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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  B1  (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  mjini.  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 μg/kg for  dairy  cattle  feeding.  The
mean AFB1 was found to be 8.6 (±5.9) μg/kg, ranging from the lowest
limit of detection (LOD) to 21.1 μg/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
(±0.08)  μg/L,  ranging  from  the  limit  of  detection  to  0.23  μg/L.
However, there was no milk sample that exceeded the US Food and
Drug Administration (USFDA) and Codex standards of 0.5 μg/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,  Raw/fresh milk,  Occurrence,  Smallholder  dairy  farmers,  and
High-Performance Liquid Chromatography. 
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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, nyama 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  B1  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  B1  na
sumukuvu  M1  katika  vyakula  vya  mifugo  na  maziwa.  Utafiti  huu
ulitumia upimaji wa ubora na viwango ambazo zilijumuisha 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 na 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
mikutano ya vijiji, semina zilizoandaliwa, magazetini, redioni na 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  katika
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
20μg/kg. Wastani wa sumukuvu katika sampuli hizo ilikuwa 8.6 (±5.9)
μg/kg  ambayo  ipo  kati  ya  kiwango  cha  chini  cha  utambuzi  wa
sumukuvu  hadi  21.1  μg/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 0.05μg/L huku wastani wa sumukuvu katika maziwa
ikiripotiwa kuwa 0.07 (±0.08) μg/L  na kiwango cha juu cha sumukuvu
kikiripotiwa kuwa 0.23 μg/L. Hakuna sampuli zilizokuwa na kiwango
zaidi ya kinachoshauriwa na Shirika la Chakula na Dawa la Marekani
(USFDA)  na  ‘‘Codex  Alimentarius’’   cha 0.5  μg/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  na  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  B1  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
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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  B1  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 µg/kg, while the maximum level for
total  aflatoxins count  is 10 µg/kg (Tatfo Keutchatang  et al.,  2022).
However, for feeds intended for dairy cattle, the acceptable level of
aflatoxin B1 is 20 µg/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
µg/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);
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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).
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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 
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and livestock (Rodríguez & 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
G1  (AFG1)  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  B1-contaminated  feed  (Marimon
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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 μg/L) of
the  dipstick  method.  Additionally,  14%  were  between  the  lower
detection limit and the maximum limit of the USFDA legal standard
(0.5 μg/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).
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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
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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
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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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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  usually  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



35

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
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THANK YOU FOR PARTICIPATING.
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Appendix 2: Research Permit
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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  B1  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
kuhusu sumukuvu kupitia  mikutano ya vijiji,  semina zilizoandaliwa,
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 20μg/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 0.05μg/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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