Sokoine University of Agriculture

MSc Dissertation

Occurrence of Aflatoxins in Animal
Feeds and Raw milk: The Case of
Kondoa District in Dodoma
Tanzania

Onesmo Andrew Robert

May, 2024



OCCURRENCE OF AFLATOXINS IN ANIMAL FEEDS AND RAW
MILK: THE CASE OF KONDOA DISTRICT IN DODOMA TANZANIA

A Dissertation submitted in partial fulfillment of the
requirements for degree of Master of Science in food quality and
safety assurance of Sokoine University of Agriculture.
Morogoro, Tanzania

Onesmo Andrew Robert

Supervisors

Dr. Alex Wenaty Ngunguru
Dr. Frida Albinus Nyamete

School of Engineering and Technology
Department Of Food Science and Agro-Processing
Msc. Food Quality and Safety Assurance

May 2024



ii

EXTENDED ABSTRACT

Aflatoxins in animal feeds and milk are common problem mostly
reported among many regions in Tanzania, in Africa, and worldwide.
Studies have revealed a high occurrence of aflatoxins in feeds and
milk, which is largely due to a lack of knowledge among various
stakeholders along the milk value chain, particularly smallholder dairy
farmers (SHDF), animal feed processors, and feed suppliers. This
has led to aflatoxins contamination of animal feeds during processing,
storage, and feeding. The most common and highly carcinogenic
aflatoxins is aflatoxin Bl (AFB1), which, when consumed, is
metabolized into aflatoxin M1 (AFM1) and can be found in milk, meat,
and eggs. Other types of aflatoxins include aflatoxin B2, G1, G2, and
M2. The formation of aflatoxins is mostly caused by Aspergillus flavus
or Aspergillus parasticus, which, under adverse environmental
temperatures and humidity, can grow in livestock feeds such as
maize bran, sunflower seedcakes, silage, hay, and, rarely, in the
grass, leading to the production of toxins that referred to as aflatoxins.

This study was conducted to assess the level of awareness of
aflatoxins in animal feeds and fresh milk among smallholder dairy
farmers and to determine the contamination of AFB1 in animal feeds
and the occurrence of AFM1 in milk. The study involved both
qualitative and quantitative methodologies, including surveys and
laboratory determinations of aflatoxins in animal feeds and milk.
Semi-structured questionnaires were used, involving 120 SHDFs who
had at least one dairy cow from six wards in Kondoa district namely
Soera, Kikiro, Haubi, Kolo, Borisa, and Kondoa mijini. In the
laboratory, 20 feed samples and 25 milk samples were collected from
25 SHDFs selected among 120 SHDFs and analysed for aflatoxin B1
and M1 respectively using High-Performance Liquid Chromatography
(HPLC), with samples prepared following various steps before
injection into the HPLC for aflatoxins detection and quantification. The
results of this study provide a basis for the recommendation of more
training programs and awareness campaigns on aflatoxins
supplemented with close monitoring of the dairy value chain by
extension officers across regions in Tanzania. The results of this
study demonstrate that, majority of SHDFs have awareness of
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aflatoxins. About 88.3% of the surveyed SHDFs have heard of
aflatoxins through village meetings coordinated in collaboration with
extension staff, where aflatoxins awareness was one of the agenda.
Other sources of information included seminars, newspapers, radio,
and television. Additionally, 77.5% were aware of the possible factors
and control measures for aflatoxins in animal feeds and milk, and
68.2% understand that aflatoxins can harm both animal health and
human health resulting in liver cancer. Furthermore, 63.3% knew the
possible transmission of aflatoxins from animal feeds to milk.
Additionally, more than 55% of the surveyed farmers were aware of at
least one factor for aflatoxins contamination and control measures to
prevent aflatoxins.

The results by High Performance Liquid Chromatograph (HPLC)
analysis of animal feeds and milk revealed that 55% of all samples
tested positive for AFB1 in animal feeds, where only 5% were above
the permissible safe limit of 20 pg/kg for dairy cattle feeding. The
mean AFB1 was found to be 8.6 (+5.9) ug/kg, ranging from the lowest
limit of detection (LOD) to 21.1 ug/kg. The analysis of milk samples
revealed that 44% of the samples tested were positive for AFM1, with
12% of the sample above the level recommended by the Tanzania
Bureau of Standards (TBS), the European Union (EU) and the World
Health Organization (WHO). The mean AFM1 was found to be 0.07
(x0.08) ug/L, ranging from the limit of detection to 0.23 pg/L.
However, there was no milk sample that exceeded the US Food and
Drug Administration (USFDA) and Codex standards of 0.5 ug/L for
milk to be consumed by the public.

Findings from this study demonstrate that the majority of farmers had
information about aflatoxins in animal feeds and raw milk, despite
many awareness programs conducted for agricultural crop producers.
Some farmers were aware of factors and the control measures for
aflatoxins, also they were able to mention at least one sign of
possible aflatoxins-contaminated feeds. This helped in their routine
practices of feed preparation, storage, and feeding cattle. The
findings of the survey reflect the real situation in the field, as the
majority of feeds and milk samples were within the levels
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recommended by TBS, EU, WHO, USFDA, and Codex Alimentarius
standards for dairy cattle feeding and milk for public consumption.

In conclusion, it was found, smallholder dairy farmers were aware of
aflatoxins animal feeds and milk. However, there are some fees and
milk samples contain aflatoxin calling for more training programs to
be established and implemented to spread awareness on aflatoxins
causes and effects, and hence ensure that the community is aware of
the problem and contribute to the effort to prevent aflatoxins.
Monitoring of SHDFs practices along the dairy value chain is also
recommended to encourage voluntary participation to prevent
aflatoxins contamination in animal feeds and milk and throughout the
food system in general

Keywords: Aflatoxins, Awareness, Aflatoxin B1, Aflatoxin M1, Animal
feeds, Rawl/fresh milk, Occurrence, Smallholder dairy farmers, and
High-Performance Liquid Chromatography.



IKISIRI KUU

Sumukuvu katika vyakula vya mifugo na maziwa ni tatizo sugu
linalozikumba nchi nyingi duaniani ikiwemo Tanzania. Tafiti nyingi
zilizofanyika kuhusu sumukuvu zimebaini viwango vya juu vya
sumukuvu katika vyakula vya mifugo na maziwa kutokana na wadau
wengi katika mnyororo wa thamani wa maziwa wakiwemo wafugaji
wadogo wa ng’'ombe wa maziwa, wachakataji wa vyakula na
wasambazaji kukosa elimu juu ya sumukuvu, visababishi vyake na
namna ya kukinga sumukuvu katika mifumo mbalimbali ya vyakula.
Hii imesababisha uwepo wa sumukuvu katika hatua mbalimbali
kuanzia kwenye uvunaji, uchakataji, utunzaji, na ulishaji wa vyakula
hivyo. Mojawapo ya aina ya sumukuvu hatari zaidi kwa binadamu na
mifugo ni Sumukuvu B1 ambayo hupatikana katika nafaka na hivyo
katika vyakula vya mifugo. Sumukuvu hii inapokuwepo katika chakula
anachokula ng’'ombe au mnyama yeyote humengenywa na kuzalisha
sumukuvu M1 ambayo hujitokea katika damu na kisha kwenda katika
mazao ya mifugo ikiwa ni pamoja na maziwa, nhyama na mayai. Aina
nyingine a sumukuvu ni pamoja na sumukuvu B2, G1, G2 na M2.
Hata hivyo shirika la kimataifa la utafiti wa magonjwa ya kansa
imezitambua aina mbili za sumukuvu yaani sumukuvu Bl na
sumukuvu M1 kama sumukuvu hatari zaidi na kuziweka katika daraja
la kwanza la visababishi vya magonjwa ya kansa ulimwenguni.
Uzalishaji wa sumukuvu hutokana na fangasi waitwao Aspergillus
flavus or Aspergillus parasticus. Fungusi hawa wanapopata
changamoto ya joto na unyevu kuliko kiwango stahiki huweza
huzalisha sumu inayoitwa sumukuvu.

Utafiti huu umefanyika kupima uelewa wa jamii za wafugaji wadogo
wa ng’'ombe wa maziwa juu ya sumukuvu katika vyakula vya mifugo
na maziwa pamoja na kubaini viwango vya sumukuvu Bl na
sumukuvu M1 katika vyakula vya mifugo na maziwa. Utafiti huu
ulitumia upimaji wa ubora na viwango ambazo ziljumuisha dodoso la
uso kwa uso kwa washiriki waliochaguliwa pamoja na uchunguzi wa
sampuli za vyakula vya mifugo na maziwa kutoka miongoni mwa
washiriki wa dodoso. Maswali yaliyoandaliwa yalitumika katika
kutambua kiwango cha uelewa kwa wafugaji wadogo 120 kutoka
katika kata sita wilaya ya Kondoa ikiwemo kata ya Soera, Kikiro,
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Haubi, Kolo, Borisa ha Kondoa mjini wenye angalau ng’'ombe mmoja
anayekamuliwa. Katika uchunguzi wa kimaabara jumla ya sampuli 20
za vyakula na sampuli 25 maziwa zilizokusanywa kutoka miongoni
mwa wafugaji 120 walioshikiri dodoso ambazo zilichambuliwa
viwango vya sumukuvu kwa kutumia kifaa cha kisasa kiitwacho “High
Perfomance Liquid Chromatography (HPLC)” kwa sampuli
zilizoandaliwa ipasavyo kabla ya kuziweka katika kifaa hicho kwa ajili
ya utambuzi wa uwepo wa sumukuvu na upimaji wa viwango vya
sumukuvu. Matokeo ya utafiti huu ni muhimu katika kutoa kutoa
msingi wa umuhimu wa kupanga, kuratibu na kutekeleza programu
za utowaji elimu ya ufahamu wa sumukuvu katika mikoa mbalimbali
ya Tanzania na nje ya nchi.

Matokeo ya utafiti huu yameonesha kwamba wafugaji wengi wa
ng'ombe wa maziwa katika wilaya ya Kondoa wanauelewa juu ya
sumukuvu kwenye vyakula vya mifugo na maziwa. Takribani asilimia
88 ya washiriki wote wamewahi kusikua kuhusu sumukuvu katika
televisheni. Asilimia 79 ya washiriki wa dodoso wanafahamu kuwa
sumukuvu inaweza kupatikana katika vyakula vya mifugo na maziwa.
Pia, utafiti huu umeonesha kwamba asilimia 68 ya wafugaji
walioshiriki wanaelewa kwamba sumukuvu inaweza kuathiri
binadamu na mifugo na kusababisha kansa endapo binadamu au
mifugo itakula chakula chenye sumukuvu. Aidha, asilimia 63
wanafahamu kwamba sumukuvu inaweza kusafiri kutoka Kkatika
vyakula vya mifugo vyenye vimelea vya sumukuvu kwenda hadi
kwenye maziwa. Miongoni mwa washiriki wote, zaidi ya asilimia 55
wanafahamu visababishi vya sumukuvu na namna ya kukinga
sumukuvu katika vyakula vya mifugo na maziwa. Pia asilimia 57
wanafahamu alama za kutilia mashaka juu ya uwepo wa vimelea vya
sumukuvu kuwa chakula cha mifugo. Ambapo mabadiriko ya rangi ya
kawaida ya vyakula kuwa rangi ya kijani, njano, nyeusi, na uvundo ni
ishara zilizotajwa.

Aidha matokeo ya uchambuzi wa maabara kwa sampuli za vyakula
vya mifugo na maziwa ziliokusanywa kutoka kwa wafugaji wilayani
Kondoa yamebaini kwamba, asilimia 55 za sampuli za vyakula zina
vimelea vya sumukuvu ambapo asilimia tano tu (5%) zilikuwa juu ya
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kiwango stahimilivu kwa matumizi ya ng’ombe wa maziwa cha
20ug/kg. Wastani wa sumukuvu katika sampuli hizo ilikuwa 8.6 (+5.9)
pHo/kg ambayo ipo kati ya kiwango cha chini cha utambuzi wa
sumukuvu hadi 21.1 pg/kg. Uchambuzi wa sampuli za maziwa
umebaini asilimia 44 zinavimelea vya sumukuvu ambapo asilimia 12
zipo juu ya kiwango kinachoshauriwa na Shirika la Viwango la
Tanzania, EU, and WHO kwa maziwa yanayokusudiwa kutumiwa na
binadamu cha 0.05pg/L huku wastani wa sumukuvu katika maziwa
ikiripotiwa kuwa 0.07 (£0.08) pg/L na kiwango cha juu cha sumukuvu
kikiripotiwa kuwa 0.23 pg/L. Hakuna sampuli zilizokuwa na kiwango
zaidi ya kinachoshauriwa na Shirika la Chakula na Dawa la Marekani
(USFDA) na “Codex Alimentarius” cha 0.5 pg/L katika maziwa
yakutumiwa na binadamu.

Matokeo ya utafiti huu yamebaini wafugaji waliowengi wanaufahamu
kuhusu sumukuvu katika vyakula vya mifugo na maziwa japokuwa
program mafunzo ya ufahamu zilijikita kwa wakulima wa mazao ya
kilimo. Wafugaji wengi wanatambua sababu za sumukuvuna na
namna ya kuzuia. Washiriki wa utafiti huu wameonesha kufahamu
viashiria vya kutilia shaka chakula chenye sumukuvu. Hii inasaidia
kuandaa, kutunza, na kulisha mifugo kwa kukinga sumukuvu.
Matokeo haya yanaashiria hali halisi ya ufugaji na kiwango cha
usalama wa mazoa wa mifugo. Japokuwa matokeo ya uchambuzi wa
sampuli zilizo nyingi zilikuwa na viwango himilivu vinavyokubaliwa na
TBS, EU, WHO, USFDA na Codex Alimentarius kwa vyakula vya
kulisha ng'ombe wa maziwa na maziwa yanayolenga kutumiwa na
binadamu, nivema kuongeza juhudi za kuzuia kabisa sumukuvu
katika vyakula vya mifugo na maziwa kwani sumukuvu B1 na M1 ni
hatari sana na husababisha kansa. Hivyo, ni muhimu kwa wataalamu
wa mifugo kufanya ukaguzi wa mara kwa mara katika maeneo ya
wafugaji wanaowasimamia ili kuhakikisha utendaji unaokidhi viwango
wa kukinga sumukuvu katika vyakula, maziwa, na mazao mengine ya
mifugo.

Programu za mafunzo kwa wafugaji wadogo wa ng’'ombe wa maziwa
na wakulima wa mazao ya kilimo zina mchango mkubwa katika
kuhakikisha usambazaji wa elimu ya ufahamu wa sumukuvu katika
mazao, vyakula vya mifugo, maziwa, na mazoa ya mifugo kwa
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ujumla. Mafunzo zaidi yanatakiwa kuanzishwa ili kusambaza elimu
juu ya sumukuvu na namna ya kuzuia sumukuvu katika vyakula na
hivyo kuhakikisha jamii kwa ujumla inaufahamu kuhusu sumukuvu
pamoja nha kusimamia shughuli za kila siku kuhakikisha kuzuia
sumukuvu katika mifumo ya vyakula. Hii itasaidia kuongeza utayari
wa jamii ya wakulima na wafugaji katika kuzuia sumukuvu katika
vyakula vya mifugo na maziwa.

Maneno Muhimu: Sumukuvu, Uelewa, Sumukuvu B1, Sumukuvu
M1, Chakula cha mifugo, Maziwa, Kuonekana, Wafugaji wadogo wa
maziwa, na “High-Performance Liquid Chromatography.”
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Background Information

The world is facing challenges regarding food safety due to
contamination from various hazardous sources incluuding aflatoxins.
Aflatoxins are toxic substances produced as secondary metabolites
by fungi, namely Aspergillus flavus or Aspergillus parasiticus, when
exposed to adverse environmental conditions like temperature and
humidity (Jiang et al., 2021). These fungi can grow in soil, decaying
vegetation, hay, and grains. Other Aspergillus species, such as A.
nominus, A. ochraceoroseus, A. bombycis, A. fumigitus, and A.
pseudotamari, have also been identified as potential causes of
aflatoxins (Jallow et al.,, 2021). Dietary aflatoxins have shown
detrimental effects on animal health and production. The most
common route of exposure is through the ingestion of contaminated
food or feed. When contaminated feeds are consumed by livestock,
they undergo metabolism, leading to the contamination of livestock
products, including milk (Fink, 2008). Aflatoxin Bl is the most
commonly occurring and most toxic type. When consumed in
contaminated feeds, it is further metabolized within the body and
excreted with livestock products as aflatoxin M1. Aflatoxins are
considered a carcinogenic, mutagenic, and teratogenic agent.
Therefore, its control and regulation in food systems are of great
importance (Mughal et al., 2017).

Milk consumption is recommended by many nutritional guidelines to
meet daily requirements for proteins, fats, minerals and vitamin B12.
However, the trend of individual milk consumption in Tanzania is
increasing slowly (Wang et al., 2022). Kurwijila (2010) reported that
average per capita milk consumption in Tanzania was 45 litres per
annum as compared to the current amount of 58 litres per annum as
reported by The Ministry of Livestock and Fisheries Budget Report of
2024. This is still very low compared to the recommended amount of
267 liters per person per annum. Milk is likely to be contaminated with
aflatoxins as a result of livestock consuming aflatoxin B1-
contaminated feeds. Humans can be exposed to aflatoxin M1 when
consuming contaminated milk and/or milk products. Several studies



have revealed that people, specifically children in urban and peri-
urban areas, are the highest milk consumers, usually consuming
more than twice the amount consumed by the rural population.
Consequently, they are highly exposed to aflatoxin M1, which is
excreted from milk after consumption (Makau, 2017).

Cattle feeding practices in Tanzania are defined by several
production systems adopted by farmers, including zero grazing,
mixed grazing, and free-ranging systems. The choice of production
system influences feeding practices and, therefore, the likelihood of
livestock products becoming contaminated with aflatoxin M1 from
consuming aflatoxin B1-contaminated feeds. According to a report by
the Tanzania Dairy Board (TDB) and Ministry of Livestock and
Fisheries Development (MLFD) in 2015, 30% of the 2.5 billion litres of
milk were supplied from improved dairy breeds, where
supplementation is a common practice. This accounts for 70% of the
milk sold, while most of the milk produced is consumed at the
household level. The choice of production system determines
aflatoxin Bl exposure in feeds and, consequently, aflatoxin M1
contamination in milk. Other determinants of aflatoxins contamination
include feed handling and storage practices, geographical locations,
the level of education, and aflatoxins awareness among livestock
dairy farmers (Kitigwa et al., 2023).

1.2 Problem Statement and Justification

Aflatoxins level in grain food and feeds are strictly regulated in over
60 countries. The government of Tanzania through Tanzania Bureau
of Standards (TBS) has established the minimum acceptable level of
aflatoxin B1 in animal feeds as 5 pg/kg, while the maximum level for
total aflatoxins count is 10 pg/kg (Tatfo Keutchatang et al., 2022).
However, for feeds intended for dairy cattle, the acceptable level of
aflatoxin B1 is 20 pg/kg, and the level of aflatoxin M1 in milk is limited
to 0.05 ng/mL This is also the level recommended by Codex
standard, and European Union standards. However, the
recommended level of aflatoxin M1 in milk by USFDA is limited to 0.5
Mo/L. Studies conducted in various parts of Tanzania, including Dar
es Salaam, Morogoro, and Singida, have revealed higher levels of
aflatoxin M1 in milk as reported by Mwakyosa & Mugula (2021);



Kajuna et al.(2013) and Mohammed et al.(2016) respectively. These
levels range from the limit of detection to 2.007 ng/mL, compared to
the recommended maximum daily intake of 1 ng/kg body weight/day
for an adult (Mohammed et al., 2016).

The Tanzania Initiative for Prevention of Aflatoxins Contamination
(TANIPAC) project has been implementing various programs to
prevent aflatoxin in some regions of the country. These programs
include a baseline survey, awareness assessment, and education
campaigns on aflatoxins prevention in the food systems especially in
Dodoma, Katavi, Simiyu, Mbeya, Morogoro, Iringa, and Songwe. The
aim of these programs is to increase awareness of aflatoxins and its
prevention strategies in cereal crops and the food system in general.
Kondoa, located in the Dodoma region, is one of the districts where
TANIPAC and other related projects have been implemented. In
Kondoa, smallholder farmers engage in mixed cultivation, primarily
focusing on maize, sunflower and groundnuts, along with small herds
of cattle, goats, pigs, or chickens.

It is worth noting that the first cases of aflatoxins outbreak in Tanzania
were detected in Kondoa. These cases were a result of consuming
maize contaminated with aflatoxins. In 2016, there were a total of 68
reported cases, with 20 deaths and more than 50% of the fatalities
were children under the age of 15 (Kamala et al., 2018). Various
studies have been conducted to assess awareness of aflatoxins and
its prevention strategies in cereal crops. However, limited studies has
conducted on the prevalence of aflatoxins in animal feeds and milk.
Dairy cattle are particularly susceptible to aflatoxin B1 exposure
through maize grain, maize silage and maize by-products if farmers
are unaware of aflatoxins contamination in animal feeds and milk. An
initial assessment conducted in some parts of Tanzania revealed that
75% of farmers lack awareness of aflatoxins control practices and the
carry-over effect in milk. As a result, consumers are highly exposed to
aflatoxin M1, which can have carcinogenic, mutagenic and
teratogenic effects (Jiang et al., 2021).



Therefore, it was essential to conduct a study to determine the
occurrence of aflatoxins in locally available and utilized animal feeds
and its impact on milk safety in terms of aflatoxin M1 contamination.
The findings of this study will provide crucial information on the extent
of aflatoxins contamination in feeds and milk. This will enable basis
for the development of recommendations aimed at promoting milk
safety by reducing aflatoxin M1 levels in milk produced and
consumed, primarily by reducing the use of feeds contaminated with
aflatoxin B1 in the dairy value chain.

1.3 Research Questions
i. Are smallholder dairy farmers aware of aflatoxins and its
potential contamination in animal feeds, as well as the factors
that contribute to it and the effects it can have on livestock and
human health?

ii. Does their animal feed contain aflatoxin B1 levels that exceed
the maximum limit, thus posing a potential risk for aflatoxin M1
contamination in fresh milk?

1.4 Objectives of the Study

1.4.1 General objective

The general objective of this study was to determine the levels of
aflatoxins contamination in animal feeds and fresh milk.

1.4.2 Specific objectives
The specific objectives of this study were to:

i. To assess the awareness of aflatoxin in animal feeds and milk
among smallholder’s dairy farmers, as well as their harvesting,
storing, and feeding practices.

ii. To examine the levels of aflatoxins B1 and M1 in animal feeds
and raw milk, respectively.

1.5 Literature Review

1.5.1 Mycotoxins

Mycotoxins are secondary metabolites (chemicals) produced by
certain mold species that can be found in foods before or after
harvest. These mycotoxins can have toxic effects on both humans



and livestock (Rodriguez & Nunez, 2020). Molds can grow in various
crops and foodstuffs, such as cereals (maize, sorghum, millet, and
rice), nuts, spices, dried fruits, apples, and coffee beans, especially
when these crops are exposed to warm or humid conditions. Maize
and groundnuts are the most commonly affected crop species when it
comes to aflatoxins contamination (Nagesh, 2018). Numerous studies
have shown that mycotoxins can cause a range of serious health
effects in both humans and livestock, from acute poisoning to long-
term effects like immune deficiency, which can make individuals more
susceptible to various diseases, including cancer. Mycotoxins are
often referred to as "silent killers" because they are difficult to detect
and some can be extremely toxic, posing risks to both humans and
animals by compromising the immune system. Due to its significant
impact on the economy and its potential hazards to human health,
animal productivity, and trade, mycotoxins control has become a
major concern (Balina et al., 2018).

Some common mycotoxins include aflatoxins, ochratoxin A, patulin,
fumonisin, zearalenone, and deoxynivalenol. The rate at which these
substances enter the food system varies among countries due to
differences in pre-harvest, during-harvest and post-harvest
management practices. This exposure can occur through direct
consumption of contaminated food or by consuming animal products
from animals that have already been exposed to mycotoxins through
contaminated feed (Mohamed et al., 2021).

1.5.2 Aflatoxins

Aflatoxins are the most common mycotoxins that pose health
concerns for both livestock and humans when consumed in
contaminated feeds and food, respectively. There are approximately
20 different types of aflatoxins identified worldwide, with the main
group consisting of aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin
Gl (AFG1l) and aflatoxin G2 (AFG2) (Mahato et al., 2019).
Additionally, there are aflatoxin M1 and aflatoxin M2, which are
hydrolyzed forms of Aflatoxin B1 and B2, respectively. These
mycotoxins are commonly found in livestock products, particularly
milk or milk products obtained from animals that have consumed
significant amounts of aflatoxin Bl-contaminated feed (Marimon



et al.,, 2021). A study conducted by Prandini et al. (2009) revealed
that AFM1 has approximately one order of magnitude lower potency
compared to AFB1, which is considered the most toxic substance
among the aflatoxins family. AFB1 accounts for approximately 75% of
all aflatoxins contamination in food and feeds worldwide and is well-
known for its role in hepatic carcinogenesis. Other adverse effects
include immune weakness, reproductive issues, malnutrition, and
growth impairment (Peles et al., 2019). Overall, different types of
aflatoxins have varying levels of toxicity, with aflatoxin B1 being highly
toxic among all known types of aflatoxins (Navale et al., 2021).

1.5.3 Occurrence of aflatoxins

Outbreaks of aflatoxins poisoning have occurred in many countries
across the world since the first detection of the disease in England in
1960, known as Turkey "X" disease. The most recent outbreaks were
reported in dogs in the United States and humans in Kenya, India,
Thailand, and Tanzania (Kamala et al., 2018). From March to June
2011, over 75 dogs died after consuming pet food contaminated with
aflatoxins in the U.S. (USFDA). The most severe outbreak in Kenya
resulted in 125 deaths in 2004 (CDC). A study conducted by Ledo
et al. (2020) revealed the occurrence of AFM1 in farm milk sampled
from dairy farmers. This served as an indication of the level of
performance of feed storage and monitoring practices, and the extent
of risk in the chain. The results showed that the majority (63%) of the
farm milk samples were below the lower detection limit (0.2 pg/L) of
the dipstick method. Additionally, 14% were between the lower
detection limit and the maximum limit of the USFDA legal standard
(0.5 pg/L), while 22% of the farm milk samples exceeded the USFDA
maximum limit. A previous study by Mohammed, Munissi, and
Nyandoro (2016) in Tanzania, and Gizachew et al. (2016) in Ethiopia
found that 16% and 26% respectively, of all milk samples, exceeded
the USFDA maximum limit for AFM1. The majority of the milk
samples were below the USFDA maximum limit of AFM1, but even at
lower levels, AFM1 poses a risk to consumers as processing does not
remove or reduce AFM1 in milk (Silva et al., 2021).



1.5.4 Aflatoxins exposure and metabolism

Animals are exposed to several types of aflatoxins through the
consumption of aflatoxins-contaminated feeds such as maize grain,
maize silage, maize processing by-products, and hay (Rodriguez-
Blanco et al., 2020). Once consumed, the contaminants are absorbed
with food in the small intestine and distributed to various parts of the
body and organs, including the liver and kidneys (Bbosa et al., 2013).
Different metabolism takes place in the liver upon arrival, resulting in
carry-over effects on animal physiological functions, reproductive
functions, health well-being and ultimately, livestock products
consumed by humans (Min et al., 2021). Plant stress caused by
drought, heat, or insect damage during fungus growth is a potential
factor that increases aflatoxins levels (Magembe et al., 2016).

1.5.4.1 Aflatoxins in hay feeds

A study conducted by Ceniti et al. (2021) revealed lower chances of
aflatoxin B1 contamination in hay, although there were higher
chances of contamination by other non-aflatoxigenic molds such as
Cladosporium cladosporioides, Alternaria alternata, and Rhizopus
stolonifera. These were fewer species closely related to aflatoxin (AF)
contamination. Another study conducted in Italy further revealed that
all hay samples were scarcely contaminated by AFB1, just below the
limits established by the European Union (EU legislation) (0.02
mg/kg). None of the samples were positive for Aspergillus, and those
tested for AFB1 showed results below the established limits.
However, the higher the moisture content of the hay, the higher the
chance of detecting aflatoxin B1, and vice versa. The recommended
storage condition for hay is a moisture content of 15% (Ceniti et al.,
2021).

1.5.4.2 Aflatoxins in grass forages

Green forages are contaminated with some types of mycotoxins other
than aflatoxins during the maturing stage and cutting. However,
several studies have revealed limited levels of mycotoxins in forages
compared to cereals (Nleya, Adetunji & Mwanza, 2018). Mycotoxins
in forages are typically caused by filamentous fungi of the general
Fusarium, while Alternaria grows normally in fresh forages. There
have been no reports of the presence of Aspergillus fungi and



aflatoxins in fresh forages worldwide (Schenck et al., 2019). However,
there is a close association between aflatoxin B1 contaminants and
aflatoxin M1 in milk when silage is used in the dairy cow diet (Puga
et al., 2022).

1.5.4.3 Aflatoxins in concentrate feeds

Concentrate feeds are the main means of dairy supplementation and
consist of various feed ingredients, including energy sources, protein
sources, vitamins, and minerals, compounded in a well-formulated
ratio. The major proportion of concentrate feed is cereal by-products,
specifically maize, which accounts for about 70%, while protein
sources such as sunflower seedcakes constitute about 25% of the
entire ration. The remaining portion contains mineral and vitamin
sources (Dunshare et al., 2019). Even though AFB1 has been
detected in several types of cereals, cereal by-products remain
dependable ingredients in concentrate feed formulation. Several
studies have revealed that aflatoxin B1 is more stable when found in
grains and resistant to degradation during normal processing such as
milling and storage. This presents a high chance of causing toxicity
and potential health hazards to both humans and livestock after
consuming contaminated feedstuffs (Lalah et al., 2019).

1.5.5 Effects of aflatoxins

The effects of aflatoxins in livestock depend on various factors,
including age, genetics, physiology, and the environment. Young
animals are more affected by aflatoxins than adults, as their livers are
not mature enough for detoxification and other metabolic mechanisms
(Min et al.,, 2021). Aflatoxins reduce productivity and reproductive
performance due to impaired nutritional and physiological functions
and overall health (Gashaw, 2016). In addition to physiological
impairment, aflatoxins cause loss of animal life, reduced livestock
production, disposal of contaminated feeds and products, and
increased veterinary care costs due to acute and chronic illness in
livestock. Long-term exposure to aflatoxins can also lead to chronic
health effects such as liver damage in both cows and humans
(Senerwa, 2016). In humans, the degradation of aflatoxins and the
interaction of the resulting toxic compounds with food components



can cause chronic diseases or severe cancers, increasing morbidity
and mortality (Yin et al., 2022).

Previous studies have addressed the occurrence of aflatoxins in
agricultural crops, specifically maize, millets, sunflower and
groundnuts, in relation to associated post-harvest practices in several
regions of Tanzania, including Kondoa and Nchemba districts.
However, there is limited information on the level of awareness of
aflatoxins in animal feed and milk, as well as the prevalence of
aflatoxins B1 and M1 in livestock feeds and fresh milk, respectively.
This study was conducted to assess the level of awareness of
aflatoxin among smallholder dairy farmers and determine the
prevalence of aflatoxins B1 and M1 in animal feeds and milk,
respectively. This was achieved through a survey conducted with 120
farmers using structured questionnaires and laboratory analysis of 45
samples of feeds (20) and fresh milk (25) using HPLC at the
Tanzania Bureau of Statistics (TBS) in Dar es Salaam. However, the
study was conducted in March during the rainy season and did not
consider the seasonal variation of feed resources during the dry
season, when post-harvest residues and dry grasses are the
dominant source of livestock feeds.
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Keywords: The occurrence of aflatoxins in animal feeds and milk is 2 common problem that is affecting both livestock and
Alatenias ‘human being leading to physiological disorders and cancer. Unk mst livestock keep ook aware of
Aokl el aflatoins and their contamination in animal feeds, cause, effects, and cantrol measures 2 most interventions on
tholder dairy farmess awareness creation have been involved with agricultural cereal crops. This study was conducted to assess
" awareness of aflatexins among smallholder dairy farmers in Kondoa district to determine the effectiveness of an
intervention to prevent aflatoxins. The study involved a survey using semistroctured questionnaires to 120
respandents purposively selected depending on having at least one dairy cattle in their herd. The resulis from this
study indicated that the majority of respondents (88.3%) heard of aflatoxins through sither village mestings,
seminars, radio, television or from friends. About seventy eight (78.7%) of all respondents understand that af
lataxins can inate animal ile 68 7% that i harm bath animal
health and human and results in liver cancer. Likewise, 63.7% of all respondents understand the possible
transmission of aflatoxins to milk. On the other hand, about 55% of participants in this study understand factors
and control measures for aflatoxins in animal feeds and milk. It is necessary to improve awareness and public
training campaigns o prevent aflatoxins in the food system in many other regions in Tanzania.
1. Introduction further metabolized into the body and excreted with livestock products

a3 Aflatoxin M1. Aflatoxine are considered carcinogenie, genic and

f

ins are d. bolites of either Aspergilis flavus or
Aspergillus parasites fungl which produce toxie substances when feed
exposed to adverse environmental conditions such as temperarure and
humidity [1]. Other Aspergillus species including A. nominus, A ochra-
cearosews, A. bombyels, A. fumiginis, and A. pseudotamari are said to be
lirtle-identified eauses of Aflatoxin [2]. These fungl are capable of
growing in sofl, decaying vegetation, hay and grains. Dietary aflatoxing
Tave shown detrimental effects on animal health and production. Higher

teratogenic agents hence high concemn for control and regulation in food
systems [z of great importance [5].

The dalry sub-zector in Tanzania is exposed to aflatosins through the
production of contaminated milk resulting from consuming aflatoxin
Bl inated feeds. Milk jon is reco ded by many
nutritional guidelines to meet daly requirements for proteins, fat,
minerals and vitamin B12. However, the trend of individual milk con-

tion in Tanzanda is i ing slowly [6]. The average per caplta

exposure causes fatal illness and sometimes death while chronle expo-
sure has been shown to cause liver cancer, growth d jon and im-

milk consumpeion was 45 L per annum in 2010 which s very low
d to the ded amount of 267 L per person per annum

mune suppression in both animal and human beings [3]. The most
common exposure route occurs by ingestion of contaminated food or
feeds. When inated feeds are d by livestock, they un-
dergo metabolism leading to contamination of the livestock products
including milk [4]. Aflatoxin B1 is the most commonly occurring and

[7]. Children under five years of age are the most consumess of milk ar
the household level hence highly vulnerable to aflatoxing effect due o
premature immune systems. The cholce of eartle production system in-
fluences aflatoxins contamination in feeds and milk. Other factors are
feed handling and storage practices, gegraphical locations, aflatoxins

most toxie of all types when contaminated feeds are d. it Is

and the level of education [5].
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Maize bran and sunflower seed cakes are the most commonly used
cereals processing by-products affected by aflatoxins. These are
raw rials in feed i lati Likewise,

maize postharvest residues contribute to the catile hasal diet during the
dry season [9). Therefore, camle are likely to be exposed to aflatoxins

12

surveys and assessment awareness, up to education campaigns on the

bon of aflatoxi ination in food systems in Dodoma,
Karavi, Simiyu, Mbeya, Morogoro, Iringa and Songwe regions [13].
These programs emphasize improving awareness of aflatoxins and its
prevention strategies in cereal crops specifically maize, sunflower and

“There are limited studies conducted 1o assess the awareness level of

through fon of aflatoxd ed feeds malze groundnuts.
grain, maize silage, and maize by-products. This may be due to lack of
sufficlent knowledge on harvesting and poat-h. of

food and feeds against aflatoxing contamination. The early ascesement
conducted in several studies revealed that abowt 75% of the farmers lack
awarenese of aflatoxin control peactices and the effects caused by
aflatoxin-contaminated feeds. The study by Ref. [10] in Pakistan
revealed thar about 77.9% of farmers knew the negative impacts caused
by moldy feeds bur only 40% understood the possible transfer of the
impacts to milk while 95% never heard of aflatoxins. Another study
conducted [11] elassified aflaroxins awareness according to the level of
education whereby farmers with at least secondary education and
formally employed were highly aware of the aflatoxins as compared
others with primary education and unemployed.

Kondoa is among districts in central zone Tanzania in Dodoma region
whose farmers practice mixed agriculture producing malze, sunflower
and groundnuts with herds of cattle, goats, pigs or chickens. The first
aflatoxins outbreak cases in Tanzanla were detected in Kondoa due to
consumption of maize that was contaminated with aflatoxins. Abour
sinty-eight (68) cases were reported in 2016 and twenty (20) people died
of which above 50% were children below 15 years old [12]. Several
studies have been conducted in cereal crops to assess awareness of af-
latoxins among farmers. Tanzania Initiative for Prevention of Aflatood

in animal feeds and lvestock products specifically milk. This

feeds and milk o set up effective i tions and d neces-
sary actions to better attain the objective of preventing aflatoxins
exposure through feeds and food systems.

2. Materials and methods

2.1, Deseription of sudy areas

“This zudy was conducted in Kondoa distriet in Dodoma region
(Fig. 1) Currently, the district is divided into two administrative
councils; Kondoa Town Council (916.13 Km?) and the Keondoa District
Council (4640.87 km?) representing the semi-arid zone of Tanzania.
This district is located at latitude - 047 54' 0" South and longitude 357 47°
0 East about 169.9 km from Dods ity boarded with region
in the Morth, Nchemba district in the south, Bahi in the west and
Chamwino in the East. Soils are of low fertility, Base Exchange Capacity,
bulk density and water-retention capacity. Vegetation of the dismrict

rises bushland with isolated bush grasslands. Kondoa district is wer

Contamination (TANIPAC) project, is among several | tions that
have been conducted programs in the country ranging from haseline

h ch rized by a long dry season between late April o
December and a short wet season between early December and April.

KONDOA DC

Fig. 1. Map of Tanzania showing the ares where the study was conducted.
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The average rainfall ranges from 400 mm in the plateau and up to 1000
mm in the highlands. The major crops grown include sorghum, miller
and maize while the major cash crops are maize, groundnuts, sunflower,
eastor seeds and sesame.

22 Survey of smoltholder dairy farmers™ awareness of affatoxins in
antmal feeds and fresh milk

Kondoa district has approximately 18,257 smallholder dairy farmers.
Out of these, 112 practice zero grazing management, 825 practice mixed
grazing, and 17 320 practice pure grazing management where cattle are
grazed on narural pastures or postharvest residues. To gather dara, a
eroas-sectional survey was conducted in six purposively selected wards.
These wards were chosen based on the high number of smallholder dairy
cattle farmers. The selected wards were Soera, Kikiro, and Haobi from
Kondoa District Council, and Kondoa mjini, Borisa, and Kolo wards from
Kondoa Town Council. From each ward, twenty (20) respondents were
purposively selected to respond to the semi-sturctured questionnaires.
These quest ires almed farmer's of aflatoxd

specific identity during data entry and analysis.

2.4 Dara analysis

The dara for variables in the questionnaire were coded and analyzed
using IEM Statistical Package for Soclal Sciences (SPSS) version 26
software (IBM Corp, Armonk, New York, NY, United States, 2011).
Frequency distriburion, percentage, p-value and chi-square were pro-
duced and assessed.

3. Results

3.1. Demographic informamion

3.1.1. Number of respondents, age groups and mariral status of smallholder
dairy farmers involved in the snudy

A total of 120 smallholder dairy farmers 77.5% males and 22 5%
females were involved in this study (Fig. 2). Pamicipants were grouped
into diff age groups; 18-30 (5%), 31-40 (17.5%), 41-50(22 5%,

in animal feeds and fresh milk. The questionnaires included sections on
demographic information, feeding practices, handling and storage
practices, and awareness of aflatoxins. Permission to conduet the survey
was obtained to ensure the willingness of respondents to participate and
answer the questionnaire. A total of 120 dairy farmers, each milking at
least one cow, participated in this survey.

2.3, Dara collection

51-60 (31.79), 61-70(13.3%) and the last group with age above 70
constituted 12 {108} i The study rized the marital
status of the dairy farmers as married 113 (94.2%), single 3 (2.5%),
widow 3 (2.5%), and 1 divorced female (0.8%) (see Table 1).

) Y

in

3.1.2. Respondents’ main
livestock keeping

The results in Fig. 5 {a) and (b) showed that the majority of re-
spondents (84.296) in this study had primary education while 5.8% had

level and experi

with o

B iof

The data were collected through direct interviews
through a semi-structured quest ire. Dy jon
covered the age of the respondents, sex and marital stams, level of ed-
wcation, occupaton and the farmer's experience with dairy canle
keeping. Also, the questionnaire sought information on aflatoxins

among d This part included questions seeking to

know if they have ever heard of aflatoxins, the source of information,
and the dent’s ability to ize feed d with afla-
toxins. Through this part, the data for awareness on the possibility of
aflatoxine causing cancer in both humans and lvestock, harming and-
mals and ransfer o milk from contaminated feeds were collected and
recorded. Respondents” awareness of factors influencing aflatoxins
inati their control sibility of feed detoxification,

and if they have received any training covering aflaroxins were asked.
Data were recorded instantly on the field each questionnaire was givena

il with college to university level were
only 7.5% while 2.5% had no formal education. OF the main farmer's
occupation, 93.3% conducted both farming and livestock and 6.7% of
respondents were employed in different sectors and involved with
livestock keeping as an alternative source of income. On the other hand,
the duration they have been involved in livestock keeping was found o
differ among themselves. The study showed that 70% of respondents
had experience in livestock keeping for more than 10 years followed by
16.7% of respondents with less than 5 years while 13.3% were those
with 5-10 years' experience in subsector.

‘Su of reapondant Age of respondent

LS it

o -
E x
£ 3 .
4

| | \ ’_‘

s Fmse R ss (148 rnckd (1D (50801 reckd (.0 yre ks A 1D e
Sen el resgangant HAge of respendent

(a) (b)

Fig. 2. Sex (a) and age groups of respondents (b) smallholder dairy farmers at Kondoa.
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Table 1
Demaographic information of the smallholder dairy farmers in Kondoa district
council and Kondoa town council.

Varlables Caegories  District Town chil- F
Counell Counell squares  values
Frequency Frequency
%) 36}
Sex. Male 52 (55.9) 41144.1)
Female {33} 18 (&6.7) 459 ho3g
Age [yrs) 18-30 HE0.0) 3(500)
-0 152.4) 10{47.5)
41-50 5{3.3) 18 (&6.7) 45963 420
51-60 22 (57.9) 1a{42.1)
6170 10 (62.5) 6{375)
70 above & {50.0) &(50.0)
Marital Single oo 3{100.0)
staius Married 59 (s2.2) 4 (47.8) 319 o™
Divorced O {may o
Widow {5001 {5000
Education No Formal 1(3.3) 2(8a7)
Level Primary 55 (54.5) 48 (45.5)
Secondary 4 (57.1) 3429 6691 0.8
Callege 1(11.1) E{88.9)
Oecupation  Livesiock 0 (o) njom
keeping
Farming & 60 (51.6) 52 (86.4) 5.089 oS
Livestock
Emgloyed  1{125) T{875)
& livesiock
Duration lessthan 5 % (45.0) 11(55.00
years
S-10years B (5000 B{s0.00 0.357 .B3E™
10 years 44 (52.4) 40 (47.6)
above

Statistically significant at * p < 0.05, **p < 0.01, ***p < 0.001, ns = oot
significant.

3.2 Smaflholder dairy farmers” awareness of qflatoxing in andmal feeds
and rlk

3.21. Farmers™ awareness of aflatoving and their porendal to contarminae
animal feeds

The smdy showed that, respondents have heard of aflatecdns from
varlpus sources of informadon including village meetings which
involved sion officers, i radio and television,
at school and from friends. The association of the source of information
and the awareness of aflatoxing among the councils in Kondoa district is
a8 shown in Table 2

On the other hand, the association berween nominal and ordinal

Respordent main ooupation

[ pyr—
W e

(a)

variables used for assessing awareness among smallholder dairy farmers
in Kondoa distrier is shown in Table 3.

3.22. Effects of aflatoxvin-contaminated feeds

l'able 4 showed that 31.8% of the surveyed farmers were not aware
that aflatoxin causes liver cancer when humans and animals were
exposed to aflatoxin-contaminated food feeds. Regarding the possible
rransmission of the aflatoxin effects to milk, 36.7% of respondents did
not understand that aflatoxin can be transferred to milk and milk
products.

3.2.3. Factors influencing aflatooin contamination and control measures
for prevention

The results from this study show that 57.5% of farmers understood at
least one factor infleencing aflatoxin contamination whereas 42.5%
were not aware ( ). The most suggested reasons were poor feed
storage practices (15%), high molsture content (10.8%) and poor har-
vesting practices (2.5%), whereas 29.2% were able to stare both three
faciors as the cause of aflatoxins contamination. On the other hand,
42.5% were not aware of the factors for aflatoxins. Also, on the control

Table 2
Association between source of information and awareness of aflatoxin among
smallholder dairy farmers at Kondea (Kondoa District Council & Kondoa Town
Coundill.

Variable Respanse Kandoa Kondoa (=18 pevalue
oc T square
Where have  Village 4z 2 23305 0001
you heard  meeting/ (66.7%)  (3A3%)
it from enension
afficers
Newspaper i 0{0.0%)
{100.0%)
Seminar [T ] 2
(100.0%)
Radioy TV 2 12
(13.3%)  (EaT%)
Friend T 4
(200%)  (EL0%)
Sehool 0(00%)  0(0.0%)
Baith af the a 10
abave (44.4%) (S56%)
Nome of the 5 9
ahave (357%) (BT

Statistically significant at * p < 0.05, **p < 0.01, ***p < 0.001, ns = not
significant.

Education laval
W v s ion

Frinary

¥
Wecatege o vty

(b)

Fig. 3. Respondenis’ main eccupation (a) and their education level presented in (b) above.
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Table 3 Table 4
Association betwesn variables and the general awareness of aflatoxin amang iation between of in animal
farmers in Kondoa DC & TC. with location.
Variables Besponse  Démtrict Town chi- F values Variables Response  Districy Town Chi- F values
Council Couscll squares Councll Couscll squares
Frequency  Frequency Frequency  Frequency
Have you Yes 5&[528%) 50 1.450 o.z29™ Doyouknow that  Yes 50 43 1420 ozz3™
keard of the (47.2%) aflatoxing can (53.E%) (46.7%)
woed No 5(IE7E  9(64.3%) conmminabe P 11 16
aflatoxins animal feeds (40.7%) (59.9%)
Iefiire? Can you Yes a 40 0268 D™
Do aflatondns  Yes 52 = 16400 DODOT recognize sigms (524%) {47.6%)
camse liver (63.4%) (36.5%) of fieed P 17 19
camcer in No 9(m7e 2 contaminabed (47.2%) (52.8%)
humans and (T6.3%) with
animals aflatoins?
Can aflmoxins  Yes s0 = 10658 0001 Can aflmoxinsbe  ¥es a8 = 12557 0O
barm your (61.0%) (39.0%) tramsferred o (63.2%) (36.8%)
animals o n Fa milk fram B 13 31
[28.9%) 71.1%) consumed (29.5%) (70.5%)
Have you ever  Yes 46 24 148685  OLODO* contaminated
wrained o (65.7%) (243%) feedds
aflsoxins? o 15 35 Do you know the  Yes a5 24 13440  0LOOO
[30.09%) (Foms) Exctors (65.2%) (34.59)
What was the FProper 4 (30.0%) 1{20.0%) IE330 0000 Imibuencing B 16 35
raining sworage aflaoxin (31.4%) (BE.6R%)
abom New 2 oo contasmination
sorage (100.0%) Do you knewe the  Yes a - 13364 0000
nechsdque canral (65.7%) (34.7%)
GAP 19 1(5.0%) mensures Bin 17 36
(95.0%) (3z1%) {E67.9%)
Both b= - Can aflaowins be  Yes 5(7L#%)  2(2M6%) 1262 0261
[48.9%) (51.1%) devoxified and Mo 56 =7
Nane 14 3 render the (49.65) (50.4%)
(29.7%) (%) feeds safic?

Statistically significant at * p < 0.05, **p < 0.01, ***p < 0.001, ns = not

measures, 55.8% of farmers were aware of aflatoxing control measures.
Some farmers reported good agriculture practices (G.AF) (28.3%), good
storage practices (20.8%), and good harvesting practices (5.8%) as
control for afl il ination. However, 44.2% of re-
spondents were not aware of any control measures. On the possibility of
aflatoxins detoxificarion and rendering feed safe, 94.2% reported no
possible method to detoxdfy the aflatoxins contaminated feeds while
5.8% of farmers said afl. ing feeds can be detosified,

3.24. Posgible training on aflooxine owarensess and control measures

During this study, 58.3% of farmers reported having received short
term training on afl ins, th d control application
whereas 41.7% of farmers had not recelved any training on aflatoxins
(Table 5). The training covered proper storage practices, the use of new
stofage techniques (hermetic storage), and Good Agriculture Practices
(G.AP) all aimed at mitigating aflatoxing contamination from food
sysiems.

4. Discussion

4.1. Gender responsibiliny

This study involved 120 smallholder dairy farmers, the majority
were males and about a quarter of the respondents were females. These
results suggest thar males are the main participants in managing dairy
cattle as compared to females hence highly responsible for overall
management activities. The gender issue and division of responsibilides
are observed in this study. Females were mainly responsible for taking
care of their families while males around 51-60 years old were
responsible for the overall management of the family and division of
responsibility among members of the family. These findings are contrary

Statistically significant at * p < 0.05, **p < 0.01, ***p < 0.001, ns = not

o study by Ref. [11] from other districts of Tanzania such as in Arumern
where in addition to family rearing done by females, they are more
responsible as compared to males. In Kondoa, men are generally
involved with routine management practices required for dairy cartle.
This may be the reason why men were more voluntarily willing w
respond to the questionnaires as compared to fernales. In contrast to the
findings by Ref. [3] in Morogoro rural and Kilosa districts, women have
limited secess o and right over resources that they can wiilize w
impeove their livelihood as compared to men. Likewise, the findings
differ from the study by Ref. [3] who found that mos: women are the key
participants and decision-makers in Kenya dairy enterprices.

4.2 Demographic information among smallholder dairy farmers

Demographic information includes the socio-economic and cultural
behaviors of the given society. This study has demonstrated the rela-
tonship between marital status (single, married, divorced, or widow)
and some aflatcdin variables. It was found that the majority of re-
spondents were married as compared to others. This implies thar the
dairy enterprise needs collaborative efforts and division of re-
sponsibilities for which men fieel to participate in dairy cattle production
while women perform family caring in addition to farming activites. It
is probably hard for a single person to be involved with cattle production
as compared to couples who can perform a division of work based on age
and sex groups. The awareness of aflatoxins differs among them as a
result of soclal-culiural behavior [14].

Likewise, in this siudy majority of respondents performed mixed
farming managing both livestock and crop production activities, while
others were employed people performing livestock keeping as their
additonal source of income. These support findings thar livestock
keeping is performed by people of different professional backgrounds
and age groups. Unless a community awareness program is conducted,
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Table &
Amociation between some variables and the f aflatoxi and possible control measures.
Variables Respomse District Council Town Councll Chi-squares P values
Frequeney Frequeney
Source of information on aflatodss Village meeting,/enension afficers A2 [B6TH) 21[33.3%) 1205 oo
Newspaper 3(100.0%) 00.0%)
Seminar oin.0e) 2 [100.07%]
Radio/TV 2(123%) 13 (86.7%)
Friend 1 (2008%) 4 (0P
School 0{0.0%) 0 10.0%)
Both of the shave B (44.4%) 100 (55.6%)
None of the sbove 5(357%) 9 [64.7%)
Menition signs for aflatoinsconmminaed feeds. Molsture/maldy 19 (38.5%) 30(61.7%) 10246 00
Yellowish 11 (57.9%) B (4LI%)
Blackish 5{100.0%) 0 (0.0%)
Gresnish 1{100.0%) 0 (0.0%)
Bath of the sbove B{B&TH) 4333}
None of the abave 17 [50.0%]) 17(50.0%)
Menitian facters influsncing aflacoxins contamination High molsture cantent 10 [76.9%]) 3[2T1%) 14355 0.005"
Faor harvesting practices 2(BETH) 1(33.3%)
Por Storage practices 11 [E1.1%) 7 [3RT%)
Bath of the sbave 22 [BLTH) 13(37.1%)
None of the above 16 (31.4%) 35 [BB.6%]

Statistically significant at * p < 0.05, **p < 0.01, ***p < 0.001, s = not significant.

uneducated and primarily educated farmers normally have insufficient
information on aflatoxins and their impacts as compared o educated/
employed farmers [11].

Determination of chi-square correlation test results on the age of
respondents, marital status, educational level and duration which they
have spent in livestock keeping revealed no association with awareness
aof aflatoxins in animal feeds and milk in Kondea. This is contrary to the
findings by Ref. [11] which revealed evidence of association between
education level and awareness of aflatoxins. However, the sex and
occupation of the respondents revealed strong evidence of assoclation
with aflatoxine awareness among respondents. This may be because
males are considered as the head of the households hence a higher
chanee to participate in coordinated training and seminars on aflatoadns
than females in Kondoa. Likewise, most of the respondents’ occupati

when compared to the previous area where the sudy was conducted.
Although more respondents heard of aflatoxins as shown in Table 2,
about half of them were not aware of the factors influencing aflatoxins
contamination. This may be caused by different means by which they
heard aflatoxins such as radio and television, newspaper or from friends.
Although mass media communication may organize sufficient infor-
mation to present, the communiity's attention to presentation in mass
media may be very low. This may lead to insufficient information for the
audience about aflatoxing awareness in general. The report by Ref. [17]
pointed out that, aflatowins message structured and presented in mass
communication on aflatoxing makes it difficult to understand the ter-
inologies used ac the audi is mainly smallholder dalry farmers
who are primarily educated hence low follow-up and no audience

were both farmers and livestock keepers while a small proportion were
employed and performed livestock keeping as an alternative source of
income. This has shown a significant assoclation with awareness of af-
latoxins among smallholder farmers in Kondoa (p = 0,039, and p=0.025
for sex and oceupation respectively) at a 5% level of significance. The
employed respondent seems o have a higher chance of awareness of
aflatoxing and their effects in animal feeds and milk due to their pro-
fessionalism which exposed them to sclence subjects like chemistry and
biology where microbiology is the part of their study. This agrees with
the findings by Ref. [15] thar educated household members are more
knowledgeable about aflatoedns in the Democratie Republic of Congo
(DRC).

4.3, Awareness of affatoodns

Community education programs on aflatowdns information have been
found to improve awareness among smallholder dairy farmers in various
areas that previously had low levels of aflatoxins awareness. In Kondoa,
the majority (88.3%) of smallholder dairy farmers were aware of afla-
toxins and heard it through mainly village meetings coordinated and
arganized by extension officers in thelr respective wards or villages.
Other methods such as seminars, mas media communication, and
sharing information with friends have been shown to contribute 1o af-
latoxins awareness. This is almost similar to the studbes by Refs. [10,16]
in Uganda and Pakistan, respectively. These studies revealed an increase
in awareness above BO% in the communities that had a historieal
background of aflatoxin outbreaks. In addition to that, awareness of
aflatoxine contamination in animals and milk was found to be higher

Nathaniel [17] proposed training supplemented by
audio-visual method and computer-animated sequences as powerful
means to create aflatoxing awareness. Assoclation between some varl-
ables and awareness of aflatoxins was shown in Table 2 implying that,
response to whether they heard of aflatowdns revealed no significant
association to aflatoxins awareness. The awareness of aflatoxins’ effects
such as causing cancer, harming animals, training to aflatoxins, and the
content of training shows association with awareness of aflatoxins in
general.

4.4, Awareness, eoses and effecs of aflarodns contamination

Understanding the factors favoring aflatocdns production and
contamination in animal feeds is the key step to the application of the
appropriate measures for control. In this study, more than 50% of the
smallholder farmers were able to mention at least one factor influencing
aflatoxing contamination. Of this, the majority mentioned high mais-
ture/moldy contents, and poor harvesting and storage practices as the
major factoes influencing aflatoxins production and hence contamina-
tion. In addition to that, more than three-guarters of the respondents

d d the possible ination in feeds and milk, the aflatoxing
possibility to harm animals, the signs to recognize aflatoxins contami-
nated feeds and factors that favours aflatoxin production, and their
control measures. The majority listed moldy/high modsture content food
as the sign to identify contaminated feeds. Other signs included a change
in the color of feeds to yellowish, blackish, and greenish which consti-
tute 71.3% of the respondents who were able to mention at least one sign
of aflatoxing contamination. These findings emphasize the role of public
education campalgns in awareness ereation.
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The effects of aflatoxins are classified as acute and chronic depending
on the amount of toxin contamination and duration by which animal or
human beings were exposed. This study reported more than two-thirds
of surveyed respondents knew that aflatoxing can harm humans and
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farmers were not aware of aflatoxing, how animals get aflatoxins, and
how it is rransferred 1o milk. Recent findings [10] in Pakistani and [21]
in Kenya reported an increase in the level of aflatoxins awareness o
about 80% after conducting several training and awareness campaign

animals leading to liver cancer, growth, and i sup-
pression. Aleo, more than sixty percent of farmers were found to un-
derstand the possible transmission of aflatoxins to milk when animals
consumed aflatoxins-contaminated feeds. However, surveyed farmers
were not able to diff it b the shost and long
effects of aflatoxicosis. This may cause failure to accurately differen-
tate some of the acute effects on animals such as vomiting, depression,
hemorrhage, jaundice, general body 1 and lack of i
which are more similar to other diseases hence inaccurate diagnosis thar
contributes to increased veterinary costs due o ineffect

5. Conclusion and dations

The majority of livestock farmers in Kondoa are aware of aflatoxins
in cereal crops, animal feeds and milk. The awareness program inter-
vention in central regions of Tanzania including Dodoma and Singida
which was earlier organized and implemented by extension officers
l.hmugh village meetings with smallholder farmers is among the most
reagons for this achievement. Even though the majority have

[s).
4.5 Aflamxins detoxification

Various studies have suggested some physical, chemical, and bio-
logical methods for aflatoxins  detoxification. These  include
Fluorescence-hased automatic sorting, Ozone treatment, microbial
decontamination and cold plasma treatment [19). In this smdy, 94.2%

heard about aflatoxing, a few of them still have no sufficlent information
on aflatoxins causes, effects and control measures. It is emphasized that,
muore publie must be cond d through
village meetings and or seminars by making aflatoxing the permanent
agenda. Members who repi the b holds must share information
about aflatoxins with others at the family level. It is further recom-
mended vo establish and support more interventions in cereal and sun-
flower crop producers in various regions of Tanzania. Training programs

of all respondent farmers were not aware of any feed detoxificati
methods. Even a few respondents who agreed on the possibility of
detoxification were not able to mention any method. This implies thar
people are not aware of any method thar can be applied to feeds and
render them safe from aflatoxins. In contrast to the study by Ayo [11]
and Makavuma [16] farmers suggested methods like the use of binders,
soda ash, charcoal, salt and some herbs as means of aflatoxins detoxd-
ficarion. However, Itwasmdmedﬂntmmmerhodslmvelmmdoudm

ion rather than p o i shelf life. The study
byi.ef.[l:i]ismbansndpeﬂubaudﬂryhnerslnkeﬂynmen]edme
wse of aflavoxin binders such as NovaSil binders and benzonite clays
which are rich in Montmorillonite had positive effects of reducing
aflatoxin and hence leads to production of milk which with reduced
amount of AFM1 when farmers are trained on the application of the
binders in prepared feeds supplements. Therefore, farmers are advised
to use the aflatoxin binders in feeds to control aflatoxin occurrence in
milk. It was also pointed out that, training on application of Good
Agriculture Practice is an efficlent method to reduce aflatoxin in food
system especially when designed training considered local applicability
[20].

4.6. Role of maining in mitigating aflaroxins

Public educarion campaigns have been reported as a means to raise
aflatoxins awareness among farmers. When iraining s planned,
designed and eoordinated ly with i bilizati
and awareness of aflatoxing, it has been shown to raise the involvement
of people in aflaroxins mitigation strategies. In this study, the majority of
smallholder dairy (70%) have already recelved training on aflatoxins.
This training covered Good Agriculiure Practices (G.AP), good har-
vesting practices and good storage practices using new siorage tech-
nigues as a key means ro mitgate aflatoxins in food and feed. Because
Kondoa is among districts with a historical background of aflatoxins
cases, various programs previeusly implemented have helped to in-
crease awareness among farmers. It was expected thar various in-
terventions would create awareness of aflatoxins in cereal erops rather
than animal feeds and milk. This study has proved the effectiveness of
varioue intervention contributions to raise awarenesc of aflatoxine, its
effects on human, and livestock health and products, and factors fa-
voring production and control measures in both humans and livestock.
On the other hand, these findings are in line with the study by Yunus
[10] which reported thar 95% of farmers in Pakistan were not aware of
aflatoxing, but afier conducting training, the wmnd ding
increased to 98.3%. Also, the study by Ref. [20] found the majority of

| ed with audio-visual and d series must
hepuepmdmd applied. Also, mesimpledulgned mobile messages
with in awareness to effectively
communicare 1o the public lsremmmended This will enable the mobile
users to receive various information covering subtopics in aflaroxins thar
will leads to improved of aflatoxins among the soclety in
general.
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ABSTRACT

Abstract: The occurrence of aflatoxins in animal feeds and milk is common around the World as
most livestock keepers are not aware of aflatoxins.

Aims: This study was conducted to assess storage and feeding practices, and assessment of
aflatoxin B1 and M1 contamination in animal feeds and fresh milk samples in Kondoa.

Study Design: The study involved a survey using semi-structured guestionnaires and Laboratory
analysis of aflatoxin B1 and aflatoxin M1 in animal feeds and fresh milk samples ceollected from
among smallhclder dairy farmers.

Methodology: Purposive selection of 120 respondents among smallholder dairy farmers in six

*Comesponding author: Email: onesmoeandrew 285@gmail.com;

Eur. J. Nulr. Food. Saf,, vol. 15, no. 12, pp. 10-21, 2023
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wards purposively selected due to having larger number of dairy cattle was conducted. Likewise, 20
samples of animal feeds and 25 composite milk samples from ameng 120 interviewed farmers were
analysed for aflatoxin B1 and M1 using High-Performance Liguid Chromatography (HPLC).
Results: The results indicates that, aflatoxin B1 in feeds was 55%, with mean concentration of 8.6
+5.9 pgfkg ranging from the lowest limit of detection (LOD) to 21.1 pglkg with 5% samples above
the maximum level stipulated by the Tanzania Bureau of Standards (TBS) and European Union
(EU) of 20 pg/kg. Likewise, about 44% of the milk samples revealed to contain traces of aflatoxin
M1 with a mean amount of 0.07 +0.08 pa/L, ranging from the limit of detection (<LOD) to 0.23 pg/L,
and 12% exceading the TBS and EU standards of 0.05 pa/kg.

Conclusion: There is need to scale up aflatoxin awareness campaigns and regular menitoring

througheut the foed system in Tanzania.

GRAPHICAL ABSTRACT:

Keywords: Aflatoxin B1; Aflatoxin M1; Animal feeds; Fresh milk; Occurrence; Smaltholder dairy
farmers; and High-Performance Liguid Chromatagraphy (HPLC).

1. INTRODUCTION

Aflatoxing refer to the class of mycotoxins
produced by Aspergillus favus or Aspergillus
parasiticus. Production of aflatoxing occurs when
crops, specifically maize, or their processed by-
products (maize bran) and groundnuts, are
exposed to favorable envirenments of high
temperature and moisture content. Other
Aspergillus species, such as A. nominus, A
ochraceoroseus, A. bombycis, A. fumigitus, and
A. pseudotamari, are said to be little-identified
causes of aflatoxin [1]. About 20 different types
of aflatoxing have been identified in different
studies. However, the most common types of
aflatoxinz are Aflatoxins B1, B2, G1, and G2. The
metabolic products after aflatoxin B1 and B2
aflatoxins M1 and M2, are commonly found in
animal products such as eggs, meat, and milk
when livestock consume aflatoxin-contaminated
feeds. Aflatoxin B1 (AFB1) and its metabolite,
aflatoxin M1 (AFM1), are the most potent of all
aflatoxing and are classified as Type 1
carcinogenic by the International Agency for

Research on Cancer (IARC) in humans, due to
their ability to cause cancer.

Aflatoxing contaminate animal feeds such as
maize bran, sunflower seed cakes, silage, and
hay, typically before and after harvest, and
during storage. When these feeds are consumed
by livestock, they are metabolized in the
digestive system and then in the liver, where
further metabolism takes place, and excreted in
milkimeat’/eggs in the form of AFM1. Studies
show that about 0.5-5% of the AFB1 consumed
in feeds is converted to AFM1 in milk [2]. The
toxicity of AFM1 is less potent compared to that
of AFB1 in foods, despite both being classified as
class 1 carcinogenic toxins [3].

The occurrence of AFB1 in animal feeds and
AFM1 in milk has been reported in different parts
of the world. However, aflatoxing are said to be
highly prevalent in areas around latitudes 40°
north and south of the equator. The study by
Stroznider [4] found that developing countries in
the tropics are at higher risk of aflatoxin
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contamination than others due to the presence of
faverable conditions of temperature and humidity
that lead to aflatoxin preduction. Therefore, milk
is likely to be contaminated with aflatoxins as a
result of livestock consuming AFB1-
contaminated feeds. Milk acts as a good source
of AFM1 contamination when consumed directly
of in dairy products. The study Kagera [5] found
that people in urban and peri-urban areas
consume ifwice the amount consumed by the
rural population, thus making them more
exposed to AFM1.

The effects of aflatoxins in human and livestock
depend on various factors including age, genetic,
physiclogy, and the environment Research has
shown that young animals are more susceptible
to aflatoxins than adults because their livers are
not yet fully developed to handle detoxification
and other metabolic processes [6]. Aflatoxing can
reduce productivity and reproductive
performance by impairing nutritional  and
physiclogical functions, as well as overall health
[l In addition to these physiclogical
impairments, aflatoxins can lead to loss of animal
life, decreased livestock production, disposal of
contaminated feeds and products, and increased
costs for veterinary care due to acute and
chronic  illnesses in  livestock. Long-term
exposure to aflatoxins can also result in chronic
health effects, such as liver damage, for both
cows and humans [8]. In humans, the breakdown
of aflatoxins can confribute to the development of
chronic diseases or severe cancers, leading to
increased morbidity and mortality rates [9].

Aflatoxin levels in grain foods and feeds are
subject to sirict regulations in more than 60
countries worldwide. The Tanzania Bureau of
Standards (TBS) has set the maximum tolerable
level of aflatoxin B1 in foods as 5 pg/kg, while 10
pgfkg iz the maximum level for total aflatoxins
count [10]. However, AFB1 in feeds intended for
dairy caitle is limited to 20 pglkg, while AFM1
levels in milk are limited to 0.05 pg/L according
to TBS, Codex standard, and United States Food
and Drugs Authorty (USFDA). Studies
conducted in some parts of Tanzania including
Dar es Salaam, Morogoro, and Singida revealed
higher levels of AFM1 in milk ranging from the
limit of detection (LOD) to 2.007 ngiml, as
compared to the maximum daily intake of 1 ng/kg
body weight/day for an adult [11-13]. The current
study was conducted to assess the
contamination of AFB1 in animal feeds and the
occurrence of AFM1 in fresh milk, and to
recommend the safety status of feeds and milk in

the Kondoa district and what should be done to
minimize aflatoxin contamination throughout
Tanzania in general.

2. MATERIALS AND METHODS
2.1 Description of the Study Area

Kondoa is one of the districts in Dodoma region,
currently divided into two administrative councils:
the Kondoa town council (916.13 sgkm) and the
Kondoa district council (484087 sgkm). K is
located at latitude 0°40°54" South and longitude
350°47'0" East, approximately 1699 km from
Dodoma city, and bordered by Manyara region to
the north, Chemba district to the south, Bahi
district to the west, and Chamwino district to the
east. The district's soils are of low fertility, base-
exchange capacity, bulk density, and water-
retention capacity. The vegetation consists of
bushland with isolated bush grasslands. The
climate is a wet savannah, characterized by a
long dry season from late April to December and
a short wet season from early December to April
Average rainfall ranges from 400 mm in the
plateau to 1000 mm in the highlands. Majer food
crops grown include serghum, millet, and maize,
while major cash crops are maize, groundnuts,
sunflower, castor seeds, and sesame.

2.2 Study Site Selection

With the help of the District Livestock and
Fisheries Officers (DLFQ), a total of six wards
were selected to participate in this study, three
from each council (Kondoa Town Council and
Kondoa District Council). The wards included
Kondoa mijini, Kolo, Borisa, Soera, Kikiro, and
Haubi; and were purposively selected based on
their agriculture and livestock-keeping activities,
with the largest population of smallholder dairy
farmers.

2.3 Sample Size

A total of 120 smallholder dairy farmers from six
wards with larger number of dairy cattle were
selected for survey questionnaire to assess feed
storage practices and feeding practices. Twenty
(20) dairy farmers were selected from each ward.
Determination of AFB1 and AFM1  wers
conducted on feed and milk samples collected
from 25 farmers. Four smallholder dairy farmers
with at least one milking cow were selected
randomly from each ward, except for the Kondoa
mjini ward, where five farmers were selected
under the same criteria.
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2.4 Study Design

This study involved a guantitative methodology
for determining aflatoxing in animal feed and
milk. Samples of feed and fresh milk were
collected frem 25 households selected from
among the 120 households who participated in
the survey for analysis of AFB1 and AFM1. Fresh
milk samples were collected from the farmers
from which feed samples had been taken.
Samples were taken to ensure the representation
of farmers who practice zero grazing, grazing
and supplementation, and pure grazing
management systems [14].

2.5 Methods

251 Assesament of storage and feeding
practices among smallholder dairy
farmers

This was conducted through a survey using a
semi-structured questionnaire to assess animal
feed storage and feeding practices, hence
determining association between feed storage
and feeding practices with awareness of
aflatoxing among smallholder dairy farmers in the
district. To assess feed storage practices, face-
to-face interview on feed drying methods,
duration of storage, feed storage, and
preparation methods were conducted. Likewise,
the assessment of feeding practices interview
included management system, the predominant
source of concentrate, frequency and amount of
feeding concentrates surveyed.

2.5.2 Determination of aflatoxin B1 in animal
feeds

A: Sample sources

Feed samples of 250 g were taken from each
household participating in this study. The
samples were packed in plastic, fransparent,
sealed bags and stored appropriately before
being fransported to the TBS food chemistry
laboratery for AFB1 analysis.

B: Sample preparation

Dwuring laboratory analysis, 100 g of each feed
sample was thoroughly ground, and then 25 g
sampled frem different sites within the bag was
taken for AFB1 extraction. The samples were
treated with a methanol-deionized water mixture
prepared by mixing 5 g of sodium chlonde and
300 ml of a methanol-water mixture at a ratio of

B80:20 (vi). The mixture was shaken for 30
minutes at 120 RPM to obtain a uniform mixture.
The solution was filtered through filter paper, and
20 ml of the filtlrate was diluted with 130 ml of
deicnized water. Then, 75 ml of the dilute sample
extract was passed through the Aflatest 1AC
column at a rate of 2-3 mi/min. The columns
were washed with 15 ml of water. To elute AFB1
from the colummn, 0.5 ml of HPLC-grade solvent
was added, followed by 0.75 ml of the same
solvent one minute afterward. Finally, 3 ml of
HPLC-grade water was added to the elevator,
and 20 pL of the final solution was injected into
the HPLC for aflatoxin B1 analysis following the
procedures described by Vaz and Silva [15].

C: HPLC analysis

Aflatoxin  guantities from the sample were
determined uwsing HPLC coupled with a
fluorescence detector (FLD) (Model Agilent
Chem3tation Technology, Series 1260 INFINITY
SERIES). The column C18 (4.6x130 mm, & um),
Eclipse XDB-C18, was used to separate groups
of aflatoxins (AFB1, AFB2, AFG1 and AFG2).
The celumn temperature was set at 30 °C, the
flow rate at 1.0 mL/'min, and the mobile phase
was Water: Methanol: Acetonitrile (80:30:10 viv).
The fluorescence was excited at a wavelength of
380 nm, and the emission wavelength was set at
480 nm. The retention for AFB1 took effect after
18-17 minutes.

D: Quantification

Aflatoxins guantification of the fully separated
AFB1 was performed by comparson with
standard aflatoxin B1 using the formula and
checking the linearity [16]. The concentration of
AFB1 in micrograms per kilogram (pglkg) was
determined by;

Saamderd prak heayie x Somle pock heiple 3 Fival rolme of somple micied
Srootilard pek hei phr
2.5.3 Determination of aflatoxin M1 in fresh
milk

A: Sample taking and preparation

One hundred and fifty milliliters {150 ml) of milk
were collected in sterile condition from each cow,
with a maximum of three samples collected from
three cows in one household. The samples were
immediately stored in an ice box to ensure cold-
chain storage. All samples collected from one
ward were stored in a deep freezer at -20°C untfil
all samples from all villages within the ward had
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bkeen collected. Upon completion of milk samples
collection, the samples were packed into an ice
box and transported to the Tanzania Bureau of
Standards (TBS) laboratory in Dar-es-salaam,
where they were kept frozen at -20°C before
AFM1 analysis. After one month, the samples
were removed from the freezer and prepared for
AFM1 analysis.

B: Procedures

Milk samples were thawed in water at 43°C for
five minutes. Milk samples from the same farmer
were mixed to obtain composite samples. One
hundred milliliters {100 ml) of each sample were
placed into test tubes for cream separation by
centrifugation at 4000 rpm. After cream
separation, the milk samples were filtered to
ensure that no cream remained. Then, 30 ml of
skim milk was loaded into the tubes, which were
finally connected to the aflatoxins column for
extraction. The samples were allowed to pass
through the column with an affinity to bind all
aflatoxing present while milk passed down the
vacuum manifeld. The celumn was then rinsed
with distilled water three times to ensure that no
milk samples were left in the tube. Finally, the

AFM1 particles bound in the column were eluted
by passing pure methanol through the aflatoxins
column down the microtubes. Ultrafiliration using
a syringe connected to a microfilter was
conducted to obtain the clearest supematants
ready to be injected into the HPLC machine for
detection and quantification.

C: HPLC Analysis

Aflatoxins M1 quantities from the samples were
determined wsing HPLC coupled with a
fluorescence detector (FLD) (Model Agilent
ChemStation Technology, Series 1260 INFINITY
SERIES). The fluorescent was excited at a
wavelength of 365 nm while the emission
wavelength was set at 450 nm, taking 16-17
minutes to retain AFM1 in the sample.

D: Quantification

Quantification of AFM1 was performed by
loading microtubes into the HPLC set,
pregrammed for quantification ranging from

0.02pgll to 0.75pg/L. Data from all samples
were recorded in Table 1.

Table 1. Association between feed storage practices and awareness of aflatoxins in animal
feeds and milk

Have you heard of the word aflatoxin before?

Variables Response Yes Frequency Mo Freq Chi-square p-value
categories (%) (%)
How do you dry Using solar 1(50.0) 1(50.0) 4.748 0.19™
your feeds Sundried on polythene 45(93.8) 36.2)
shest
Open space on the 46(852) 8(14.8)
ground
Mone 14(87.5) 2(12.5)
How long do you Less tham six month 105(88.2) 14(11.8) 0.133 Q.72
store the feeds? More than six months 1(100.0) 0(0.0)
but less than one year
How do you store Woven/sisal bag 21(100.0) 0(0.0) 5117 0.08™
feeds Palythene bag T2(B7.8) 10(12.2)
Heap on the ground 13{76.5) 4(23.5)
How do  you Manual mixing 59(90.8) 6(9.2) 1.026 0607
prepare Machine mixing 1(100.0) 0{0.0)
concentrates Mone 46(85.2) 8(14.8)

Statiztically aignificant af * p<0.05, ** p=0.01, *** p=0.001, nz=not significant
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2.6 Statistical Analysis

Data were entered into an Excel sheet, and the
saved file was imported to be analyzed using the
Statistical Package for Social Science (SPSS)
version 26 of 2019, Qualitative data were
summarized using frequency distribution tables,
while guantitative data were summarized using
descriptive  statistice, where mean, standard
deviation (SD), standard error of the mean,
range, and interquartile range were determined.
Chi-sguare statistic was used to assess the
statistical association between storage and
feeding variables and awareness of aflatoxins.

3. RESULTS
3.1 Animal Feed Storage Practices

Chi-square test results on farmers' routine
practices and the association to the level of
awareness of factors which may cause potential
aflatoxin contamination during wvarious feed

Table 2. Association between feeding practices

practices during storage were as indicated in
Table 1.

3.2 Feeding Practices
Holder Dairy Farmers

among Small

The determination of a chi-square test to
establish an association between routine feeding
practices and the awareness of aflatoxin in
animal feeds and milk yielded chi-square values
and p-values, as shown in the Table 2.

3.3 Aflatoxin Levels in Animal Feeds and
Fresh Milk

The animal feeds and milk samples collected
from smallholder dairy farmers were analyzed for
aflatoxin B1 and aflatoxin M1 by using High-
Performance Liquid Chromatography (HPLC).
The results for the presemce and amount of
aflatoxin contaminated in each sample were
tabulated in Table 3.

with awareness of aflatoxin contamination in

animal feeds

Variables Response YES NO Chi- p-

categories Freguency (%) Frequency(%) square value
How do you feed Free grazing 0(.0) 0(.0) 2829 0.24=
your animals Zero grazing 350(94.6) 2(5.4)

Grazing and B0(E87.0) 9(13.0)

supplementation

Both zero grazing, 11(78.6) 3(214)

grazing, and

supplementation
Predominant type of Roughages 100(87.7) 14{12.3) B34 0.36™
animal feed you are Mixed feeds 6(100.0) (.00
using
Where do you get Commercial 15(100.0) 0(.00 6.342 0.4ns
the concentrates Compounded on farm  57(91.9) 5(8.1)

Mone H(78.1) 9(20.9)
What type of Maize bran 5(100.0) 00.0) 7.189 0.07rs
concentrates do you Both 18(100.0) 0(.0)
feed your animals ~ Maize  bran  and 44{91.7) 4(8.3)

sunflower seedcake

Mone 39(79.6) 10(20.4)
How many times are Dairy 40(97.6) 1(2.4) T7.363 0.12m=
you feeding Once per week 12(92.3) 1HT.7)
concentrate Three times per week  14(87.5) 2(12.5)

Five times per week 1(100.0) 0(0.0)

Mone 39(79.6) 10(20.4)
How much do you Lessthan 1kg 0{.0) 0(0.0) 5.868 0.05=
give them 1kg to 2kg 40(95.2) 2(4.8)

3kg to Skg 26(92.9) 2(7.1)

Mone 40(80.0) 10{20.0)

Statistically significant at * p<0.05, ** p=0.01, ** p<0.001, ns=not significant
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The summary of aflatoxin contamination resulis mean, standard deviation and range of the
for both feeds and fresh milkk sample was  guantities of aflatoxin within the samples were
analyzed and the measure of central tendency; deducted and recorded in Table 4.

Table 3. Aflatoxin B1 in animal feeds and aflatoxin M1 in fresh milk samples collected from
smallholder dairy farmers in Kondoa district, Tanzania

Feed Sample Amount of aflatoxin B1 Milk sample ID Amount of aflatoxin
1n] in feeds (pg/kg) M1 in milk {pg/L)
TT14252 Mot detected TT14813 0.05
TT14253 Mot detected TT14614 Mot detected
TT14254 Mot detected TT14815 Mot detected
TT14255 Mot detected TT14616 Mot detected
TT14256 Mot detected TT14617 Mot detected
TT14257 2 TT14618 Mot detected
TT14258 Mot detected TT14819 Mot detected
TT14259 Mot detected TT14620 Mot detected
TT14280 37 TT14821 0.02
TT14261 Mot detected TT14622 Mot detected
TT14262 156 TT14623 Mot detected
TT14263 211 TT14624 0.03
TT14264 11.9 TT14625 Mot detected
TT14265 11.3 TT14626 0.04
TT14266 8.5 TT14827 0.04
TT14267 52 TT14628 023
TT14268 62 TT14629 Mot detected
TT14269 28 TT14830 0.03
TT14270 6.3 TT14631 0.08
TT14271 Mot detected TT14632 022
TT14833 Mot detected
TT14634 Mot detected
TT14835 0.01
TT14636 0.01
TT14637 Mot detected
[ :
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Fig. 1. The elution pattern of the highest aflatoxin B1 in a feed sample (left) and a standard
sample (right) at 360 nm wavelength analyzed by Agilent ChemStation Technology, Series
1260 HPLC Model
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Table 4. Aflatoxin B1 (AFB1) in animal feeds and afiatoxin M1 (AFM1) in milk, and the measure of central tendency

Labaratory analysis Sample Detection and Quantification Descriptive statistics
Aflatoxins Sample tested  Limit of  Limit of Aflatoxin  Positive Samples The  sample Mean 51D Range
(AF) {n) Detection Quantificztion  sample exceeded  exceeded (pglkgerl ) |walkg erlL )

(LOD) (LOQ) (ugl) %) TBSEU Codex std

(pgfka) standards (%)

[%)

AF81 A 02 15 55 § § 864580 20-211
AFMI 2% 0.005 00 4 12 0 00740.08 001-0.23
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Fig. 2. Calibration curve of aflatoxin B1 standard at 360 nm wavelength analyzed by Agilent
ChemStation Technelogy, Series 1260 HPLC Model
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Fig. 3. Elution pattern of the maximum concentration of aflatoxin M1 in milk sample (left) vs
standard sample (right) at 365 nm wavelength analyzed by Agilent ChemStation Technology,
Series 1260 HPLC Model
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Fig. 4. Calibration curve of aflatoxin M1 standard at 365 nm wavelength analyzed by Agilent
ChemStation Technology, Series 1260 HPLC Model
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4. DISCUSSION

Aflatoxin contamination im animal feeds or milk
causes chronic to acute health effects in human
and animals. However, variations of aflatoxin
occurrence differ from place to place due to the
method of detection, the difference in forage and
feed quality, climatic and geographic conditions,
farming system adopted, and feed storage
practices [11]. This study has assessed the
association between storage practices and
feeding practices to awareness of aflatoxin. K
was found that feed storage and feeding
practices hawve an insignificance association with
awareness of aflatoxin, contrary to the study by
Mohammedi-Ameur et al [11] and Kitigwa et al
[13]. This may be attributed to the feeding
system where most of the farmers adopted
natural grazing without supplementation. In this
system, roughages are a dominant source of
feed for their cows. Only a small proportion,
specifically those found in the village and the
majority in the urban area, manage dairy cows
under zero grazing where concentrate
supplementation is their routine feeding practice.
The majority of rural dairy farmers rarely
supplement their cows. However, when they do
supplement, they uswally use ingredients that
they have prepared at home after harvesting
crops. This is because they are aware of the
dangers of aflatoxins, and they want to ensure
that their animal feed is prepared properly to
minimize the risk of fungal contamination and
aflatoxin production. Furthermore, these farmers
only prepare a small amount of concentrate that
can be stored for less than a week. By following
all of these practices, they greatly reduce the
likelihcod of aflatoxin preduction. This is similar
to the study by Jolly [17] who found that the
levels of aflatoxins wvaried with differences in
feeding patterns, agricultural practices, and
awareness of aflatoxing in general.

Occurrence of Aflatoxin B1 contamination in
animal feeds was detected in 35% of all samples
collected with a mean amount of 8.6 +5.9 pg/kg
ranging from the lowest limit of detection (LOD)
to 21.1 pg/kg. However, only 5% exceeded the
recommended safe limit for dairy cow feeds of 20

g. The results reveal low contamination of
aflatoxin B1 with lower mean concentration when
compared to the studies conducted in most
tropical African countries such as Tanzania,
Rwanda, Uganda, and the Democratic Republic
of Congo. Some Asian countries with higher
contamination of AFB1 include Iran, Pakistan,
and India in regions where farmers had little, or

no knowledge of aflatoxin. These results build on
the existing evidence that, when smallholder
dairy farmers have knowledge of aflatoxins they
are more willing to pariicipate in the reduction
and or prevention of aflatoxin contamination in
food systems [18]. The findings are in line with
[19] who postulated that a lack of awareness
among farmers increased the risks of aflatoxins
to both humans and livestock.

On the other hand, 44% of the mik samples
collected from Kondoa contained detectable
traces of AFM1, with & mean amount of 0.07
+0.08 pg/L ranging from the limit of detection
(<LOD) to 0.23 pg/L. Only 12% of all samples
tested excesded the minimum allowable limit of
aflatoxins based on TBS and EU standards (0.05
pglL). Mo sample exceeded the WHO, USFDA,
and Codex Alimentarius limits (0.5 pofkg).
Contrary to the findings by Kang'ethe and Lang'
[14] Megasgh,[20] in Kenya and Mwakosya et al
[12], Kitigwa et al [13] in Tanzania, which
revealed high occurrences of aflatoxin M1 {above
80%) with higher mean concentrations in milk
samples collected from warious stakeholders.
These findings should be taken into account to
Justify the role of trainimg programs on awareness
of aflatoxins and their prevention among
smallholder dairy farmers. The farmers'
awareness of aflatoxins, feed storage, feeding
practices, and feeding system adopted may have
contributed to the low levels of occcumence of
AFB1 and AFM1 in feeds and milk, respectively.
Although the levels of aflatoxins in feeds and milk
were very low, it is worth preventing
contamination. This is because both AFB1 and
AFM1 are classified as Group 1 carcinogenic
toxins, and even at low exposure, they can lead
to cancer [21]. That is why it is very important to
adhere to the principles of prevention and
elimination of aflatoxin throughout the food
system to ensure safety of both livestock, their
products and the consumer health.

The successful prevention of aflatoxin in food
systems has spreading positive effects to the
stakeholders along the dairy value chain. Some
of these benefits include an increased growth
rate of livestock, improved productivity, an
improved immune system, and reduced
veterinary costs [22]. Likewise, achieving the
prevention of aflatoxin removes restrictions for
intermaticnal trade, specifically the exportation of
animal feeds, ingredients for animal feed
formulation, and processed dairy products. This
increases the livelhood of smallholder dairy
farmers and the contribution of the livestock
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sector to the Gross Domestic Product (GDP).
The prevention of aflatoxin in the food system
alzo provides consumer health protection against
liver cancer, hepatic diseases, and stunied
growth. The study by Udomkun et al [23]
concluded that the prevention of aflatoxin
contamination enhances food security, alleviates
malnutrition, and strengthens ECconomic
sustainability.

5 CONCLUSION AND RECOMMENDA-
TIONS

Aflatoxin contamination has been found to cause
health hazard to animal and human when
consumed feeds and food contains a trace of
aflatoxins. Large amount of aflatoxin exposure
results in acute toxicity while low amount of
exposure cause chronic toxic effects. The results
from this study reveal contamination of aflatoxin
B1 in feeds and aflatoxin M1 in milk despite
intervention programs to create awareness and
prevention of aflatoxin. This leads to the
preduction of feeds and milk of public health
concem that can lead fo cancer in long-term
consumption of contaminated milk. The IARC
classified aflatoxin B1 and M1 as class one
carcinogens due to their greater contribution to
cause cancer. Therefore regular monitoring of
feed storage, feed preparation, and feeding

practices along with awareness creation
programs from the village meeting to the
household level to prevent aflatoxin
contamination in food systems is highly
recommended.
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CHAPTER FOUR

4.0 GENERAL DISCUSSION

4.1 Demographic Information

This study has considered gender, age group, occupation, and
experience among 120 smallholder dairy farmers. The majority of
participants were male, aged between 40 and 51 years old. It was
found that the majority had a primary education, compared to college
or university-educated farmers. This is common in many African
communities, as the agriculture sector employs more than 75% of the
working population. Therefore it is not surprising to have a small
number of smallholder farmers with a college or university education.
This is because the highly educated individual are generally few in
number and become even fewer among the educated who are
interested in livestock farming. Most of them engage in livestock
keeping as an alternative source of income following employment in
government institutions or non-government organizations. Most of
these highly educated farmers wusually practice zero-grazing,
employing labor to bring pastures and supplements to their animals in
sheds. The demographic information indicates that males are highly
involved in livestock keeping compared to females. This is common in
many African communities, where the head of the family is the
dominant owner of everything and is responsible for coordinating
responsibilities among different age groups and sexes within their
households.

4.2 Awareness of Aflatoxins

The findings of this study has demonstrated that, more smallholder
dairy farmers in Kondoa are aware of aflatoxin. Majority of the
respondents in both Kondoa district council and Kondoa town council
had already heard of aflatoxins from various sources. Those who
knew that aflatoxins can contaminate animal feeds and potentially
causing harmful effects on animals and humans were more than
65%. This is a good indication that majority of smallholder dairy
farmers in Kondoa were aware of aflatoxins as compared to studies
previous studies conducted by Yunus et al. (2022), Nakavuma et al.
(2020), Boni et al. (2021) and Kiama et al. (2016) in Pakistan,
Uganda, Tanzania and Kenya, respectively where awareness of
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aflatoxin was very low. These results suggest the contribution of
training and other awareness programs organised and implemented
by various stakeholders in collaboration with extension officers
through village meetings, where awareness of aflatoxins is an
important agenda have raised awareness of aflatoxin among small
holder’'s dairy farmers. Moreover, other sources of information such
as seminars, radio, television presentations, and newspapers were
reported to contribute in raising awareness of aflatoxins. This
suggests need for planning, organizing and coordination of more
awareness programs in other areas to increase create awareness of
aflatoxins among people of all age groups and hence increase
participation of farmers and other stakeholders to reduce aflatoxins
contamination along the food systems.

Furthermore, the study by Yunus et al. (2022) revealed that when
people are aware of aflatoxins, they are more willing to participate in
control practices and or to pay a premium price for feeds and
livestock products that are aflatoxins-free. The awareness of
aflatoxins in animal feeds and milk among Kondoa smallholder dairy
farmers has contributed to their performance in all matters related to
aflatoxins contamination and control practices. However, the HPLC
analysis of animal feeds and raw milk sample collected from among
smallholder’s dairy farmers revealed contamination of the sample with
aflatoxin. This indicates that there were still some people who are not
aware of aflatoxins and much more others having insufficient
knowledge on aflatoxins causes, effects and control strategies.
Therefore, there is need to increase awareness among smallholder
farmers through regular monitoring and supervision of the routine
practices such as feed storage and feeding practices. This can be
achieved by ensuring that all extension staffs have relevant skills and
knowledge for aflatoxins prevention along the dairy value chain in
order to ensure good practices in matters related to animal feeds
processing, transportation and storage.

4.3 Food Storage Practices

Food storage practices are among the key determinants of aflatoxins
production and contamination in animal feeds and their products.
Feeds must be stored appropriately in a good temperature and dry
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environment to prevent mold growth during and after harvest, as well
as during storage. This study has revealed that most smallholder
dairy farmers, especially in rural areas, utilize post-harvest residue to
feed their cows. These residues are collected and stored in pellets,
some under sheds. Most of these feeds were used for three to six
months to supplement their livestock after grazing. Similarly, around
50% of smallholder dairy farmers purchase ingredients for
concentrate supplementation at milling and pressing machines for
maize bran and sunflower seed cakes. These ingredients are
normally dried and stored in polythene bags to prevent mold growth.
These farmers usually purchase a small amount that can sustain
supplementation for a week, mixing it with available ingredients to
supplement their cows during milking, mostly 2 kg of concentrates.
Due to the high cost of these supplements, most farmers do not
supplement their livestock and instead rely solely on grazing in
natural pastures. The findings of this study are in line with the study
conducted by Kiama et al. (2016), which suggests that feed storage
practices, when accompanied by sorting and discarding likely
aflatoxins-affected feeds, proper drying, and good agricultural
practices, have the potential to reduce aflatoxins contamination in
livestock feeds and hence in milk and other livestock products.



33

Figure 1: Hay storage practice at one of the smallholder dairy farmer
(SHDFs) at Kondoa town

4.4 Feeding practices

Aflatoxins contamination is also determined by the feeding
management adopted by farmers. In this study, smallholder dairy
farmers in Kondoa district adopted different management systems,
including zero-grazing, mixed grazing, and pure grazing. The choice
of management system was determined by factors such as
fluctuations in feed availability during the rainy and dry seasons,
distant grazing areas, the need to participate in other production
activities apart from livestock keeping and the cost of different
management options. The majority of farmers adopted pure grazing
on natural pastures, where they take their animals to grazing grounds
without supplementation and then return them home. Pure grazing is
the cheapest and easiest form of cattle management, requiring only
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one laborer to take care of a herd of cattle and resulting in low
investment costs. However, this method requires animals to walk long
distances in search of pasture and water, which can reduce
productivity. On the other hand, since this method relies solely on
pastures, there is a low chance of contamination with aflatoxins, as
standing hay and other pasture sources are rarely contaminated with
aflatoxins. Due to agricultural practices, no farmers adopted free-
ranging, as this could lead to conflicts among farmers. Regardless of
the dairy management system adopted, farmers should be aware of
aflatoxins and control measures. This will influence farmer’s voluntaliy
participation in preventing aflatoxins contamination in animal feeds
and milk.

Concentrate supplementation practices were most commonly
performed by smallholder dairy farmers under zero-grazing. This was
especially prevalent among urban and peri-urban farmers in Kondoa,
where grazing areas are limited. The majority of farmers prepared
feeds at home and were able to identify feeds that were potentially
contaminated with aflatoxins by noting changes in color. Most of them
stated that aflatoxins-contaminated feeds were usually moldy,
blackish-greenish, or yellowish. This helped them to isolate feeds that
perceived to be contaminated. This practice helped to ensure safety
by reducing aflatoxins contamination in animal feeds and hence in
milk.

4.5 Occurrence of aflatoxins in Animal Feeds and Fresh Milk

The laboratory analysis of feed and milk samples for aflatoxin B1 and
aflatoxin M1 showed an association with the level of aflatoxins
awareness among smallholder dairy farmers in Kondoa which is the
result of stakeholder’'s awareness programs such as TANIPAC. The
results of the feed analysis revealed that 55% of the samples
contained detectable traces of aflatoxin B1, with only 5% of the
samples exceeding the recommended limit of 20ug/Kg for animal
feeds intended for dairy cattle feeding, according to TBS, EU, WHO,
Codex alimentarius, and UFDA. This resulted in a low level of
aflatoxin M1 in the milk, as aflatoxins are metabolized in the body of
animals. It was found that 44% of the milk samples contained
detectable traces of aflatoxins M1, with only 12% of the samples
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exceeding the safe limit of 0.05ug/Kg for milk consumption, according
to TBS and EU. However, according to WHO, Codex alimentarius,
and UFDA, the maximum level of aflatoxin M1 in milk for consumption
is 0.5ug/Kg and no milk samples exceeded this limit. These results
indicate a low level of aflatoxin B1 and M1 present in feeds and milk
from Kondoa district compared to other studies conducted by
Nakavuma et al. (2020), Glady’s et al.(2018), Mwakyosa et al. (2022),
Kitigwa et al. (2023), Kiama et al. (2018), Kangethe, and Lang’a.

The low level of aflatoxins in feeds and milk samples in Kondoa
indicates that the majority of smallholder dairy farmers are aware of
aflatoxins in animal feeds and milk. This was evident through an
assessment of feed storage practices and feeding practices, which
implies that most farmers understand good storage and feeding
practices. This suggests that when training programs on aflatoxins
awareness are planned and implemented among agricultural
communities, there is a high chance of success in imparting
knowledge and skills for reducing aflatoxins contamination through
good agricultural practices such as good harvesting, and storage
practices. These practices will help produce feeds with little to no
aflatoxins contamination, ensuring the production of safe milk for
public consumption. Similar findings were concluded by Yunus et al.
(2022), stating that when awareness of aflatoxins is promoted among
farmers, they become willing to participate in aflatoxins
decontamination. This reduces and prevents aflatoxins contamination
throughout the food system.

5.0 Conclusion and Recommendations

Awareness of aflatoxins is a prerequisite strategy for preventing
aflatoxins contamination in the food system. The findings in this study
revealed that smallholder dairy farmers in Kondoa district were
awareness of aflatoxins. However, farmers need to have sufficient
information on the causes, effects and control measures which can
be improved through well planned and organized seminar and
training specifically for improving awareness of aflatoxin among
smallholders farmers. The results reflect stakeholder interventions,
such as coordinated training programs aimed at increasing aflatoxins
awareness. Although these training programs were specifically
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designed for agricultural crop producers, smallholder dairy farmers
also benefited from them, as they practiced mixed farming and used
crop residues as feed ingredients. The HPLC analysis of aflatoxin in
feed and raw milk samples revealed the low occurrence of aflatoxins.

However, it is highly recommended to improve awareness of
aflatoxins and monitor its occurrence to ensure that the awareness
level is below the permissible level safe for livestock and human
consumption. It is worth to understand that even at low levels,
aflatoxins in food and feeds can potentially cause cancer through
chronic effects. Program interventions, including properly designed
training programs, seminars, mass media communication, radio and
television broadcasts, and newspapers, must be established across
all regions in Tanzania to improve awareness of aflatoxin in general
and build capacity of smallholder dairy farmers to understand various
method that can be applied to prevent aflatoxins contamination and
hence ensure food safety for public consumption.
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APPENDICES

Appendix 1: Questionnaires

SMALLHOLDER LIVESTOCK FARMERS QUESTIONNAIRES.
PREVALENCE OF AFLATOXIN IN ANIMAL FEEDS AND FRESH
MILK: THE CASE OF KONDOA; IN DODOMA REGION.

Instructions

This questionnaire is aimed to assess milk producers’ knowledge of
factors and practices associated with aflatoxin contamination in milk.
It will take less than thirty minutes to complete this questionnaire.
Please note that your answer will be considered completely
confidential and your name will not be included in any reports about
these results. Also, your answer as an individual will not be shared
with anyone.

General objective
The general objective of this study will be to determine the levels of
aflatoxin contamination in animal feeds and fresh milk.

1.3.2 Specific objectives: -
i. To assess livestock farmers’ awareness to aflatoxin and milk
safety, their harvesting and feed storage practices.
ii. To examine aflatoxins B1 and M1 levels in animal feeds and
raw milk respectively.
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QUESTIONNAIRES

GENERAL INFORMATION

District: Ward: Village: Code:

Household MNo: 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 — 30 Years
2.31— 40 Years
3. 41— 50 Years
4. 51— 60 Years
5. 61— 70 Years
6. Above 70
2. | Sex 1. Male
2. Female
3. | Marital status 1. single
2. Married
3. Divorced
4 Widow
4. What is the level of education 1. Mo formal education
attained? 5 Primaw
3. Secondary
4. College or university
5. Others (specify)
5. | what is your main occupation? 1. Livestock keeping
2. Farming and livestock
keeping
3. Employed and
livestock keeping
4. Others (specify)
6. | For how long have you involved in | 1.Less than 5 Years
i ina?
neslecckeerd 2 Between 5 to 10 Years
3. More than 10 ten years
B. FEEDING SYSTEM/PRACTICES
7. [what is your role in cattle [ 1.Principle person looking

management?
(multiple options)

after cattle

2 Owner

3 Occasionally look after
cattle

4 Do not look after the
cafttle
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8. How many cattle do you currently
have in the herd?
9. How many dairy cows do you
currently have in the herd?
10. How do you feed your animals? 1. Free ranging
2 Zero grazing
3.Grazing and
supplementation
11. | Why are you using that system to
feed your animal? Explain
12. What is the predominant type of | 1.Roughages
animal feed you are using 2 Concentrates
3. Mixed feeds
13. If you provide concentrates, where | 1. Commercial
do you get the concentrates 2. Compounded on-he-
farm
What type of concentrates do you | 1.
14. feed your animals? 2.
3¢
4.
5.
15. How many times are you using | 1.Daily
feed concentrates? 2 Once per week
3.Three times per week
4 Five times per week
16. How much do you give them? 1.Less than 1kg
21kgto 2 kg
3.3kg to 5 kg
4. More than 5kg
17. | Are you facing any challenge of | 1.¥es
getting suffice feeds for your X
animals? -Mo
18 If Yes, what are those 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

3.0pen
ground

space on

the
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4 Others (specify)
20. | How do you measure moisture | 1.Mo moisture
content after drying? measurements
2. Moisture meter
3.0thers (specify)
21. | How long do you store the feeds? 1. Less than six months
2. More than six months
but less than one year
3. More than one year
22. | How do you store feeds? 1. Woven/sisal bag (gunia)
2 Polyethyne bag (mifuko
ya salfeti)
3. Barrel/Drum (pipa)
4 Plastic bucket
5. Heap on the ground
6.0thers (specify)
23. | How do you prepare concentrates
D. AFLATOXIN AWARENESS
24. | Have you heard of the word aflatoxin | 1. Yes
before?
2. No
25. | Where have you heard it from? 1.Village meeting/
extension officers
2. Newspaper
J.Seminar
4 Radio/Tv
9.Friend
6.5chool
7.0thers (specify)
26. | Do you know aflatoxins can cause | 1. Yes
contamination in animal feeds?
2. No
27. | Can you recognize any sign(s) which | 1.Yes
shows the feed is contaminated with | 2. No
aflatoxins?
28. | If, yes, which signs, Specify
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29. | Do you know that aflatoxin can cause | 1.Yes
liver cancer in human and animals? 2.No

30. | Do you know that aflatoxins can harm | 1. Yes
your animals? 2. No

31. | Do you know that aflatoxin can be | 1. Yes
transferred from contaminated feeds | 2. No
consumed by animals to milk?

32 Do you know factors influencing aflatoxin | 1. Yes
contamination? 2. No

33 If Yes, mention them, 1.

2.
3.
4.
5.

34. | Do you know that any control measure | 1.Yes
for aflatoxin contamination in animal | 2.No
feeds?

35. If yes, which control measure do you
apply to prevent aflatoxin contamination
in feeds?

36. | Aflatoxins in feeds can be detoxified to | 1.Yes
render the feeds safe? 2 No

37. | Have you ever received any training on 1.¥es
aflatoxins? 2.No

38. | What was the training about? 1.Proper storage

practise

2.Use of new
storage technique
(hermatic

storage

3.GAP

4 Others (specify)

THANK YOU FOR PARTICIPATING.
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Appendix 2: Research Permit

CLEARANCE PERMIT FOR CONDUCTING RESEARCH IN TANZANIA
UNITED REPUBLIC OF TANZANIA

MINISTRY OF EDUCATION, SCIENCE AND
TECHNOLOGY.

SOKOINE UNIVERSITY OF AGRICULTURE
OFFICE OF THE VICE-CHANCELLOR

P.O Box 3000, CHUO KIKUU, MOROGORQ, TANZANIA.
Phone: +255 (023) 2640006/7/8/9, Direct Line: +255 (023) 2640015,

E-mail:ve@sua.ac.tz. Website: hitps://www sua.ac 1z
Flease refer to.
Our Ref: SUA/ADM/R.1/8/963 Date: 22™ December, 2022

Permanent Secretary, 5
President's Office,

Regional Administration and Local Government,
P.O. Box 1923, Mji wa Serikali,

41185 DODOMA.

Email: ps@tamisemi.go.tz
RE: NIVERSITY ST

The Sokoine University of Agriculture was established by University Act No. 7 of
2005 and SUA Charter, 2007 which became operational on 1* January 2007 repealing
Act No. 6 of 1984. One of the mission objectives of the University is to generate and
apply knowledge through research. For this reason the staff and researchers undertake
research activities from time to time.

2. To facilitate the research function, the Vice Chancellor of the Sokoine University
of Agriculture (SUA) is empowered to issue research clearance to staff, students,
research associate and researchers of SUA on behalf of the Tanzania Commission for
Science and Technolagy.

3. The purpose of this letter is to introduce to you Mr. Onesmo Andrew Robert a
bonafide MSc. (Food Quality and Safety Assurance) student with Registration
number MFQ/D/2021/0002 of SUA. By this letter Mr. Onesmo Andrew Robert has
been granted clearance to conduct research in the country. The title of the research in
question is "PREVALENCE OF AFLATOXIN IN ANIMAL FEEDS AND MILK: THE

CASE OF KONDOA IN DODOMA REGION.”
Pagelof2
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FORMNO. 10

THE UNITED REPUBLIC OF TANZANIA PTRLinsS
MINISTRY OF LIVESTOCK AND FISHERIES *"’
TANZANIA LIVESTOCK RESEARCH INSTITUTE (TALIRI) {

Director General, Tanzania Livestock Research Institute, Block No. 38, |\ / A
P. 0. Box, 834, Dodoma, Email:do@taliri go tz or ha@taliri go tz W

§
L

REF NO. TLRIVRCC.23/003

RESEARCH CLEARANCE CERTIFICATE

1. This certificate is hereby presented to:
Mr. Onesmo Andrew Robert.
Title of the proposed research:
Prevalence of Aflatoxins in Animal Feeds and Fresh Mik: The case of Kondoa in
Dodoma Region.
2. General objective of the Research:

Determination of the levels of Aflatoxin contamination in Animal Feeds and Fresh Milk.

3. Study areas:

This research will be conducted in 1 Region of Tanzania - Dodoma.

& St.ﬂing p— 27"' Jlnulry, 2023 DIRECTOR GENERAL
Tenzania Livestock Researc h Institute
5. Ending date: 26™ January, 2024 o

Signature of the Director General ML‘L“— Date 97/"!["‘5"’-_7
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Kuhusu Tasnifu Hii

Utafiti huu umefanyika kupima uelewa wa jamii za wafugaji wadogo
wa ng’ombe wa maziwa wilayani Kondoa juu ya sumukuvu katika
vyakula vya mifugo na maziwa pamoja na kubaini viwango vya
sumukuvu Bl na sumukuvu M1 katika vyakula vya mifugo na
maziwa. Jumla ya washiriki 120 wenye ng’'ombe wanayekamuliwa
walishiriki. Katika uchunguzi wa kimaabara sampuli 20 za vyakula na
sampuli 25 maziwa kutoka miongoni mwa wafugaji 120 zilifanyiwa
uchunguzi wa viwango vya sumukuvu kwa kutumia “High
Perfomance Liquid Chromatography (HPLC)”. Matokeo ya utafiti huu
yameonesha kwamba asilimia 88 ya wafugaji wamewahi kusikua
magazetini, redioni na katika televisheni. Aidha matokeo ya
uchambuzi wa maabara kwa sampuli za vyakula vya mifugo na
maziwa ziliokusanywa kutoka kwa wafugaji wilayani Kondoa
yamebaini kiwango cha asilimia 55 za sampuli za vyakula
zinavimelea vya sumukuvu na asilimia tano (5%) zilikuwa juu ya
kiwango himilivu kwa matumizi ya ng’'ombe wa maziwa cha 20ug/kg.
Uchambuzi wa sampuli za maziwa umebaini asilimia 44 ya sampuli
zinavimelea vya sumukuvu ambapo asilimia 12 zipo juu ya kiwango
kinachoshauriwa na Shirika la Viwango la Tanzania, EU, and WHO
kwa maziwa yanayokusudiwa kutumiwa na binadamu cha 0.05ug/L.
Hivyo, ni muhimu kwa wataalamu wa mifugo kutoa elimu juu ya
sumukuvu na kufanya ukaguzi kwa wafugaji wanaowasimamia ili
kuzuia sumukuvu katika vyakula na maziwa.
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