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ABSTRACT 

This study addresses the issue of quality electricity access on Tumbatu Island in Tanzania, with 

a specific focus on enhancing the high-voltage (HV) transmission line. While many studies 

concentrate on low-voltage (LV) transmission lines, HV lines play a crucial role and merit 

more attention. Therefore, the objective of the study is to improve the voltage profile of the HV 

transmission line through a hybrid energy system comprising solar PV, wind turbines, and 

batteries. This effort begins with an analysis of the total power demand and consumption, which 

are essential for designing an effective energy system. The study employs HOMER Pro to 

simulate various hybrid system configurations. The simulation findings indicate that 

integrating solar PV, wind turbines, and HV lines leads to a significant enhancement in the 

voltage profile, raising it from 29.6 kV to 31.23 kV during peak demand. This solution 

demonstrates the highest economic viability, boasting the lowest Net Present Cost (NPC) of 

USD 4 003 851 and a relatively short payback period (PB) of 3.79 years. Implementing this 

hybrid system not only meets the island's energy needs but also contributes to global pollution 

reduction and minimizes electricity costs for the population of Tumbatu Island. Furthermore, 

it addresses the demand for clean energy, emphasizing its role in achieving sustainable and 

accessible electricity in Sub-Saharan Africa and beyond.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Problem 

Energy is essential for economic development, with demand steadily rising due to factors like 

population growth, urbanization, and industrialization (Holechek, 2022; Ritchie, 2020). 

Despite advancements in resource efficiency and the adoption of renewable energy sources, 

fossil fuels continue to hold a predominant position in energy production (Ali, 2021; 

Friedemann, 2021; Heede, 2014; Li, 2021). To mitigate these challenges, there is a global push 

towards renewable energy sources �0itraãinoviü� 2021� 2Seyemi� 2021�. However, integrating 

intermittent renewable energies, such as solar and wind power, presents grid stability 

challenges (Abdelkareem et al., 201�� /utyĔsNi� 201��. Tumbatu Island has plenty of 

renewable energy resources, but it encounters problems with the stability of its power grid 

because it relies on HV transmission line that experiences voltage drops (Islam, 2008).  

Islands such as Tumbatu in Zanzibar have rich renewable energy resources. Utilizing various 

renewable energy technologies can help small islands meet all their domestic energy needs. 

Tumbatu is the third-largest island in the Zanzibar archipelago, located northwest of Unguja 

Island, with a population of 26,482 and an average household size of 4.5% (National Bureau 

of Statistics, 2022). 

A 33 kV submarine cable, running 35.3 km from Mtoni substations in Zanzibar to Mkokotoni, 

supplies electricity to Tumbatu. This transmission line faces several challenges, the most 

significant being voltage drop due to the long distance and insufficient power to meet current 

and growing demand. One solution to the voltage drop issue is constructing a new overhead 

transmission line connected by a submarine cable. However, this is financially unviable due to 

high costs �Acaro÷lu 	 0irque]� 2022� 'e-Alegría et al., 2009) and potential environmental 

concerns, such as maritime contamination (Al-Ghaithi et al., 2017; Taormina et al., 2018). The 

remaining feasible solution is integrating renewable energy with grid electricity (Falk et al., 

2021; Farghali et al., 2023; Jaiswal et al., 2022). Renewable sources like solar or wind power 

can sustainably and economically address the voltage drop issue (Ali et al., 2022). This 

approach promotes environmental sustainability (Malik et al., 2019) and offers long-term cost 

savings (Ababio et al., 2021). 
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Reducing reliance on traditional energy sources and harnessing renewable resources makes the 

electricity grid more resilient and less prone to voltage drop issues (ENERGY5, 2023; Yadav 

et al., 2023). This strategy aligns with the global shift toward a greener and more sustainable 

energy future. Therefore, focusing on renewable energy integration into the existing grid 

infrastructure is crucial. This approach addresses voltage drop issues and supports 

sustainability goals and energy independence in the region. 

The HV transmission lines, as the backbone of power networks, play an indispensable role in 

electricity distribution. Despite their significance, the attention to quality issues in HV lines 

often pales in comparison to that of LV networks. This neglect is worrying considering the 

crucial function HV lines fulfill in maintaining the reliability and stability of the grid. 

Neglecting quality concerns in HV lines can lead to widespread power outages, safety hazards, 

and increased energy losses, posing significant risks to both infrastructure and public safety 

(NCSL, 2024). Furthermore, as critical components of power distribution networks, HV lines 

are responsible for transmitting large amounts of electricity over long distances, making them 

susceptible to various challenges such as insulation degradation, structural weaknesses, and 

environmental factors like lightning strikes and extreme weather events. These issues 

underscore the urgent need to prioritize quality improvement efforts in HV transmission lines 

to safeguard grid reliability and mitigate potential risks and disruptions to power supply 

(Parihar, 2018; Wu, 2017). 

Addressing quality issues in HV transmission lines requires a multifaceted approach that 

encompasses prioritization, technological innovation, and integration of renewable energy 

sources. Prioritization involves identifying and assessing high-risk areas and critical 

infrastructure components, allowing utilities to allocate resources efficiently and effectively 

(Raghav et al., 2022). Technological innovation plays a crucial role in improving the reliability 

and performance of HV lines, with advancements in materials, monitoring systems, and 

maintenance techniques enabling proactive identification and mitigation of potential issues 

(Alexopoulos et al., 2021). Additionally, integrating renewable energy sources presents a 

promising avenue for enhancing HV line quality. By leveraging renewable energy generation 

located closer to consumption centers, such as solar and wind power, the strain on transmission 

lines can be reduced, resulting in improved grid stability and efficiency (Weiss & Tsuchida, 

2015). Furthermore, the variability of renewable energy sources necessitates a more flexible 
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and adaptive grid infrastructure, which can drive innovations in transmission line technologies 

and grid management practices (Karduri, 2018; Saianiruth et al., 2023). 

The HOMER Pro, simulation software developed by the National Renewable Energy 

Laboratory (NREL), stands out as a powerful tool for optimizing the integration of renewable 

energy sources into existing grid infrastructure. Its capabilities extend beyond traditional 

simulation software, allowing for the comprehensive analysis of hybrid renewable energy 

systems tailored to specific geographic locations and energy needs (Abdul-Wahab, 2020). 

HOMER Pro enables researchers and utilities to model various renewable energy sources, 

storage options, and system configurations, considering factors such as resource availability, 

energy demand profiles, and economic parameters. This versatility makes it invaluable for 

designing cost-effective and technically feasible solutions for integrating renewable energy 

into the grid, particularly in remote and isolated regions like Tumbatu Island. Additionally, 

HOMER Pro facilitates the assessment of the economic viability and environmental impact of 

different system configurations, providing valuable insights for decision-making and policy 

formulation related to renewable energy integration (Hassan et al., 2016; Manyama, 2018; 

Sharma, 2022). 

Despite the extensive research conducted on LV networks, there remains a noticeable gap in 

the literature regarding quality improvement in HV transmission lines, especially in 

underdeveloped regions. While much attention has been paid to enhancing the reliability and 

performance of LV distribution systems, HV transmission lines have often been overlooked, 

despite their critical role in electricity transmission and distribution infrastructure (Andersen, 

2014). This research aims to address this gap by focusing on optimizing a grid-connected 

renewable energy hybrid system for Tumbatu Island, utilizing HOMER Pro. This involves 

conducting a comprehensive analysis of the economic viability, technical feasibility, and 

environmental impact of integrating renewable energy sources into the island's grid 

infrastructure. This study seeks to provide valuable insights and recommendations for 

improving HV line quality and enhancing overall grid resilience and sustainability. Through 

its unique methodology and targeted geographic focus, this research aims to contribute to the 

broader understanding of renewable energy integration and grid optimization in remote and 

isolated regions, ultimately advancing the transition towards a more sustainable and resilient 

energy future. 
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1.2 Statement of the Problem  

Tumbatu Island, like other parts of Zanzibar, struggles with electricity provision. A 35.3-

kilometer transmission line from the Mtoni substations in Zanzibar to Mkokotoni supplies 

electricity to Tumbatu Island via a 33 kV submarine cable. This line has issues, particularly a 

voltage drops to 29.6 kV due to the long distance and insufficient power supply for the island's 

growing energy needs. Previous efforts, including the use of a submarine cable, sporadic 

maintenance, and Reactive Power Compensation Devices to enhance voltage stability, have 

failed to ensure reliable electricity. Equipment failures and rising demand necessitate urgent 

solutions to prevent further disruptions. Despite extensive research on LV networks, there is a 

notable lack of literature on quality improvement in HV transmission lines, especially in 

underdeveloped regions. 

Furthermore, while renewable energy sources offer potential solutions, there is a noteworthy 

absence of detailed studies focusing on the design and analysis of renewable energy systems 

tailored to Tumbatu Island's unique characteristics (Manyama, 2018). Moreover, the feasibility 

of integrating renewable energy systems with the existing HV electricity grid remains largely 

unexplored. This research gap underscores the critical need for a targeted investigation into the 

optimal design and analysis of renewable energy systems within the context of Tumbatu Island, 

Zanzibar. 

In response to these challenges, this study aims to address the research gap by examining the 

design and analysis of renewable energy systems on Tumbatu Island. Specifically, the research 

seeks to identify the most effective technical and economic solutions for a renewable energy 

system integrating solar and wind power sources. By integrating these renewable energy 

systems with the existing HV electricity grid, the study aims to enhance reliability and 

sustainability while mitigating the challenges posed by the current infrastructure. Utilizing 

simulation modeling and optimization techniques with HOMER Pro software, the research 

aims to gain insights into efficiently harnessing the island's natural resources. Ultimately, this 

study aims to provide practical guidance for policymakers and stakeholders in formulating 

sustainable energy policies and strategies for Tumbatu Island (Al Ghaithi, 2017). 
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1.3 Rationale of the Study  

7he island
s geograShical and climatic conditions offer significant Sotential for renewaEle 

energy sources. 6olar� wind� and Eiomass energy can Ee harnessed to create a hyErid system 

that comSlements e[isting grid infrastructure. 

A well �designed hyErid system can enhance energy security Ey reducing reliance on e[ternal 

energy sources and mitigating the risNs associated with fuel Srice volatility and suSSly 

disruStions. 7his contriEutes to a more staEle and resilient energy suSSly for the island
s 

residents. 

7he research e[Slores innovative solutions Ey integrating various renewaEle energy sources 

and advanced oStimi]ation tools. 7his aSSroach not only addresses the unique challenges faced 

Ey 7umEatu Island Eut also advances the field of renewaEle energy system design and analysis. 

1.4 Research Objectives 

1.4.1 General Objective 

To 
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environments (Omara et al., 2021). Moreover, aflatoxins are also found in high concentrations 

in the bran and germ fractions produced during milling processes. This is due to the presence 

of the pericarp, the foremost part of the grain, which can easily sticky dust and colonized by 

fungi (Nyangi et al., 2016). 

Approximately more than 5.5 billion people globally have high risk for uncontrolled aflatoxin 

exposure (Liu & Wu, 2010). In Africa, aflatoxin has proven to be a bottleneck for farmers to 

meet regulatory and international standards for food safety and agricultural trade (PACA, 

2014). In addition, aflatoxins cause post-harvest loss of cereal and grains by rendering them 

unfit for use, thus, contributing to economic loss and food insecurity. A study conducted in 

Western Kenya on the assessment of aflatoxins showed that, among 985 samples of maize 

collected, 15% had aflatoxin contamination at levels higher than the allowable limit (greater 

�W�K�D�Q�����������J���N�J�������D�Q�G�����������K�D�G���O�H�Y�H�O�V���D�E�R�Y�H���W�K�H���O�L�P�L�W���R�I���G�H�W�H�F�W�L�R�Q��(Mutiga et al., 2015). 

Aflatoxin B1 is inextricably linked with the most mycotoxins contaminants in the food chain. 

A survey conducted in Uganda showed that up to 83% of maize kernels from farmers in the 

moist zone had the highest aflatoxin (mean levels of 9.7 ppb) compared to 70% (mean levels 

of 7.7 ppb) and 55% of maize kernels (mean levels of 3.9 ppb) from the dry and highland zones, 

respectively (Kaaya & Warren, 2007; Sserumaga et al., 2015). Likewise, a study in three agro-

ecological zones of Tanzania showed that 45% of all maize samples were contaminated with 

aflatoxin, among which 26% were above the maximum limit set in national standard, which is 

�������J���N�J���I�R�U���$�)�%1 (Kamala et al., 2016). High level of aflatoxin contamination in maize implies 

contamination of maize bran which is the main feeds ingredient. However, there is scanty 

information on prevalence of aflatoxin B1 in animal feeds and aflatoxin M1 in raw milk in 

Tanzania. The prevelance of AFB1 in feeds and AFM1 in milk from different regions of 

Tanzania is shown in Table 1.
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Table 1:  Prevalence of AFB 1 in feeds and AFM 1 in milk from different regions of Tanzania  

Regions  Feeds  
AFB 1  

�����J���N�J��  
Source  Cow milk  

AF M 1 

�����J���/����  
Source  

Singida Sunflower seed 
cake 

65% (LOD - 20.47) Mohammed et al. 
(2016) 

Raw 83.8% (LOD to 2.007) Mohammed et al. 
(2016) 

 Sunflower seed 
cake 

80% (2.0�±52.8)  Mmongoyo et al. 
(2017) 

   

Dar es Salaam Feeds (Maize bran, 
Layers feed, 
Sunflower cake, 
Broiler feed, Wheat 
bran) 

91% (24.00 - 76.23) Mwakosya et al. 
(2022) 

Raw 
 
 
UHT 
 
 
Pasteurized 
milk 

92% (0.005 �± 0.855) 
 
100% (LOD-0.454) 
 
96% (0.01-0.1) 

Urio et al. (2006) 
 
Mwakosya and 
Mugula (2021) 

Morogoro Maize bran, 
 
Sunflower cake 

50% (9.4 µg/kg)  
70% (31.6 µg/kg)  

Kajuna et al. (2013)    

 Sunflower seed 
cake 

2.7�±���������������J���N�J Mmongoyo et al. 
(2017) 

   

Manyara Maize bran 
 
Un-market maize 

60% (2.4 µg/kg)  
29% (1.7 µg/kg)  

Nyangi et al. (2016)    

Arusha Maize bran 100% Mushi et al. (2018)    
Mbeya Sunflower seed 

cake 
(1.4�±174.2) Mmongoyo et al. 

(2017) 
   

Dodoma Sunflower seed 
cake 

(1.4�± 598.4) Mmongoyo et al. 
(2017) 

   

Tanga and 
Morogoro 

   Raw �����������������������J���/�� 
14% (0.2-0.5 ���J���/�� 
�����������!�����������J���/�� 

Ledo et al. (2020) 
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2.4 Health E ffects of A flatoxins  

Aflatoxin exposure has detrimental effect to both humans and animals, resulting in a wide range 

of health consequences and substantial direct and indirect economic impacts (Sarma et al., 

2017). Acute and chronic aflatoxicosis can result from prolonged exposure to high and 

moderate quantities of aflatoxins. Aflatoxicosis symptoms include, oedema, acute liver 

damage, digesting issues, hemorrhage, anemia, jaundice and even death (Ahmed & Amana, 

2019; Chen et al., 2018); also, the teratogenic impact of chronic aflatoxicosis is linked to 

congenital malformation. Aflatoxins are carcinogenic and mutagenic, causing alteration in 

DNA and mutation in genetic code, leading to chromosomal rearrangements, breaks, loss or 

gain of chromosomes or changes within a gene. Species, age, sex and nutritional status affect 

the magnitude of toxicity due to the consumption of aflatoxin-contaminated food or feeds 

(Fetaih et al., 2014; Negm et al., 2021). The impact of aflatoxins on animals is not confined to 

the acute aflatoxicoses but also, chronic toxicity induced by sublethal dosages of aflatoxins 

over long time (Benkerroum, 2020). Chronic exposure to aflatoxin exposure has a long-term 

effect on livestock, causing metabolic and nutrient absorption abnormalities as well as hidden 

pathological changes that lower feed intake. Affecting growth that reduces weight gains hence 

lowers animal productivity and produce such as meat and milk (Awuchi et al., 2021).  

Furthermore, aflatoxin causes various types of harm to important body organs such as liver and 

kidney, negative effects on the endocrine and reproductive systems, as well as immune system 

suppression resulting in rise of disease incidences (Udomkun et al., 2017). 

Aflatoxins are primarily metabolized in the liver, made it the target organ where huge 

histological changes occur. Hepatocellular carcinoma is caused by chronic exposure to 

aflatoxin as evidenced in experimental animals which developed the disease after prolonged 

exposure of low doses of AFB1 (Waithaka & Niyonshuti, 2022). Acute exposure may cause 

death in animal shortly or within few days after exposure. The clinical symptoms include, 

hepatic damage with increased capillary fragility, hemorrhage and delaying clotting process 

(Peles et al., 2019). Even in chronic aflatoxicosis, majority of the effects are due to hepatic 

injury although the symptoms are milder (Peles et al., 2019). Renal damages have also been 

reported as a result of prolonged exposure to aflatoxins. One among the target organs for 

aflatoxins is the kidneys, aflatoxin induces oxidative stress which triggers its toxicity by 

changing the expression of proline dehydrogenase, which lowers proline levels and causes 

downstream apoptotic cell death (Peles et al., 2019). 
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Aflatoxin exposure suppresses immunity making livestock prone to various diseases caused by 

wide range of microorganisms such as bacteria, virus and parasitic infections, as well as 

reactivation of chronic infections and decreases efficacies of therapeutic and vaccines (Awuchi 

et al., 2021; Schat & Skinner, 2022). Recent findings on animal research showed that aflatoxins 

negatively impact both female and male reproductive systems, inducing toxicity in egg and 

sperm cells of animals. The AFB1 directly affect the male reproductive system by interfering 

cell differentiation process during sperm development and reducing testosterone levels. 

Aflatoxin B1 decreases egg fertility in female animals by disrupting egg cell maturation through 

epigenetic changes, oxidative stress, excessive autophagy, and apoptosis (Udomkun et al., 

2017). Furthermore, aflatoxins modulate and affect the GIT in variety of ways, the most 

significant of which are alterations in intestine morphology, changes in the ability or activity 

of digestive enzymes to break down food, changes in intestine innate immunity, and changes 

in gut microbiota (Peles et al., 2019; Sarma et al., 2017). Figure 2 shows physiological 

functions of aflatoxins in animal cells and some healthy effects (Yang et al., 2020). 

 
Figure 2:   Physiological functions of aflatoxins in animal cells and some health effects  
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2.5 Overview of Aflatoxin M1 (AFM1)  

AflatoxinM1 is also known as milk toxin formed when humans and animals consume food/feed 

contaminated with AFB1 as demonstrated in Fig. 3 (Kumar et al., 2017). The toxin is 

hydroxylated in the liver by cytochrome P450 associated enzymes and excreted in faeces, urine 

and milk (Mahmoudi & Norian, 2014; Marchese et al., 2018). The amount of AFM1 in milk 

products is associated with levels of AFB1 that dairy cows are exposed to through the feeds. 

Aflatoxin M1 levels in dairy products show varying incidence throughout the world and even 

within the same country. Most investigations found that at least some percentage of the milk 

had no detectable level of AFM1 and that even among the detectable levels, AFM1 levels were 

�E�H�O�R�Z�� �W�K�H���(�X�U�R�S�H�D�Q�� �8�Q�L�R�Q�� ���(�8���� �P�D�[�L�P�X�P�� �O�L�P�L�W���R�I�� ���������� ���J�� �/�� �L�Q�� �P�R�V�W���F�R�X�Q�W�U�L�H�V�� (Saha & Wu, 

2021). However, there were several countries, such as India, Turkey, Syria, Brazil, Mexico, 

Iran, Palestine, Pakistan, Serbia, Algeria, Nigeria, South Africa, Ethiopia, Sudan, Kenya and 

Tanzania, where some of the samples tested were found with AFM1 at levels above the FDA 

�O�L�P�L�W���R�I�� �������� ���J�� �/�� (Saha & Wu, 2021). In one study conducted in Pakistan (Sadia et al., 2012), 

the level of AFM1 �Z�H�U�H�� �U�H�S�R�U�W�H�G�� �W�R�� �E�H�� �H�[�W�U�D�R�U�G�L�Q�D�U�L�O�\�� �K�L�J�K���� �X�S�� �W�R�� �������� �� �J�� �/���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �L�Q ��

vivo and invitro studies AFM1 exposure from contaminated milk may lead into aflatoxicosis 

(Peles et al., 2019). Therefore, presence of AFM1 in milk and milk product may cause public 

health effects and based on the fact that the toxin is heat stable, which cannot be destroyed 

during pasteurization (Saha & Wu, 2021). 
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Figure 3:  Aflatoxin from food and feeds to animals and humans  

2.6 Aflatoxin  M1  in M ilk and Mi lk Products  

Cereal grains, predominantly maize and oilseeds such as sunflower, cotton and groundnut are 

commonly used as animal feeds, or ingredients for animal feeds. In Tanzania most of the 

animals feed are concentrates and roughages. Plant protein seeds, brewer by-products, seed 

cake and cereal grains with its related by-products are grouped as concentrates. Conserved 

forage, trees, pastures; natural and planted, crop residues and shrubs are grouped as roughages 

(Mbwambo et al., 2016). Usually, poor handling and storage conditions during production, 

transportation and storage are some of the main factors for aflatoxin B1 contamination in feeds 

(Afsah-Hejri et al., 2013). When dairy cattle ingest feeds contaminated with aflatoxin B1 

(AFB1), aflatoxin M1 is produced after different metabolic processes in the liver (Britzi et al., 

2013). 

The worldwide prevalence of AFM1 as reported by Salari et al. (2020) in a systematic review 

and meta-analysis was 79.1%. The studies found that most of the samples analysed were 

contaminated with aflatoxin M1 �E�H�\�R�Q�G���W�K�H���H�[�S�H�F�W�H�G���O�L�P�L�W���R�I���������������J�� �/���V�H�W���E�\���P�D�Q�\�� �F�R�X�Q�W�U�L�H�V  

(Table 2). 
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coat of the grain is broken or softened fungi growth accelerates leading into production 

of aflatoxin (Neme & Mohammed, 2017). 

(iv) Low awareness on measures of control of aflatoxin contamination: Level of awareness 

on aflatoxin and measures for control the toxin among farmers and feeds processors 

determine status of aflatoxin contamination in food and feed. Lack of awareness leads 

to bad practice during processing, transportation and storage of food crops hence, 

accelerating aflatoxin production. A study conducted in Tanzania (Meru district) shows 

that only about 25% of the interviewed respondents had heard about the term aflatoxins 

(Ayo et al., 2018), and only 20% of respondents were aware of aflatoxin in Kilosa, 

Babati and Chamwino districts (Kamala et al., 2016; Suleiman et al., 2017). 

2.9 Regulations R egarding A flatox ins in M ilk and F eedstuffs  

Globally, public is concerned with the problem of aflatoxin have concerns about the 

contamination in feeds, and therefore countries have established the maximum tolerable limits 

for the toxin in feeds and milk (Table 4). Specific types of agricultural commodities, 

consumption pattern, age, type of animal species and the intended use are some of the factors 

which are taken into account in setting regulatory limits for aflatoxin and other food 

contaminants. Regulatory limits for aflatoxins vary across countries or continent. For example, 

the maximum allowed aflatoxin levels in dairy feed established by the EU and USFDA are 5 

���J���N�J���D�Q�G�����������J��kg, respectively. The Codex Alimentarius Commission (CAC) provides the 

global food standards for benchmarking. Furthermore, the CAC develops codes of practice for 

managing aflatoxin and some of them include the CAC General Standard for Contaminants 

and Toxins in Food and Feed (CODEX STAN 193-1995), CAC Codes of Practice for 

Reduction of Aflatoxins for Milk-producing Animals (CAC/RCP 45-1997) and CAC codes of 

practice for good animal feeding (CAC/RCP 54-2004). 

Tremendous effort had implemented in East African Community (EAC) in bringing 

harmonization in aflatoxin control in foods and feeds. In 2018, EAC Aflatoxin Prevention and 

Control Strategy and Action Plan (2017-2022) was approved. As part of this initiative, the EAC 

established the East African Standards Committee (EASC), which was given the responsibility 

to develop and issue the East African Standards (EAS). Through the efforts of the EASC, the 

harmonized aflatoxin standards for AFB1 in compounded cattle feed (EAS 75:2019) and 

AFM1 in raw cow milk (EAS 67:2019) were developed. Tanzania also aligned its standards 
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with the EAS, adopted the harmonized limits for AFB1 in compounded cattle feed (TZS 

397:2020/EAS 75:2019) and AFM1 in raw cow milk (TZS 626:2020/EAS 67:2019). 

Nevertheless, of the international and regional limit of AFB1 and AFM1 in feed and milk, 

respectively, control of aflatoxin in subsistence farming is challenging based on the fact that 

food crops are generally produced and consumed or used as animal feed without formal control. 

Table 4:  Maximum l imits  of AFB 1 in feeds and AFM 1 in mil k 

Country  

Maximum limit 

of AFB 1 in dairy 

�I�H�H�G�V�������J���N�J��  

Maximum limit of 

AF M 1 in raw milk 

�����J���/��  

Reference  

WHO/FAO 5  0.05  �.�D�Q�J�¶�(�W�K�H��and �/�D�Q�J�¶�$����(2009) 
European 
Union 

5  0.05 Jiang et al. (2021) 

US FDA 10  0.5 USFDA (2005) 
EAC*  5 0.5 (EAS 75:2019 and EAS 67:2019) 
Kenya 5 0.5 (KS EAS 75:2019 and KS EAS 

67:2019) 
Uganda 5  0.5 (EAS 75:2019 and EAS 67:2019) 
Rwanda 5 0.5 Nishimwe et al. (2019, 2022) 
Tanzania 5 0.5  (TZS 397:2020 and TZS 

626:2020) 
* East Africa Community  
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CHAPTER THREE  

MATERIALS AND METHODS  

3.1 S tudy Site  

The study was conducted in selected districts from three agro-ecological zones of Tanzania; 

Northern Highland Zone (Hai District in Kilimanjaro region), Arid Zone (Serengeti District in 

Mara region), and Semi-Arid Zone (Mpwapwa District in Dodoma region) (Fig. 5). Samples 

of raw milk were collected from SDFs and animal feed samples from, SDFs, feed processors 

and feed vendors/agro-vet dealers in the respective zones. The samples were analysed in the 

laboratories at the Nelson Mandela African Institution of Science and Technology (NM-AIST). 

3.1.1 Description of the Study A reas 

The study areas were purposely selected to represent the three agroecological zones of 

Tanzania based on different climatic conditions and cattle management practices. In Northern 

Highland Zone, Hai district was selected. The district situated within latitude 2° 50' �± 3°29'  S 

and longitude 30°30' �± 37°10' E in the Kilimanjaro region of northern Tanzania. The district 

experiences an annual rainfall of about 1000 mm �± 2000 mm, and a mean annual temperature 

of 23.3 ± 0.66°C. Dairy cows are mostly kept under zero -grazing and supplemented with 

concentrates. In Arid Zone, Serengeti district was selected, which is situated within latitude 2° 

00' S and longitude 34° 50' E in the Mara region of Tanzania. The district experiences  average 

annual precipitation between 400 mm �± 600 mm and a temperature of 26°C during the summer 

period. The total area is 10 373 km², of which 7501 km² is occupied by Serengeti National 

Park, Ikorongo Game Reserve, Gurumeti Game Reserve, and open area 2872 km² is used for 

farming, livestock keeping and residency. In most cases free-range is practiced and cow 

scarcely supplemented. In Semi-Arid Zone, Mpwapwa district was selected, which is situated 

within latitude 6° 00' �± 7° 00' S and longitude 35° 45' �± 45° 00' E in the Dodoma Region of 

central Tanzania, 120 km from Dodoma city centre. It has a total area of 7479 km², used 

extensively for agricultural activities. The district experiences average annual precipitation of 

600 mm �± 800 mm. It is characterized by a hot climatic condition, with cattle kept under mixed 

feeding systems (Mkonda, 2021; Mkonda et al., 2018; NBS, 2015; 

United_Republic_of_Tanzania [ URT] , 2007). 
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3.5 Sample Collection and Handling  

3.5.1 Smallholder dairy farmers  and Agrovet Dealers  

A cross-sectional study design using a semi-structured questionnaire was adopted (Appendix 

2). The survey data were collected from SDFs and agro vet dealers using KoBo collect app (V. 

2021.2.4). Separate questionnaires were developed to capture specific information from SDFs 

and agrovet dealers. Information on cattle grazing and feeding systems were inquired from 

SDFs. Socio-demographic information, aflatoxin awareness, and information on feed storage 

and handling practices were inquired from both SDFs and agrovet dealers. All questionnaires 

were prepared in English and translated into Swahili for easy communication with respondents. 

The questionnaires were pre-tested in Bahi and Dodoma Municipality and the questions which 

were not clearly understood by the respondents were modified. 

3.5.2 Collection of Raw Cow Milk and Livestock Feed Samples  

Raw cow milk and livestock feed samples were collected from among the interviewed 

participants (depending on their availability during interviews). Systematic random sampling 

method were used to select one farmer to give raw milk sample from each three SDFs who 

filled the questionnaire. Therefore, 141 raw cow milk samples were collected: Hai (45), 

Mpwapwa (48), and Serengeti (48). In addition, 80 livestock feed samples (maize bran, 

sunflower seedcake, separately or mixed) were collected from SDFs (50 in Hai and 30 in 

Mpwapwa). No feed samples from SDFs were collected from the Serengeti district because 

cows feeding is by free-range is solely practiced. The study targeted about 30 agro vet dealers, 

ten from each district. A total of 26 livestock feed samples were collected from the available 

agro-vet dealers in all districts, Mpwapwa (11), Hai (11) and Serengeti (4). However, in 

Mpwapwa and Serengeti districts no feed samples were collected from dairy cow feed 

processors/manufacturers because of their unavailability. Only one dairy feed manufacturer 

was available in Hai district, no sample was collected because its results could not make a 

significant statistical conclusion. The milk samples from SDFs were collected in the morning 

using 250 mL sterile plastic amber bottles, labelled with the date of collection and household 

identification number. Also, about 250 g animal feed were collected in aluminium laminated 

paper bags. For agrovet dealers, the feed samples were taken from different bags in store at 

different points, top, down, middle and sides, then mixed thoroughly and about 250 g were 

obtained and put in aluminium laminated paper bags. 
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All raw milk samples were temporarily stored at -18oC in a portable refrigerator to preserve 

their quality and freshness before transported to the laboratory, and stored below -25oC until 

analysis. The raw milk and feed samples were collected between September and November 

2021. 

3.6 Laboratory Analysis  

3.6.1 Chemicals and Reagents used during La bor atory Analysis  

Various types of chemicals, working standards and reagent from different manufacturers were 

used in the laboratory analysis of AFB1 in the samples of animal feed and AFM1 in the samples 

of cow raw milk (Table 4). 

Table 5:  Chemicals and Reagents used  
Chemical/Reagents  Manufacturers  

Water, HPLC and Spectroscopy Finar Limited, India 
Methanol (HPLC Grade) LOBA Chemie PVT Ltd, India 
Acetonitrile 99.9% For HPLC and UV 
Spectroscopy 

LOBA Chemie PVT Ltd, India 

Phosphate buffered saline (Dulbecco A) OXOID Ltd, England 
Acetic acid glacial 99.7% LOBA Chemie PVT Ltd, India 
Sodium hydroxide LOBA Chemie PVT Ltd, India 
Trifluoroacetic acid (TFA) LOBA Chemie PVT Ltd, India 
Aflatoxin standards (B1, B2, G1, G2) VICAM, USA 
Aflatoxin M1 Standards VICAM, USA 

3.6.2 Laboratory Equipment used  during Analysis  of Samples  

�9�D�U�L�R�X�V���L�Q�V�W�U�X�P�H�Q�W���D�Q�G���H�T�X�L�S�P�H�Q�W�¶�V���I�U�R�P���G�L�I�I�H�U�H�Q�W���P�D�Q�X�I�D�F�W�X�U�H�U�V���Z�H�U�H���X�V�H�G���L�Q���W�K�H���O�D�E�R�U�D�W�R�U�\��

analysis of AFB1 in the samples of animal feed and AFM1 in the samples of cow raw milk 

(Table 5).  
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Table 6:   Laboratory Equipment used  

Equipment  Manufacturer  
HPLC Shimadzu Corporation, SIL-20A HT, Japan 
HPLC Column ThermoFisher, ODS-2 Hypersil, USA 
�+�3�/�&���9�L�D�O�V���� �� �� �� ���P  MACHERY-NAGEL GmbH & Co. KG, 

Germany 
Microcentrifuge tubes 1.5 mL Labsys, Canada 
Whatman qualitative filter paper No. 1 Sigma Aldrich, Germany 
�1�\�O�R�Q�� �V�\�U�L�Q�J�H���I�L�O�W�H�U���� �� �� �� �� ���P  FilterBio, China 
Syringe Neoject, China 
Aflacolumn (AFB1, AFB2, AFG1, AFG2) VICAM, USA 
Aflacolumn (AFM1) VICAM, USA 
Falcon tubes Corning Science, Mexico S.A de C.V 
Blender jar Bionics Scientific Technologies Ltd, India 
pH meter Thermo Fisher Scientific, USA 
Face mask Xiantao Fortune Protective Prod. Co. Ltd, China 
Portable freezer Engel freezer, Sawafuji electronic Co., Ltd, 

Japan 
Freezer Fisher Scientific, USA 
Water bath Memmert GmbH + Co. KG, Germany 
Analytical balance OHAUS Europe GmbH, 8606 Nänikon, 

Switzerland 
Glass Block Vacuum Manifolds Thermo Fisher Scientific, Ireland 
Pump for vacuum manifolds WELCH, Louisiana, USA 
Centrifuge machine Eppendorf centrifuge 5810, Germany 
Micropipette,  Eppendorf, Germany 
Micropipette tips Eppendorf, Germany 
Macro-pipette Eppendorf, Germany 
Vortex mix Thermo Fisher Scientific, USA 

3.6.3 Validation of the Analytical Method  

The precision, linearity, recovery, the limit of quantification (LOQ), the limit of detection 

(LOD), and selectivity were the aspect considered in validating AFB1 and AFM1 detection 

methods. The analysis of LOD and LOQ was done by the empirical method developed by 

���ù�H�Q�J�•�O�������������� . Three independent blank samples of AFB1 and AFM1 were spiked by aflatoxin 

mixture (B1, B2, G1, G2) and AFM1 �V�W�D�Q�G�D�U�G�V�� �D�W�� ������ ������ ������ �������� ������ ���J���N�J�� �D�Q�G�� ������������ ������������ ���������� ������ ����

���J���/�� �� �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H�� precision and recovery were evaluated by triplicate spiking of 

aflatoxins �D�W���O�H�Y�H�O�V���R�I���������������������������� ���������� �J���N�J���D�Q�G������������ ���������������������� �������������� �J�� �/���W�R���E�O�D�Q�N���I�H�H�G���D�Q�G���U�D�Z��

milk samples, respectively. Known negative samples of AFB1, AFM1, and blank reagent were 

used to determine selectivity by observing if there is any interference around the retention time 

of the target analyte. For calibration curves, the standards were prepared using standard 

�V�R�O�X�W�L�R�Q�� �R�I�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �� ������������ ������������ ���������� ���� �� ���� �� �J�� �/�� �I�R�U  AFM1 and 1, 5, 10, 15, 

���������J���N�J���I�R�U���D�I�O�D�W�R�[�L�Q���P�L�[ ture (B1, B2, G1, G2). 
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3.6.4 Analysis of Aflatoxin B1 in Livestock Feed  

Aflatoxin B1 was analysed based on AOAC 2008.02-2008 method adopted by Mohammed et 

al. (2016). The feed samples were ground using a blender jar, 25 g of feed samples was weighed 

and placed in 250 mL Erlenmeyer flask. It was mixed with 100 mL of extraction solution, 

60:40 methanol: water, vortexed using a vortex mixer for 5 minutes and filtered using Whatman 

paper no. 1. A total of 4 mL of the resulting extract was diluted with 8 mL Phosphate Buffer 

Solution (PBS), and pH adjusted to 6-8 using 0.1 M NaOH. About 12 mL of the diluted extract 

was passed through the immunoaffinity column (aflacolumn) at a rate of 3 mL/min. Washing 

was then done by passing 10 mL of HPLC grade water twice through the column at 2 

drops/second. Thereafter, the immunoaffinity column was eluted by passing 1 mL HPLC grade 

acetonitrile through the column at a rate of 1-2 drops/second, and all the sample eluate (1 mL) 

were collected in a glass cuvette. The eluent was filtered using a nylon syringe filter and stored 

in microcentrifuge tubes. About 400 µL were taken from the eluent and mixed with 600 µL of 

derivatizing reagent (70:20:10 water: trifluoroacetic acid: acetic acid). The mixture was 

conditioned at 65°C for 15 minutes using a water bath, allowed to cool, and then injected into 

HPLC equipped with an RF-20A fluorescence detection system and an autosampler SIL 

20AHT connected to C18 (250×4.6  �P�P���������P�����F�R�O�X�P�Q�����7�K�H���R�Y�H�Q���W�H�P perature was maintained 

at 40°C, 0.8 mL/min flow rate, and 20 µL injection volume. The mobile phase used was 

60:30:10 water: methanol: acetonitrile and detector wavelength at 450 nm emission and 365 

�Q�P���H�[�F�L�W�D�W�L�R�Q�����7�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���W�K�H���V�D�P�S�O�H�V�����S�S�E�������J��kg) was calculated using the Equation 

3. 

ppb (or ���J���N�J���� =  
�Ö�â�á�Ö���Ù�â�è�á�×���@

�Ù�Ò
�Ø�×

�AH�5�à�ßH�5�4�4�:�à�ß�;H�6�ä�9�:�×�Ü�ß�è�ç�Ü�â�á���Ù�Ô�Ö�ç�â�å�;

�8�à�ßH�ê�Ø�Ü�Ú�Û�ç���â�Ù���ç�Û�Ø���æ�Ô�à�ã�ß�Ø���ç�Ô�Þ�Ø�á���:�Ú�;
     (3) 

3.6.5 Analysis of Aflatoxin M1 in Raw Cow Milk  

Aflatoxin M1 in raw cow milk was evaluated as per AOAC 2000.08-2004, method adopted by 

(Mohammed et al., 2016; Shakir et al., 2010). The raw milk sample was warmed to 37°C in a 

water bath and stirred gently to disperse fat. About 30 mL were measured into the conical vial, 

vortexed for 1 min, and centrifuged for 20 min at 2390 ×g. The upper -fat layer was removed, 

and the defatted milk filtered using Whatman paper no. 1. The acquired supernatant solution 

was passed through immunoaffinity columns at the rate of 1 drop/second and washed with 12 

mL of water at a rate of 1 drop/second. Thereafter, the immunoaffinity column was eluted into 

a 15 mL glass tube by passing 1.25 mL of 3:2 v/v acetonitrile: methanol by gravity at a rate of 

1 drop for every 2-3 seconds. The column was eluted again by passing 1.25 mL of HPLC water 
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CHAPTER FOUR  

RESULTS AND DISCUSSION  

4.1 Socio- Demographic and Household Characteristics  

4.1.1 Smallholder Dairy Farmers  

The general demographic characteristics of the SDFs is shown in Table 6. Generally, women 

were found to be the predominant (more than half) SDFs in Hai (56.9%) and Serengeti (55.6%) 

except in the Mpwapwa district (41.5%). Similar results were reported by Mkama and Sulle 

(2019) with 75% of SDFs registered at the Njombe milk factory being women. This shows that 

almost there is equal opportunity in livestock keeping due to increased awareness of gender 

equality and women's participation in livestock production. A significant difference between 

�D�J�H���J�U�R�X�S�V���D�P�R�Q�J���W�K�H���G�L�V�W�U�L�F�W�V�����$2 = 33.97, p<0.001) was observed, with the majority (44.2%) 

falling under the age range of between 36 to 55 years. There was less participation of SDFs 

aged between 18 and 35 years in livestock keeping due to limited access to land, lack of capital, 

and aspiration for modern urban life (Lindsjö, 2019). On the other hand, the majority of the 

SDFs (70.1%) had primary education, and only 6.7% had �F�R�O�O�H�J�H���X�Q�L�Y�H�U�V�L�W�\�� �H�G�X�F�D�W�L�R�Q�����$2 = 

57.63, p<0.001), with farming and livestock keeping as the main occupation (89.3%) 

���$2=76.37, p<0.001). Similar findings were observed with previous studies, which reported that 

a large share of small-scale farmers in Tanzania is from rural areas, mostly with primary 

education (Mkonda & He, 2018).  
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Table 8:  Agro - vets socio - demographic and household characteristics  
 Districts    
Demographic 

characteristics  

Hai  Mpwap wa  Serengeti  Total 

(%)  

Test  

Sex      �$ 2=2.09, p=0.3516 
female 6(54.5) 3(27.3)  1(25.0)  10(38.5)  
male 5(45.5) 8(72.7)  3(75.0)  16(61.5)  
A ge  (years)     �$ 2=7.43, p=0.2830 
18-35 6(54.5) 7(63.6) 1(25.0) 14(52.8)  
36-55 5(45.5) 1(9.1) 2(50.0) 8(30.8)  
56-70 0(0.0) 2(18.2) 1(25.0) 3(11.5)  
Above 70 0(0.0) 1(9.1) 0(0.0) 1(3.8)  
Level of education      �$ 2=11.52, p=0.1738 
College or University 2(18.2) 4(36.4) 1(25.0) 7(26.9)  
No formal education 0(0.0) 0(0.0) 1(25.0) 1(3.8)  
Primary 2(18.2) 4(36.4) 2(50.0) 8(30.8)  
Secondary 6(54.5) 3(27.3) 0(0.0) 9(34.6)  
Other 1(9.1) 0(0.0) 0(0.0) 1(3.8)  
Marital status      �$ 2=2.09, p=0.3516 
Married 8(72.7) 5(45.5) 3(75.0) 16(61.5)  
Single 3(27.3) 6(54.5) 1(25.0) 10(38.5)  
Occupation      �$ 2=8.6273, p=0.0711 
Agro-vet dealer 7(63.6) 6(54.5) 2(50.0) 15(57.7)  
Employed and Agro-vet 1(9.1) 0(0.0) 2(50.0) 3(11.5)  
Others 3(27.3) 5(45.5) 0(0.0) 8(30.8)  
Experience  dealing in 

livestock fee ds 
    �$ 2=6.21, p=0.1840 

Less than 5 years 8(72.7) 9(81.8) 2(50.0) 19(73.1)  
Between 5 to 10 years 2(18.2) 0(0.0) 2(50.0) 4(15.4)  
More than 10 years 1(9.1) 2(18.2) 0(0.0) 3(11.5)  

4.2 Cattle Grazing, Feeding Systems, Feed Handling , and Storage Practices  

4.2.1 Smallholder Dairy Farmers  

The results on the grazing system, feed handling, and storage practices are presented in Table 

8. Findings showed that the grazing and feeding systems, feed handling, and storage practices 

were significantly different (p < 0.05) across the districts . For the grazing and feeding systems, 

free-range was solely practiced in Serengeti district, zero-grazing in Hai district, and mixed 

grazing and feeding practices (i.e., zero and free-range grazing) in Mpwapwa district (Table 

8). As compared to other districts, it was observed that Serengeti had a designated land for free-

range grazing systems. The availability of designated grazing lands enables farmers to opt for 

a free-range system (Kavana et al., 2017; Munyaneza et al., 2019; Njarui et al., 2016). A mixed 

grazing and feeding system were also observed in Mpwapwa district, where there were 

adequate grazing areas, and SDFs had the capacity to store the feeds. Hai district is peri-urban 

and characterized by a lack of grazing areas that could allow for free-range feeding, hence, 

farmers mainly kept dairy cows indoors. Limited grazing land, town council bylaws, type of 
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breed, and fear of disease transmission are among the factors that force SDFs to opt for zero-

grazing system (Gillah et al., 2012; Kerario et al., 2018; Laisser et al., 2015). 

Both forage/roughages and concentrates were the main feed for dairy cattle in Hai (83.9%) and 

Mpwapwa (69.4%) districts. In the Serengeti district, forage (99.3%) was the main feed used 

by SDFs. In all the three districts, 75.2% of the respondents reported seasonality-occasioned 

scarcity, expensive feed concentrates, and inadequate free-ranging land as the major challenges 

in securing animal feeds. Other studies in Serengeti have observed that reduction in grazing 

area due to farming, increased livestock population, conservation of Serengeti national parks, 

and climate change (Kavana et al., 2017; Said et al., 2021; Veldhuis et al., 2019). In areas that 

used zero and mixed farming systems, storage of feeds for future use was among their 

mitigation strategies to halt feed scarcity. For instance, 29.1 to 36.2% of the respondents in the 

Hai district stored feeds for 1 �±  12 months, whereas 53.8% of SDFs stored feeds for three (3) 

months, and 37.5% between 3 - 6 months in the Mpwapwa district. Although it is recommended 

that animal feeds are dried before storage to avoid fungal growth, majority of the SDFs (74.5%) 

do not dry the livestock feeds prior storage. In addition, 85.3% and 64.9% of SDFs in 

Mpwapwa and Hai districts use polythene bags to store feeds, which have not well dried to 

attain safe moisture levels. Some SDFs stored feeds in cages and racks without any covering. 

These practices allow moisture pick-up from the environment or moisture build-up in the 

plastic packages, creating favourable conditions for fungal growth, aflatoxins production, and 

spoilage of feeds (Negash, 2018; Patyal et al., 2020). A study by Admasu et al. (2021) reported 

a higher level of AFM1 in milk from among SDFs with no animal feed storage facilities than 

in those who had storage facilities, the same poor storage practices had observed also in Hai 

and Mpwapwa district (Fig. 6).  
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(a) (b) (c)  

(d) (e) (f)  
Fi gure 6:  Feed handling and storage practices among SDFs: (a) and (b) show sorted 

�R�X�W�� �P�D�L�] �H�� �D�V�� �µ�E�D�G�¶�� �L�Q�W�H�Q�G�H�G�� �I�R�U�� �D�Q�L�P�D�O�� �I�H�H�G�V���� ���F������ ���G������ ���H���� �D�Q�G�� ���I������ �I�H�H�G��
handling and storage practices which can allow moisture pick - ups from 

enviro nment (Images  were taken during data collection )  
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Conversely, the level of aflatoxin awareness was relatively higher in Kenya (55%) (Walke et 

al., 2014), probably due to the aflatoxin outbreak in 2004, where 317 cases were reported, 

which increased the concern and awareness (Probst et al., 2007). Furthermore, high awareness 

(62%) of aflatoxin was found in the Babati district, probably due to the project of Africa 

Research in Sustainable Intensification for the Next Generation which was conducted there and 

86% of the surveyed farmers had experience of working with other development programs 

(Nyangi et al., 2016). Also, ongoing national initiatives and awareness campaigns for aflatoxin 

control, which have been implemented intensively in the country after the aflatoxicosis 

outbreak in Dodoma and Manyara regions which occurred in 2016, such initiatives include, 

Tanzania Initiative for Preventing Aflatoxin Contamination (TANIPAC), which is intensively 

implemented in 18 districts, including Babati district. This shows the importance of the 

collaborative effort of different stakeholders' involvement in increasing aflatoxin awareness 

which has a vital role in aflatoxin mitigation. For few SDFs who have at least heard of the word 

�³aflatoxin� ,́ most of them got the information from radios/televisions (47.7%) and extension 

officers (16.9%). Likewise, Ayo et al. (2018) observed that mass media, village officers, and 

extension officers as the major routes of information transfer on aflatoxin to SDFs and other 

stakeholders. The majority of SDFs were not aware that aflatoxin could contaminate feed 

(52%), milk (72%), causes of aflatoxin (62%), control measures of aflatoxin contamination 

���������������K�H�S�D�W�R�[�L�F�L�W�\���G�X�H���W�R���D�I�O�D�W�R�[�L�Q�V�������������������D�Q�G���H�I�I�H�F�W�V���R�I���D�I�O�D�W�R�[�L�Q�V���R�Q���D�Q�L�P�D�O�V�¶���P�Llk yield 

and growth (78.4%) (Table 10). The low awareness on aflatoxin contamination in feeds and its 

fate in milk may be attributed to the fact that more emphasis on aflatoxin contamination has 

been put on food for human consumption, such as maize and groundnuts, compared to livestock 

feeds (Negash, 2018). Therefore, the limited knowledge of SDFs on aflatoxin in feeds and milk 

is likely to hinder implementation of intervention for addressing the problem. Previously study 

by Nyangi et al. (2016) reported that farmers tend to feed cattle on un-marketed and sorted out 

poor quality maize grains which are more likely to contain high levels of aflatoxin. In view of 

this there are chances of aflatoxin to be carried over to animal products such as milk is 

significant. For instance, a study in Kenya showed higher AF awareness (72%) in foods for 

human consumption, such as maize and groundnuts, but, 67% of the urban SDFs were not 

aware that milk could be contaminated with AFM1 from ingested AFB1 contaminated feeds, 

and neither knew how to mitigate against the AFs exposure (Hoffmann et al., �������������.�D�Q�J�¶�(�W�K�H��

�	���/�D�Q�J�¶�$��������������. Therefore, awareness creation on aflatoxin contamination is necessary for 

the SDFs since the majority of respondents (92.6%) were not aware of it.  
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Table 11:  SDFs awareness  on  aflatoxin contamination of feeds and raw milk  
 District    
Aflatoxins awareness  Hai  

(n=137)  

Mpwapwa  

(n=147)  

Serengeti  

(n=135)  

Total  

(n=419)  

Test  

Chi �� square 

Heard about aflatoxin ?       
Yes 36(26.3) 37(25.2) 24(17.8) 97(23.2) �$2=3.28, p=0.194 
No 101(73.7) 110(74.8) 111(82.2) 322(76.8) 
Source of information       
Village meeting/ extension 
officers 

7(14.9) 13(23.2) 2(2.9) 22(16.9) �$2=14.53, p <0.001  

Newspaper 5(10.6) 2(3.6) 2(2.9) 9(6.9)  
Seminar 1(2.1) 1(1.8) 0(0.0) 2(1.5)  
Radio/Tv 28(59.6) 18(32.1) 16(45.7) 62(47.7)  
Friend 1(2.1) 5(8.9) 0(0.0) 6(4.6)  
School 1(2.1) 9(16.1) 1(2.1) 11(8.5)  
Others 4(8.5) 8(14.3) 6(17.1) 18(13.8)  
Aware that aflatoxin can 

contaminate feeds ?  
     

Yes 11(30.6) 25(67.6) 6(25.0) 42(43.3) �$2=14.53, p <0.001  
No 25(69.4) 12(32.4) 18(75.0) 55(56.7) 
Can r ecogniz e aflatoxin  

contaminated  feeds ?  
     

Yes 12(33.3) 20(54.1) 5(20.8) 37(38.1) �$2=7.37, p= 0.025 
No 24(66.7) 17(45.9) 19(79.2) 60(61.9) 
K nows aflatoxins  causes 

cancer//hepatotoxicity ?  
     

Yes 9(25.0) 17(45.9) 9(37.5) 35(36.1) �$2=3.49, p= 0.173 
No 27(75.0) 20(54.1) 15(62.5) 62(63.9) 
K nows aflatoxin reduces 

livestock growth and milk 

yield ?  

   
 

 

Yes 7(19.4) 11(29.7) 3(12.5) 21(21.6) �$2=2.71, p= 0.257 
No 29(8.6) 26(70.3) 21(87.5) 76(78.4) 
K nows milk can be 

contaminated with 

aflatoxin ?  

   
 

 

Yes 8(22.2) 10(27.0) 6(25.0) 24(24.7) �$2=0.22, p= 0.892 
No 28(77.8) 27(73.0) 18(75.0) 73(75.3) 
K nows causes of  aflatoxin 

contamination ?  
     

Yes 15(41.7) 19(51.4) 3(12.5) 37(38.1) �$2=9.61, p= 0.008 
No 21(58.3) 18(48.6) 21(87.5) 60(61.9) 
K nows control measures 

f or aflatoxin ?  
     

Yes 11(30.6) 19(51.4) 2(8.3) 32(33.0) �$2=12.34, p= 0.002 
No 25(69.4) 18(48.6) 22(91.7) 65(67.0) 
Received training on 

aflatoxin ?  
     

Yes 4(3.0) 8(6.0) 3(2.3) 15(7.4) �$2=1.57, p= 0.455 
No 130(97.0) 126(94.0) 132(97.7) 388(92.6) 
Need training on 

aflatoxin ?  
     

Yes 128(97.0) 95(96.0) 127(94.0) 350(95.6) �$2=2.35, p= 0.307 
No 4(3.0) 4(4.0) 8(6.0) 16(4.4) 

The number of respondents (n) may vary within the table due to the dependent questions from previous questions during the 
interview 
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4.3.2 Awareness of Agro - Vet Dealers on Aflatoxins Contamination  of Animal Feeds and 

Milk  

The results from descriptive analysis of the agro-�Y�H�W�� �G�H�D�O�H�U�V�¶�� �D�Z�D�U�H�Q�H�V�V�� �Rn aflatoxin 

contamination in feeds and milk are presented in Table 11. There is no significant difference 

on status of aflatoxin awareness among respondents from the three districts. Awareness of the 

agro-vet dealer on aflatoxin was relatively higher than SDFs. About 50% of agro vet dealers 

were aware and have heard about aflatoxin. There was even distribution of the source of 

information, mostly, agro-vet dealers heard about aflatoxin through village meetings, extension 

officers, newspapers, seminars, radio/television, friend, school and others from the Tanzania 

Bureau of Standards (TBS). The observation could be due to their level of education as most 

of them had secondary and college education, hence more likely to be keen on matters related 

to aflatoxin (Anyango et al., 2018). In comparison to SDFs, it was observed that a slightly high 

number of agro-vets were aware that aflatoxins could contaminate livestock feeds (69.2%), 

causes cancer (53.8%), impair milk yield and growth (61.5%) and measures for control of 

contamination (53.8%). Apart from the fact that most of the agro-vets had attained college 

level, but also, 53.8% of agro vet dealers had received training about aflatoxin and have learned 

about best practices for feed handling and storage and good manufacturing practices. Increased 

awareness on aflatoxin and a low level of aflatoxin contamination had observed among 

participants who received training on aflatoxin (Pretari et al., 2019; Seetha et al., 2017). 

However, 61.5% of agro vet dealers had no skills to recognize the contaminated feed and were 

not aware that, aflatoxin could contaminate feed and milk, hence the information gap needs to 

be filled.   
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Table 12:  Agrovets awareness on  aflatoxin contamination in  feeds  
 District    

Aflatoxin awareness  Hai  

(n=11)  

Mpwapwa  

(n=11)  

Serengeti  

(n=4)  

Total (%)  

(n=26)  

Test  

Chi - square  

Heard about aflatoxin ?      �$��� ���������������S� �������������� 
Yes 5(45.5) 6(54.5) 2(50.0) 13(50.0)  
No 6(54.5) 5(45.5) 2(50.0) 13(50.0)  
Source of information      �$��� ���������������S� �������������� 
Village meeting/ extension 
officers 

1(14.3) 1(12.5) 0(0.0) 2(11.8)  

Newspaper 1(14.3) 0(0.0) 0(0.0) 1(5.9)  
Seminar 2(28.6) 0(0.0) 0(0.0) 2(11.8)  
Radio/Tv 1(14.3) 1(12.5) 1(50.0) 3(17.6)  
Friend 1(14.3) 0(0.0) 1(50.0) 2(11.8)  
School 1(14.3) 1(12.5) 0(0.0) 2(11.8)  
Others 0(0.0) 5(62.5) 0(0.0) 5(29.4)  
K nows aflatoxin can 

contaminate feeds ?  

    �$��� �������������S� �������������� 

No 1(20.0) 1(16.7) 2(100.0) 4(30.8)  
Yes 4(80.0) 5(83.3) 0(0.0) 9(69.2)  
Can r ecogniz e aflatoxin 

contaminated feeds ?  

    �$��� �������������S� �������������� 

No 2(40.0) 5(83.3) 1(50.0) 8(61.5)  
Yes 3(60.0) 1(16.7) 1(50.0) 5(38.5)  
K nows aflatoxins causes 

cancer/hepatotoxicity?  

    �$��� �������������S� �������������� 

No 2(40) 2(20) 2(100.0) 6(46.2)  
Yes 3(60.0) 4(80.0) 0(0.0) 7(53.8)  
K nows aflatoxin reduces 

livestock growth and milk 

yield ?  

   
 

�$��� �������������S� �������������� 

No 1(20.0) 3(50.0) 1(50.0) 5(38.5)  
Yes 4(80.0) 3(50.0) 1(50.0) 8(61.5)  
K nows milk can be 

contaminated with aflatoxin ?  

    �$��� �������������S� �������������� 

No 3(60.0) 3(50.0) 2(100.0) 8(61.5)  
Yes 2 (40.0) 3(50.0) 0(0.0) 5(38.5)  
K nows causes of aflatoxin 

contamination ?  

    �$��� �������������S� �������������� 

No 2(40.0) 2(33.3) 1(50.0) 5(38.5)  
Yes 3(60.0) 4(66.7) 1(50.0) 8(61.5)  
K nows  control measures of 

aflatoxin ?  

    �$��� �������������S� �������������� 

No 2(40.0) 2(33.3) 2(100.0) 6(46.2)  
Yes 3(60.0) 4(66.7) 0(0.0) 7(53.8)  
Received training on aflatoxin ?      �$��� �������������S� �������������� 
No 2(40.0) 2(33.3) 2(100.0) 6(46.2)  
Yes 3(60.0) 4(66.7) 0(0.0) 7(53.8)  
Needs training on aflatoxin ?      �$��� �������������S� �������������� 
No 0(0.0) 0(0.0) 0(0.0) 0(0.0)  
Yes 8(100.0) 7(100.0) 5(100.0) 19(100.0)  

4.4 Occurrence of AFB1 in Dairy Cow Feeds and AFM1 Cow Raw Milk  

4.4.1 Occurrence of AFB1 in Dairy Cow Feeds  

The results on the occurrence of AFB1 in livestock feeds among the SDFs, and agro-vet dealers 

are presented in Table 12 and 13, respectively. Prevalence of dairy cow feed samples from 
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SDFs in all three districts, which were detected with AFB1 was 86.2%, out of which 22.5% had 

levels above 5 µg/kg. Additionally, 88.5% of all livestock feed samples from agro -vet dealers 

were contaminated with AFB1, out of which 15.38% had levels exceeded 5 µg/kg. The 

prevalence of samples detected with AFB1 among SDFs were significantly differed across the 

districts (p < 0.0361),  where by almost all the samples (97%) from Mpwapwa district were 

detected with toxin compares with the sample from Hai district (80%). However, there was no 

significant difference in means concentrations observed between Mpwapwa and Hai district (p 

< 0. 1115). There was no significant difference observed in feed samples from agrovet dealers 

across the districts. However, feed samples from the Serengeti district were all positive for 

AFB1, probably due to poor storage practices observed as the feeds were barely spread on the 

floor, although none was found with levels above 5 µg/kg.  

In overall, 22.5% of the livestock feeds were contaminated with AFB1 at levels above 5µg/kg. 

Only 22.5% of the feeds from SDFs and 15.38% from agro-vets had AFB1 concentrations 

exceeding the maximum allowed limits (5 µg/kg) by Tanzania national standard, East Africa 

standard and EU standard for dairy cow feeds (Mohammed et al., 2016). However, the 

percentage occurrence of AFB1 in feeds (86.2%) found in this study is high compared to 65% 

and 80% reported in sunflower seedcakes in Singida by Mohammed et al. (2016) and 

Mmongoyo et al. (2017), respectively. This indicates that a significant proportion of animal 

feeds used by most SDFs might be contaminated by AFB1. In an attempt to assess AFB1 

contamination levels in various animal feed sources, a study conducted in Morogoro found that 

50% of maize bran and 70% of sunflower seedcakes were positive for AFB1. Furthermore, in 

the most recent study conducted in Dar es salaam Tanzania in 2022, 91% of animal feed 

samples were detected with AFB1 at levels ranging from 24 to 76.23 µg/kg ( Mwakosya et al., 

2022). 

Climatic condition is one of the key the factors that contribute to growth of aflatoxin producing 

fungi in feeds (Mmongoyo et al., 2017; Nyangi et al., 2016; Temba et al., 2021). Relative 

humidity of about 70% and a temperature range of 10�±40oC are reported to favour mould 

growth (Ledo et al., 2020) . In the semi-arid zone (Mpwapwa district) and northern highland 

zone (Hai district), where the climatic conditions favour aflatoxin production feed storage was 

commonly practiced (Table 8), this further justifies their occurrence in the two districts (Table 

12).  
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4.4.2 Occurrence of AFM1 in Raw Milk Samples  

The prevalence of AFM1 in raw milk samples from three different agro-ecological zones is 

presented in Table 12.  High prevalence of milk samples detected with AFM1 was noted in 

Mpwapwa district (63.8%), followed by Hai district (17.8%) and Serengeti district (10.4%). 

Generally, 27.9% of the raw milk samples were detected with AFM1 exceeding 0.05 µg/ l (50 

ppt), the permissible level for AFM1 in raw cow milk based on the EU standards and 19.9% 

had detected exceeding 0.5 µg/l the permissible level for AFM 1 in raw cow milk based on the 

Tanzania and East Africa Standard (Turna & Wu, 2021). By district, percentage of milk 

samples detected with AFM1 levels exceeding 0.05 µg/ l was highest in Mpwapwa (59.6%), 

followed by Hai (17.8%) and lowest in Serengeti (6.2%). The prevelance and means 

concentrations of AFM1 was significant difference across the districts, p = 0.001, and p = 

0.0173, respectively. Low prevelance of milk samples with AFM1 in the Serengeti district may 

suggest that the grazing and feeding system are likely to have significant contribution to the 

situation. Small holder dairy farmers in Serengeti district mostly use free ranging compared to 

Mpwapwa and Hai district. Free ranging does not involve the use of feed concentrates such as 

maize bran and sunflower seedcakes which might have aflatoxin contamination, this might 

associate with low prevalence of AFM1 in Serengeti in comparison to other districts. Could 

significantly contribute to AFs contamination levels. A study conducted in Morogoro and 

Tanga reported low levels of AFM1 in cow raw milk from free range cows (Ledo et al., 2020). 

The results on prevalence of AFM1 in milk found in this study are comparable to prevalence 

of 13.6% to 65.1% which was reported in Kenya �� �.�D�Q �J�¶�(�W�K�H�� & �/�D�Q �J�¶ �$�������������� ���6�H�Q�H�U�Z�D�� et al., 

2016). Several studies have reported high AFM1 prevalence in other geographical locations, 

for instance, 83.8% in Singida (Mohammed et al., 2016), 92% in Dar es salaam (Urio et al., 

2006), 72% in Kenya �� �.�D�Q �J�¶�(�W�K�H���	�� �/�D�Q �J�¶�$�� ������������ , 99% and 100% in Ethiopia (Gizachew et 

al., 2016). The variation in prevalence of AFM1 among districts can be attributed to different 

agro-ecological zones and the effects of climatic conditions, different grazing and feeding 

systems, feed handling, storage practices (Table 8), and levels of awareness (Table 10). In this 

study, the carry-over effect of AFB1 to AFM1 was explained in a linear relationship, p = 0.0001 

with an adjusted r2 = 0.6762, which signify correlation between AFB1 and AFM1 in this study. 

However, factors such as milk yield, lactation period, species differences, animal health, 

hepatic biotransformation ability, feeding pace, and the integrity of the mammary alveolar cell 

membranes are known to influence the carry-over effects (Britzi et al., 2013; Masoero et al., 

2007; Tolosa et al., 2021).
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Table 13:  Occurrence of AFB 1 in feed and AFM 1 in cow raw milk  
 District    

Parameters*  Hai  Mpwapwa  Serengeti  Total   

AFB1 

(n=50)  

AFM1 (n=45)  AFB1 (n=30)  AFM1 (n=48)  AFM1 (n=48)  AFB1 (n=80)  AFM1 (n=141)  p value  

Mean 2.99 a 0.36a 6.16 a 4.25a 0.026b 4.18 1.54 AFB1 = 0.1115 
AFM1= 0.0173 Standard deviation 5.47 1.14 8.41 9.02 0.11 6.85 5.57 

Median 0.91 0.00 2.98 0.22 0.00 1.33 0.00  
Minimum <LOD  <LOD  <LOD  < LOD <LOD  <LOD  <LOD   
Maximum 32.90 6.36 30.19 43.98 0.59 32.9 43.98  
+ve samples 40(80)a 8(17.8) a 29(96.7) b 30(63.8) b 5(10.4) c 69(86.2) 43(30.7) AFB1=0.0361 

AFM1 <0.001  -ve samples 10(20) 37(82.2) 1(3.3) 17(36.2) 43(89.6) 11(13.8) 97(69.3) 
AFB1 �•�����—�J���N�J�� 8(16) - 10(33.3) - - 18(22.5)   
AFB1�”�����—�J���N�J 42(84) - 20(66.7) - - 62(77.5)   
AFM1 �•���������—�J���/  7(15.6)  20(41.7) 1(2.08)  28(19.9)  
AFM1 �”���������—�J���/  38(84.4)  28(58.3) 47(92)  113(80.1)  
AFM1 �•�����������—�J���/ - 8(17.8) - 28(59.6) 3(6.2)  39(27.9)  
AFM1 �”�����������—�J���/ - 37(82.2) - 20(40.4) 45(93.8)  101(72.1)  

*  AFB1 (µg/kg); AFM1 (µg/L) 
Means and positive samples followed by different superscript letters, a, b, or c between districts are significantly different (p<0.05). 
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Table 14:  Occurrence of AFB 1 in feed samples from agro vet dealers  

*  AFB1 (µg/kg) 

4.5 Risk Factors Associated with the Occurrence of AFB1 and AFM1 in Animal Feeds 

and Raw Milk  

The risk factors associated with AFB1 and AFM1 in feeds and raw milk among the SDFs are 

presented in Table 14 and 15, respectively. On the one hand, it was found that the occurrence 

of AFM1 in raw milk was significantly influenced by the education level (p < 0.05) and  

aflatoxin awareness (p = 0.0499). The likelihood of AFB1 occurrence in feed samples was 2 

times (OR = 16.0, p = 0.0066) for SDFs with primary education compared to those with 

secondary education (OR = 8.0, p = 0.0066); those with primary education had 16 times (OR 

= 16.0) likelihood of their feeds being contaminated with AFB1 compared to those with 

college/university education. From this study, it is evident that the level of education influences 

the awareness and magnitude of occurrence of aflatoxin. Other studies have found that the level 

of education might enlighten farmers on animal feeds and food safety as well as AFs control 

measures (Anyango et al., 2018; Ayo et al., 2018). 

On the other hand, cattle management practices, including the grazing and feeding systems and 

the main/major livestock feeds by SDFs, significantly (p < 0.05) influenced the occurrence of 

AFB1 in livestock feeds. Due to use of mostly feed concentrates, maize bran and sunflower 

seedcakes as feed supplements for zero grazing. This study observed that, in Hai and Mpwapwa 

districts, zero grazing practices was 11.3 times (OR = 11.3, p = 0.0355) and mixed feeding 16 

times (OR = 16.0, p = 0.0429) more likely to have AFB1 contamination compared to free-

ranging. In addition, the results showed a significant (p = 0.0441) influence of mixed and zero-

grazing practices on the occurrence of AFM1 in raw cow milk compared to free-ranging (p = 

0.0057). Previous studies have observed that zero-grazing and mixed grazing and feeding 

systems were likely to influence the occurrence of AFB1 and AFM1 in feeds and raw milk, 

 District    
Parameters*  Hai  

(n=11)  

Mpwap wa  

(n=11)  

Serengeti  

(n=4)  

Total  

(n=26)  

p value  

Mean 1.72 3.95 0.81 2.53 = 0.3720 
Standard deviation 2.48 6.89 0.24 4.80  
Median 0.94 0.66 0.78 0.90  
Minimum <LOD  <LOD  0.54 <LOD   
Maximum 9.06 22.99 1.13 22.99  
+ve samples 10(90.9) 9(81.8) 4(100) 23(88.5) =0.588 
-ve samples 1(9.1) 2(18.2) 0(0.0) 3(11.5)  
AFB1 �•�������—�J���N�J�� 1(9.1) 3(27.3) 0(0.0) 4(15.38)  
AFB1 �”�������—�J���N�J 10(90.9) 8(72.7) 4(100) 22(84.62)  
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since feed concentrates are the primary source of aflatoxin contamination in the dairy value 

chain (Admasu et al., 2021; Anyango et al., �������������.�D�Q�J�¶�(�W�K�H���	���/�D�Q�J�¶�$��������������. 

In addition, the major type of feed used by SDFs indicates a relationship with the feeding 

systems used. While roughages were only used in free-ranging, in zero-grazing and mixed 

feeding the use of roughages, cut-carry, or stored roughages alongside concentrate like maize 

bran and sunflower seedcakes is very common (Admasu et al., 2021; Patyal et al., 2020). 

Findings from this study indicate that the use of concentrates in feeding dairy cattle was 12 

times more likely (OR = 12.0) to expose the cows to AFB1 than the use of roughages only. 

Also, the use of both roughages and concentrates was five times more (OR = 5.0), likely to 

expose the cows to AFB1 compared to the use of roughages only. Therefore, mixing roughages 

and concentrates could be a good option to reduce exposure of cows to AFB1 and consequently 

decrease the likelihood of AFM1 in milk. Furthermore, this study has found that the occurrence 

of AFM1 in raw cow milk is significantly (p = 0.0171) influenced by concentrates and a mixture 

of roughages and concentrates as well. Previous studies also reported a high level of AFB1 in 

animal feeds concentrates influence the likelihood of AFM1 in milk  (Mmongoyo et al., 2017; 

Mohammed et al., 2016, 2018; Nyangi et al., 2016). 

Feed handling practice such as drying, and the levels of moisture content in livestock feeds 

also influenced the occurrence of AFB1 in the feeds and AFM1 in milk from cows fed on the 

feeds. The findings show that AFM1 contamination was two times more likely (OR = 2.0, p = 

0.0058) in cow raw milk from SDFs that do not dry their feed properly, hence likely to have 

unacceptable levels of moisture content. High moisture content is among the predominant 

factors that promote fungal growth and aflatoxin production in foods and feeds (Mwakosya et 

al., 2022). A recent study in Tanzania has shown a significant positive correlation between 

moisture content and AFB1 in animal feeds (r = 0.90; p < 0.05) (Mwakosya et al., 2022). 

Furthermore, storing feeds for future use influenced the occurrence aflatoxin in feeds and raw 

cow milk. Stored feeds were two times (OR = 2.0) more likely to have a high level of AFB1 in 

compared to un-stored feeds. Raw milk samples from SDFs who store feeds had 3.6 (OR = 3.6, 

p = 0.0019) times more likelihood of being contaminated with AFM1 compared to those fed on 

un-stored feed. Noteworthy, drying feeds demonstrated lower mould counts. However, mould 

spores can remain in feeds after drying and later germinate and flourish if conditions become 

favourable (Lanyasunya et al., 2005). Feedstuff stored under poor conditions such as high 

relative humidity, temperature, and poor ventilation, is more likely to be contaminated with 
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AFs (Admasu et al., 2021). Therefore, it is crucial to comply with good storage practices to 

avoid fungal growth and aflatoxin recontamination. 

Generally, this study has found a variation in the occurrence of AFB1 and AFM1 in the selected 

districts representing the three agroecological zones (Table 12). Feeds from the Mpwapwa 

district were 7.3 times more likely (OR = 7.3, p= 0.0658) to have AFB1 contamination than 

Hai district. On the other hand, variation in the occurrence of AFB1 and AFM1 could not be 

accounted in the Serengeti district, since no animal feeds were collected. The raw cow milk 

collected from Mpwapwa was 7.2 times more likely (OR = 15.2, p <0.0001) to have AFM1 

contamination compared to Hai district (OR = 2.1). Similarly, the milk samples from 

Mpwapwa were 15.2 times more likely (OR = 15.2) of being contaminated with AFM1 

compared to those from Serengeti (OR = 1.0). It is therefore sufficient to note that 

agroecological zones influence the likelihood of occurrence of AFs contamination. For 

instance, Mpwapwa, which is in the semi-arid zone of Tanzania, is characterized by semi-arid 

conditions with an average annual temperature of 27°C (Mengele et al., 2020), with a hot and 

humid condition that favour fungal growth. A study in Malawi reported up to 80% of aflatoxin 

prevalence in hotter agroecological zones (Matumba et al., 2015). The differences in 

occurrence of aflatoxin among agro-ecological zones (Table 12) can also be explained by the 

type of grazing and feeding systems, feed handling, and storage practices. The survey results 

(Table 8) showed that zero and mixed feeding practices were dominant in Mpwapwa and Hai 

districts, which corresponded to the higher levels of AFB1 and AFM1 compared to Serengeti, 

where SDFs practiced free-range feeding system.  However, occupation of SDFs, their 

experience in keeping livestock, method of drying feeds and feed storage material were not 

significantly associated with the occurrence of AFB1 in animal feeds and AFM1 in raw cow 

milk. 
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Table 15:  Logistic regression analysis f or risk factors for  AFB 1occurrence  

 
 

Predicted factors  Occurrence of AFB 1 in feed 

samples (n=80)  

95%CI  

- ve samples (%)  +ve samples 

(%)  

Odd Ratio 

(OR)  

p value  

District      
Mpwapwa (Semi-arid zone) 1(9.1) 29(42.0) 7.3(1.3-136.8) 0.0658 
Hai (Northern highland zone) 10(90.9) 40(58) 1.0  
Level of education      
College or University 8(34.8) 3(5.3) 1.0  
Secondary 2(8.7) 12(21.1) 8(2.14-43.9) 0.0039 
Primary 13(56.5) 42(73.7) 16(2.5-155.3) 0.0066 
Occupation      
Employed and livestock keeping 5(21.8) 8(14.0) 1.0(0.1-5.9) 0.965 
Farming and livestock keeping 15(65.2) 44(77.2) 1.8(0.3-8.1) 0.474 
Livestock keeping 3(13.0) 2(8.8)   
Experience in keeping livestock      
Less than 5 years  3(13.0) 10(14.0) 0.8(0.1-5.4) 0.8132 
Between 5 to 10 years 3(13.0) 8(17.5) 1.0  
More than 10 years 17(73.9) 39(68.4) 0.7(0.1-2.6) 0.6036 
Feeding practices      
Free- range 4(17.4) 1(1.8) 1.0  
Zero grazing 17(73.9) 48(84.2) 11.3(1.5-

229.4) 
0.0355 

Mixed grazing 2(8.7) 8(14.0) 16(1.4-436.7) 0.0429 
Main livestock feed      
Roughages 2(8.7) 1(1.8)   
Concentrates  1(4.3) 6(10.5) 12.0(0.6-

556.6) 
0.128 

Both roughages and concentrates 20(87.0) 50(87.7) 5.0(0.5-111.2) 0.199 
Do you dry the feeds?      
Yes 13(56.5) 24(42.1) 0.6(0.2-1.5) 0.244 
No 10(43.5) 33(57.9) 1.0  
Method of drying the feeds      
Sun-dried on polythene sheet 4(30.8) 5(20.8) 1.0  
Open space on the ground 9(69.2) 19(79.2) 1.7(0.3-8.0) 0.504 
Moisture content measurement      
No moisture measurements 6(46.2) 22(91.7) 0.1(0.01-0.4) 0.0058 
Others 7(53.8) 2(8.3) 1.0  
Storing feeds?      
Yes 20(87.0) 54(94.7) 2.7(0.5-15.7) 0.2470 
No 3(13.0) 3(5.3) 1.0  
Feeds storage duration      
Less than three months 8(38.1) 26(48.1) 1.0  
Between 3 to 6 months 5(23.8) 15(27.8) 1.8(0.5-7.5) 0.3700 
Between 6 months to 1 Year 8(38.1) 13(48.1) 2.0(0.6-6.7) 0.2520 
Storage material      
Barrel/Drum 2(9.5) 3(5.6) 0.8(0.1-6.9) 0.8379 
Polyethene bag on ground 7(33.3) 29(53.7) 2.3(1.0-7.0) 0.1406 
Polyethene bag on pallets 12(57.1) 22(40.7)   
Heard about aflatoxin      
Yes 7(30.4) 19(33.3) 1.2(0.4-3.4) 0.8023 
No 16(69.6) 38(66.7) 1.0  
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Table 16:  Logistic regression analysis for associated risk factors for  AFM 1 

occurrence  

 
 

Predicted factors  Occurrence of AFM1 in raw milk 

(n=141)  

95%CI  

- ve samples  +ve samples  Odd Ratio 

(OR)  

p value  

District      
Mpwapwa (Semi-arid zone) 17(36.2) 30(63.8) 15.2(5.4-50.6) <0.0001  
Hai (Northern highland zone) 37(82.2) 8(17.8) 2.1(0.7-7.3) 0.2200 
Serengeti (Arid zone) 43(89.6) 5(10.4) 1.0  
Level of education      
College or University 3(3.1) 9(20.5) 1.0  
Secondary 15(15.5) 8(18.2) 0.2(0.03-0.8) 0.0020 
Primary 79(81.4) 27(61.4) 0.1(0.02-0.4) 0.0303 
Occupation      
Employed and livestock keeping 5(5.2) 9(20.5) 1.4(0.3-8.2) 0.6760 
Farming and livestock keeping 88(90.7) 30(68.2) 0.3(0.06-1.1) 0.0647 
Livestock keeping 4(4.1) 5(11.4) 1.0  
Experience in keeping animals      
Less than 5 years  17(17.5) 7(15.9) 0.9(0.3-3.0) 0.8297 
Between 5 to 10 years 17(17.5) 8(18.2) 1.0  
More than 10 years 63(64.5) 29(65.9) 1.0(0.4-2.6) 0.9636 
Feeding practices      
Free- range 54(55.7) 16(36.4) 0.8(0.1-2.4) 0.0057 
Zero grazing 40(41.2) 21(47.7) 2.0(1.0-4.4) 0.0441 
Mixed grazing 3(3.1) 7(15.9) 1.0  
Main livestock feed      
Roughages 53(54.6) 15(34.1) 1.0  
Concentrates  6(6.2) 2(4.5) 1.2(0.2-5.7) 0.3757 
Both roughages and concentrates 38(39.2) 27(61.4) 2.5(1.2-5.5) 0.0171 
Do you dry the feeds      
Yes 18(18.6) 17(38.6) 2.8(1.3-6.2) 0.0121 
No 79(81.4) 27(61.4) 1.0  
Method of drying the feeds      
Sun-dried on polythene sheet 3(16.7) 6(35.3) 1.0  
Open space on the ground 15(83.3) 11(64.7) 0.4(0.1-1.7) 0.2160 
Moisture content 

measurement  
    

No moisture measurements 18(81.8) 17(89.5) 2.0(0.3-15.0) 0.4940 
Others 4(18.2) 2(10.5) 1.0  
Do you store feeds?      
Yes 47(48.5) 34(77.3) 3.6(1.7-8.5) 0.0019 
No 50(51.5) 10(22.7) 1.0  
Feeds storage duration      
Less than three months 24(51.1) 19(55.9) 1.5(0.5-4.9) 0.5300 
Between 3 to 6 months 12(25.5) 9(26.5) 1.4(0.4-5.3) 0.6360 
Between 6 months to 1 Year 11(23.4) 6(17.6) 1.0  
Storage material      
Barrel/Drum 5(10.6) 2(5.9) 1.0  
Polyethene bag on ground 19(40.4) 16(47.1) 2.5(1.0-16.0) 0.4100 
Polyethene bag on pallets 23(48.9) 16(47.1) 1.2(0.9-13.2) 0.5380 
Heard about aflatoxin      
Yes 22(22.7) 17(38.6) 2.2(0.1-4.7) 0.0499 
No 75(77.3) 27(61.4) 1.0  
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4.6 Validation of the Analytical Method  

Methods validation results are shown in Table 17. Three independent blank samples of AFB1 

and AFM1 �Z�H�U�H���V�S�L�N�H�G���E�\���$�)���P�L�[���������������������������������������J���N�J�����D�Q�G���$ �)�0 1 �������������������������������������������������J�� �/�� ��

standards, respectively for LOQ and LOD determination. The LOQ for the method was deemed 

satisfactory for both AFB1 and AFM1 since their values were below the EU maximum 

permissible limit for AFB1 �L�Q�� �G�D�L�U�\�� �F�R�Z�� �I�H�H�G�V�� ������ ���J���N�J���� �D�Q�G�� �$�)�0 1 for cow raw milk (0.05 

���J���/ ). The precision and recovery were evaluated by triplicate spiking of AFs at levels of 1, 5, 

�������������������������J���N�J���D�Q�G������������������������������������������������ �J���/���W�R���E�O�D�Q�N���I�H�H�G���D�Q�G���U�D�Z���P�L lk samples, respectively. 

The percentage recovery was calculated by dividing the detected concentration by HPLC over 

the spiked concentration times a hundred. Precision was done by measuring concentration of 

the same spiked samples three times a day (morning, afternoon and evening) for three days, 

and relative standard deviations (RSD%) were calculated. Selectivity of the method were 

confirmed, as there were no interfering peaks in the chromatogram around the retention time 

of each target analyte (Appendix 4) 

Table 17:  Recovery, precision, LOQ, LOD and linearity  

 

 

 

 
 
  

A nalyte  Spiked concentration   

range  

Mean recovery (%)  Precision  

(% RSD)  

LOD  LOQ  Linearity (R 2) 

AFB1 1- ���� �����J�� �N�J  97.08+/-7.4 0.77 0.530 0.630 0.99 

AFM1 0.02-�� �����J�� �/  83.06+/-4.8 0.92 0.027 0.040 0.99 
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APPENDICES  

A ppendix 1:  Human Informed Consent Form  

 
H UM AN INFORMED CONSENT FORM  

Student Researcher:    STEVEN J. KITIGWA 

Title of Project:  OCCURRENCE OF AFLATOXINS AND ASSOCIATED RISK FACTORS 

IN RAW MILK AND DAIRY FEEDS IN THREE AGRO-ECOLOGICAL ZONES OF 

TANZANIA. 

I am asking for your voluntary participation in my research study. Please read the following 

information about the research study. If you would like to participate, please sign in the 

appropriate area below 

Purpose of the Research:  

To assess the prevalence of Aflatoxin and associated risk factors in raw milk and dairy feeds 

in three agro-ecological zones of Tanzania. 

If you participat e, you would be asked to:  

Answer some question that related to, aflatoxin awareness, feeds manufacturing and handling 

practices, feed storage practices and animal husbandry practices. Also, you will be requested 

to collect a small sample of raw milk/feeds volume for laboratory assessment of Aflatoxin 

B1/M1 contamination, along with assessing questionnaire for the analysis of risk factors. 

The time required for participation: about 15-25 minutes 

Potential Risks of the study:  

There is no potential risk in this study 

Benefits:  

General, participant and society will benefit by being aware of Aflatoxin contamination and 

understanding the risk factors associated. Also, the results will show the occurrence of 

Aflatoxin B1 in feeds and Aflatoxin M1 in raw milk for the district selected. 

All of the records will be stored securely and confidentially.  

Voluntary Participation:  
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A ppendix 2:  Questionnaire for smallholder dairy farmers  

 
OCCURRENCE OF AFLATOXINS AND ASSOCIATED RISK 

FACTORS IN DAIR Y VALUE CHAIN IN THREE AGRO -

ECOLOGICAL ZONES OF TANZANIA.  

 

Study Participant Questionnaire  

 (Smallholder dairy farmers)   

 
 
 

 

 

 

 

 

 

 

 
  

GENERAL INFORMATION 

District:                                      Ward:                                        Village:                            Code: 

Household No: Participant Code:                     GPS Code: 

Date of visit:             
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A. DEMOGRAPHIC INFORMATION 
 
S/N 

 
Questions/Item 

 
Choices 

 
Response 

1. Age of respondent   1. 18 �±  35 Years  
2. 36 �±  55 Years  
3. 56 �±  70 Years  
6. Above 70  
 

2. Sex  Male  
Female  
 

3.  Marital status  Single   

Married   

Divorced   
Widow   
 

 4.   Level of education No formal education  

Primary  
Secondary  
College or university   
Others (specify)  
 

5. What is your main occupation? 
 
 

Livestock keeping   

Farming and livestock keeping  
Employed and livestock keeping  

Others (specify)  
 

6. For how long have you been involved in livestock 
keeping? 

1.Less than 5 Years  

2.Between 5 to 10 Years  

3. More than 10 ten years  
 

 
B. FEEDING SYSTEM/PRACTICES 
 
7. What is your role in cattle management? 

(Multiple options) 
1 Person looking after cattle  
2.Owner of cattle  
3.Occasionally look after cattle   
4.Am not involved in cattle 
management 

 

 
8. How many cattle do you keep?  
9. How many milking cows do you keep?  
10. How do you keep your livestock? 1. Free ranging  

2.Zero grazing  
3.Grazing and supplementation  
4.Others, please explain 
 
 

11. Why do you use such a feeding method? Explain 
 

  

12. What types of livestock feed do you use? 
(Select all applicable) 

1.Roughages  
2.Concentrates  
Both roughages and concentrates  
Others, please explain 
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17. Do you experience any challenge(s) in getting 
adequate feeds for your animals? 

1.Yes  

2.No  
18 If Yes, what are the challenges? Explain 

 
 
 
 
 

 
C. FEED HANDLING AND STORAGE PRACTICES 

19. How do you dry your feeds? 1.Using Solar dryer  
2.Sun dried on polythene sheet  
3.Open space on the ground  
4.Others (specify)  
 

20. Do you measure moisture content after drying? 1.No moisture measurements  
2. Moisture meter  
3.Others (specify)  

 
21. How long do you store the livestock feeds? Less than six months  

More than six months but less than one 
year 

 

More than one year  
 

22. How do you store the livestock feeds?  1. Woven/sisal bag (gunia)  

2.Polyethyne bag (mifuko ya salfeti)  
3. Barrel/Drum (pipa)  

4.Plastic bucket  

5. Heap on the ground  

6.Others (specify)  

23. How do you prepare the concentrates for your 
livestock 

 

 
D. AFLATOXIN AWARENESS 
 
24. Have you ever heard the word aflatoxin? 1.  Yes  

2.   No  
 

25. Where did you hear it from? 1.Village meeting/ extension 
officers 

 

2. Newspaper  
3.Seminar  

4.Radio/Tv  

5.Friend  

6.School  

7.Others (specify)  

26. Do you know that aflatoxins can contaminate livestock 
feeds? 

1. Yes  
2. No  
 

27. Can you recognise aflatoxin contaminated feeds 1.Yes  
2. No  
 

28. If, yes, how? Please, specify  

 
29. 1.Yes  
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Do you know that aflatoxin can cause liver cancer in both 
human and livestock? 

2.No  
 

30. Do you know that aflatoxins can reduce livestock growth 
and milk yields? 

1. Yes  
2. No  
 

31. 
 

Do you know that aflatoxin can be transferred from 
contaminated feeds consumed by animals to milk? 

1. Yes  
2. No  
 

32 Do you know the causes of aflatoxin contamination? 1. Yes  
2. No  
 

33 If Yes, mention them, 1. 
2. 
3. 
4. 
5. 
 

34. Do you know any control measure for aflatoxin 
contamination of livestock feeds? 
 

1.Yes  
2.No  
 

35. If yes, which control measures do you apply?   
 
36. Have you ever received any training on aflatoxins? 

 
1.Yes  
2.No  
 

37. What was the training about? 1.Good storage practices   

2.General awareness about 
aflatoxins 

 

3.Use of new storage 
techniques (e.g., hermetic 
storage) 

 

4.GAP  
5.Others (specify)  
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4. Open space on the ground  
5.Hermatic bags  
6. Others specify  
 

12. Are you re-using the packaging materials? 1. Yes  
2. No  
 

13. Are you a certified livestock feed 
dealer/manufacturer? 

1. Yes  
2. No  
 

14 
Have you ever inspected by regulatory 
authorities? monitoring agencies visit your 
place? 

  
  
 

15 How often quality monitoring agencies visit 
your place? 

1.Twice per year  
2.Once per year  
3.Others specify  

 
C. AFLATOXIN AWARENESS 

16 Have you ever heard the word aflatoxin? 1.  Yes  

  2.   No  

 
17 Where did you hear it from? 1.Village meeting/ extension officers  

2. Newspaper  

3.Seminar  

4.Radio/Tv  

5.Friend  

6.School  

7.Others (specify)  

 
18 Do you know that aflatoxins can 

contaminate livestock feeds? 
1. Yes  

2. No  

 
19. Can you recognise aflatoxin contaminated 

feeds 
1.Yes  

2. No  

20. If, yes, how? Please, specify  

 
21. Do you know that aflatoxin can cause liver 

cancer in both human and livestock? 
1.Yes  

2.No  

 
22. Do you know that aflatoxins can reduce 

livestock growth and milk yields? 
1. Yes  

2. No  

 
23. Do you know that aflatoxin can be 

transferred from contaminated feeds 
consumed by your livestock to milk? 

1. Yes  

2. No  

 

24. Do you know the causes of aflatoxin 
contamination?? 

1. Yes  
2. No  
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25. If Yes, mention them, 1. 
2. 
3. 
4. 
5. 

 
26. Do you know any control measure for 

aflatoxin contamination of livestock feeds? 
 

1.Yes  

2.No  

 
27. If yes, which control measures do you 

apply? 
 

28. Have you ever received any training on 
aflatoxins? 
 

1.Yes  

2.No  

 
29. What was the training about 1.General awareness of aflatoxin 

problem 
Proper storage practise  

 

2.Use of new storage technique 
(hermatic storage) 

 

3.GAP  

4.Others (specify)  
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A ppendix 4:  Validation of analytical method  

 
(a) 

 
(b) 

 
Calibration curve of AFB 1 (a) and AFM 1 (b)  

 
 
 
 
 
 
 
 
 



78 
 

(c) 

 

 

Chromatogram shows no interfering peaks in the retention time of each target analyte (c)   












