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ABSTRACT
The factors influencing aflatoxin contamination in maize at harvest and during storage in
three villages of Manungu, Mlanga and Kongwa in Kongwa district, Dodoma region,
Tanzania, were investigated in the year 2015/2016. The villages were chosen as they were
major maize producers and suppliers to the international Kibaigwa grain market located
in this area. The number of maize samples analyzed were 91. Twenty three samples were
taken during harvest and stored for 90 and 180 days in Purdue Improved Crop Storage
bags and polypropylene bags. At harvest (30% (7 out of 23) of maize samples were
contaminated with aflatoxins. After storage for 90 days of storage 41% (13 out of 32) of
the samples were contaminated with aflatoxins while after 180 days of storage, 67%
(12 out of 36 samples) were contaminated with aflatoxins. Aflatoxin contamination in all
maize samples was above maximum tolerable limit of 10 pg/kg by East African
Standards, thus posing a health hazard to consumers. Parameter estimates from
generalized linear model (GENMOD) indicated that total aflatoxins increase with time
and the concentration was 13.12, 14.75 and 19.39 pg/kg at day 0, 90 and after 180 days of
storage, respectively. The effects associated with higher aflatoxin contamination in post-
harvest management practices were storage duration, storage type, sorting, treatment of
stores and treatment of crops. The storage technique with high risk of aflatoxin
development was polypropylene bags without pesticides treatment. Maize stored in
polyethylene bags (uncontrolled) for 180 days showed increase in aflatoxin levels with
mean value of 19. 06 pg/kg. Low aflatoxin was related to the use of insecticides, sorting
and use of Purdue Improved Crop Storage bags (PICS) with a mean of 5.4 pg/kg at 180
days. Proper pesticide application reduces the likelihood for infestation, while the use of
improved bags (PICS) had shown minimum/low increased levels of aflatoxin

contamination in maize.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Mycotoxins are toxic secondary metabolites of fungi that frequently contaminate maize in
the field and/or during storage (Smith et al., 2012). Mboya and Bogale (2012) reported
that mycotoxins contamination of maize poses a health risk to humans and domesticated

animals.

The most important mycotoxin in maize are the aflatoxins, fumonisins, deoxynivalenol,
and ochrotoxin (Kimanya et al., 2012). Aflatoxins are naturally occurring mycotoxin
produced by some strains of moulds such as Aspergillus flavus and Aspergillus

parasiticus (Pasone et al., 2010 and Sardin et al., 2011).

Aflatoxins cause serious problems in many foods and are most abundant in maize and
maize products since maize can be infected while in the field under specific
environmental conditions (Krnjaja et al., 2013). Contamination of maize depends on the
co-existence of susceptibility of hybrids and environmental conditions favorable for

proliferation of mycotoxigenic fungi (Blandino et al., 2009).

Sclerotia are important perennation structures of fungi, especially pathogenic fungi, as
they remain dormant during stressful environmental conditions like drought and
germinate when more favorable conditions, usually adequate moisture and temperature

arise Okoth et al. (2016).



Poor harvesting practices, improper storage and less than optimal condition during
transportation, marketing and processing can also contribute to fungal growth and
increase the risk of mycotoxins production (Mahmoudi et al., 2013). As reported by Hell
and Mutegi (2011) and Jaetzold et al., 2006, small-scale farmers store maize under

varying and often suboptimal conditions for up to 4 months before home use or sale.

Mycotoxins have negative impact on human health, animal productivity and trade
(Wagacha and Muthoni, 2008; WHO, 2006; Wu, 2006). Aflatoxin B1is most toxic and is
associated with liver cancer and immune suppression (Shephard, 2008). In high exposures
aflatoxins cause acute toxicity particularly to the liver with growth retardation and death
depending upon the dose and duration of aflatoxin exposure (Bill et al., 2014). These
metabolites, aflatoxins M; and My, are potentially important contaminants in dairy

products (Strosnider et al., 2006).

In the field, predisposing conditions leading to fungal growth are high temperatures and
humidity, poor soil fertility, drought and insect damage, monsoons and unseasonal rains
during harvest (Kamala et al., 2015). In addition, other stresses (example, nitrogen stress)
that affect plant growth during pollination can increase the level of aflatoxins produced by

the Aspergillus (Wagacha and Muthoni, 2008).

Inadequate drying and improper storage also increases the risk of aflatoxins
contamination. Countries that are located between 40°N and 40°S latitude such as
Tanzania favour suitable growing conditions for the moulds subjecting the populations to

risk of exposure (Hussaini et al., 2012).



Aflatoxins cause serious health effects in humans, leading to significant adverse impacts
in the form of disease and impacts on a country’s agriculture, food security, and
commerce (Lamb et al., 2012). IITA estimates that globally, about US$ 1.2 billion in
global commerce is lost annually due to the aflatoxin contamination, with African
economies loosing US$ 450 million each year (IITA, 2013). Schmalle 111 and Munkvold,
(2015) reported that over four billion people in developing countries are repeatedly

exposed to aflatoxins, contributing to greater than 40% of the disease in these counties.

Maize is the commodity most often contaminated with fumonisins and aflatoxins in
Eastern and Southern Africa, as in most developing countries (Hell et al., 2005). Studies
in Tanzania have reported high exposure in infants and young children to aflatoxin
through maize based diet (Shirima et al., 2014) and through breast milk from mothers

whose predominant diet is maize( Magoha et al., 2014).

Reported by Shirima et al. (2013) that young children in Tanzania are chronically
exposed to aflatoxins through contaminated diet although the level of exposure varies
markedly. There is increasing concern about mycotoxin contamination in tropical food
systems. Significant attention has been focused on regions where outbreaks of fatal
mycotoxicosis tend to occur. For example, the recurrent outbreak of aflatoxins
contamination of maize and fatal aflatoxicosis in eastern Kenya have received
considerable attention (Daniel et al., 2011; Nyikal et al., 2004), and the recent outbreak in
Dodoma on 17 September 2016 in Chemba, Kiteto, Chamwino, Dodoma and Kondoa
districts where total reported cases were 65 and 17(26.15%) people died and 48 were in
quarantine at Dodoma Regional Hospital-Tanzania. However, little information is

available on the occurrence and extent of aflatoxins contamination in most areas of



Africa, including Kongwa district in Dodoma, central Tanzania, where most of the maize

is produced.

This study was conducted in Kongwa District of Tanzania whereby aflatoxins in maize
was quantified and assessed to the extent in which these toxins are produced in relation

to; storage type and management practices focusing on sorting and drying.

1.2 Problem Statement and Justification of the Study

Aflatoxins develop in maize in the field and during storage thus making the grains unsafe
and unwholesome for consumption. Several outbreaks of aflatoxins poisoning have been
reported in Eastern province of Kenya since 1978 as reported by Moturi (2008) and
recently in Dodoma Tanzania. These outbreaks have caused a lot of concern because they
have worsened the food security status as maize is a major staple food in several
households in the country. Considering that maize is also a staple food for the majority of
Tanzanians, it was necessary to assess the factors that influence aflatoxin contamination

in stored maize in Tanzania.

In Tanzania, the international maize market is located at Kibaigwa in Kongwa District.
Whilst Kongwa, is among the largest producers of maize, there has been no study on
factors that influence aflatoxins contamination at harvested and stored maize. The aim of
this study was to assess factors influencing aflatoxins contamination in naturally
contaminated maize in Kongwa at harvest and during storage as a first and essential step
in the selection of intervention and management options to mitigate aflatoxins

contamination during growth and storage of maize.



1.3 Objectives

1.3.1 General objective

The general objective of the study was to assess for factors influencing aflatoxins
contamination at harvest and during storage of maize in Kongwa district, central

Tanzania.

1.3.2 Specific objectives

The specific objectives of the study were to:

i. determine total aflatoxins in harvested maize;
ii.  determine the total aflatoxins in stored maize; and
iii. evaluate the effects of harvest and post-harvest management practices on

aflatoxins contamination in maize.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Overview of Maize Production in Tanzania

Maize is one of the most important food crops grown in all regions of Tanzania
(Ismail et al., 2015; Kimanya et al., 2010). Maize is cultivated and used as a staple food
by the majority of Tanzanians and used as an ingredient for preparation complementary
foods. National maize consumption is estimated to be over 3 million metric tons per year,
whereas the daily per capital consumption of maize for people in rural areas is estimated
to be 450 g (Smith and Subandoro, 2012). More than half of cultivated land in Tanzania is
allocated to cereal crops but, maize is the major and most preferred staple crop among all

staple and cash crops being produced (Suleiman and Rosentrater, 2015).

Maize is a suitable substrate for mould contamination and production of mycotoxins
harmful to both humans and animals (Kpodo et al., 2000). Mycotoxigenic moulds can
invade maize at different production stages especially during pre-harvest and during post-
harvest handling (Chulze, 2010). A recent study detected multiple mycotoxins

contamination in stored maize in rural Tanzania (Kamala et al., 2015).

Kimanya et al. (2008) reported the incidence and extent of mycotoxin contamination of
maize grown in four different agro-climatic regions of Tanzania whereby 52% of the
samples were contaminated with fumonisin B; at levels up to 6125 pg/kg (median,
206 pg/kg) and aflatoxins B1 was 12% of the samples at levels ranging from 5 to 90 pg/kg
(median, 38ug/kg). Nyangi et al. (2016) reported that maize products consumed by
humans and animals in Babati Northern Tanzania contained aflatoxins at levels below the

EAC MTL which was satisfactory, however a small portion of marketed maize was



contaminated with mycotoxins at levels that exceeded EAC standards, indicating the need

to improve aflatoxins control.

2.2 Aflatoxins and their Causes

Aflatoxins are secondary fungal metabolites that contaminate agricultural
commodities and can cause sickness or death in humans and animals (Guchi, 2015).
Aflatoxins have received greater attention than any other mycotoxins because of their
demonstrated potent carcinogenic effect in susceptible laboratory animals and their acute

toxicological effects in humans (De Lucca, 2007).

One mould species may produce many different mycotoxins, and the same mycotoxin
may be produced by several species (Robbins et al., 2000). The most important
mycotoxins are aflatoxins, ochratoxins, deoxynivalenol (DON), zearalenone, fumonisins,
T-2 toxin and T-2 like toxin. However, food-borne mycotoxins likely to be of greatest
significance in tropical developing counties are the fumonisins and aflatoxins

(Kumar et al., 2008).

Among the factors which cause aflatoxins production are water stress, high-temperature
stress and insect damage of the host plant. These are major determining factors in
mould infestation and toxin production. Similarly, specific crop growth stages, poor
fertility, high crop densities and weed competition have been associated with increased

mould growth and toxin production (Dhanasekaran et al., 2011).

Patel et al. (2015) reported that under favorable temperature and humidity conditions
these fungi grow on certain food stuffs such as groundnuts, maize, rice, figs and other

dried foods, spices, crude vegetable oils and tree nuts like almonds, walnuts, pistachios



and Brazil nuts, as a result of fungal contamination before and after harvest. Aflatoxigenic
moulds grow exponentially in conventional multi-month storage as a result of a

combination of heat and high humidity (Hell et al., 2010).

Aflatoxins cause infertility, abortion, and delayed onset of egg production in birds as well
as sudden losses of egg production in actively laying birds. Furthermore, loss of appetite,
skin discoloration, or even yellowish pigmentation on skin can be observed in fish

(Oladele, 2014).

2.3 Effects of Aflatoxins to Humans

It has been reported that approximately 25-50 % of world’s agricultural crops are
contaminated with mycotoxins, among which aflatoxins is the most significant (Muthoni
et al., 2011). Acute and chronic exposure to mycotoxin may cause various human health
effects (Sheriff et al., 2009). Dietary exposure to aflatoxins is one of the major causes of
hepatocellular carcinoma, the fifth most common cancer in humans worldwide (Williams

and Windham, 2015).

There is sufficient evidence that AFB; and mixture of B;, Gi and Mi are proven
carcinogens as provided by the International Agency for Research on Cancer who
classifies them as Group 1 carcinogens while M1 and B, are designed to group 2B

reported by Kaaya et al. (2005).

If crops with very high levels of aflatoxins contamination are consumed by humans,
poisoning such as aflatoxicosis and even death can occur while chronic exposure to low
levels of contamination in crops consumed regularly increases liver cancer and can

suppress the immune system particularly for population that test positive for the hepatitis



B virus (TFDA, 2012). Aflatoxins have been implicated in the pathogenesis of protein
energy malnutrition (PEM), a condition affecting more than 118 million (32% of)
children in the developing world and hence the development of kwashiorkor and

marasmus in infants (Scheinfeld and Mokashi, 2010).

Poor storage

Plant stress in held L.
conditions

| ] ¥
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accumulation in food
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Figure 1: Aflatoxin and disease pathways: source (Wu, 2010).

The darker arrows in Figure 1 denote linkages that are well established in agricultural and
toxicological researches, while the white arrows denote linkages that have been relatively

well established (Wu, 2010).

Improper management practices and adverse climatic conditions causes stress to the plant
in which during harvest and after harvest are predisposing factors for post-harvest
aflatoxins contamination (Figure 1). Post- harvest contamination can occur if crop
drying is delayed and during storage of the crop if water is allowed to exceed

critical values for the mould growth (Waliyar et al., 2014).
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Aflatoxin consumption, routine dietary consumption of food that contain aflatoxin have
been associated with many diseases. Example, Chronic high levels lead to a gradual
deterioration of health through liver damage and immunosuppression also may cause
child stunting as reported by Wu (2010). Alvito et al. (2015); Lombard (2014) reported
that infants and children below 12 years are more vulnerable to the effects of mycotoxins
because of their less developed immune systems and high intake of foods and water per
kg body weight. Mycotoxins come in the organism of animal or human by contaminated
food infested with spores, conidiospores and/or with fragments of mycelium, alimentary
ingestion of these fungal toxins in organism of animal or human cause intoxication called

mycotoxicosis (Duarte-Vogel and Villamil-Jimenez, 2006).

Exposure to foods contaminated with high levels of aflatoxin can cause immediate death
to humans and animals. In 2004, a year in which 317 hospitalizations and 125
deaths due to acute aflatoxin poisoning were recorded in Kenya as reported by Lewis

et al. (2005).

2.4 Chemical Structures of Aflatoxins

The chemical structures of some aflatoxins are shown in Figure 2:
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Figure 2: Chemical structures of aflatoxins

2.4.1 Aflatoxin B

Aflatoxin B:1 (AFBi) is the most toxic congener, and has potent hepatotoxicity,
carcinogenicity, cytotoxicity, genotoxicity and immunotoxicity (Golli-Bennour et al.,
2010 and Meissonier et al., 2006). Aflatoxin B1 has a molecular weight of 312 and
a formula Ci7H120.. Against ultraviolet light shows, relatively strong blue fluorescence

of their. It is a colorless crystalline.

2.4.2 Aflatoxin B2
Aflatoxin B> has a formula C17H140s and molecular weight 330. Its crystals have

melting points between 286 and 289 °C. The compound exhibits blue fluorescence.
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2.4.3 Aflatoxin M1

Aflatoxin M1 (AFM1) or milk toxin is a hydroxylated metabolite of aflatoxin Bi and is
secreted in milk of dairy cattle after consumption of feed contaminated with aflatoxin B
(Darshti et al., 2009; lha et al.,, 2013). AFM 1 is a relatively small molecule

(328.3 g mol—1) which exhibits slight affinity towards water (10-30 pg mL ).

2.4.4 Aflatoxin M2

Aflatoxin M; is a natural oxidative metabolic product of the mycotoxin aflatoxin B..
It has molecular formula of C17H1407 and molecular weight 330.3. Like other aflatoxins,
aflatoxin M is acutely toxic, immunosuppressive, mutagenic, teratogenic, and

carcinogenic. It has Off-White to Pale Yellow Solid (Peraica et al., 1999).

2.4.5 Aflatoxin G1 and G2

Their molecular weight and molecular formula for aflatoxin G and G are 328.06;

330.07and C17H1207; C17H1407 respectively. Both show yellow -green fluorescence

of the relevant structures under UV-light (Barbas et al., 2015).

2.5 Factors Affecting Aflatoxin Development in Maize

2.5.1 Climatic condition

Climate change has been reported as a driver for emerging food and feed safety issues
worldwide and its expected impact on the presence of mycotoxins in food and feed is of

great concern (Battilani et al., 2016).

Fungal development and aflatoxins contamination in foods occur as a consequence of
interaction among the mould, the host and the environment (Milani, 2013).

The environmental factors that favour A. flavus development and aflatoxins production
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include high soil and/or air temperature, high relative humidity and high rates of
evapotranspiration, water availability, drought stress, crowding of plants and condition
aiding dispersal of fungi during silking (Hell et al., 2000). Rainfall is more important than

altitude in predicting mycotoxins (Nyangi et al., 2016).

Aflatoxins contamination is more common in the tropics and Sub-Sahara-tropics, such as
Tanzania, and these conditions relate well to temperature and rainfall that are strongly
suitable for growth of A. flavus reported by Pratiwi et al. (2015). High temperature
increases the production of A. flavus conida, their dispersal and kernel infection rate,
thereby contributing to high levels of aflatoxins accumulation under these conditions

(Reddy et al., 2014).

The aflatoxins contamination pattern is due to the fact that lower altitude areas are usually
warmer with high temperatures and humidity compared to higher altitude areas which are
usually cooler with low temperatures and humidity (Nyangi et al., 2016). The prevailing
conducive weather in sub-Sahara Africa characterized by high temperatures and high
humidity coupled with dryness; promote fungal growth and aflatoxins production
(Abbas et al., 2009). In addition, studies have reported significant correlation in aflatoxins
levels in maize after long storage in agro-ecological zones with wet and humidity climates

in dry regions (Hell et al., 2000).

2.5.2 Pest infestation
In Tanzania, the major constraints to maize production include insect pests,
diseases, weeds, rodents, fungi, and pathogens ( Suleiman and Rosentrater, 2015), also

reported by Akowuah et al. (2015).
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Insects are primary biotic stress factor that influence fungal colonization and mycotoxin
contamination in maize. Further, kernel feeding insects are more important stress than silk
or cob-feeding insects under warm climatic conditions (Scully et al., 2009).
Also, reported by Widstrom et al. (2003), several studies have shown a positive

association between ear-feeding insects and mycotoxin contamination in kernels.

Damaged grains are more prone to fungal invasion and, therefore, to mycotoxin
contamination as well (Ostry et al., 2014). Kebede et al. (2012) reported that inadequate
plant nutrition, insects feeding on developing kernels, weed competition, excessive plant
density, plant disease and other biotic and abiotic stress facilitate the infection and

production of aflatoxins by the fungus.

According to Mihale et al. (2009), insects are responsible for 15-100 % and 10-60 % of
the pre- and post-harvest losses of grains in developing countries, respectively. Control
of weeds in maize is very essential for obtaining good harvest. Weed control practices in
maize resulted in 77 to 96.7% higher grain yield than the weed control (Amare et al.,

2015).

2.5.3 Harvest and drying

Timely harvest and proper drying of maize are very important factors. Extended field
drying of maize could result in serious grain losses during storage. Also, observed,
aflatoxin levels increased by about 4 times by a third week and more than 7 times when
maize harvest was delayed for 4 weeks (Kaaya et al., 2006). Wu et al. (2011) reported
that occurrence of aflatoxin in maize is influenced by favorable conditions such as high

moisture content and temperature.
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2.5.4 Storage conditions

Infection of stored products by toxigenic fungi and subsequent contamination with
aflatoxins are generally influenced by many factors including fungal populations,
environmental conditions (general climate, temperature , and humidity O, and COy),
Insect infestation and pre- and post- harvest handling, but in most cases there complex

interactions among the different factors (Gnonlonfin et al ., 2013).

Jian and Jayas (2012) reported that some fungi attract insects and promote their growth,
while others prevent through secretion of toxic metabolites. High moisture levels during
storage have shown to increase grain vulnerability to aflatoxin contamination reported by
Morenoa et al. (2009). Hence, crops must be stored under optimum condition for longer

storage.

2.6 Control of Aflatoxins

Control of aflatoxin in Tanzania is a matter of importance not only for health
implications, but also for improvement of the economy of people. Thus, a number of
strategies for reduction and control of aflatoxin have been developed by researchers.

The control of aflatoxin involves pre- and post-harvest management practices.

2.6.1 Pre harvest management practices

It is well established that most of the mycotoxin contamination of maize starts in the field
and continue during storage (Akowual et al., 2015). Thus, prevention at field stage is
crucial to prevent the development of mycotoxins during drying and storage (Strosnider et
al., 2006). At farm level, it has been found that irrigated maize has fewer problems with
Aspergillus infection due to better growing conditions leading to less drought and heat

stress (Summer et al., 2009).
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Hell et al. (2010) reported that pre-harvest measures that are efficient in reducing
aflatoxins contamination in maize are the same as those that will enhance yields.
These pre-harvest practices include timely planting, ensuring optimum plant density,
proper plant nutrition, avoiding drought stress, controlling other plant pathogens, weeds,

insect pests and proper harvesting (Bruns, 2003).

Harvesting during heavy rains should be avoided as this could have serious effects on
quality of maize including rotting (Hosney, 2015). It is also important that during
handling of grains, physical damage should be minimized and high moisture maize should
not be held longer than six hours in transportation wagons or trucks (Summer et al.,
2009). Several strategies that have been investigated to manage, prevent, and reduce
mycotoxins contamination in crops include biological, chemical and cultural control

practices.

(i) Biological control

Biological control is potential means for aflatoxin control of fungal growth in the field by
use of organisms to reduce the incidence of pests, diseases, or toxins (Wu and
Khlangwiset, 2010). Numerous organism have been tested for biological control of
aflatoxin contamination including bacteria, yeasts and non- toxigenic (atoxigenic) strains
of the causal organisms (Yin et al., 2008) of which only atoxigenic strains have reached

commercial stage (Dorner, 2009).

Modifying the structures of fungal communities to favour the growth of atoxigenic strains
can result in drastic reduction of aflatoxin because the chief causal agent of contamination

has been reduced (Mehl et al., 2012).
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The atoxigenic strain is applied once per growing season when the overall A. flavus
inoculum level in the field are low, thereby providing the applied strain the time and
preferential exposure to be established in the crop, as well as subsequent advantage when
competing for crop resources with the toxigenic strains (Cleveland et al., 2003; Cotty and

Melon, 2006).

(i)  Chemical control
Aflatoxin Gi and G2 are more susceptible to chemical hydrolysis than aflatoxin B and B>
because of the linkage in the G group compared to the B group which possess a single

ether linkage (Ogunsanwo et al., 2004).

Thus, insect damage and fungal infection must be controlled in the vicinity of the
crop by proper application of insecticides and fungicides (Kabak et al., 2006). For
instance, application of itraconazole and amphotericin B fungicides to control Aspergillus
species (Wagacha and Muthomi, 2008). Also, application of tridemorph on T-2 toxin and
diacetoxyscirpenol (DAS) to inhibit growth and development of F. sporotrichioides in

vitro (Pirgozliev et al., 2003).

(iii) Cultural control

Cultural Control are practices designed to reduce mycotoxin contamination of crops that
have their roots in plant disease epidemiology (Munkvold, 2003). Cultural control
strategies include crop rotation, tillage practices, appropriate application of fertilizers,
weed control, plant density, irrigation, insect control, planting and harvesting dates,
genotypes of seed planted, competitive exclusion and good agricultural practices

(Wagacha and Muthomi, 2008; Pirgozliev et al., 2003; Strosnider et al., 2006).
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The main principle of cultural control is to alter the conditions under which the crop is
grown so that infection by the offending fungus is avoided and discourage disease

development (Battilani et al., 2008).

2.6.2 Post-harvest management practices
Pre-harvest contamination is very much related to post-harvest accumulation as higher
aflatoxin loads at harvest provide inoculum sources for subsequent contamination during

storage (Craufurd et al., 2006).

Sorting to remove physically damaged and infected grains (based on their coloration, odd
shapes, shriveled and reduced size) from the intact commodity can reduce aflatoxin levels
by 40-80% (Park, 2002; Afolabi et al., 2006). Channaiah et al. (2014) reported that the
best management for successful storage of maize includes sanitation, loading aeration and

monitoring.

ICRISAT reported that drying methods (avoiding high moisture, slow drying and air
circulation) were common practices that could help to reduce or stop aflatoxin

contamination (Diaz Rios and Jaffee, 2008; ICRISAT, 2006).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study Area

The study was conducted in the three villages of Manungu, Mlanga and Kongwa in
Kongwa district, Tanzania. The number of households growing maize in Dodoma region
was 260 043, representing 94 percent of agricultural households. Most households grew
maize in Kondoa (81 069 hh) followed by Kongwa (45 098 hh), Mpwapwa (6852 hh),
Chamwino (39 478 hh), Dodoma Urban (31 244 hh) and Bahi (21 441 hh). On average,

the area under maize per household was 1.3ha (Census of agriculture 2007/2008).

The district is located between latitude 5°30° to 6°0° South and longitude 36° 15’ to 36°
East. It borders Kilosa district in the East, Chamwino district in the West, Kiteto district
in the North and Mpwapwa district in the South. The elevation of Kongwa district ranges
from 900 to 1000 metres above sea level. Generally, the district lies on the leeward side

of Ukaguru Mountains.
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The Headquarter for Kongwa district bears the same name with the district and is located
89 kilometres East of Dodoma Municipality. Kongwa district covers 4041 square
kilometers with a population of 309 973 people where 149 221 are male 160 752 are
female (URT, 2012). Administratively, Kongwa district is divided into three divisions
namely Zoissa, Kongwa and Mlali with 14 wards and 67 villages. The main activity of
the people is agriculture. Crop production is the major activity, while livestock keeping is
the second important occupation. The crops grown include maize, sorghum, finger millet,

and legumes. Livestock kept include cattle, goats, sheep and pigs.

The district has two agro-ecological zones, based on rainfall and agronomic factors.
These are maize belt and sorghum belt, respectively. The maize belt occupies the whole
division of Mlali and major part of Zoissa division. The soil is relatively fertile based on
total amount of annual precipitations received, the district can be categorized into two
zones visualized as zone one with rainfall between 600 — 800 mm per annum and zone
two that receives between 400 and 600 mm of rainfall annually. The rainfall pattern in the
zones is bi-modal with short rains commencing in November/December to January and
long rains falling from mid-February to May. The annual temperature varies from mean
minimum of 18°C to a maximum of 34°C; being relatively suitable for maize growing.
The area is the powerhouse of Kongwa cereals production, making it among big cereals

producers in the country. The International Kibaigwa grain market is located in this area.

The sorghum belt occupies Kongwa division and Hogora ward. The area is relatively dry
with rainfall between 400 mm to 600 mm per annum; as such only drought resistant crops
have big chance of being grown. Crops grown are maize, sorghum, millet, groundnut and

pulses (Okori, 2014).
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3.2 Collection of Samples

Ten farmers from three villages namely Mlanga, Manungu and Kongwa were selected to
provide samples that are representative of those consumed on farm as food and feed from
harvest to store, for aflatoxin analysis. Collection sites were selected based on
information provided by village leaders, farmer organizations, District Agriculture and

Livestock Development Officer (DALDO) and local extension officers.

Ninety one samples were collected with distribution as shown in brackets, from Mlanga
village (32), Kongwa (33) and Manungu (26). Detailed procedures for sample collection
are indicated in the sampling protocol (Appendix 1). Samples were collected in polythene
bags and taken for analysis to the International Institute of Tropical Agriculture (IITA)
laboratory in Dar es Salaam. One kilogram sample was collected in each household on
day 1 (after harvesting and when maize grains were properly dried and ready for storage),
after 90 and 180 days in traditional storage and improved storage. Alongside maize
sampling, a questionnaire was administered to farmer to obtain information as shown in
Appendix 2. Briefly, the information solicited included; GPS coordinates and basic
demographic details of supplier, processing and storage methods such as use of improved
bags namely, Purdue improved crop storage (PICS) bags and traditional storage facility
namely, vihenge (cribs) or polypropylene (POP) bags, and knowledge of aflatoxins.
The information was catalogued in a database to correlate analysed aflatoxin levels with

production, and storage practices.
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3.3 Aflatoxin analysis

3.3.1 Sample preparation

Clearly labelled samples were dried to maximum of 13% moisture to avoid mould growth
and aflatoxin production. Due to the heterogeneous contamination of aflatoxin in grains,
sampling is the largest source of variation associated with the analysis of these naturally
occurring contaminants (Whitaker, 2004). To overcome this problem the whole 1kg
sample was milled using the Bunn and Waring grinder®(Mann: Bunn-o-Matic
Corporation Springfield, Illinois, U.S.A) and sub sampled in order to produce a blended
sub-sample that was deemed to be representative of the whole sample and cross

referenced with codes linking them to accompanying questionnaires.

3.3.2 Extraction of aflatoxins

A 50 gm of ground sample was mixed with 250 mL of 65% ethanol (v/v) and shaken
vigorously for 3 min using a laboratory shaker (IKA ®. Werker, German). The sample
was allowed to settle, and then filtered through Whatman No.1 filter paper (Whatman

International Ltd, Maidstone, UK).

3.3.3 Quantification of aflatoxins

The extracts were assayed for total aflatoxins using enzyme-linked immunosorbent assay
(ELISA) as indicated by the manufacturer’s protocol using Reveal Accuscan ®1ll Reader
(Neogen, USA). The lower limit of detection (LOD) of the ELISA was 2ug/kg, with a
qualitative range of 2-150 ug total aflatoxins/kg. The concentration below the LOD was
reported as not detected (n.d.). The analytical quality of the ELISA methods was assured
by the use of certified reference material (CRM), a naturally contaminated maize sample

with certified total aflatoxins of 18.1+£3.6 pg/kg supplied by Neogen USA.
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3.3.4 Validation of total aflatoxins using LC-MS/MS

Validation tests were carried out using liquid chromatography tandem mass spectrometry
(LC-MS/MS) at the Department of Bioanalyses Laboratory, Ghent University in Belgium
on 30 randomly selected samples previously analysed using Reveal AccuScan © 11 reader
(Neogen, USA) at the Plant Pathology Laboratory, IITA in Dar es Salaam, Tanzania.
Results from the study showed that sensitivity and specificity of LC-MS/MS system is
more than Elisa method. LC-MS/MS system determined the concentration of aflatoxin
with more sensitivity, determining the small amounts of aflatoxin in maize. There was no

significant difference between two methods during this study (Appendix 2 and 3).

3.4 Statistical Analysis

The data were analysed using Statistical Analysis System (SAS® Version 9.4
(SAS- Institute Incorporation, USA). A generalized linear model (GENMOD) was run to
identify the factors that significantly influenced contamination of maize with aflatoxins.
The differences in mean total aflatoxins amongst the climatic zones and storage practices
were determined using the least square means (LSMEANS). Aflatoxin levels were

transformed using the natural log to normalise the data before analysis.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Characteristics of Farmers

Overall, 89 % of the farmers interviewed were males. In terms of awareness, 11% of the
farmers were aware of aflatoxins and thought that it was a “poison found in spoiled
maize”. These insights revealed limited understanding of what aflatoxins were and how
they are formed. Aflatoxins and mycotoxins in general have not been widely prioritized
from a public health perspective in low-income countries. This is because knowledge of
mycotoxins and the full range and scale of their adverse health effects is incomplete and
the known risks are poorly communicated to governments in regions where the

contamination is greatest (Wild and Gong, 2010).

Creation of awareness and sensitization on aflatoxins to farmers and all the stakeholders
was therefore an important part of intervention strategies to prevent and control
mycotoxicosis in Tanzania. This might include the development and distribution of
training manuals and brochures in major languages used in their areas, conducting
training, workshops, and use of media for dissemination of information. A more effective
method of controlling aflatoxins requires a combination of technologies and improvement
on existing cultural practices by subsistence farmers (Atehnkeng et al., 2015). It was not
easy to determine if anyone in the whole population had illnesses associated with

aflatoxin contamination in their foods.

In terms of formal education, 96% of the farmers had primary school education, 2% had
secondary education and 2% had tertiary education (diploma and technical education).
Dosman et al. (2001) found that people with higher levels of education were likely to be
better informed, and may be aware of some type of risks of food additive in food than

people with less education. Results for demographic data are represented in Table 1.
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Table 1: Demographic characteristics of farmers

Characteristic Number of farmers Occurrence of
(n=91) aflatoxins (%0)

Sex

Male 81 89

Mycotoxin awareness

Yes 10 11

Health problem related to eating food

Yes -

Education

Primary 87 96

Secondary 2 2

Tertiary 2 2

None

4.1.1 Storage practices

4.1.1.1 Harvest and drying

Harvesting of maize is done during early August. This was observed in all three villages.
Immediate after harvest, farmers use different means of transport to send maize to their
stores. Some use donkey, bicycles, tricycles and others use tractors. According to Kaaya
et al. (2005) timing of harvest greatly affected the extent of aflatoxin contamination;
extended field drying of maize increases insect infestation and fungal contamination and
delayed harvest increased mould incidence, insect damage and aflatoxin levels in Uganda.
In all three villages maize was dried to the safe storage moisture content of 13-15%
mainly on the bare ground by 60 % of the farmers, in the field by 6% of the farmers and
on platforms by 34% of the farmers. Sometimes the maize was stored before it was well

dried.

Previous studies from neighboring countries of Tanzania like Kenya and Uganda
demonstrate that A. flavus and A. parasiticus can invade maize seed in the field before
harvest, during post-harvest, drying and curing as well as during storage and

transportation. Since, spores of both the species can survive for a long period of time in
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air and can get disseminated over a long period of distance from one place to another

(Bhat et al., 1997; Gao et al., 2007).

Farmers used traditional methods to test moisture content in grains such as biting dry
grains or shaking grains in a can and listening to the sound produced to determine
whether the crops were dry or not. Maize was further dried before packing into bags for
sale especially to markets which had grading systems in place to check moisture content.
In those circumstances, maize was dried on canvass spread on the ground in order to
prevent contact with the soil. In many instances, such maize was also dried along the
road sides or in open fields where dust was easily blown into the drying maize on
canvass. Hodges and Maritine (2012) reported that harvesting, drying and threshing losses

for different cereal grains in some regions of Africa.

Results from this study indicated that the likelihood of aflatoxin contamination of maize
was more than three times higher in maize dried on bare ground than that of maize not
dried on bare ground. This observation is consistent with other reports on the association
of drying maize on the bare ground with aflatoxin contamination (Atukwase et al., 2009;

Kaaya et al., 2006).

Post-harvest aflatoxin contamination can occur when grain is improperly managed
through faulty drying and storage processes under humidity and temperature levels
favorable for mould proliferation (Oliveira et al., 2009). It is also important that during
handling of grains, physical damage should be minimized and high moisture maize should
not be held longer than six hours in transportation wagons or trucks (Summer et al.,
2009). Simple devices should be developed so that Tanzania farmers can determine if
their products have reached a safe moisture level or use other cost-effective and safe

means of dehydration.
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Table 2: Occurrence of aflatoxins in maize according to storage practices/structure

Storage practices Number of Mean Range of aflatoxin

samples aflatoxin (ng/kg)
n =91 (%) (ng/kg)

Storage structures

Polypropylene bags 56 (62) 10.42 0-70.5

Cribs/granaries 1(1) 3.2 3.2-3.2

Improved bags 34 (37) 3.397 0-70.4

Storage length/time

Day 90 32 (35) 6.34 0-43.8

Day 180 36 (40) 13.09 0-70.5

Day 0 23 (25) 4.17 0-24.5

Storage pests

Yes 91 (100) 8.466 0.70.5

No -

Remove previous crop
residue from stores

Yes 91 (100) 8.466 0-70.5
No 0 (0) - -
Storage with other

crops

Yes 49 (54) 7.027 0-52.0
No 42 (46) 9.646 0-70.5
Stores treatment 9.40-70.50
Traditional pesticides 3(3) 32.9 0.00-70.40
Chemical spray 66 (73) 8.02 0.00-28.30
No stores treatment 22 (24) 6.48

Grain treatment

Traditional pesticides 3(3) 28.93 18.5-43.8
Chemical spray 58 (64) 8.06 0.00 -70.40
No stores treatment 30 (33) 7.21 0.00 - 70.40
Drying method

On ground 55 (60) 9.457 0-70.5
Dry on field 5 (6) 3.655 0-11.5
On platform 31 (34) 7.552 0-43.8
Season storage in use

(years)

1to5 years 47 (52) 8.885 0-70.5
5to 10 years 21 (23) 3.433 0-21.4
Above 10 years 23 (25) 12.2 0-53.2
Sorting

Yes 22 (24) 6.336 0-43.8

No 69 (76) 9.145 0-70.5
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4.1.1.2 Storage structures

Total aflatoxins in the three villages at 180 days:

Traditional storage structures used in all (three) villages were almost similar, and the
commonly used being the locally made granaries or cribs known as “vikenge” in Swahili.
These were made of bamboo and wood sticks or mud walled and placed on raised
platform, and grass-thatched or with metal roofing sheet. This storage method was used
by 1% of the farmers and the sample collected from these stores was found positively
contaminated with aflatoxins, since only one sample collected from this storage facilities,

the results obtained could not be discussed.

It is reported in Guatemala, due to a lack of storage structures along with the region’s
high humidity, storage losses were estimated between 40% and 45 % (IICA, 2013).
Thirty four samples were stored in improved bags (PICS) out of which 13(38%) samples
were positively contaminated with aflatoxins, Triple-layer hermetic (Purdue Improved
Crop Storage) bags have been disseminated and adopted by millions of farmers due to
their exceptional ability to control insect pests in cowpea, maize, and peanut (Baoua et

al., 2014; Anankware et al., 2013; Mutungi et al., 2014).

Similar observation was also reported by Williams et al. (2014) that Purdue bags can
prevent spoilage by moulds aflatoxin accumulation. Fifty six samples stored in
polypropylene 30(54%) samples were positively contaminated with aflatoxins.
The polypropylene bags are neither moisture nor insect resistant, thus causing the maize
grains to be very susceptible to moisture and insect infestation. Mboya et al. (2011)
studied the quality of maize stored using polypropylene in Katumba ward, Tanzania and
concluded that the method was inadequate for protecting maize against fungal infection.
The result of total aflatoxins content in maize stored in different storage structures in the

three villages for 180 days are given in Table 3.
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Table 3: Total Aflatoxins content in maize stored in different storage structures for

180 days
Aflatoxin (ug/kg)
Maize storage Number of Positive Range Means = SE
structure samples Samples (%0)
PICS 34 13(38) 2.30- 70.40 13.40% + 5.19
POP bags 56 30 (54) 2.70 -70.50 19.06% +2.95
Granaries 1 1 (100) 3.20- 3.20 3.20¢

Values are means of positive total aflatoxin levels of maize samples stored in different storage structures.
Means with the different letters (by column) are significantly different (P<0.05).
Positive samples are all analysed samples with value > limit of detection (LOD)

POP represents polypropylene bags commonly used as a storage facility.

4.1.1.3 Sorting
Sorting processes seek to eliminate maize with substandard quality. Normally sorting can
be achieved based on differentiation of physical properties such as colour, size, shape,

and density as well as visible identification of fungal growth in affected crops.

Sorting was one of the post-harvest handling practices used by farmers in all three
villages (Table 2). This was done manually by removing physically damaged and
discolored and intact grains colonized by moulds. In the whole population of 30 farmers,
24% sorted their maize before shelling and after they were properly dried. Aflatoxin
contamination is usually heterogeneous so that separating damaged kernels can
effectively reduce contamination (Kabak et al., 2006). The observation was similar to
those reported in other studies on the use of sorting to reduce mycotoxin contamination of
maize (Afolabi et al., 2006; Kimanya et al., 2009; Matumba et al., 2015; Nyangi et al.,
2015). The sorted bad portion was mainly used as animal feeds and few farmers were
using the portion for food after they de hull and mill it. The portion was mixed with

sorghum to obtain flour. Animals fed contaminated food can pass aflatoxin
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transformation products into eggs, milk products, and meat. Mazzete et al. (2009)

reported that feeding of contaminated feed can lead to aflatoxin in animal’s milk.

Effect of sorting of bad or molded maize in the stored lot indicated that the bad portion
had the highest levels of aflatoxin of mean 32.9 p/kg compared with good portion which
had a mean aflatoxin levels of 5.4 p/kg . Seventy six percent of the farmers did not sort

their crops and sold or consumed their crops with bad portions.

Consuming damaged and discolored maize samples, increase the chances of aflatoxins as
well as contaminating materials in food and feed, hence expose the population to the risks
of aflatoxins in food. The diseases caused by aflatoxin consumption are loosely called
aflatoxicosis. Acute aflatoxicosis results in death; chronic aflatoxicosis results in cancer,
immune suppression, and other “slow” pathological conditions to human (Herrman, 2006)
and in livestock, Consumption of very high levels of aflatoxins causes acute toxicity and
death, while chronic consumption of lower levels can cause liver damage, gastrointestinal
dysfunction, and decrease in appetite, reproductive function, growth, average daily gain,

body weight and production (Khlangwiset, 2011).
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Figure 5: 1=249% of farmers sort maize and 2=76% of the farmers do not sort maize

4.1.1.4 Storage pests

Maize is attacked by many insect pests during all stages of growth from seedling to
storage (Shiferaw et al., 2011). Insects and mites may damage stored grain, but they also
interact with fungal colonization in many different ways. Thus, it is important that insects
are controlled both pre and post-harvest (Hell, 2000). Prevention of pests is important as
losses during storage reduce food availability, quality, and the stability of farmers’ food

supply and income (Boxall, 2002).

A high incidence of insect damage was observed in stored maize in all three villages and
only few stores were free from insects. Cardwell et al. (2000) and Udoh et al. (2000)
studied the effect of insects’ activities and qualified them as favorable for aflatoxin
contamination when they increased the level of infection of A. flavus. In all villages the

common pest infesting maize was identified as Sitophillus zeamaiz.
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It has also been reported that maize weevils and the larger grain borer are the main and
most serious pests of stored maize (Holst et al., 2000). Insect infestation in the stored
maize grains not only reduced their quality, but also associated with higher levels of
aflatoxin contamination. This presented a health hazard since maize is the main staple
cereal in Tanzania. Insects carry spores of mycotoxicogenic moulds from plants to the
interior of the stack or kernels and may create infection wounds through their feeding
habits (Munkvold, 2003). Insects’ damage have previously been associated with

mycotoxin contamination (Hell et al., 2000; Wu, 2007).

As a consequence, proper management of insect pests through appropriate control
strategies will reduce mycotoxin contamination. In this study no aflatoxins or lower total
aflatoxin levels were found in stored maize that was free of insect damage such as those
stored in controlled improved bags (Purdue Improved Crop Storage Bags-PICS), this bag
use two liners of high-density polyethylene (HDPE) and an outer layer composed of
woven polypropylene. Together, they create low-oxygen environments that reduce insect
development (Murdock et al., 2012). As much as 98% of all insect pests can be
eliminated within just 1 month of storage, reducing damage and weight loss caused by

feeding (Baoua et al., 2012).

According to Mihale et al. (2009) insects are responsible for 15-100% and 10-60% of the
pre- and post-harvest losses of grains in developing countries. Also, Philip and Throne,
(2010) reported that stored grains contaminations with insect pests and fungi are a serious
problem resulting in more than 20% losses in overall production by decreasing seed
germination and downgrading of grains. One of the possible strategies to reduce aflatoxin

contamination in stored maize would be to remove insect damaged maize at harvest
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(Hell et al., 2000). Some farmers use smoke to discourage presence of insects from their

stores.

Another major pest for the stored maize observed were rodents. Rodents destroy crops
and packaging materials hence giving favorable environment for insects to attack crops
for example, hermetic storage plastic bags technologies which have been proven as an
effective storage alternative for small-scale farmers to control insects (De Groote et
al., 2013; Moussa et al., 2014), can be damaged by rodents (Ndegwa et al., 2016) if care

is not taken for their control, making these bags ineffective.

Rodents are well known vectors for diseases such as typhoid, paratyphoid, trichinosis,
scabies, plague, and hemorrhagic fevers like ebola which are of public health concern

(Caoet al., 2002).

4.1.1.5 Removal of crop residue from stores

In all three villages, 99% of the farmers removed previous season’s crops before
introducing new crops in their stores. Mixing old and new crops increases the risk of
contamination. Hell et al. (2008) reported that cleaning of stores before loading in the

new harvests was correlated with reduction in aflatoxin levels.

4.2 Total Aflatoxins Content in Maize from day zero to 180 days

The results from storage duration for maize indicated that the mean aflatoxin levels
increased from day O to day 180 (at harvest total mean aflatoxin was 13.12 pg/kg, at day
90 (14.75ug/kg) and day 180(19.39ug/kg), reported by Wild and Hall (2000) Aflatoxin
contamination occurs more during post-harvest than during pre-harvest conditions.
The observed increase was statistically significant in day 180 from the rest of storage

period (p<0.05). Also, Cotty et al. (2008) and Jaime et al. (2013) reported that Aflatoxins
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increase in poorly stored crops after harvest. The results of total aflatoxins content in

maize from day O to 180 days are shown in Table 4.

Table 4: Aflatoxin content in maize during storage for 180 days

Aflatoxin (ng/kg)
Maize storage days  Samples Contaminated samples (%) Range
Means + SE
Day 0 23 30 3.20-24.50 13.1229+3.56
Day 90 32 41 2.50 —43.80 14.75%+ 3.08
Day 180 36 67 2.30 —70.50 19.39"+4.25

Values are means of positive total aflatoxin levels of maize samples

Means with different letters (by column) are significantly different (P<0.05).

Results obtained from farmers storage structures during the storage period of 180 days,
aflatoxins contaminated samples were 18(56%), 12(36%) and 14(53%) of Mlanga,
Kongwa and Manungu of maize samples, respectively were contaminated with aflatoxins.
The range of aflatoxins concentrations in maize is shown in Table 4. The highest mean
aflatoxin value was 70.50 pg/kg was observed in maize from Mlanga village (Table 5)
the maximum set limit in Tanzania for total Aflatoxin (10 pg/kg), (TBS 2004).
According to Nyangi et al. (2016) maize processing reduce the levels of aflatoxin

contamination in flour.

Table 5: Aflatoxin content in stored maize in Kongwa district for 180 days

Total aflatoxins (ng/kg)

Village Number Contaminated Range Means = SE
of samples samples (%)

Mlanga 32 56 3.00 - 70.50 20.21% + 5.37

Kongwa 33 36 2.30 -52.00 15.23%¢ + 4.20

Manungu 26 53 2.70 — 24.50 14.46" + 2,10

Values are means of positive total aflatoxin of maize samples from each Village.

Means with different letters (in column) are significantly different (P<0.05).



36

4.3 Effect of Storage Practices on Aflatoxin Levels in Maize

The occurrence of aflatoxin in maize during storage was correlated with three
practices/factors. These are storage duration and storage with other crops, sorting and
storage of maize in improved bags and the use of traditional protectant as pesticides.
These practices were negatively associated with aflatoxin contamination. Parameter
estimates from regression model indicated that sorting was the major factor reducing the
contamination of maize to aflatoxin. Also, Wicklow and Pearson (2014) reported that
removal of the contaminated kernels is a reasonable approach for reducing aflatoxin

contamination.

Table 6: Association of storage factors with aflatoxin contamination in maize (Y)

across three villages

Parameter Estimate Standard Chi- Pr > ChiSq
Error Square
Intercept 0.4452 0.1861 5.7222 0.0168*
Polypropylene bags 0.6142 0.1507 16.6047 <.0001*
Cribs/granaries 1.1895 0.4450 7.1463 0.0075*
Storage at day 180 0.6289 0.1273 24.3964 <.0001*
Chemical pesticides -0.4363 0.1336 10.6713 0.0011*
Traditional pesticides 0.7222 0.2968 5.9208 0.0150*
6 - 10 year storage facilities -0.3932 0.1297 9.1937 0.0024*

Aflatoxin Y = 0.4452 + 0.6142X1 + 1.1895X2 + 0.6289X3 - 0.4363 X4 + 0.7222 Xs5— 0.3932 Xs;

* = Statistically significant at P < 0.05

From the results (Table 6), the use of polypropylene bags without any chemical treatment
increased aflatoxin contamination by estimates of 0.6142, cribs or granaries increased by
estimates of 1.1895, use of chemical pesticides/insecticides reduced aflatoxin
contamination by estimates (-0.4363) and use of traditional pesticides increased

contamination by estimates (0.7222).
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4.3.1 Storage type

Type of storage used had direct influence on the contamination of grain by aflatoxin.
Maize stored in traditional storage structures both POP and cribs had higher levels of
aflatoxin contamination compared to the maize stored in improved bags (PICS) if other
variables are constant. Mwihia et al. (2008) reported that nylon sacks and polyethylene
sacks maintained moisture and are impervious to free air circulation within the grain store
and may promote aflatoxin contamination. On the other hand, high moisture content in

polypropylene and polyethylene bags could results to lack of aeration in the bags.

PICS bag also known as a triple layer bags consist of three plastic liners. Two 80 micron
high density polyethylene plastic bags, one surrounded by second, both are enclosed by a
third bag made of woven polyprylene bag for reinforcement (Murdock and Baoua et al.,
2014). PICS are based on the principle of the bio-generated modified atmosphere, where
the low oxygen environment inhibits the growth and development of insect pests
(Sanon et al., 2011). It takes advantage of an airtight seal where oxygen concentration
dramatically decreases while carbon dioxide levels proportionally increases within a few
days after sealing through respiration of insects, fungus, and grains/seed (Quezada et al.,
2006). Many studies have proven PICS to be effective storage systems for a variety of
crops, including cowpeas, maize, peanuts, sorghum, wheat and common beans against
insect infestation, fungal growth and aflatoxin accumulation (Zorya et al., 2011: William
et al., 2014). However the effectiveness of hermetic technology depends on several
factors such as airtightness of the seal, the commodity stored, agro-climatic conditions
type and prevalence of insect pests and mechanical strength of the barrier material
(Njoroge et al., 2014). Thirty four percent of the farmers used improved bags. Thirty
eight percent of the samples were contaminated though the increase was minimal

(Table 2).
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4.3.2 Storage duration

Several studies have reported increases in aflatoxins in stored maize, especially in the
tropics (Kankolongo et al., 2009: Hell et al., 2000: Tedihou et al., 2012). Storage helps to
even out fluctuations in market supply, both from one season to the next and from one
year to the next, by taking produce off the market in surplus seasons, and releasing it back
into the market in lean seasons (Proctor, 1994). Storage durations of the maize crops in
the three villages were taken during, day 0, day 90 and day 180. In all three villages 23%
of the samples were taken during day 0, 35% of samples taken during day 90 and 40 % of

the samples taken during day 180 (Hell et al., .2000).

The influence of storage time on aflatoxin content was only noticed for period of 90 — 180
days, which generally resulted in higher aflatoxin content in stored maize samples
(Table 6). It seemed that farmers, who stored maize for a short period, did not take as
many precautions nor care as much as those that stored maize for long period. Results
from analysis indicated that in traditional/no treatment maize as the number of days
increased from zero to day 180, there was an increase of total aflatoxin in maize, while
those stored in improved bags there was no/or minimal increase in aflatoxin levels.
William et al. (2014) reported that spread of A. flavus and aflatoxin accumulation in moist

maize (>18% MC) can be controlled by placing the grain in a PICS bags.

4.3.3 Store treatment

Store treatment with chemical pesticides was related to lower aflatoxin level compared to
traditional application of insecticides and to farmers who didn’t apply any insecticides.
Seventy six percent of the farmers in the study area had treated their stores against insect
infestation before introducing their crops for storage and 24 % used no treatment in their

stores during storage. Chemical pesticides were applied by 73% of the farmers and
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traditional pesticides were used by 3% of the farmers. Chemical pesticides were sprayed
in the store especially on walls, floor and ceiling before introducing crops to be stored.
The common pesticides used were acetic acid (pilimophos methyl) and Bami force
(permethrin and Malathion). An alternative treatment involved the use of natural
protectant to smear the granaries/ cribs prior to introduction of crops and this comprised

of the mixture of dried plant leaves with burnt cow dung or goat dung (Table 7).

4.3.4 Grain treatment

Farmers in all three villages have different perceptive relating on treatment of their maize.
Some farmer’s treat their maize using chemical pesticides/insecticides which they expect
to sell and leave some maize untreated for house hold consumption. This result to
untreated maize spreading pests to treated maize. Others use traditional method to treat
their crops like smoking and other farmers do not treat their crops completely. About 4 to
12% of farmers in the various ecological zones in Nigeria used smoke to preserve
their grains, and this practice was found to be correlated with lower aflatoxin levels

in farmers’ stores (Udoh et al., 2000).

Grain treatment with traditional pesticides was related to higher aflatoxin levels
compared to farmers who did not apply any insecticides because but these products have
not been sufficiently tested for their efficiency in controlling aflatoxin in stored crops.
The effect of the application of synthetic insecticides during maize storage on reduction
of aflatoxin or fumonisins contamination was reported in several studies (Hell et al.,

2000; Atukwase et al., 2012).

Some of the farmers used Chemical pesticide which is 3% Actellic super a cocktail of

1.6% Pirimiphos-methyl and 0.3% Permethrin. Chemical pesticides have been promoted
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as effective against the LGB in combination with practices like immediate shelling and
treating (Farrell and Schulte, 2002). Sixty four percent of the farmers used Chemical
spray which is specific formulation for stored grains such as super shumba (pirimiphos

methyl), Bami force (permethrin and Malathion).

Appropriate use of pesticides during production process could help in reducing the fungal
infection or insect infestation and subsequently mycotoxin contamination. Fungicides
such as intraconazole and amphotelicin B have shown to effectively control the aflatoxin
producing Aspergillus species (Ni and street, 2005). In most cases chemical pesticides
were applied once during the storage period and in few cases it was applied twice
depending on the length of the storage and the extent of insect infestation. Thirty three
percent of the farmers did not use any chemical to store their crops. High levels of
insects’ infestation were observed in their crops and during test most of the samples were

positive in aflatoxin.

Table 7: Storage factors significantly associated with aflatoxin contamination in
maize (Y) across three villages at the beginning of storage

Parameter Estimate Standard Error  tValue Pr > |t|
Intercept -0.247 0.938 0.26 0.7965
X1 2.252 0.807 2.79 0.0154*

For Aflatoxin Y = -0.247 + 2.252X1; where X1 represents grain treatment with traditional Pesticides/insecticides.
R2=0.60; F=2.15

* = Statistically significant at P < 0.05

From the beginning of storage maize grains stored with pesticides/ insecticides reduced
the levels of aflatoxin contamination. This is because preventing presence of insects or

fungi from the grains reduce the chances of aflatoxin formation in maize. Many of the
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insects act as vectors for fungal pathogens of maize and other plants (Abbas et al., 2009).

Among the chemical compounds tested in feeds, propionic acid, sodium propionate,

benzoic acid and ammonia were the best anti-fungal compounds, followed by urea and

citric acid (Gowda et al., 2004).

Table 8: Storage factors that are significantly associated with aflatoxin

contamination in maize across three villages at the end of storage

Parameter Estimate Standard Error  tValue Pr > |t|
Intercept -.0198 0.327 0.06 0.9522
X1 0.863 0.402 2.15 0.0404*
X2 0.798 0.134 5.94 <.0001*

For Aflatoxin Y = -0.0198 + 0.863X1 + 0.798X2; where Y....... X1 represents store treatment with traditional
pesticides/insecticides and Xz represents grain treatment with chemical pesticides/insecticides
R2=0.60; F= 7.4

* = Statistically significant at P < 0.05

From Table 8 use of chemical pesticides/ insecticides reduced the aflatoxin contamination

of the stored maize compared to the use of traditional pesticides. This is because chemical

pesticides/insecticides undergone several researches to prove its ability as compared to

traditional insecticides/pesticides. Some of the biorational insecticides like spinosad,

thiamethoxam have been proved as potential grain protectants against stored insect pests

in different parts of the world (Vayias et al., 2010; Arthur, Yue and Wilde, 2004). Hence,

the use of pesticides/insecticides reduced the levels of aflatoxin contamination of maize

by killing/preventing the spread of insects in grains.
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4.3.5 Effect of duration of age of storage facility in use

In maize stored in storage structures that were in use between 1 to 5 years to more than 10
years, the total aflatoxins levels increased with time. However, from 5 to 10 years, the
levels of aflatoxin contamination lowered as most of the farmers carried out maintenance
to their warehouses. Fifty three percent of the farmers who had stored their crops in
structures that are 1 to 5 years old had total aflatoxin means of (16.18 pg/kg), 23 %
(13.18pg/kg) stored in structure that are 6 to 10 years old and 25 % (19.91 pg/kg) stored

their maize crops in structures that were more than 10 years old (Table 9).

Table 9: Effect of duration of store use on total aflatoxin content in maize

Aflatoxin (ng/kg)

Duration of store Number of Contaminated Range Means + SE
in use samples samples (%)

1to5 years 47 25 (53) 2.30- 7050 16.18%+ 3.88
5to 10 years 21 5 (24) 3.20 -21.40 13.182 + 3.26
More than 10 years 23 14 (61) 3.30-53.20 19.912°¢+3.93

Values are means of positive total aflatoxin levels of maize samples stored in different storage structures.

Means with the different letters (by column) are significantly different (P<0.05).
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The conclusion drawn from the research findings was that, storage duration and storage
types play important role and influence on the aflatoxin contamination in maize. Thus, the
maize stored in polyethylene bags (uncontrolled) for 180 days showed increase on
aflatoxin levels with time. At the beginning of storage (day 0), the mean aflatoxin level
was low and few maize samples were free from contamination; after 90 days of storage
the mean aflatoxin level was increased ; and after 180 days of storage, the mean aflatoxin

level was higher than 90t days stored maize samples.

Maize stored while treated by insecticides showed minimum increase in total aflatoxin
levels and those stored in control improved bags had low/or no aflatoxin contamination.
The mean aflatoxin level for control improved bags also increased with storage time but
to lower levels than that of maize in the polythene bags. Maize stored in PICS and
chemical treatment maize had low levels of aflatoxin compared to maize treated by
traditional method which had higher levels of aflatoxin. It was observed that there was an

association and interaction between insect and fungi in stored maize.

Prevention strategies such as proper farm management, introduction of aflasafe can only
be effective for aflatoxins that are formed from the farm, Aflasafe is based on the use of
atoxigenic strains of Aspergilluss spp. that work through competitive exclusion of
toxigenic strains from the substrate (Abbas et al., 2006). Pre-harvest natural
contamination can only be minimized post-harvest by application processing techniques

that will minimize subsequently entry into the grains. Pesticide use decreased pest
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infestation. Hence, prevention strategies for aflatoxin must be started from the farm,
proper drying of grains (to moisture less than 15%) and cleaning of stores to make them
free from insect and mould contamination is recommended. Also, use of recommended
chemicals during storage and at the required dose for effective protection of the maize
and the ultimate consumer of the grain showed positive results in lowed total aflatoxin

levels in grains.

5.2 Recommendations
There is need for more research and technology for the prevention and control of
aflatoxins, to adapt and promote the application of existing technologies and to
generate new technologies that enhance the control of aflatoxins in Tanzania.
Increased awareness of the impacts of aflatoxins and of potential technologies and
approach to address aflatoxin.
Hazards analysis critical control points (HACCP) should be employed in the
agricultural production chain (such as from farm to fork) to minimize the aflatoxin
contamination foods.
Investigation should focus on different pre-and post-harvest crop management
systems on aflatoxin contamination in different agro ecologies in Tanzania and the
effect of different traditional food processing methods on aflatoxin production so that
technologies that result in a significant reduction in aflatoxin levels could be
promoted.
There is need to conduct food baskets survey for aflatoxin contamination using
uniform sampling protocols and modern analytical methods. This will help to obtain
sound and reliable data on aflatoxin incidence in different food crops. This could then

be used to design and define control strategies.
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APPENDICES

Appendix 1: Sampling protocol for maize from field, and household villages in

Kongwa, Tanzania

This document was adapted from the International Institute of Tropical Agriculture
(ITA) main sampling protocol and used as a guide for collection of dried maize samples
for aflatoxin analyses three villages of Manungu, Mlanga and Kongwa.Samples will be
collected from farmer fields and stores. Within a household, field and stored samples
were collected separately. The samples collected were delivered to IITA in Dar es Salaam
as soon as the work completed for grinding, sub-sampling and analysis of Aflatoxin.
Materials required in the field
e Protocols:
o 1 copy for the District Agricultural Officer (DALDO)
o lcopy for extension officer of the village where samples are collected
o 1 copy for the interviewer
e Questionnaires: the total number of questionnaires were 90 for crop (Maize) in
three villages.
e Coloured-printed Aflatoxin factsheets in English for DALDO and extension
officer
e Coloured-printed Aflatoxin factsheets in Kiswahili:
o 1 copy for each farmer giving a sample
o 4 copies for the village government office

e A GPS handsets
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e Paper bags (A3 envelopes) for keeping collected samples from each sampling
station (household or market). One envelope for one sample. There will be a need
of 150 pieces of envelopes.

e Rubber bands to tight each collected sample

e Polyethylene bags of 50kg capacity to store the collected samples: About 4 pieces
of such bags will be needed for the 150 samples

e Aclip board for holding the documents during administering the questionnaires

e Pencils for data recording on the questionnaire. 5 pieces

e Pencil sharpeners, 1 pieces

e Marker pens, 12 pieces

e Sisal rope, to use a 10m long piece for tying up the polyethylene bags containing
samples after collection

e 1 Umbrella

Villages Survey Planning Meeting

The DALDO were consulted to provide village map to facilitate planning for the villages
to be visited. He/she will also provide phone numbers of the local Extension Officers
located in the villages to be visited. The sampling unit will be randomly selected from the

village register provided by the DALDO and extension officers.

Sampling methods and procedures
In order to provide representative samples and consistence in sampling method for all
villages and all surveys (there will be several surveys to collect the required samples per

village per crop), the following points should be taken into account:
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In the three villages a total of 90 samples will be collected from maize along food
chain. Samples will be collected from different sampling unit production
(farmers), household (storage).

Samples will be collected at pre-harvest in the field such as 0, and post-harvest (at
storage) 90 and 180 days. They will be collected both from normal fields and
improved methods of production (trial farms). A total of 90 samples will be
collected in three villages such as 0 day 30 samples, 90 days 30 samples and 180
days 30 samples.

When sampling from storage structures (static lots—bins, sacks, or containers),
multiple probing will be used. Small numbers of samples will be collected from
different areas of a container and then mixed to produce a representative sample.
Samples will be taken with a probe, at three levels: top, middle, and bottom.
At each level, samples of 1 kg are taken randomly and then mixed. Then, 1 kg is
drawn at random from the mix. A total of 90 samples will be collected (10 unit x
1 sample x 3 villages x 3 months).

Clear and detailed explanation will be given to farmers about what is needed and
for which purpose. This will minimize farmers’ suspicions. I will not collect only
clean samples, the bad samples are more likely to have aflatoxin contamination
Effective time use

o Samples from store will be collected at the same time.
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Sampling procedures

1.

The interviewee will be briefly and clearly explained the intention and reason of
collecting from him/her the sample of the crop in question.

The questionnaire provided should be filled with all information needed as
indicated.

Coloured-printed photographs (fact sheet) of crops infected with aflatoxin will be
shown to the interviewee and ask if he/she has seen such symptoms in his/her crop.
Fill in his/her answer on the appropriate space in the questionnaire.

For samples from the field: samples will be taken following the two diagonals of the
field and stop at regular intervals to pick sample to have as representative sample as
possible. Estimate the distances of the diagonals to decide on the number of stops to
have a sample of 1kg.

For stored sample: sub-samples will be drawn from each package, if there are more
than one packages of the same lot as will be explained by the interviewee, then mix
the sub-samples to have the required quantity of sample.

If the farmer has two lots of crop, say a good lot for human consumption as food
and another lot of especially spoiled crop for livestock or other uses, two separate
samples will be taken. In this case, the sample code will be the same for each
sample except that the one for human food will be marked “A” and the one for
livestock will be marked “B”.

Put the sample in the paper bag (envelope) provided.

A pencil will be used to write a label by copying the sample code already filled in
on the questionnaire on a piece of paper and put this label inside the envelope
containing the sample.

The envelope containing the sample will be rolled and the labelled from the bottom

upwards, and when reaching the flap remove the paper tissue from the flap to
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Note:

11.

12.

13.
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expose its sticky side, then press the flap on the side of the envelope to hold on and
prevent unrolling.
Correctly the same sample code will be written on the roll and wrap on a rubber

band.

Sample code writing on the questionnaire is very important and labels must be
written onto outside of envelope and also onto a piece of paper placed inside the
envelope. The label should be made up of the following sequence: day, month,
year / crop / village / farm code.

The crop names will have to be abbreviated (MA. for maize) but the village names
written in full. In the sample code everything will be written in capital letters, for
example, 260915/MA/KONGWA/01 where 26 stands for the 26™ day, 09 for the
month of September and 15 for the year 2015. The next sample collected on the
same day in this example will then be 260915/MA/KONGWA/02

The rolled envelope of the sample will be placed in the polyethylene sack and
proceed for the next sampling station (household/market).

When the polyethylene sack has accommodated samples of approximately 50kg, it
will be tied at the ‘neck’ using sisal rope and packed in the car. Start another empty
sack in the next sampling station.

Keep all samples dry in the vehicle and all the time; avoid any moisture risk. For
this reason a vehicles used in these surveys are preferably station wagons to avoid

spoilage by rain if the vehicle is a pick-up.

Temporary storage of the samples waiting for dispatch to IITA Dar es salaam

should also be done in a moisture-free environment.
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14. The samples will be dispatched to 1ITA Dar es salaam, while ensuring moisture-free

environment.

In case the collected sample is not completely dry (i.e. feels moist and cool to the touch)
the sample must be air-dried. This should be done in either the village or ward or district
office room or in the hotel room. This is to avoid keeping moist samples that may develop
unwanted microbes and contaminants. This should be done carefully with clear labelling
in order to avoid mixing up samples and in a way to prevent spoilage, theft, wind

disruption or eaten by animals.
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Storag | Farm Village Health Storag | Do you Storage Seasons the | Drying Storage type Total
e code Aware problem e | remove facilities storage methods aflatoxin
length of pests old treatment has been (ppb)
Sex Education mycotoxin used Sorting Criteria
Polypropylene
0 06MA 1 M Primary No No Insect Yes Cleaning >10 dry on field bags No No 4
on bare Polypropylene
0 05MA 1 M Primary No No Yes Yes Insecticides 1 ground bags Yes colour 55
Polypropylene
0 04MA 1 M Primary No No Yes Yes Insecticides 1 dry on field bags No No 1.8
Polypropylene
0 03MA 1 F Primary No No Yes Yes Insecticides 1 dry on field bags No No 115
Polypropylene
0 07MA 1 M Primary No No Yes Yes Insecticides >5 dry on field bags No No 13
Polypropylene
0 02MA 1 M Primary No No Yes Yes Insecticides >10 dry on field bags No No 0
Spray with on bare Polypropylene
0 01MA 1 F Primary No No Yes Yes actelic >5 ground bags No No 0
0 08MA 1 M Primary No No Yes Yes Insecticides >9 dry on field Cribs No No 3.2
Polypropylene
0 01IMLA 2 M Primary No No Yes Yes Pesticides >5 Platform bags No No 0
on bare Polypropylene
0 02MLA 2 M Primary No No Yes Yes Insecticides >9 ground bags No No 0
on bare Polypropylene
0 04MLA 2 M Primary No No Yes Yes Insecticides 18 ground bags No No 0.4
Polypropylene
0 05MLA 2 M Primary No No Yes Yes Insecticides >5 Platform bags No No 0
on bare Polypropylene
0 06MLA 2 M Primary No No Yes Yes Insecticides 5 ground bags No No 0
Polypropylene
0 07MLA 2 M Primary No No Yes Yes Insecticides 12 Platform bags No No 0
Polypropylene
0 08MLA 2 M Primary No No Yes Yes Insecticides >5 Platform bags No No 0
Polypropylene
0 09MLA 2 M Tertiary No No Yes Yes Insecticides >5 Platform bags No No 0.3
Insecticides/r Polypropylene
0 10MLA 2 F Primary No No Yes Yes odent trap >5 Platform bags Yes colour 0
on bare Polypropylene
0 01KO 3 M Primary No No Yes Yes Insecticides >5 ground bags No No 0.3
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Storag | Farm Village Health Storag | Do you Storage Seasons the | Drying Storage type Total
e code Aware problem e | remove facilities storage methods aflatoxin
length of pests old treatment has been (ppb)
Sex Education mycotoxin used Sorting Criteria
Polypropylene
0 03KO 3 M Primary No No Yes Yes Insecticides >10 Platform bags No No 24.4
Burnt Goat Polypropylene
0 04KO 3 M Primary No No Yes Yes Dung >6 Platform bags Yes colour 18.8
Polypropylene
0 05KO 3 M Primary No No Yes Yes Insecticides >10 Platform bags No No 24.5
on bare Polypropylene
0 06KO 3 M Primary No No Yes Yes Insecticides >10 ground bags No No 0
Polypropylene colour,
90 01IMATRD 1 M Primary No No Yes Yes Insecticides >10 Platform bags Yes size 43.8
Super grain
90 01MAIMP 1 M Primary No No Yes Yes cleaning >10 Platform safe bags No N/A 9.8
on bare Polypropylene colour,
90 02MATRD 1 M Primary No No Yes Yes cleaning >6 ground bags Yes Insect 0.7
on bare Super grain Colour,
90 02MAIMP 1 M Primary No No Yes Yes cleaning >6 ground safe bags Yes Insect 0
on bare Polypropylene colour,
90 03MATRD 1 M Primary No No Yes Yes cleaning 2 ground bags Yes Insect 0.8
on bare Super grain colour,
90 03MAIMP 1 M Primary No No Yes Yes cleaning 2 ground safe bags Yes Insect 0.1
on bare Polypropylene Colour
90 04MATRD 1 M Primary No No Yes Yes cleaning 1 ground bags Yes ,Insect 1.9
on bare Super grain colour,
90 04MAIMP 1 M Primary No No Yes Yes cleaning 1 ground safe bags Yes Insect 0.4
on bare Polypropylene colour,
90 05MATRD 1 M Primary No No Yes Yes cleaning >3 ground bags No Insect 12.3
on bare Super grain colour,
90 05MAIMP 1 M Primary No No Yes Yes cleaning >3 ground safe bags No Insect 0.7
on bare Polypropylene
90 06MATRD 1 M Primary No No Yes Yes cleaning 1 ground bags No No 9.9
on bare Super grain
90 06MAIMP 1 M Primary No No Yes Yes cleaning 1 ground safe bags No No 0.8
Super grain
90 01IMLATRD 2 M Primary No No Yes Yes Insecticides 1 Platform safe bags Yes No 0.9
Polypropylene
90 01MLAIMP 2 M Primary No No Yes Yes Insecticides 1 Platform bags No No 0.4
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Storag | Farm Village Health Storag | Do you Storage Seasons the | Drying Storage type Total
e code Aware problem e | remove facilities storage methods aflatoxin
length of pests old treatment has been (ppb)
Sex Education mycotoxin used Sorting Criteria
on bare Polypropylene
90 02MLATRD 2 M Secondary No No Yes Yes No 1 ground bags No - 16.8
on bare Super grain
90 02MLAIMP 2 M Secondary No No Yes Yes No 1 ground safe bags No No 6.9
Polypropylene
90 03MLATRD 2 F Primary Yes No Yes Yes Insecticides 1 Mats bags No No 0.3
Super grain
90 03MLAIMP 2 M Tertiary Yes No Yes Yes Insecticides 1 Mats safe bags No No 0
on bare Polypropylene
90 04MLA TRD 2 M Primary No No Yes Yes Insecticides >5 ground bags Yes colour 0
on bare Super grain
90 04MLA IMP 2 M Primary No No Yes Yes No >5 ground safe bags Yes colour 28.3
on bare Polypropylene colour,
90 05MLA TRD 2 F Primary No No Yes Yes Insecticides 4years ground bags Yes damaged 2
on bare Super grain colour,
90 05MLA IMP 2 F Primary No No Yes Yes Insecticides 4years ground safe bags Yes damaged 2.5
Polypropylene
90 01KOTRD 3 M Primary Yes No Yes Yes Insecticides 3 Platform bags Yes Damage 0
Super grain
90 01KOIMP 3 M Primary Yes No Yes Yes No 3 Platform safe bags No No 9.6
on bare Polypropylene colour,
90 02 KOTRD 3 M Primary Yes No Yes No no cleaning >5 ground bags Yes mould 0.9
Spray with on bare Super grain
90 02KO IMP 3 M Primary Yes No Yes Yes bami force 1 ground safe bags Yes No 0.1
on bare Polypropylene
90 03KO TRD 3 M Primary No No Yes Yes Insecticides 1 ground bags No No 8.1
on bare Super grain
90 03 KO IMP 3 M Primary No No Yes Yes No 1 ground safe bags No No 0.3
on bare Polypropylene
90 04 KO TRD 3 M Primary No No Yes Yes Insecticides >10 ground bags No No 0.9
on bare Super grain
90 04 KOIMP 3 M Primary No No Yes Yes No >10 ground safe bags No No 19.2
Polypropylene
90 05 KO TRD 3 M Primary No No Yes Yes Animal dang >10 Platform bags No No 18.5
Super grain
90 05 KOIMP 3 M Primary No No Yes Yes No >10 Platform safe bags No No 6.1
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Storag | Farm Village Health Storag | Do you Storage Seasons the | Drying Storage type Total
e code Aware problem e | remove facilities storage methods aflatoxin
length of pests old treatment has been (ppb)
Sex Education mycotoxin used Sorting Criteria
on bare Polypropylene
180 01MAIMP 1 M Primary No No Yes Yes Insecticides 1 ground bags No No 22.7
on bare Super grain
180 01MA TRD 1 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 70.4
on bare Polypropylene
180 02MAIMP 1 M Primary No No Yes Yes Insecticides 1 ground bags No No 13
on bare Super grain
180 02MATRD 1 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 0
on bare Polypropylene
180 | O3MAIMP 1 M Primary No No Yes Yes Animal dang 1 ground bags No No 70.5
on bare Super grain
180 03MATRAD 1 M Primary No No Yes Yes Animal dang 1 ground safe bags No No 9.4
on bare Polypropylene
180 04MAIMP 1 M Primary No No Yes Yes Insecticides >10 ground bags No No 53.2
on bare Super grain
180 04MATRD 1 M Primary No No Yes Yes Insecticides >10 ground safe bags No No 3.3
Polypropylene
180 05MAIMP 1 M Primary No No Yes Yes Insecticides 1 Platform bags No No 8.8
Super grain
180 05MATRD 1 M Primary No No Yes Yes Insecticides 1 Platform safe bags No No 3
on bare Polypropylene
180 06MAIMP 1 M Primary No No Yes Yes Insecticides >3 ground bags No No 9.5
Super grain
180 06MATRD 1 M Primary No No Yes Yes Insecticides >3 Mats safe bags No No 0
Polypropylene
180 01MLA IMP 2 M Primary No No Yes Yes Insecticides 1 Mats bags No No 13.2
on bare Super grain
180 01MLATRD 2 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 0
on bare Polypropylene
180 02MLAIMP 2 F Primary No No Yes Yes Insecticides >10 ground bags No No 8.6
Super grain
180 | 02MLATRD 2 F Primary No No Yes Yes Insecticides >10 Platform safe bags No No 0.1
Polypropylene
180 03MLAIMP 2 M Primary No No Yes Yes Insecticides 1 Platform bags No No 3.2
on bare Super grain
180 | OBMLATRD 2 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 14
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Storag | Farm Village Health Storag | Do you Storage Seasons the | Drying Storage type Total
e code Aware problem e | remove facilities storage methods aflatoxin
length of pests old treatment has been (ppb)
Sex Education mycotoxin used Sorting Criteria
on bare Polypropylene
180 04MLAIMP 2 M Primary No No Yes Yes Insecticides >2 ground bags No No 21.4
on bare Super grain
180 04MLATRD 2 M Primary No No Yes Yes Insecticides >2 ground safe bags No No 2
on bare Polypropylene
180 05MLAIMP 2 F Primary No No Yes Yes Insecticides 1 ground bags No No 4.6
on bare Super grain
180 05SMLATRD 2 F Primary No No Yes Yes Insecticides 1 ground safe bags No No 0.6
on bare Polypropylene
180 06MLAIMP 2 M Primary No No Yes Yes Insecticides 1 ground bags No No 52
Super grain
180 | 06MLATRD 2 M Primary No No Yes Yes Insecticides 1 Platform safe bags No No 0.9
Polypropylene
180 | O7TMLAIMP 2 M Primary No No Yes Yes Insecticides 1 Platform bags No No 23
on bare Super grain
180 07MLATRD 2 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 2.3
on bare Polypropylene
180 | 01KOIMP 3 M Primary Yes No Yes Yes Insecticides >10 ground bags Yes No 22.7
on bare Super grain
180 01KOTRD 3 M Primary Yes No Yes Yes Insecticides >10 ground safe bags Yes No 0.6
Polypropylene
180 02KOIMP 3 M Primary Yes No Yes Yes Insecticides 1 Platform bags Yes No 9.4
Super grain
180 02KOTRD 3 M Primary Yes No Yes Yes Insecticides 1 Platform safe bags Yes No 0
on bare Polypropylene
180 03KOIMP 3 M Primary No No Yes Yes Cleaning >4 ground bags No No 13
on bare Super grain
180 | O3KOTRD 3 M Primary No No Yes Yes Cleaning >4 ground safe bags No No 0
on bare Polypropylene
180 | 04KOIMP 3 M Primary No No Yes Yes Insecticides 1 ground bags No No 2.7
on bare Super grain
180 04KOTRD 3 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 0.4
on bare Polypropylene
180 | 05KOIMP 3 M Primary No No Yes Yes Insecticides 1 ground bags No No 22.1
on bare Super grain
180 05KOTRD 3 M Primary No No Yes Yes Insecticides 1 ground safe bags No No 3.4
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Appendix 3: Determination of aflatoxin in maize by means of LC-MS/MS

Samples Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.
(Lg/kg) | (Hglkg) | (ug/kg) | (Mg/kg) | (ug/kg) | (Wgrkg) | (ug/kg) | (Mgrkg) HT- | (ug/kg) (hg/kg) (hg/kg) (ug/kg) | (ug/kg)
DON AFG2 AFG1 AFB2 | AFB1 HT-2 T-2_ 2+T-2 FB1 FB2 FB1+FB2 | OTA ZEN
12022016/MA/MA2- <CCa | <CCa <CCa <CCa | <CCa | <CCu I?j)gg <CCa 153.0 54.8 207.8 <CCa <CCa
!I.I\2/|(|)332015/ KO/MA2- <CCa | <CCa <CCa <CCa | <CCa | <CCu <CCua <CCa 432.7 187.2 619.8 <CCa <CCa
I§0D32016/ MLA/MA/2- | 1122 | <CCa <CCa. <CCa | <CCa | <CCu <CCa <CCa 1005.5 479.3 1484.7 <CCa. <CCa.
III\Z/TO/ MA/MA/1-IMP 361.9 <CCa <CCa <CCa | <CCa | <CCu <CCa <CCa 1570.2 847.7 2417.9 <CCa <CCa
12032015/MLA/MA/1- | <CCo | <CCa <CCa. <CCa | <CCa | <CCu <CCa <CCa 165.4 100.8 266.2 <CCa. 77.8
I1'\2/|(I):’62015/ MLA/MA/1- | <CCa | <CCa. <CCa. 4.2 30.6 <CCa <CCa <CCa 190.9 104.9 295.8 <CCa. <CCa.
III\Z/I(I)DZZOIGI MA/MA/3- <CCa | <CCa <CCua 16.4 85.2 <CCa <CCua <CCa 600.2 338.5 938.7 <CCa <CCa
!LI\Z/IOP72015/ MLA/MA/2- | <CCo | <CCa. <CCu <CCa | <CCo | <CCa <CCua <CCuo. 1017.0 479.8 1496.7 <CCu. <CCu
15022015/ MLA/MA/3- <CCa | <CCa <CCa 6.5 59.0 <CCua <CCua <CCa 1400.5 660.1 2060.6 <CCa <CCa
Ilhsfl(l)DZZOlG/ MLA/MA/3- <CCa | <CCu <CCa <CCa | <CCa | <CCa <CCa <CCa 685.6 381.0 1066.6 <CCa <CCa
!I.'\éI(I)DZZOlﬁl MLA/MA2- <CCa | <CCa <CCa <CCa | <CCa | <CCu <CCua <CCa 51.6 43.4 95.0 <CCa <CCa
1—'2?032016/M LA/IMA/4- | <CCa | <CCa. <CCu <CCa | <CCa | <CCa <CCua <CCu 556.9 310.7 867.7 <CCu <CCu
I1'\3{|(I):’22016/ MLA/MA/3- | <CCa | 2.6 <CCa. <CCa |83 <CCa <CCa <CCa 1064.1 625.7 1689.9 <CCa. <CCa.
1-'2?022016/ MLA/MA-4- | <CCo | <CCa <CCa <CCa | <CCa | <CCu <CCa <CCa <CCa 42.0 42.0 <CCa <CCa
-1|—2RO[22016/ MLA/MAJ007 | 2285 | <CCa <CCo, <CCa | <CCa | <CCu <CCa. <CCa. 1022.9 4525 1475.4 <CCa, 21.1
_1|_3|;0|§2016/M LA/MA/1- | 3254 | <CCua <CCa. <CCa | <CCa | <CCu <CCa. <CCa 11445 473.3 1617.9 <CCa. <CCa.
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Samples Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.
(Mo/kg) | (Ma/kg) | (Mgrkg) | (Mo/kg) | (Ma/kg) | (Mg/kg) | (Mgrkg) | (Mg/kg) HT- | (ng/kg) (Hg/kg) (Mg/kg) (Mo/kg) | (Mg/kg)
DON AFG2 AFG1 AFB2 | AFB1 | HT-2 T-2 2+T-2 FB1 FB2 FB1+FB2 | OTA ZEN

Toxin

12022016/MA/MA/1- <CCo | <CCua <CCa. <CCo | <CCa | <CCu <CCao. <CCa. 899.8 509.5 1409.3 <CCa. <CCa.

TRD

131215/MA/MAJ3-TRD | <CCa | <CCa <CCu. <CCa | <CCo | <CCua <CCua <CCa <CCa <CCa <CCa <CCa <CCu.

12052015/KO/MA/2- <CCa | <CCu <CCu. <CCa | 6.1 <CCa <CCa <CCa 670.0 252.8 922.9 <CCu. <CCu.

TRD

12022016/KO/MA/4- <CCo | <CCa 4.6 15.0 5.3 <CCa <CCa <CCa 565.7 365.6 931.3 <CCa. <CCa.

IMP

12062015/MLA/MA/2- 278.1 <CCa <CCu. <CCa | <CCo | <CCua <CCu <CCa 1172.2 479.6 1651.8 <CCua. <CCu.

TRD

12042015/KO/MA/2- <CCa | <CCa <CCa. 1.7 9.7 <CCa <CCu <CCa 827.1 351.4 1178.5 <CCa. <CCa.

TRD

12022016/MA/MA/009 | 766.5 <CCa 9.9 2.7 13.2 <CCo. <CCu <CCa 1894.2 800.2 2694.4 <CCa. 44,6

12022016/MA/MA/4- <CCa | <CCa <CCa. <CCa | <CCa | <CCu <CCa <CCa 337.6 73.5 411.1 <CCa. <CCa.

IMP

12032015/MLA/MA/2- <CCa | <CCu <CCu. <CCa | <CCo | <CCua <CCu <CCa 520.7 230.5 751.2 <CCa <CCu.

TRD

12032015/KO/MA/2- 64.0 <CCa 7.9 <CCa | 4.5 <CCa <CCa <CCa 710.7 293.2 1003.9 <CCa. <CCa.

IMP

12022016/KO/MA/4- <CCa | <CCa <CCa. 1.7 6.7 <CCa <CCa <CCa 464.0 171.9 635.9 <CCa. <CCa.

TRD

13022016/MA/MA/05- 778.4 <CCa <CCa. <CCa | <CCa | <CCau <CCa. <CCa 1870.2 770.5 2640.7 <CCa. 40.9

TRD

13022016/MLA/MA/1- 673.0 <CCa <CCa. <CCa | <CCa | <CCau <CCa <CCa 887.8 441.9 1329.7 <CCa. <CCa.

IMP

12022016/MA/MA/008 | 479.9 <CCa <CCa. <CCa | <CCa | <CCu <CCu <CCa 3085.4 1388.5 4473.8 <CCa. 252.7

% Measument 29.2 40.15 39.37 36.39 37.38 37.72 38.1 51.03 11.75 8.01 9.42 11.7 29.04

Uncertainty




