, 2010.

71. Miller, J.D. Mycotoxins in small grains and maize: Old problems, new challenges. Food Addit. Contam. Part
A Chem. Anal. Control Expo. Risk Assess. 2008, 25, 219–230. [CrossRef]

72. Paterson, R.R.M.; Lima, N. Further mycotoxin effects from climate change. Food Res. Int. 2011, 44, 2555–2566.
[CrossRef]

http://dx.doi.org/10.2135/cropsci2013.04.0249
http://dx.doi.org/10.2134/agronj2004.5650
http://dx.doi.org/10.1016/j.cropro.2016.11.021
http://dx.doi.org/10.3389/fgene.2016.00221
http://www.ncbi.nlm.nih.gov/pubmed/28083016
http://dx.doi.org/10.1016/0167-8809(93)90027-M
https://www.acdivoca.org
http://dx.doi.org/10.1016/j.foodcont.2017.02.038
http://dx.doi.org/10.1016/j.jspr.2018.02.002
http://dx.doi.org/10.1016/j.cropro.2015.05.004
http://dx.doi.org/10.1007/s10340-016-0732-0
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.02.009
http://dx.doi.org/10.1080/02652030701744520
http://dx.doi.org/10.1016/j.foodres.2011.05.038


Sustainability 2019, 11, 2827 21 of 21

73. Wu, F.; Bhatnagar, D.; Bui-Klimke, T.; Carbone, I.; Hellmich, R.; Munkvold, G.; Paul, P.; Payne, G.; Takle, E.
Climate change impacts on mycotoxin risks in US maize. World Mycotoxin J. 2011, 4, 79–93. [CrossRef]

74. Daniel, J.H.; Lewis, L.W.; Redwood, Y.A.; Kieszak, S.; Breiman, R.F.; Flanders, W.D.; Bell, C.; Mwihia, J.;
Ogana, G.; Likimani, S.; et al. Comprehensive assessment of maize aflatoxin levels in Eastern Kenya,
2005–2007. Environ. Health Perspect. 2011, 119, 1794–1799. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3920/WMJ2010.1246
http://dx.doi.org/10.1289/ehp.1003044
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Concept of Local Grain Production and Banking System (LGPBS) 
	Description of LGPBS 
	Role of LGPBS in Management of Mycotoxins 
	Advice on Farm Practices 
	Farm Input Provision and Related Services 
	Sales, Promotions, and Credit Services 
	Grain Custodians and the Associated Banking Services 


	The Scope and Limitations of the Concept 
	Concept Implementation Perspectives 
	Conclusions 
	References

