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ABSTRACT
Multiple studies were conducted in Malawi to: 1) evaluate knowledge and perception of dairy
farmers towards molds, mycotoxins and associated adverse effects; 2) evaluate dairy farmers’
knowledge and perception on milk contamination, proper milk handling practices and adverse
health effects associated with raw milk consumption; 3) determine levels of aflatoxins and
zearalenone (ZEN) in concentrate feedstuffs; 4) assess prevalence and levels of aflatoxin M1
(AFM1) in raw milk, dietary exposure and estimate HCC risks to children and adults; 5) assess
Salmonella and E. coli contamination in raw and processed milk from selected small scale farms
and major food stores, respectively. A total of 130 and 113 concentrate feedstuff and milk
samples, respectively, were collected from selected farms. Feed samples were analyzed for total
aflatoxin and ZEN while milk samples were analyzed for AFM1. Eighty-seven processed and
raw milk samples were collected from selected food stores and dairy farms for E. coli and
Salmonella analysis. Less than 50% of dairy farmers were aware of negative effects associated
with mycotoxins and perceived mycotoxins as risky to humans and dairy animals. About 60% of
the dairy farmers never thought mycotoxins in dairy cows’ feeds could be carried over to milk
hence no risk associated with consumption of that milk. The majority of dairy farmers had low
knowledge on proper milking and milk handling practices with 77% keeping milk for >6 hours at
room temperature and none following all necessary milking steps. Frequency of presence of E.
coli (76.1%, n = 46) and Salmonella (26.1%, n = 41) in raw milk samples was significantly
higher than in processed fluid milk. Population risk of AFM1-induced HCC were low, estimated
at 0.038 and 0.023 cases/100,000 individuals/year for children and adult consumers respectively.
Few milk samples (22%) had AFM1 above Malawi regulatory limit of 0.5 ppb. Total aflatoxin
(0.5 – 410 ppb) and ZEN (50 – 2400 ppb) were present in all concentrate feed samples with non-

vii

significant effect of agroecological zones. Current situation calls for training of dairy farmers and
frequent monitoring of dairy products quality to seal the gaps identified in these studies.

viii

CHAPTER 1. INTRODUCTION
Feed and food contamination negatively affect livestock production and human health
throughout the world. Severity of contamination is greater in Developing Countries due to poor
production and handling practices, inadequate storage infrastructure, utilization of unsafe water
for processing and cleaning food, and inadequate or poorly enforced regulatory standards
(Jiujiang, 2012; WHO, 2015;). Mycotoxins and bacterial pathogens are some of the feed and
food contaminants of great concern.
Mycotoxins are a group of chemically diverse compounds originating from secondary
metabolism in fungal molds (Fink-Gremmels, 1999; Njobeh et al., 2012). Aflatoxin and
zearalenone (ZEN) are among mycotoxins of great concern in livestock production (Whitlow and
Hagler, 2016). Zearalenone is mainly produced by Fusarium sp. while Aspergillus sp. are the
main producers of aflatoxins (Wu and Khlangwiset, 2010; Hussein and Brasel, 2001).
Mycotoxins are linked to reduced production performance, immune suppression, reproductive
inefficiencies and contamination of animal products (Kordic et al., 1992; Swamy and
Devegowda, 1998; Fernandez et al., 2000; Boudra et al., 2007; Jia et al., 2016; Muller et al.,
2017). In addition, aflatoxin B1 (AFB1) and its metabolite aflatoxin milk 1 (AFM1) are
carcinogenic to both animals and humans (Wogan et al., 1974; IARC, 1993; Boudra et al., 2007).
Globally, about 4.6 – 28.2% of hepatocellular carcinoma (HCC) cases are attributed to AFB1
exposure. Hepatocellular carcinoma cases increased 30 fold and 3.3 fold in people with hepatitis
B virus (HBV) exposed to AFB1 and AFM1, respectively (Sun et al., 1999; Kucukcakan and
Hayrulai-Musliu., 2015). Initially placed to group 2B possible human carcinogenic compound
(IARC, 1993), AFM1 has been reclassified by IARC to group 1 human carcinogenic compound
thus belonging to the same group as AFB1 (IARC, 2002; Firmin et al., 2011).
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Several practices for controlling mycotoxins have been evaluated. Planting resistant
varieties, proper storage practices, use of adsorbents, biological and chemical methods have been
recommended for reducing mycotoxin occurrences in feeds and reducing uptake in animals and
humans (Alberts et al., 2009; Kutz et al., 2009; Atehnkeng et al., 2014; Matumba et al., 2015;
Aiko et al., 2016; Humer et al., 2016; Torlak et al., 2016). Regulatory frameworks have also
been used to monitor levels of mycotoxins in feeds and foods including livestock products to
ensure reduced consumer exposure (Jiujiang, 2012). The effectiveness of controlling methods
varies across different mycotoxins due to different reaction mechanisms and primary producing
fungi. In most cases, feeds and foods contain more than one type of mycotoxins which may
require different controlling methods. Therefore, knowledge on type and level of mycotoxins in
feeds is important if farmers are to make informed decision on preventive measures.
In Malawi, earlier studies indicate significant presence of various mycotoxins including
aflatoxins and fumonisins in cereal and legumes for human consumption (Matumba et al., 2009;
Matumba et al., 2011; Mwalwayo and Thole, 2016). Cereals, legumes and their byproducts
represent the majority of concentrates in dairy feeds. Presence of high levels of mycotoxins in
those crops may lead to increased animal and human exposure to mycotoxins through
consumption of contaminated feeds and milk, respectively.
Milk contamination with bacterial pathogens has been reported in many parts of the
World (Olsen et al., 2005; Mhone et al., 2011; Van Kessel et al., 2011; WHO, 2015; Madoroba
et al., 2016; Sudda et al., 2016; Disassa et al., 2017). Common foodborne pathogens associated
with milk and products of animal origin include Escherichia coli and Salmonella (WHO, 2015).
Farm animals like cattle are reservoirs of E. coli and Salmonella. Pathogenic strain of
Escherichia coli (E. coli 0157:H7) produces Shiga-like toxin, which can cause severe diarrhea
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and abdominal cramps in humans (Al-Nabulsi et al., 2015). Intestinal inflammation, diarrhea and
acute respiratory disorder are manifested in humans infected with Salmonella.
Several studies have indicated significant levels of Salmonella and Escherichia coli (E.
coli) in foods and products of animal origin. Madoroba et al. (2016) reported presence of
Salmonella in 35% of hides, carcasses and intestinal contents collected from rural abattoirs in
South Africa. About 34% and 17% of raw milk samples collected in Ethiopia and Tanzania,
respectively, tested positive for E. coli (Sudda et al., 2016; Disassa et al., 2017). In US, and
Europe, bacterial pathogens have also been detected in raw milk. Salmonella was detected in
28% of the raw milk samples from dairy operation in US (Van Kessel et al., 2011) while in
Europe, 8.4% of in-line filters in farms authorized to produce and sell raw milk in Italy had E.
coli (Giacometti et al., 2012).
Presence of bacterial pathogens in milk is an issue of poor hygiene. Poor milk handling
practices at production and processing result in contamination of milk with feces or soil hence
exposing milk to bacterial pathogens. Giacometti et al. (2012) reported a positive association of
presence of E. coli in in-line filters of raw milk with poor hygienic practices such as inadequate
cleanliness of bedding, water troughs, feed troughs, and milk tanks.
Pasteurization is the most widely utilized technique for eliminating microorganisms in
raw milk (Olsen et al., 2005; Pearce et al., 2012; Sarkar, 2015). Despite raw milk being
pasteurized, bacterial pathogens including Salmonella and E. coli have been detected in
processed milk (Oliver et al., 2005; Olsen et al., 2005; Mhone et al., 2011). About 35% of
samples of pasteurized milk in Zimbabwe were contaminated with E. coli (Mhone at al., 2011).
Similarly, Olsen et al. (2005) linked pasteurized milk to Salmonella outbreaks in US
(Pennsylvania and New Jersey). Inefficiencies of processing machines, coupled with poor
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hygienic practices at production and processing attributed to increased presence of bacterial
pathogens in end products (Oliver et al., 2005; Olsen et al., 2005). Continuous monitoring of
safety of milk and milk products on the market could not only reduce risks of foodborne diseases
but also help producers and processors improve on handling and processing procedures.
Information about milk contamination with bacterial pathogens in major food stores,
prevalence of mycotoxins in dairy feeds and raw milk at farm level is limited in Malawi. In
addition, not much is known about dairy farmers’ knowledge and perception on mycotoxins and
associated adverse effects on both animals and humans. Uncertainty about the occurrence of
mycotoxins in dairy feeds and raw milk provide little justification to dairy farmers to apply
mitigation measures. The situation could enhance continuous exposure of both dairy animals and
humans to intolerable levels of mycotoxins and subsequently increase HCC risk to milk
consumers in Malawi. Furthermore, lack of information and periodic assessment of bacterial
contamination levels in milk could increase risk of infections to consumers. The objectives of
this study were to 1) evaluate knowledge and perception of dairy farmers towards molds,
mycotoxins and associated adverse effects in three agroecological zones of Malawi; 2) evaluate
dairy farmers’ knowledge and perception on milk contamination, proper milk handling practices
and adverse health effects associated with raw milk consumption in three agroecological zones
of Malawi; 3) determine levels of aflatoxins and ZEN in concentrate feeds in three
agroecological zones of Malawi; 4) assess prevalence and levels of AFM 1 in raw milk, dietary
exposure and estimate AFM1-induced HCC risks to children in three agroecological zones of
Malawi; 5) assess bacterial (Salmonella and E. coli) contamination in raw and processed milk in
selected small scale farms and major food stores of Malawi. The overall hypothesis is that there
is limited knowledge on mycotoxins management and hygienic milk handling practices which
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could increase risks to milk consumers in Malawi. The study creates baseline information that
will be useful in facilitating improved dairy production practices, feed regulation, dietary risk
management and provision of safe dairy food to consumers in Malawi. In addition, this study is
the genesis of monitoring processes aimed at reducing feed and milk contamination with
mycotoxins and bacterial pathogens. Information about the presence of pathogenic bacteria in
pasteurized milk will promote hygienic practices throughout the milk production chain in
Malawi. This study was approved by Institutional Research Board (IRB) of Louisiana State
University.
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CHAPTER 2. REVIEW OF LITERATURE
Fungal molds cause deterioration of feed quality from production to feeding by producing
toxic compounds called mycotoxins (Firmin et al., 2011; Njobeh et al., 2012). Mycotoxins are
low molecular weight compounds that are produced by toxigenic strains of molds and are toxic
to farm animals and humans (Fink-Gremmels, 1999: Hussein and Brasel, 2001). They are
secondary metabolites produced at highest during transition from active growth to stationary
phase of either saprophytic or endophytic fungal molds (Hussein and Brasel, 2001; Roze et al.,
2011). Saprophytic and endophytic fungi thrive on decayed materials and live tissues of host
plants, respectively.
Although mycotoxins are not primarily essential for fungal growth, they are believed to
be produced as a survival response of fungi to environmental changes (Stander et al., 2000;
Schmidt-Heydt et al., 2012). Over 300 mycotoxins have so far been isolated and chemically
characterized (Hussein and Brasel, 2001). Emphasis has been on aflatoxin, ochratoxin (OTA),
trichothecenes, zearalenone (ZEN), fumonisins, and ergot alkaloids because of their known
detrimental effects on livestock and human beings (Hussein and Brasel, 2001; CAST, 2003;
Garcia, 2010).
2.1. Mycotoxins and synthesis pathways
Despite extensive research, production mechanisms of many mycotoxins are not
sufficiently known. Compared to other mycotoxins, aflatoxin has been considerably studied with
over 5000 publications (Hussein and Brasel, 2001) and its biosynthetic pathway is more
completely understood (Yu, 2012). It was initially identified as the cause of Turkey X (hepatic
necrosis) disease in 1960 which killed thousands of birds between ages 1 – 20 weeks (Wannop,
1961). Aflatoxin occurs in different forms (aflatoxin B1 – AFB1, aflatoxin B2 – AFB2, aflatoxin
6

G1 – AFG1, and aflatoxin G2 – AFG2) with slight difference in chemical structures (Wogan,
1966). Viewed under ultraviolet light, these aflatoxins are distinguished by fluorescing
properties. Aflatoxin B1 and AFB2 emit blue visible light while AFG1 and AFG2 fluoresce
yellow-green light (Wogan, 1966). In terms of toxicity, AFB1 is most toxic in both acute and
chronic exposure followed by AFG1, then AFB2 and finally AFG2 (Hussein and Brasel, 2001).
Primary producers of aflatoxin are Aspergillus flavus and Aspergillus parasiticus fungal
species (Wu and Khlangwiset, 2010). Plant debris, animal fodder, various human food, compost
piles, dead insects and animal carcasses form substrate for growth of Aspergillus fungi (Njobeh
et al., 2012; Yu, 2012). Growth of Aspergillus flavus and Aspergillus parasiticus favor
conditions with temperatures ranging from 12 – 48oC, however, temperatures between 28 – 37oC
are most optimal. Though Aspergillus flavus and Aspergillus parasiticus survive under low
moisture, aflatoxin production is optimal at temperature range of 25 – 33oC and water activity
ranging from 0.8 – 0.99 (Murphy et al., 2006; Ribeiro et al., 2006; Yu, 2012). Water activity is
the measure of amount of free water in the food or feed expressed as ratio of vapor pressure
around feed or food and vapor pressure of standard water at the same temperature. Free water
influences growth metabolism of fungi and bacteria on food or feeds. Higher prevalence of
aflatoxins has been observed in samples collected from tropical and subtropical regions (Anukul
et al., 2013) due to favorable conditions for Aspergillus fungal growth and production of
aflatoxin compared to the temperate regions.
Aflatoxin biosynthesis is a complex pathway involving condensation of acetate units.
Aspergillus fungi species produce metabolites one of which is acetate, which is converted to
highly active compounds called polyketides with the help of polyketide synthase enzymes and
fatty acid synthase (Yu et al., 1995; Yu, 2012). Polyketides undergo biotransformation to form
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norsolorinic acid, a major precursor for aflatoxin biosynthesis (Trail et al., 1995). Cytochrome
p450 enzymes facilitate conversion of norsolorinic acid metabolites to AFB1, AFB2, AFG1, and
AFG2 (Yu, 2012). Significant quantities of aflatoxins are produced with or without a specific
plant-fungal association (Pitt, 2008). It is imperative to apply mitigation measures throughout
feed and food production chain as contamination can occur at any level including field, storage
and processing.
Unlike aflatoxins, plant-fungus association remains the only suggested way through
which trichothecenes, fumonisins, ZEN, tremorgens and ergot alkaloids occur in feed and food
commodities (Pitt, 2008; Padro et al., 2012). Trichothecenes are comprised of T-2 toxin,
deoxynivalenol (DON or vomitoxin) and diacetoxyscirpenol (DAS) and are produced by
Fusarium fungal species (Hussein and Brasel, 2001; Murphy et al., 2006). Biosynthesis pathway
of trichothecenes is still under investigation. Kamura et al. (2014) and Kamura et al. (2003) have
reported some details regarding biosynthesis of trichothecenes. The process involves formation
of trichothecenes skeleton called farnesyl pyrophosphate (FPP) through repeated condensation of
isopentenyl pyrophosphate (IPP) and dimethylallyl pyrophosphate (intermediates of mevalonate
pathway which produces building blocks of organic compounds in eukaryotic cells and some
bacteria) (Kamura et al., 2003; Kamura et al., 2014). Through cyclization, FPP is transformed
into trichothecenes and the process is facilitated by cytochrome p450 mono oxygenases (Kamura
et al., 2014). Temperatures about 11oC and water activity of 0.90 optimize production of
trichothecenes hence more prevalent in temperate climate (Murphy et al., 2006). Among all
trichothecenes, T-2 toxin and diacetoxyscirpenol (DAS) are most toxic, and they predominantly
contaminate cereals including wheat, corn and barley (Hussein and Brasel, 2001; Kamura et al.,
2003).
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Other mycotoxins of significance in livestock production are fumonisins produced by
Fusarium spp. Fumonisin B1 (FB1), fumonisin B2 (FB2), fumonisin B3 (FB3) and fumonisin
B4 (FB4) are most abundant (Nelson et al., 1993; Bojja et al., 2005). Generally, total fumonisin
constitutes approximately 70% fumonisin B1 (FB1) and about 10–20% of each of fumonisin B2
(FB2) and fumonisin B3 (FB3) (Nelson et al., 1993). They mostly infect corn kernel, thus
increasing occurrence in grain-based feeds.
Fumonisins’ biosynthetic process starts with assembly of carbon chains from molecules
of acetyl CoA, malonyl CoA, and methionine in a reaction catalyzed by polyketide synthase
(Bojja et al., 2005). The resultant of these reactions is polyketide, a major substrate for
biosynthesis of fumonisins. The process of fumonisin formation from polyketides is facilitated
by cytochrome P450 (Bojja et al., 2005). Extensive growth of fumonisin producing fungi
happens at temperature range of 3 – 37oC. However, fumonisin production is optimal at
temperature ranging from 10 to 30oC and water activity of 0.93 (Murphy et al., 2006). Hence, it
is found in significant amounts in commodities across a wide range of environmental conditions
from tropical to temperate (Anukul et al., 2013).
Limited information exists on biosynthesis of ZEN. Gaffoor and Trail (2006) reported
that ZEN is derived from polyketide produced from sequential condensation of multiple acetate
units in a process facilitated by a polyketide synthase (PKS). Zearalenone is produced by
Fusarium spp and is common in corn and wheat but may also be found in oats, rice, rye,
sorghum and barley (Weidenborner et al., 2000). Conditions such as water activity around 0.98
and temperatures ranging from 25 to 30oC are optimal for production of ZEN (Murphy et al.,
2006).
Ochratoxins are mainly metabolites of Penicillium verrucosum, Aspergillus ochraceus,
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Aspergillus carbonarius, and a small percentage of isolates of the closely related Aspergillus
niger (Stancer et al., 2000; Hussein and Brasel, 2001; Dai et al., 2004; Schmidt-Heydt et al.,
2012). Unlike other mycotoxins, OTAs come from fungal species that do not appear to ever
participate in a plant-fungus association (Pitt, 2008). Despite being among the mycotoxins of
great concern, the biosynthetic pathway of OTAs has not yet been completely clarified. Less is
known about the genetic background of OTA biosynthetic pathways (Gallo et al., 2012; Wang et
al., 2016). Generally, limited information available indicates that OTA is formed by linking Lphenylalanine to a polyketide ring produced through condensation of acetate and malonic acid.
The condensation process is catalyzed by polyketide synthase (PKS) (Gallo et al., 2012; Wang et
al., 2016). Optimal production of OTAs takes place at temperatures ranging from 15 – 30oC and
water activity range of 0.85 – 0.98 (Ramos et al., 1998; Murphy et al., 2006). Ochratoxins
continue contaminating various agricultural commodities including cereals, beans, dried fruits,
nuts, spices and oil seed across warm, temperate and colder climates around the world (Pitt,
2008; Wang et al., 2016).
Other groups of mycotoxins of interest in livestock are tremorgenic and ergot alkaloids
mainly produced by endophytic fungi Acremonium, Claviceps and Penicillium spp (Clay, 1990;
D’Mello and MacDonald, 1997). Endophytic fungi invade the living tissue of a plant and live in
that plant for all or part of their life cycle without causing any symptom of disease (Clay, 1990;
Padro et al., 2012). These fungi form a mutualistic association with the host plant (where both
fungi and plant benefit from the association) (Clay, 1990). In this association, tremorgenic and
ergot alkaloids that are produced by fungi protect the host plant against mammalian and insect
herbivores while the fungi get nutrients and shelter from the plant tissues (Clay, 1990). Among
the forage grasses, tall fescue and perennial ryegrass are known to host endophytic fungi
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Acremonium coenophialum and Acremonium lolii, respectively. Examples of tremorgens include
lolitrem B toxin (found in perennial ryegrass) and penetrem B whereas ergot alkaloids (which
contaminate tall fescue) constitute ergotamines, ergostines and ergocristine (Hussein and Brasel,
2001).
2.2. Effects of mycotoxin on livestock and humans
Tolerance of livestock to mycotoxins varies among species. Ruminant livestock have
greater resistance to negative effects of mycotoxins compared to non-ruminants (Hussein and
Brasel, 2001). Low sensitivity to mycotoxins by ruminant livestock is attributed to the ability of
rumen microorganisms, especially protozoa, to degrade and metabolize greater proportion of
some of the mycotoxins (Jouany et al., 2009). Furthermore, feed particles in the rumen are
thought to bind to some of mycotoxins hence reducing bioavailability and protecting animals
(Gallo et al., 2015). Kiessling et al. (1984) reported 90–100% metabolism of OTA, ZEN, T–2
toxin and diacetoxyscirpenol (DAS) by rumen protozoa from sheep after incubation for 0.5 – 5
hours at 38oC. Degradation of mycotoxins in the rumen environment may not be as high as
reported in that study due to varying passage rate of different feeds which can affect time for
metabolism of mycotoxins.
Though ruminants show resistance to mycotoxins, several studies have reported a
compromise in performance when ruminants consumed feeds contaminated with mycotoxin for
extended periods (Hussein and Brasel, 2001; Jouany et al., 2009). Rumen microbes do not
effectively degrade all types of mycotoxins. Unlike OTA, ZEN, T–2 toxin and
diacetoxyscirpenol, several studies have reported minimal degradation of AFB1 and fumonisins
B1 (FB1) by rumen microbes (Kiessling et al., 1984; Auerbach et al., 1998; Caloni et al., 2000).
Auerbach et al. (1998) reported that only 0.6% of AFB1 was metabolized into aflatoxicol by
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rumen microbes and that more is absorbed. Similarly, only about 10 – 18% of initial FB1
disappeared after 72 hours of incubation (Caloni et al., 2000) and no metabolites were detected at
the end of the study. Furthermore, some of the metabolites such as aflatoxicol from aflatoxin and
alpha zearalenol from ZEN are as toxic as or more toxic than the parent toxins which still have
negative effects on ruminant livestock. Therefore, providing feed with mycotoxins above
tolerable levels to livestock, either ruminant or non-ruminant, must be discouraged. Several
studies have investigated and outlined adverse effects of mycotoxins on livestock and humans
which includes reduced productive performance, immune suppression, reduced quality of
livestock products, reduced reproductive performance, interference with mineral and vitamin
metabolism, and causing cancer (Thaxton et al., 1974; Cantley et al., 1982; Rhodes et al., 1991;
Howard eta al., 1992; Kordic et al., 1992; Edrington et al., 1994; Choudhary et al., 1998;
Zomborszky et al., 2000; Hussen and Brassel, 2001; Boudra et al., 2007; Hassan et al., 2012;
Jiujiang, 2012; Persi et al., 2013; Jia et al., 2016; Muller et al., 2017).
2.2.1. Reduced productive performance
Effects of mycotoxins on animal performance have been evaluated in both ruminants and
non-ruminants. Several mycotoxins have been linked to decrease feed intake, feed efficiency and
reduced production in ruminants. Aflatoxin levels of 10, 26, 56.4, 81.1 and 108.5 μg/kg of feed
significantly reduced feed intake in cattle (Choudhary et al., 1998). Significant depression of
feed efficiency and rate of gain were reported when steers were fed feeds containing 600 μg/kg
AFB1 for 155 days (Helferich et al., 1986). Similar results have been reported on growing sheep
and goats. Fernaindez et al. (1999) reported 49% decrease in average daily gain (ADG) in five
months old lambs fed feed contaminated with 2 mg/kg of aflatoxin for 37 days. Significant
reduction in average daily gain was observed from day 21. Similarly, feeding lambs 2.5 mg of
aflatoxin/kg diet for 35 days significantly decreased average daily gain (ADG), feed intake, and
12

feed efficiency in lambs (Edrington et al., 1994). Although the exact mechanism of effect of
aflatoxin on average feed intake and feed efficiency is unknown, reduced performance can be
attributed to several factors including poor appetite (Edrington et al., 1994; Fernaindez et al.
2000). Other mycotoxins such as fusaric acids, produced by Fusarium fungi, are linked to
reduction of cellulose digestion. Daily consumption of 600 g of fusaric acid by lactating Holstein
cows significantly reduced rumen pH and acetate production while increasing propionic acid
production (Remling et al., 2013). Similarly, aflatoxin levels of between 200–800 μg/kg have
been found to reduce rumen motility (Hussein and Brasel, 2001). The ability of mycotoxins to
alter the rumen environment and volatile fatty acid composition could be attributed to changes in
microbial population dynamics that compromises rumen functioning; hence cellulose digestion
and production of volatile fatty acids (VFA) is reduced resulting in animals absorbing fewer
nutrients from a given feed.
Recent studies have reported less impact of mycotoxins on milk yield of goats and dairy
cows (Karosteleva et al., 2007; Kutz et al., 2009; Firmin et al., 2011; Queiroz et al., 2012). Those
studies were conducted over a relatively short period of time and different results may be
observed under chronic exposure to mycotoxin because of other associated effects like reduced
feed intake, digestibility, feed efficiency, and disruption of nutrient utilization.
Mycotoxins have been found to reduce several production parameters of non-ruminant
livestock. Decreased egg production, feed intake, growth, and reduced feed efficiency have been
observed when poultry ingested mycotoxins such as AFB1, OTA, T-2 toxin, and fumonisin B1
(FB1) (Raju and Devegowda, 2000; Jia et al., 2016). Feed intake and egg production decreased
by about 12% and 27%, respectively, when layers were fed feed containing 123 μg aflatoxin/kg
of feed for six weeks starting from week 18. Combination of aflatoxin (123 μg/kg) and ZEN
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(230.2 μg/kg) exhibited synergistic effect resulting in about 57% reduction in egg production and
25% decrease in feed intake compared to the control group (Jia et al., 2016). Raju and
Devegowda (2000) reported significant reduction in growth rate, feed intake and increased
mortality of day old broiler chicks after exposure to 0.3 mg/kg aflatoxin, 2 mg/kg OTA and 3
mg/kg T-2 toxin separately and in combination. Depression of feed intake was highest by
aflatoxin (10·0%) followed by OTA (7·0%) and then T-2 toxin (1·3%) (Raju and Devegowda,
2000). Similarly, exposure of day old chicks to diet naturally contaminated with various
mycotoxins (aflatoxin 168 ppb, OTA 8.4 ppb, ZEN 54 ppb, and T-2 toxin 32 ppb) reduced body
weight gain, feed intake, and feed efficiency compared to control group by 9.5%, 7.1% and
2.3%, respectively (Aravind et al., 2003). Furthermore, depression of feed intake and body
weight gain was observed when turkey poults were fed diet containing high levels (325 – 475
mg/kg feed) of fumonisin B1 (Ledoux et al., 1996).
Recently, DON has been linked to decreased height and surface area of duodenal villus in
turkey poults (Devreese et al., 2013). Negative effects of mycotoxins in poultry production could
be associated with the interference with nutrient digestion and metabolism. Some mycotoxins
such as AFB1 interfere with metabolism of vitamin D, iron, phosphorus and copper result to
reduced bone strength, increased leg weaknesses and hemolytic anemia. Raju and Devegowda
(2000) observed reduced hepatic protein synthesis and decreased production of bile salts and
activities of enzymes that are important in digestion of protein, lipids and nucleic acids in the
stomach in broilers exposed to various mycotoxins including T-2 toxin, OTA and aflatoxin.
These negative effects brought about by mycotoxins could be contributing factors to poor growth
rate, reduced egg production, reduced feed conversion and increased mortality of poultry after
ingestion of mycotoxins leading to serious economic losses.
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Negative effects of mycotoxins are also manifested in swine production. Decreased
weight gain, feed intake and feed efficiency have been observed when growing pigs are fed diets
contaminated with various mycotoxins including aflatoxins, OTAs, DON and diacetoxyscirpenol
(DAS) (Muller et al., 2017; Harvey et al., 1991; Rustemeyer et al., 2014). High levels of
aflatoxin (300 and 8000 µg/kg) in feed significantly reduced average weight and weight gain in
piglets (Muller et al., 2017). Swine diets containing 500, 600 and 800 µg AFB1/kg reduced
weight gain, feed utilization, lipid digestion and renal function in finishing pigs (Bonomi et al.,
1993). Diets containing a combination of aflatoxin and DON greater than 60 and 300 μg/kg,
respectively, reduced growth and decrease feed intake in pigs exposed for 33 days (Chaytor et
al., 2014). Compared to control, reduction in average daily gain was significant when pigs were
exposed to a combination of two mycotoxins (120 μg/kg aflatoxin plus 600 μg/kg DON) and to
(180 μg/kg aflatoxin plus 900 μg/kg DON) (Chaytor et a., 2014). Average daily feed intake,
body weight and average daily gain decreased by 8 – 11%, 17 – 21% and 11 – 15%, respectively
(Chaytor et al., 2014). Similarly, body weight and body weight gain were significantly decreased
in piglets fed diet contaminated with aflatoxin, diacetoxyscirpenol (DAS) and combination of the
two mycotoxins (Harvey et al., 1991). Furthermore, OTA and DON (DON) displayed ability to
negatively affect weight gain, feed intake and feed efficiency. Swine (barrows) challenged with
AFB1 at levels of 500 µg/kg of feed decreased feed consumption by 38% in week 10 of the study
(Rustemeyer et al., 2014). Decreasing feed consumption and partial liver damage (Chaytor et al.,
2014) are some of the factors influencing reduction on weight and weight gain in swine
challenged with mycotoxins.
2.2.2. Alteration of immune functioning
Several mycotoxins have been linked to suppression of immunity in ruminant and nonruminant animals. Generally, mycotoxins induce immunosuppression in animals through
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disruption of proliferation and differentiation of cells that participate in immune mediated
activities and regulation of complex communication network between cellular and extracellular
(humoral) components. Some indicators of suppressed immunity include impaired functions of
macrophage, suppressed production of antibodies and depressed activity of lymphocytes
(Oswald et al., 2005).
Toxin T-2 has been linked to immune suppression in ruminant livestock. At low-level
exposure, 0.6 mg/kg per day for 6 weeks, T–2 toxin significantly decreased total serum protein
and concentration of serum immunoglobulin in sheep (Mann et al., 1982). Sheep and calves
exposed to T-2 toxin had reduced numbers of white blood cells (leucopenia) and decreased
functioning of peripheral lymphocytes (Sharma, 1993). Suppression of immunity by T-2 toxin is
a result of protein synthesis inhibition, cell proliferation and necrosis of lymphatic organs. Toxin
T-2 also trigger immunosuppression by inducing stress on animals through damage of tissues
thereby activating endocrine system hence release of steroid hormones such as corticosteroids
which end up inhibiting immune functions (Sharma, 1984).
Another mycotoxin that negatively affects the immune system in ruminant livestock is
AFB1. Aflatoxin B1 suppresses stimulation of peripheral lymphocytes (Sharma, 1993) and
inhibits development of lymphocytes in bovine (Bodine et al., 1984) hence reducing binding site
for immunoglobulin. Suppression of immune functioning increases susceptibility of animals to
secondary infection and this can eventually lead to economic losses through increased veterinary
care, low production and loss of animals in extreme cases.
Negative effects of mycotoxins on immune system have also been reported in poultry
(Thaxton et al., 1974; Harvey et al., 1992; Swamy and Devegowda, 1998; Manafi, 2011: Hassan
et al., 2012). Aflatoxin, OTAs and T-2 toxin are among toxins that greatly affect immune system
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in poultry. Aflatoxin B1 levels of 100, 200 and 400 ppb in diet suppressed immunity in broilers
by producing a cascade of effects starting with depression of protein synthesis, decreased serum
albumin and globulin and reduced levels of antibodies (Swamy and Devegowda, 1998). Feeding
broilers AFB1 ranging from 200 – 400 ppb disrupted normal functioning of vital sites for
enhancing immune system such as spleen and bone marrows (Swamy and Devegowda, 1998).
Furthermore, day old broiler chicks treated with aflatoxin (0.5 ppm), T-2 toxin (2.0 ppm), and a
combination of aflatoxin and T-2 toxin (0.5 + 2.0 ppm) had decreased total serum protein, serum
albumin, uric acid and decreased antibodies against Newcastle disease and Infectious Bursal
Disease (Gumboro disease) (Manafi, 2011). Severity of mycotoxin effect on immunity increased
in aflatoxin and T-2 toxin combined treatment group an indication of synergistic effects between
aflatoxin and T-2 toxin. Similarly, significant reduction of antibodies against Newcastle disease
and Infectious Bursal Disease (Gumboro disease) in broilers chicks fed 3 ppm of T-2 toxin (Raju
& Devegowda, 2002). Classically, Thaxton et al. (1974) observed dose-dependent reduction in
primary immune response when male broiler chickens were fed aflatoxin-contaminated starter
diet at levels 0.625, 1.25, 2.5, 5.0, and 10 µg/g. Relative sizes of primary initiators of immunity
in chickens, the thymus and the bursa of Fabricius, were reduced by 55% and 30%, respectively,
when chickens were fed starter diets contaminated with 10 µg/g of aflatoxin per gram of feed
(Thaxton et al., 1974). Harvey et al. (1992) reported suppression of cell-mediated immune
responses when growing gilts were fed 2.5 mg/kg of OTA for 35 days. Similarly, Hassan et al.
(2012) reported immunosuppressive effects of OTA in male chicks. Relative weight of the bursa
of Fabricius (at 14 and 21 days) and weight of spleen (at 21 days) of chicks fed OTA for were
significantly lower than the control group. Furthermore, total antibodies produced after
challenging the chicks with sheep red blood cell intravenously were significantly reduced
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compared to control group. Decreasing antibody titer values in mycotoxin treated broiler chicks
is an indication of immunosuppressive consequences of both aflatoxin and T-2 toxin on humoral
antibody response. The depression of antibody titer values could be attributed to inhibition of
protein and DNA synthesis by aflatoxin through disruption of mRNA transcription and amino
acid transport resulting in lowered antibody production (Thaxton et al., 1974). The decreased
serum albumin concentration in chicks exposed T-2 toxin could be a result of impairment in
protein synthesis emanating from binding of T-2 toxin to ribosomes which could result to
inactivation of initiation and termination of protein synthesis (Uneo, 1997). Aflatoxin B1 ranks
highest in immune suppressive effects in poultry followed by trichothecenes and OTA.
Immunosuppression effects associated with various mycotoxins have also been observed
in humans. Cusumano et al. (1996) reported reduction of phagocytosis (activity of ingesting
bacteria, or other foreign materials by phagocytes) activity when human monocytes were
exposed to 0.1 – 1 picogram of aflatoxin/mL. About 50% inhibition in cell proliferation was
observed when human lymphocytes were exposed to DON and T-2 toxin concentration of 216
ng/mL and 1 – 5 ng/mL, respectively (Meky et al., 2001). Similarly, a 24-hour incubation of
OTA and human T-cell resulted in 50% inhibition of cytokine production (Tammer et al., 2007).
Single dose, acute dietary DON exposure (5.7 mg/kg) significantly inhibited lymphocyte
proliferation in pigs (Goyarts et al., 2006). Generally, immunosuppression in birds, swine and
humans consuming high levels mycotoxin increases risk of secondary infection from
environment. Secondary infections may result to loss of animals, and increased production cost
through veterinary services hence reduced profitability of the enterprise. In case of humans,
secondary infections as a result of immunosuppression could lead to poor health and increasing
spending on health care hence negatively affecting economies of countries.
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2.2.3. Reducing reproductive performance
Swine are most sensitive animals to negative effects of mycotoxins on reproductive
functions (Etienne and Dourmad, 1994). The negative effects of ZEN and fumonisin B1 on
reproductive performance of swine have been investigated (Cantley et al., 1982; Kordic et al.,
1992; Zomborszky et al., 2000). Decreased ovary weight, reduced numbers of corpora lutea and
embryo, increased cases of abortion and still birth have been reported in breeding gilts fed at 22
mgZEN/kg of feed (Kordic et al., 1992). Similarly, administration of fumonisin B1 to gestating
sows resulted in considerable damage of fetuses in utero (Zomborszky et al., 2000). In another
study, hyperestrogenic effects were observed in immature gilts after exposure to low doses of
ZEN ranging from 1.5 to 2 ppm (Rainey et al., 1990). Zearalenone has more adverse effect on
reproductive functioning of swine compared to aflatoxin. Aflatoxin B1 levels as high as 800
μg/kg of feed did not show any adverse effect on reproductive performance of sow, number and
survival of piglets (Wu et al., 1992).
Abortions and infertility have also been observed in cattle due to exposure to mycotoxins.
Weaver et al. (1986a) reported 25% reduction in conception rate in heifers fed 31 – 500 mg ZEN
per day. In a related study, dairy cows fed 250 mg ZEN per day had smaller corpora lutea
compared to cows in control group (Weaver et al., 1986b). Total reproductive failure was
observed in cattle fed a combination of 750 ppb ZEN and 500 ppb DON (Coppock et al., 1990).
T-2 toxins induce infertility and abortion in final trimester of gestation in cattle (Placinta et al.,
1999).
Reduced ovulation and low conception rates due to exposure to ZEN have also been
observed in sheep (Khamis et al., 1986). Reproductive inefficiencies are a result of ZEN and its
metabolites alpha zearalenol and beta zearalenol competing for estrogen receptors. Blankenship
et al. (1982) observed 2 – 3 times affinity of ZEN for estrogen receptor compared to estradiol in
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an in vitro study involving endometrial cytosols obtained from cows. Binding of ZEN to
estrogen receptors influences a condition called hyperestrogenism. Hyperestrogenism is a
condition where the body has excessive amount of estrogenic activity characterized by vulva
reddening and swelling and vaginal prolapse in gilts, testis atrophy and rectal prolapse in boars,
and nipple enlargement in both sexes (Etienne and Dourmad, 1994).
Decreased egg production, embryo viability, poor hatchability, and increased chick
mortality have been observed due to exposure to aflatoxin, OTA and ZEN (Haazele et al., 1992;
Qureshi at al., 1998; Stoev, 2009; Jia et al., 2016). Jia et al. (2016), reported reduction in egg
production ranging from 36 – 57% was also observed when laying hens were fed diets
containing 123 µg aflatoxin/kg and a combination of aflatoxin and ZEN (123 µg AF/kg + 260 µg
ZEN/kg). Non-significant effect of ZEN on egg production was observed, however, a
combination of aflatoxin and ZEN significantly reduced egg production (Jia et al., 2016) an
indication of synergism between the two toxins. Similarly, about 50% reduction in egg
production was observed when hens were exposed to 5 mg OTA/kg of feed compared to control
group (Stoev, 2009). Average number of eggs in 10 days from exposed hens and control were
3.3 and 6.5, respectively (Stoev, 2009). In another study, 23 – 52% decrease in egg production
was reported after exposing hens to 3 ppm OTA for 14 days (Haazele et al., 1992). Reduction in
egg production is largely attributed to reduced feed intake and poor utilization of feed which
have been observed in many studies (Jia et al., 2016; Stoev, 2009; Haazele et al., 1992).
Percentage egg fertility and hatchability dropped by about 2% and 80%, respectively, when hens
were exposed to 10 mg aflatoxin per kg of feed for 14 days (Qureshi et al., 1998). Likewise,
exposure of hens to aflatoxin (10 mg/kg) affected survival of chicks with about 27% and 45%
increase in early and late mortality, respectively (Qureshi et al., 1998). Observed negative
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embryonic effects and hatchability could be a result of immunosuppressive effects of aflatoxin
and aflatoxicol. Both aflatoxin and its metabolite aflatoxicol suppress lymphocytes proliferation
and differentiation hence increasing risks of secondary infections in developing embryos.
2.2.4. Cause of several ailments
Mycotoxins are also responsible for numerous health problems in livestock and human
beings. Ergot alkaloids produced by Acremonium coenophialum have been linked to fescue foot,
and constriction of internal organs due to hardening of fat areas in cattle consuming
contaminated tall fescue grass (Rhodes et al., 1991; Howard eta al., 1992). Ergot alkaloids
mainly ergovaline cause fescue foot by negatively affecting neuroreceptors through binding to
alpha adrenoreceptors and inhibiting beta adrenoreceptors hence vasoconstriction of smooth
muscles (Kolb, 1984). Constriction of blood vessels inhibits normal blood flow to extremities of
the animal’s body, such as rear feet and tail, resulting in the loss of hooves and tail. Fungi that
produce ergot alkaloids form a mutualistic symbiotic relationship with tall fescue grass.
Lolitrem B toxin produced by Acremonium lolii has been linked to stagger in ruminant
livestock consuming contaminated ryegrass (Ross et al., 1989). At low levels of 2.0– 2.5 mg
lolitrem B toxin / kg of ryegrass, symptoms of stagger such as loss of coordination and inability
to walk were observed in sheep (DiMenna et al., 1992; Hussein and Brasel, 2001). Though the
exact mechanism of action has not been fully investigated, it is suggested that lolitrem B toxin
stimulates choline receptors and inhibit amino acid neurotransmitters (Mantle, 1983; McLeay et
al., 1999).
Aflatoxin and OTA have been linked to cancer in humans and animals. Ochratoxin A has
been linked to epithelial tumors of the upper urinary tract and nephropathy leading to kidney
failure in humans (Wafa et al., 1998; Hussein and Brasel, 2001). Based on those negative effects,
ochratoxin A has been classified as group 2B possible human carcinogen (IARC, 1993).
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Mechanism of action of ochratoxin A in causing epithelial tumors and its potential
carcinogenesis have not been extensively investigated (Fink-Gremmels, 1999). Among the four
types of aflatoxins, AFB1 is the most toxic and classified class 1 carcinogenic by the
International Agency for Research on Cancer (Hussein and Brasel, 2001; Shephard, 2008; Firmin
et al., 2011). It is the most potent carcinogenic in humans and animals among all the different
forms of aflatoxin (Jiujiang, 2012). Mechanism of action for aflatoxin has been well investigated.
Ingested aflatoxin is absorbed in the small intestines and transported to the liver via hepatic
portal vein. Enzyme cytochrome p450 biotransforms AFB1 to an epoxide called aflatoxin-8, 9epoxide (Jiujiang, 2012) through epoxidation which result in addition of oxygen to AFB1 rings.
Conversion of AFB1 to a reactive metabolite (aflatoxin-8,9-epoxide) in the liver appears to be
responsible for many of its toxic effects (Felicia et al., 2013). Aflatoxin-8, 9-epoxide compound
is reactive and covalently bind to DNA at N7-deoxyguanosine (N7dG) causing adducts and
mutations which upon accumulation result in induction of liver cancer (Hepatocellular carcinoma
– HCC) (Felicia et al., 2013; Hussein and Brasel, 2001; Jiujiang, 2012). Risks of aflatoxin to
humans and animals increase with duration of exposure. About 4 – 20 ppb aflatoxin in food for
human and feed for dairy animal is considered tolerable whereas 0.05 – 0.5 ppb is maximum
exposure levels of AFM1 in milk (Wood, 1992; JECFA, 1998; Felicia et al., 2013).
Apart from inducing hepatocellular carcinoma, acute aflatoxicosis causes conditions such
as hemorrhage, liver damage, edema, immune system disorder, loss of weight and stuntedness in
children (Hussen and Brassel, 2001; Jiujiang, 2012). In ruminant animals like dairy cows, some
of AFB1 and AFB2 are hydroxylated to form Aflatoxins Milk 1 (AFM1) and Aflatoxin Milk 2
(AFM2). Hydroxylated metabolites of AFB1 and B2 are secreted mainly into milk and less
amounts in urine and feces. Milk or milk products obtained from livestock that are feeding on

22

contaminated feed contain significant amounts of AFM1 (Boudra et al., 2007). Aflatoxin M1 is as
toxic as AFB1 to humans (Hussen and Brassel, 2001; Boudra et al., 2007) such that both were
classified as group 2b human carcinogens and later classified as group 1 human carcinogen by
International Agency for Research on Cancer (Firmin et al., 2011). People consuming milk or
milk products contaminated with AFM1 could be at equal risk as those ingesting the parent
compound AFB1.
2.2.5. Reducing quality of animal products
Mycotoxins negatively affect quality of products of animal origin. Traces of mycotoxins
or their metabolites have been found in milk, meat, eggs and other processed livestock products
(Boudra et al., 2007; Persi et al., 2013; Jia et al., 2016). Aflatoxin M1 is secreted into milk
(Boudra et al., 2007). It is estimated that the amount of AFM1 found in milk represents 1 – 2% of
ingested AFB1, however higher transfer rates of 6% have been reported in high producing cows
(Veldman et al., 1992). Similarly, carry over rates as high as 6.2% in early lactation (2 – 4
weeks) and 1.8 in late lactation (34 – 36 weeks) were reported (Hussein and Brasel, 2001).
Although the percentage transfer looks small, levels of AFM1 may go beyond action levels (0.05
– 0.5 ppb) in milk if animals are exposed to high levels of AFB1. About 0.17% and 0.032% of
ingested AFB1 was excreted as AFM1 in goats and dairy ewes, respectively (Battacone et al.,
2003; Battacone et al., 2012). Although AFM1 is a metabolite of AFB1, it is as toxic as AFB1
(Boudra et al., 2007). Presence of high levels of AFM1 in milk reduces quality and increases
health risks to consumers especially kids who are more sensitive compared to adults. This may
lead to failure of the milk to meet quality standards on the market hence rejection and losses to
the producers.
Meat and egg quality are also affected by mycotoxins. Hamilton (1987) reported 12%
increase in cracked eggs, 18% increase in egg breakage during transit. About 3% blood spots
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incidences has been observed in eggs collected from layers fed T–2 toxin (Hamilton, 1987).
Transfer rates of aflatoxin from feed to eggs in chickens are lower compared to transfer rates
from feed to milk in ruminants. Recently, Jia et al. (2016) reported presence of aflatoxins B1, B2
and M1 in eggs of layers fed contaminated diets (123 µg aflatoxin/kg) for 42 days. Levels of
AFB1, AFB2 and AFM1 were 0.01 – 0.07, 0.02 – 0.21 and 0 – 0.11 µg /kg respectively (Jia et al.,
2016). Presence of AFM1 in eggs may suggest similarities of metabolic process of AFB1 in
chickens and bovine.
Meat products are equally affected by mycotoxins ingestion. Sub chronic pig exposure to
300 μg OTA/kg led to accumulation of OTA in meat products including sausages and minced
meat (Persi et al., 2013). Ochratoxin levels in liver sausages, black pudding sausages (blood
sausages) and minced meat averaged 14.02 μg/kg, 13.77 μg/kg, and 9.33 μg/kg, respectively
(Persi et al., 2013). Furthermore, exposure of poultry to AFB1 has associated with bruising hence
low quality meat. Bruising in poultry is attributed to reduced levels of prothrombin (protein
found in blood plasma which is converted to thrombin during coagulation) thereby making blood
capillaries fragile hence bursting (Tung et al., 1971). Low meat quality due to bruising may
negatively affect price on the market hence losses to the farmer.
2.3. Ways of reducing mycotoxin contamination
Practically, mycotoxins in feeds or foods cannot be eliminated but reduced to levels
deemed safe for either human or animal consumption. Several methods and practices of
preventing occurrence and exposure of animals and human to mycotoxins have been investigated
(McKenzie et al., 1997; Aiko et al., 2015; Matumba et al., 2015; Karlovsky et al., 2016; Alberts
et al., 2017). Efforts have been made to devise mechanisms of reducing mycotoxin quantities and
associated effects at each stage of food and feed production and processing up to consumption.
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Preventive methods reduce mycotoxin contamination in feeds or foods by either reducing
production or detoxifying, degrading and preventing bioavailability of already produced
mycotoxins. Existing preventive measures include physicochemical and biological methods.
2.3.1. Physicochemical methods
Physicochemical methods of reducing mycotoxin contamination and exposure of animals
and humans are usually applied post-harvest. They involve physical removal of contaminated
portions of feed or food by either hands or machines. Physicochemical methods also involve use
of chemicals or adsorbents that detoxify or bind to mycotoxin thereby reducing toxicity or
bioavailability. Sorting, sieving, floatation, washing, dehulling, use of acids, alkaline solution,
ozonation and use of adsorbents are common methods used (Shetty and Bhat, 1999; Matumba et
al., 2009; Matumba et al., 2015; Karlovsky et al., 2016).
a) Floatation, washing, sorting and dehulling
Floatation uses the differences in physical properties of non-damaged and mold-damaged
corn kernels. Generally, mold-damaged corn kernels have lower density making them stay afloat
in water while non-damaged corn kernels tend to sink in water due to high density (Karlovsky et
al., 2016; Alberts et al., 2017). Floating contaminated corn for five minutes in water and sodium
chloride solutions significantly reduced fumonisins levels. Floating in water alone removed up to
74% of fumonisins whereas up to 86% of total fumonisins in corn was removed by floating
kernels in NaCl solution (30% and above) (Shetty and Bhat, 1999). In addition, about 51%, 63%
and 73% of trichothecenes, aflatoxins and fumonisins, respectively, were removed from white
corn by floating in groundwater (Matumba et al., 2015). Similarly, earlier investigation by Huff
(1980) indicated potential of floatation in reducing aflatoxin levels in corn. About 57 – 66% of
aflatoxin was removed from corn after flotation process using water. Addition of NaCl to water
resulted in removal of 10% more of FB1 (Shetty and Bhat, 1999). Addition of solutes to water
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such as sodium chloride or sucrose, increase density of solution thereby enhancing floatation of
more mycotoxin contaminated corn or wheat hence removal of large amount of toxins. At 40%
and 30% sucrose in water, over 80% of aflatoxin was removed from corn (Huff, 1980). About
74% of aflatoxin was removed together with buoyant (floating) corn in saturated sodium chloride
solution while 53 and 77% of DON was removed from corn floated on water and 30% sucrose
solution, respectively (Huff and Hagler, 1985). Furthermore Huff and Hagler (1985) reported 96
and 67% removal of DON from contaminated wheat as a result of floatation using water and
30% sucrose solution, respectively. Segregation of contaminated corn could be relatively cheaper
compared to other methods of decontamination as it involved utilization of ordinarily found
resources.
Water, alkaline solutions and organic solvents have been commonly used to wash
mycotoxins from contaminated agricultural commodities. Washing involves use of a solvent to
dissolve and remove toxins from the contaminated agricultural commodity (Karlovsky et al.,
2016). The process leaves the commodity with fewer levels of toxins hence could be used with
less risks. Washing corn three times in distilled water reduced DON by 65% and ZEN by 61%.
Similarly, washing barley in distilled water three times reduced DON by 69% (Trenholm et al.,
1992). Addition of alkaline salts to water such as sodium carbonate has been found to improve
effectiveness in removing toxins from grains. About 72% DON and 87% ZEN were removed
from barley by washing in 1M sodium carbonate solution once for 30 minutes followed by two
times washing in distilled water (Trenholm et al., 1992). Proper solvents must be used if washing
is to be effectively used as a means of removing mycotoxins from feeds and foods.
Hand sorting, and dehulling are common practices of processing corn in Developing
Countries especially in most part of Africa where corn makes a large portion of meals. Hand

26

sorting involves removal of visibly moldy grains from each lot. Matumba et al. (2015) reported
over 90% removal of AFB1, FB1, and trichothecenes from corn by hand sorting. Though it has
been successful in reducing mycotoxins in corn, hand sorting is labor intensive and limited to
small quantities of materials. Dehulling involves removal of outer layer of the seeds.
Trichothecenes, aflatoxins and fumonisins were effectively removed from white corn through
dehulling. During traditional dehulling process, about 92%, 88% and 63% of aflatoxins,
fumonisins and trichothecenes was removed from white corn for human consumption (Matumba
et al., 2015). Soaking dehulled corn in ground water for 24, 48 and 72 hours reduced AFB1
concentration by about 72%, 75% and 80%, respectively (Matumba et al., 2009). A combination
of physical methods (flotation, hand sorting and dehulling) decreased trichothecenes, aflatoxins
and fumonisins contamination in white corn by over 90% (Matumba et al., 2015). Generally,
floatation, washing, sorting and dehulling are labor intensive, and time consuming hence in most
cases their application limited to small-scale farms especially in Developing Countries.
b) Use of chemicals
Reduction of mycotoxins contamination in feeds and foods through chemical methods
involves use of chemicals to transform mycotoxins into less or non-toxic compounds (Karlovsky
et al., 2016). Though not yet approved for use in food meant for human consumption in many
regions of the world such as European Union (EU), several chemicals have demonstrated great
potential in reducing mycotoxins in food during processing. Use of organic acids as mycotoxin
detoxifying agents has been investigated. Lactic acid was most efficient in converting AFB1 into
less toxic compounds such as aflatoxin B2a (AFB2a) and small quantities of AFB2 (Aiko et al.,
2015). Degradation of AFB1 increased with time of heating. Heating AFB1 in 1 mole/L
concentration of lactic acid at 80oC for 60, 90 and 120 minutes resulted in degradation of AFB1
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by 54%, 77% and 85%, respectively (Aiko et al., 2015). Similarly, soaking artificially
contaminated cereal based compound feed in 5% lactic acid and 5% citric acid solution for 5 –
48 hours reduced concentration of DON and associated metabolites by more than 45% (Humer et
al., 2016). Lactic acid displayed higher efficiency in reducing DON and nivalenol (NIV) than
citric acid (Humer et al., 2016). Despite strong mineral acids such as hydrochloric acid (pH 2) at
28oC degrading AFB1 and AFG1 (Doyle et al., 1982), their application is limited due to safety
issues in human foods. Organic acids such as lactic acids have been used in processing human
foods for example yoghurt. Lactic acid and other organic acids are considered safe in food hence
utilization of these compounds could be a safe method of reducing mycotoxins in human foods.
However, thorough investigation needs to be done before recommending use of a particular acid
for mycotoxin detoxification to make sure that there is no impairment of food nutritional quality.
Apart from acids, alkaline solutions have been investigated as mycotoxin detoxifiers.
Above 80% of AFB1 was degraded or inactivated following 24 hour incubation in buffer solution
with pH levels equal or greater than 9.0 (Itoh et al., 1980). Similarly, application of ammonia has
been found to effectively reduce aflatoxin and OTAs in animal feeds. Bailey et al. (1994)
reported over 90% reduction of AFB1 in cottonseeds within 21 – 42 days of treatment with 1.5%
anhydrous ammonia. Application of aqueous ammonia (1% v/w) to corn reduced aflatoxin levels
by 99 – 100% within 40 – 48 hours resulting in subsequent reduction of mortality of chicken fed
with the corn (Allameh et al., 2005). Furthermore, incubation of contaminated corn, barley and
wheat in 2% ammonia solution reduced quantities of zearalenol, ochratoxin A and AFB1. After
incubation of corn, barley, wheat and peanut levels of zearalenol and ochratoxin A decreased by
60% and 25%, respectively, while AFB1 decreased by over 80% (Chełkowski et al., 1981). Pure
mycotoxins decomposed faster compared to toxins in feeds a scenario that could be attributed to
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limiting contact between ammonia and mycotoxin in feed due to other components of feed. Type
of substrate, temperature, and duration of incubation greatly affect effectiveness of
ammonization in degrading mycotoxins (Chełkowski et al., 1981) by regulating rate of reaction.
Use of ammonia in commodities meant for human consumption has not been allowed.
c) Ozonation
Ozone degrades mycotoxins by oxidation that transforms toxins into less toxic
compounds. Use of ozone in aqueous or gaseous form has been investigated with various
mycotoxins including OTA, ZEN, and aflatoxin. Treatment of OTA, and ZEN in aqueous
solution with ozone gas (10 weight %) for 15 seconds reduced concentration to undetectable
levels by High Performance Liquid Chromatography (HPLC) (McKenzie et al., 1997). In corn
meal matrix, treatment for 5 minutes with 20 weight % ozone gas reduced AFB1 and AFG1
levels by 67% and 80%, respectively (McKenzie et al., 1997). Recently, Torlak et al. (2016)
reported significant reduction of aflatoxin levels by 30% and 46% in grain diet of poultry after
treatment with gaseous ozone 2.8 and 5.3 u/mL for 60 minutes, respectively. Increasing time of
exposure improves effectiveness of ozonation to degrade mycotoxins. At 240 minutes exposure,
aflatoxin levels in grain based poultry diet decreased by >70% and >80% for 2.8 and 5.3 u/mL
ozone gas concentration, respectively, whereas only 30 – 46% of aflatoxin degraded at 60 minute
exposure (Torlak et al., 2016). Safety of foods after exposure to ozone gas has been investigated.
Less overall effect of ozonation on corn have been observed (Prudente and King, 2002).
Prudente and King (2002) reported minimal decrease of unsaturated fatty acids and increase of
saturated fatty acids after treatment with 10 – 12 weight% of ozone gas. Linoleic acid decreased
by 2.5% while palmitic acid increased by 2.4% (Prudente and King, 2002). Effect of ozonation
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on fatty acid composition may be of less concern in ruminant livestock because unprotected fatty
acids are biohydrogenated by rumen microbes resulting in increased saturated fatty acids.
d) Adsorbents
Use of adsorbents is one of the recent methods of reducing mycotoxins. Adsorbents are
materials, compounds or chemicals that deactivate or prevent bioavailability of mycotoxins in
the gastrointestinal tract (Award et al., 2010). They present the last defense for animals against
mycotoxins. Though not very much explored in human foods due to regulatory restrictions,
significant potential of adsorbents in reducing absorption of mycotoxins in gastro-intestinal tract
has been reported in animal studies (Avantagiato et al., 2004; Kutz et al., 2009; Queiroz et al.,
2012; Kong et al., 2014). Aluminosilicate based adsorbents have been effective in reducing
bioavailability of AFB1 (Kutz et al., 2009). Kutz et al. (2009) reported 48% reduction in AFM1 in
milk, 47% reduction in aflatoxin transfer rate to milk and 46% reduction in secretion of aflatoxin
from feed to milk when dairy cows were fed diet with 0.56% NovasilPlus (an aluminosilicate)
adsorbent. Similarly, addition of 1% montmorillonite based mycotoxin adsorbent to dairy cow
diets reduced levels of AFM1 in milk by 54% (Queiroz et al., 2012). Apart from its use to reduce
aflatoxin absorption, adsorbents have proven successful in preventing bioavailability of
trichothecenes. Activated carbon effectively reduced absorption of DON and NIV from spiked
wheat in a pig gastrointestinal tract model. At 2% inclusion level, activated carbon lowered
absorption from 51% to 28% for DON and from 21% to 12% for NIV (Avantagiato et al., 2004).
Although adsorbents are considered inexpensive methods of mitigating animal exposure to
mycotoxin, their utilization has some challenges. Apart from possible reduction of nutritional
quality of feed resulting from binding to essential nutrients (Award et al., 2010), currently no one
effective adsorbent exists for all mycotoxins. Efficiency of adsorbent in preventing
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bioavailability of different mycotoxins varies significantly. Adsorption percentage of AFB1 by
activated charcoal product, yeast cell wall product, and bentonite clays were 100, 92.7, and 92.5,
respectively (Kong et al., 2014). Despite impressive (above 90%) AFB1 adsorption efficiency of
activated charcoal product, yeast cell wall product, and bentonite clays, less encouraging results
in preventing bioavailability of DON have been reported with adsorption values less than 23%
(Kong et al., 2014). Similarly, an in vitro study mimicking different pH conditions in the gastrointestinal tract of pigs, demonstrated that only selected adsorbents of smectite clays, humic
substances and yeast-wall derived products efficiently adsorbed (>70%) zearalenol whereas none
of the tested adsorbents were able to effectively bind to DON (Sabater et al., 2007). Variations in
adsorbent effectiveness are attributed to differences in structural reaction groups on mycotoxins
and variance in abundance of binding sites on adsorbents (Kong et al., 2014; Sabater et al.,
2007).
2.3.2. Biological methods
Biological methods of preventing feed and food contamination with mycotoxins have two
aspects namely; use of non-mycotoxin producing living organisms to reduce mycotoxins
production and use of enzymes to degrade or transform already produced mycotoxins (Karlovsky
et al., 2016; Nguyen et al., 2017). Minimizing mycotoxins production in agricultural
commodities by reducing population proliferation of mycotoxigenic fungi can be achieved
through various mechanisms such as biocompetition, antibiosis, and parasitism among others
(Nguyen et al., 2017). Under biocompetition, microorganisms used as antagonist agents
(biocontrol agents) compete with pathogen for ecological niche, and nutritive resources (Nguyen
et al., 2017; Atehnkeng et al., 2014). In antibiosis the inhibition or killing of pathogens by
biocontrol agents is achieved through production of secondary metabolites that possesses
antimicrobial activity whereas the case of parasitism requires the biocontrol agent to be a parasite
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to the targeted microorganism (Nguyen et al., 2017).
a) Use of biocontrol agents
Biocontrol agents are organisms that are used to control growth of other organisms
through various mechanisms including biocompetition, antibiosis, and parasitism (Nguyen et al.,
2017). Effectiveness of several biocontrol agents in reducing mycotoxins has been reported
under field and storage conditions (Dorner and Cole, 2002; Atehnkeng et al., 2014). Soil
inoculation with competitive non-toxigenic strains of Aspergillus flavus and Aspergillus
parasiticus at the rate of 24 kg per acre 10 weeks after planting, reduced levels of aflatoxins in
peanut (Dorner and Cole, 2002). Peanut grown on inoculated soil had about 91% less aflatoxin
levels at time of harvesting in second year compared to peanut grown on non-inoculated soil
(Dorner and Cole, 2002). Furthermore, soil inoculation followed by postharvest inoculation with
competitive non-toxigenic strains of Aspergillus flavus and Aspergillus parasiticus reduced
aflatoxin levels by 97 – 99% after 3 – 5 months storage under poor conditions (Dorner and Cole,
2002). In these studies aflatoxin levels were far below permitted levels in peanut in the world
market for human and animal consumption. Similarly, Atehnkeng et al. (2014) reported 72 –
91% and 93 – 96% reduction of aflatoxin in corn at harvest and storage, respectively, following
soil inoculation with a mixture of non-aflatoxin producing Aspergillus flavus strain.
Apart from using fungi to control toxigenic strains of fungi, strains of bacteria and garlic
species have been evaluated as potential biocontrol agents. Seed treatment at 10 g/kg or soil
application at 2.5 kg/ha on 30, 45, 60 days after sowing with inoculant containing Burkholderia
species of bacteria significantly reduced Aspergillus flavus infection and AFB1 contamination in
peanut kernels (Vijayasamundeeswari et al., 2010). About 95% reduction in aflatoxin
contamination was observed after treating seeds with Burkholderia species. Furthermore, soil
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application of Burkholderia species inoculant reduced AFB1 content in peanut kernels by 90 –
92% (Vijayasamundeeswari et al., 2010). The Burkholderia species have direct antagonistic
effect on toxigenic Aspergillus flavus hence reduction of aflatoxin contamination in peanut.
Similarly, intercropping garlic with peanut reduced the AFB1 level by 97% in peanut. Aflatoxin
B1 reduction effect of garlic species was attributed to inhibition of development of toxigenic
Aspergillus flavus by the root exudates (Sandosskumar et al., 2007; Vijayasamundeeswari et al.,
2010). As high as 99% aflatoxin reduction was achieved when seeds and soil were treated with
Burkholderia species inoculant coupled with garlic intercropping (Vijayasamundeeswari et al.,
2010).
Biological methods of reducing mycotoxins in foods and feeds provide most suitable
methods for application in organic farming system where chemical are not supposed to be used.
Compared to use of chemicals or fungicides, biological strategies of reducing mycotoxins are
considered safe to animals and humans due to less likelihood of leaving toxic residues in the feed
or food. In addition, apart from preventing growth of toxigenic fungi, biocontrol agents may also
offer other benefits such as improved mineral and water uptake hence increasing crop
production.
b) Use of enzymes
Use of enzymes to control or degrade mycotoxins has been evaluated. Enzymes react
with mycotoxins resulting in degradation or transformation into non-toxic compounds
(Karlovsky et al., 2016). Among the potential enzymes been investigated is laccase. Laccase
enzymes are copper-containing polyphenol oxidases produced by fungi (white rot), bacteria,
plants, and insects (Arora and Sharma, 2009; Alberts et al., 2009). They contain four copper
atoms in the catalytic core essential for facilitating oxidation of substrate molecules and
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reduction of oxygen to water (Arora and Sharma, 2009). Currently, laccase enzymes have
various biotechnological applications like removing phenolics from wine, transformation of
textile dye, biopulping and biobleaching, detoxification of phenolic waste effluent and
delignification of lignocellulosics (Arora and Sharma, 2009; Alberts et al., 2009). Incubating
laccase enzyme, extracted from white rot fungi (Trametes versicolor) and pure AFB1 for 72
hours at 30oC significantly reduced AFB1 concentration by 78 – 93% depending on laccase
inclusion level (Alberts et al., 2009). Highest AFB1 reduction was observed when 1 unit/mL
laccase was used.
Similarly, manganese peroxidase enzyme extracted from white rot fungus (Pharochaete
sordida) considerably reduced concentration of purified AFB1 in solution. Wang et al. (2010)
reported that after a 24-hour reaction using 5 nanokatal (nkat – reaction activity) manganese
peroxidase, concentration of AFB1 level was reduced by 73.3% and maximum elimination
(86.0%) of AFB1 was observed after 48 hours. In addition, manganese peroxidase enzyme
reduced mutagenic activity of AFB1 by promoting production of non-reactive aflatoxin B1-8,9dihydrodiol instead of aflatoxin B1-8,9-epoxide which covalently binds to DNA and form DNA
adducts, the basis for mutation and cancer (Hussein and Brasel, 2001; Wang et al., 2010;
Jiujiang, 2012). At 20 nanokatal (nkat) manganese peroxide inclusion, AFB1 mutagenic activity
was reduced by 69.2% (Wang et al., 2010). Few investigations have been done on enzymatic
detoxification of other types of mycotoxins compared to aflatoxin. This could be attributed to
high toxicity associated with aflatoxin to humans compared to other mycotoxins.
Commercial enzymes protease A and pancreatin exhibited ochratoxin A hydrolytic
activities. Protease A, an enzyme extracted from Aspergillus niger hydrolyzed about 87% of
ochratoxin A after 25 hour incubation at pH 7.5 and 37oC temperature (Abrunhosa et al., 2006).
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Similarly, pancreatin, a mixture of enzymes from porcine pancreas, converted 43.4% of
ochratoxin A into ochratoxin alpha under the same conditions (Abrunhosa et al., 2006).
However, the performance of these two commercial enzymes was surpassed by crude enzyme
extracted from Aspergillus niger which hydrolyzed almost 100% of ochratoxin A after 25 hour
incubation when incubated at pH 7.5 and 37° C (Abrunhosa et al., 2006). The crude enzyme
extract comprised several enzymes that could have additive effect on hydrolyzing ochratoxin A.
Although promising results have been reported on efficiency of some enzymes to degrade
or detoxify mycotoxins, most of studies are in vitro and used purified mycotoxins. Effectiveness
of enzymes on degrading mycotoxins may be different if the toxins are in the feed due
interaction with feed matrices. It is therefore necessary for further investigation on effectiveness
of enzymes in degrading mycotoxins in naturally contaminated feed or food so as to increase
applicability of enzymes as mycotoxin detoxifying agents. Despite existence of these methods of
reducing mycotoxins in feeds and foods, the best way of controlling mycotoxins is to prevent
production. Once mycotoxins are in the feed or food, it is challenging to remove all of them
without seriously affecting feed or food quality.
2.4. Prevalence of mycotoxin
Feed and food contamination with mycotoxins occurs in every region of the world.
Presence of favorable environment propels growth of various species of toxigenic fungi thus
whether in tropical, sub-tropical or temperate climates. Food and Agriculture Organization of the
United Nations (FAO) estimated that approximately 25% of food crops in the world are affected
by mycotoxins either at growth or storage (Rice and Rose, 1994). Decreased crop value,
livestock losses and cost of mitigation measures of mycotoxins result in about $1.4 billion
annually in US (CAST, 2003). Severity of contamination is high in Developing Countries where
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about 3.5 billion people are chronically exposed to high levels of aflatoxin annually (Williams et
al., 2004). The challenge of food and feed contamination with mycotoxins in Developing
Countries is attributed to lack of monitoring and regulating measures to safeguard the food
supply (Jiujiang, 2012). Several studies have reported presence of one or more mycotoxins in
feeds, feedstuffs and foods (Veldman et al., 1992; Boudra et al., 2007; Driehuis et al., 2008;
Matumba et al., 2009; Monyo et al., 2012; Persi et al., 2013; Jia et al., 2016;). Driehuis et al.
(2008) reported presence of DON and ZEN in corn silage and grass silage. Concentrations of
ZEN and DON averaged 273 μg/kg and 28 μg/kg, respectively. Similarly, about 91% of corn
silage samples in 5 dairy producing regions of Brazil contained various mycotoxins with ZEN
being the most prevalent (72.8%) averaging 334 – 374 μg/kg (Schmidt et al., 2014). A three-year
survey in mid-western US reported fumonisins levels above Food and Drug Administration
(FDA) limits (5 ppb) for equids and rabbits in only less than 10% of Distillers Dried Grains
(Zhang et al., 2009). Moisture content, temperature, pH and humidity determine growth of fungi
on feeds. Feeds with high moisture content such as silage and baleage are more likely to promote
fungal growth if exposed to aerobic conditions compared to those with low moisture content for
example hay. Normally moisture content in silage, baleage and hay ranges from are 60 – 70%,
45 – 60% and <20%, respectively.
Aflatoxins contamination above regulatory limits has been observed in various
agricultural commodities including corn, wheat and peanut. Average aflatoxins levels of 48.4
μg/kg and 15.28 μg/kg were reported in corn and peanut in Malawi, respectively (Matumba et
al., 2009; Monyo et al., 2012). About 48.2 μg/kg (Seetha et al., 2017), and as high as 516.8 ppb
aflatoxin were detected in non-treated peanut (Dorner and Cole, 2002). Contamination of wheat
with ZEN and DON has been reported. Zearalenone was found in 12.8% of samples averaging
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73 μg/kg while DON averaging 488 μg/kg was detected in 74.4% of samples (Ji et al., 2014).
Soybean contamination with various mycotoxins has been reported. Aflatoxins, fumonisins and
DON were detected in 88.9%, 72.2% and 30.6% of samples of soybeans for animal feed,
respectively (Gutleb et al., 2015). Average fumonisins (400 ppb) and DON (2,600 ppb) were
above Food and Drug Administration (FDA) action levels while aflatoxins (3 ppb) levels did not
even exceed maximum limit for dairy feeds (Gutleb et al., 2015).
Presence of molds in feeds or foods does not mean presence of mycotoxins. Likewise,
lack of molds on foods or feeds does not mean there are no mycotoxins present as molds could
be brushed during handling. At temperatures of 25 – 30oC, fusarium molds grow extensively but
without producing any mycotoxin. However, at near-freezing temperatures, fusarium molds
produce large quantities of mycotoxins (Bhat et al., 2010). Fungi depend on two different types
of metabolism. The primary metabolism aids growth of fungi and is not closely related to the
secondary metabolism which result in mycotoxin production (Jouany et al., 2009). Normally,
secondary metabolism is activated by environmental factors (Jouany et al., 2009). Drought
conditions, temperature changes and external aggression such as fungicide are among stressful
conditions that propel production of mycotoxins by fungi (Jouany et al., 2009; Bhat et al., 2010).
Use of recommended laboratory protocols or test kits is the credible way of determining presence
of mycotoxins in feeds or foods hence ensuring safety of both humans and livestock.
Besides contaminating feeds, mycotoxins have been found in foods of animal origin and
in some cases at levels above maximum permissible amounts. Ochratoxin averaging 9 – 14 μg/kg
was reported in meat from pigs fed contaminated diet (Persi et al., 2013). Similarly, a study
conducted in China reported traces of aflatoxins in eggs at levels ranging from 0.01 to 0.21 μg/kg
(Jia et al., 2016). Metabolites of AFB1 have been detected in milk of dairy cows fed
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contaminated diets. Milk from dairy cows exposed to 112 μg aflatoxin /kg of diet dry matter
contained about 1.92 μg/L of AFM1 which is above action points 0.5 ppb and 0.05 ppb in United
States (US) and Europe, respectively (Kurtz et al. (2009). Similarly, aflatoxin was detected in
over 70% of milk samples from dairy farmers in Kenya of which about 27% contained AFM1
levels exceeding World Health Organization (WHO) or Food and Agriculture Organization
(FAO) maximum limits of 0.05 μg/kg (Kang’ethe and Lang’a, 2009). It is estimated that 1 – 2%
of ingested aflatoxin by dairy cows is secreted into milk and the transfer rate can go as high as
6% for high producing cows (Vieldman et al., 1992; Boudra et al., 2007; Kurtz et al., 2009).
Fermentation of milk during processing of other products like yoghurt and cheese could help
reducing contamination due to presence of lactic acid which degrades or deactivates mycotoxins.
Variations exist on predominant mycotoxin type in different geographical regions of the
world. A multiannual survey (Schatzmayr and Streit, 2013) conducted from 2004 to 2012
depicted these variations. Aflatoxin was predominant in feed samples collected from South Asia,
and South East Asia. About 78% and 55% of feed samples from South Asia, and South East Asia
tested positive to aflatoxin with average contamination ranging from 61 – 128 μg/kg. Majority
(68%) of feed samples from North America and about 78% of samples from North Asia were
contaminated with DON in mean concentrations of over 1,000 μg/kg. Similarly, a survey
conducted in China between 2010 – 2012 reported DON as the most predominant mycotoxins,
present in 74.4% of wheat samples at levels ranging from 14.5 – 41,157 μg/kg (mean 488 μg/kg)
(Ji et al., 2014). Furthermore, about 56% of feed samples from North Asia were contaminated
with ZEN averaging 386 μg/kg (Schatzmayr and Streit, 2013). However, Anukul et al. (2013)
found aflatoxin (58%) and fumonisins (58%) as the most prevalent mycotoxins in feeds followed
by DON (17%) in Asia. Differences in number of countries involved and duration of the study
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could be the reasons for differences in results. Despite long study duration, fewer Asian
Countries, (<10) were involved (Schatzmayr and Streit, 2013) compared to close to twenty Asian
countries reported by Anukul et al. (2013). Ochratoxins were common in samples collected from
Europe (49%) and South Asia (55%) averaging 4 μg/kg and 20 μg/kg, respectively (Schatzmayr
and Streit, 2013). Furthermore, Schatzmayr and Streit (2013) reported fumonisins (72%) and
DON (66%) as predominant mycotoxins followed by aflatoxin (40%) in feeds across Africa.
Variations of prevalent mycotoxins across different regions of the world are mainly due to
differences in environmental conditions that favor more growth of other toxigenic fungi than
others.
Mycotoxins levels in feeds and foods vary between years and across agroecological zone
(AEZ). Udoh et al. (2000) reported variations in aflatoxin levels in corn across AEZs of Nigeria.
Highest corn contamination with aflatoxin was reported in one AEZ out of the five. Over 50% of
corn samples collected from the AEZ characterized by low annual rainfall and long dry months
were contaminated with aflatoxin averaging 125.6 μg/kg while contamination averaged less than
76 μg/kg in other four AEZs (Udoh et al., 2000). Similarly, lower levels of aflatoxin were
observed in corn from temperate AEZs compared to humid AEZs in Kenya (Sirma et al., 2016).
Mean aflatoxin levels in corn samples from temperate AEZs were 4 and 7.9 ppb while average
aflatoxin levels as high as 23.6 ppb were detected in corn samples from hot and humid AEZ
(Sirma et al., 2016).
Occurrence of DON and ZEN is predominant in northern part of US while toward the
south, aflatoxin and OTA become more prevalent. Similarly, the effect of micro climatic
conditions on prevalence of mycotoxins in corn in Malawi has been done. Matumba et al. (2015)
reported highest aflatoxin prevalence in corn samples from hottest AEZs of Malawi.
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Deoxynivalenol and ZEN were most prevalent in corn samples collected from cool AEZs. At
present, influence of AEZs on occurrence of mycotoxins in various animal feeds and raw milk
has not been well studied in Malawi. Variation in type of mycotoxin prevalent across world
geographical regions of the world is a function of differences in environmental conditions which
favor growth of some fungal species compared to others. Temporal variations in climatic
conditions attribute to year-to-year variations in mycotoxin levels. Kosicki et al. (2016) reported
varying levels of DON, T-2 toxin and ZEN in corn samples collected from 2011 to 2014. Toxin
T-2 was below limit of detection 0.2 μg/kg while levels of DON and ZEN were 16 – 25 times
lower than first year of the survey. Just as spatial variation in environmental conditions affect
growth of fungi, temporal changes of environmental factors could enhance or prohibit
proliferation of fungal growth hence fluctuation of contamination levels across years. Despite
variations in predominant mycotoxins in different geographical regions, traces of nearly all
mycotoxin are present in feeds or foods everywhere in the world due to movement of agricultural
commodities. Trade to some extent has contributed to transferring of contaminated commodity
across regions of the World.
2.5. Regulation of mycotoxin levels in feeds and foods
Majority of Developed Countries have set maximum exposure limits for mycotoxins in
different food and feeds for human and animal consumption, respectively. Worldwide ranges of
maximum permissible limits of aflatoxins, AFM1, OTAs, DON, ZEN and fumonisins in various
commodities are 0.01 – 50, 0 – 15, 3 – 50, 300 – 2000, 50 – 1000 and 1000 – 3000 ppb (FAO,
2003). The wide ranges of maximum permissible limits of mycotoxins in foods and feeds is due
to wide variations that exist on maximum limits set by countries across the World.
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The US Food and Drug Administration (FDA) has maximum limits for aflatoxins, DON
and fumonisins in food and feeds in US (Wood, 1992). Maximum exposure limits for aflatoxin
in food for human consumption is set at 20 ppb. In animal feeds, maximum exposure limits
varies with species, physiological state of the animal, breed and age. Normally, animals raised
for slaughter have higher maximum exposure limits compared to dairy animals, and breeding
animals. Low mycotoxin exposure limits for dairy animals is aimed at reducing contamination of
milk products whereas for breeding animals, low exposure levels are required to reduce
transferring of defected genes from parents to offspring. For dairy animals and immature animals
including poultry, the maximum exposure limits is 20 ppb. While for breeding beef cattle,
breeding swine and laying hens is 100 ppb. In feeds for finishing beef cattle (feedlots) and
finishing swine aflatoxin concentration maximum limits are 300 ppb and 200 ppb, respectively
(Wood, 1992; Wu et al., 2013). The limit for AFM1 in milk is 0.5 ppb. Depending on species and
end use of animals, maximum limits for DON in grain and grain by product diets ranges from 5
to 100 ppm while fumonisins limits in corn ranges 5 to 10 ppm.
European Countries have lower maximum exposure limits for aflatoxin compared to the
rest of the world. Maximum exposure limits of 4 ppb in corn and peanut meant for human and
animal consumption (FAO, 2003; Wu et al., 2013). Aflatoxin M1 in milk is set not to exceed 0.05
ppb. Maximum permissible level for aflatoxins in feeds for all other animals except dairy animal
ranges from 10 to 20 ppb. Level of aflatoxin in feeds meant for dairy animals is limited to as low
as 5 ppb (FAO, 2003). Ochratoxins and DON maximum permissible limits in all foods range
from 3 – 10 ppb and 500 – 750 ppb, respectively.
Few Asian Countries have set maximum limits of mycotoxins in foods and feeds. The
maximum allowable levels of aflatoxins in all other foods range from 0.5 to 35 ppb. However,
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limits for aflatoxins in infant foods and milk are lower <1 ppb and 0.5 ppb, respectively (Anukul
et al., 2013). Maximum allowable limit for fumonisins in human foods ranges from 1,000 to
4,000 ppb whereas maximum allowable levels of ZEN in human foods and animal feeds are set
at 20 – 50 ppb and 200 – 1,000 ppb, respectively (Anukul et al., 2013). Deoxynivalenol in
cereals is limited to 500 – 2,000 ppb (FAO, 2003).
Some African Countries including Malawi have set maximum exposure limit for
aflatoxin in corn and peanut for human consumption ranging from 4 – 20 ppb (Wu et al., 2013;
Monyo et al., 2012; FAO, 2003). Unlike Developed Countries, not many Developing Countries
have set exposure limits for mycotoxins in food or feeds. In most cases, exposure limits in
African Countries are followed when exporting agricultural produce to the Developing
Countries. The situation has made most of Developing Countries to adopt exposure limits set by
Developed Countries such as EU and US. Maximum permissible levels of aflatoxin in export
peanut in Malawi are 4 and 20 ppb depending on the market standard (Monyo et al., 2012).
Furthermore, despite setting maximum allowable limit of aflatoxins in peanut (Monyo et al.,
2012), Malawi is yet to set maximum limits for aflatoxins and other mycotoxins in animal feeds.
The consequences are lack of monitoring and continued exposure of animals and local
consumers of crop and animal products to intolerable levels of mycotoxins hence adverse health
effects.
2.6. Bacterial contamination in milk and milk products
Milk is among high quality foods that provide nutritional benefits to humans. Milk
comprises of water, lactose, fat, proteins and minerals plus vitamins in estimated amounts of
87.2%, 4.9%, 3.7%, 3.5% and 0.7%, respectively (Mourad et al., 2014). Despite being a nutrient
rich food, milk may be a source of foodborne diseases if handled poorly. Milk contamination by
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bacterial pathogens remains a challenge and has been reported in many parts of the World (Olsen
et al., 2005; Mhone et al., 2011; Van Kessel et al., 2011; WHO, 2015; Sudda et al., 2016;
Madoroba et al., 2016; Disassa et al., 2017). Foodborne pathogens associated with milk, milk
products and other products of animal origin include Escherichia coli and Salmonella (WHO,
2015). They remain a concern from a food safety point of view worldwide.
2.6.1. Salmonella and Escherichia coli
Salmonella and E. coli are gram-negative, non-spore forming bacteria that belong to a
family of Enterobacteriaceae (Desmarchelier and Fegan, 2001; Holschbach and Simon, 2017).
Both are facultative anaerobic bacteria and this aids their survival in animal tissues. Salmonella
and E. coli can be found in natural environment such as soil, water, and in gastrointestinal tract
of humans and animals. Humans and animals like cattle are reservoirs of Salmonella and E. coli
(Desmarchelier and Fegan, 2001; Allerberger et al., 2002; Disassa et al., 2016; Holschbach and
Simon, 2017). Animals are exposed to Salmonella and E. coli through fecal oral contamination
and consumption of contaminated feed especially protein sources from animal byproducts.
Human exposure is mostly through consumption of contaminated food such as milk, meat and
eggs.
Most strains of E. coli are harmless and reside in gastrointestinal tract of humans,
ruminant animals and other vertebrates. However, there exist some strains that cause negative
health effects such as urinary tract infection, meningitis and diarrheal diseases in both humans
and animals (Desmarchelier and Fegan, 2001). Most important in food safety are enteric
pathogenic E. coli including Enteropathogenic E. coli (EPEC), Enterohemorrhagic E. coli
(EHEC), Enteroinvasive E. coli

(EIEC, including Shigella sp), Enteroaggregative E. coli

(EAEC), Enterotoxigenic E. coli (ETEC) (Clements et al., 2012). Generally, pathogenic strains
of E. coli cause diseases by invading the mucosa cells of intestines, producing toxins and/or
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causing physical alteration of intestines resulting to diarrhea, bloody diarrhea, fever and
intestinal cramps. Specifically, Enteropathogenic E. coli colonizes intestinal tract causing
diarrhea mostly in infants in poor countries while Enteroinvasive E. coli invades epithelial cells
of colon causing bloody diarrhea (Desmarchelier and Fegan, 2001: Clements et al., 2012).
Enteroaggregative E. coli, Enterohemorrhagic E. coli and Enterotoxigenic E. coli produce
toxins. Enterohemorrhagic E. coli produce Shiga toxin which causes ulceration of colon, cramps
and

bloody

diarrhea

(Desmarchelier

and

Fegan,

2001).

Most

common

among

Enterohemorrhagic E. coli is E. coli O157:H7 which is of great concern in food safety.
Enterotoxigenic E. coli produce heat labile and heat stable toxins that cause watery diarrhea also
referred to as traveler’s diarrhea whereas Enteroaggregative E. coli produce toxin that cause
persistent diarrhea in infants (Clements et al., 2012). Children, the elderly and immunedeficient
people are at high risk of E. coli infections. Animals, especially young ones, are not spared from
the negative effect of pathogenic E. coli infection (Desmarchelier and Fegan, 2001).
Mechanism of action of Salmonellae has been discussed. (D’Aoust et al., 1985; Kapperud
et al., 1990; Holschbach and Simon, 2017). Once ingested, Salmonella invades the intestinal
mucosa, then locate to and multiply within the lymphoid tissues, and finally evades the host
defense mechanisms (Holschbach and Simon, 2017). Major health effect by Salmonella is
inflammation of small intestine and colon (enterocolitis), which result in digestion, absorption
and secretory inefficiencies (Holschbach and Simon, 2017). Inflammation in the colon leads to
fresh blood in the feces which is a commonly observed sign of infection (Holschbach and Simon,
2017). The diarrhea caused by Salmonella spp. is principally mediated by the host inflammatory
reaction to the infection. Evidence from other studies indicates that an infectious dose can be as
low as 1 to 10 cells in some circumstances (D’Aoust et al., 1985; Kapperud et al., 1990) with 6 –
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48 hours onset time.
2.6.3. Growth and survival of E. coli and Salmonella
Escherichia coli and Salmonella are sensitive to heat, pH and water activity. They do not
survive adequate pasteurization process. Optimal growth and survival is certain when
temperature, pH and water activity are 35 – 40oC, 6 – 7 and 0.99, respectively (Desmarchelier
and Fegan, 2001). Similarly, Salmonella proliferates at temperatures ranges of 5 – 46oC, pH of 4
– 9 and water activity around 0.9 (Podolak et al., 2010; Smadi et al., 2012; Kumar et al., 2015).
Effective heat treatment, coupled with manipulation of pH and water activity may help in
reducing E. coli and Salmonella population in foods.
2.6.2. Salmonella and Escherichia coli in milk and milk products
Several studies have indicated substantial levels of Salmonella and Escherichia coli (E.
coli) in foods and products of animal origin. Madoroba et al. (2016) reported presence of
Salmonella in 35% of hides, carcasses and intestinal contents collected from rural abattoirs in
South Africa. About 34% and 17% of raw milk samples collected in Ethiopia and Tanzania,
respectively, tested positive for E. coli (Sudda et al., 2016; Disassa et al., 2017). In US, and
Europe, bacterial pathogens have also been detected in raw milk. Salmonella was detected in
28% of the raw milk samples from dairy operation in US (Van Kessel et al., 2011) while in
Europe, 8.4% of in-line filters in farms authorized to produce and sell raw milk in Italy had E.
coli (Giacometti et al., 2012). Presence of Salmonella, and Escherichia coli in milk is an issue of
poor hygiene. Positive association of presence of E. coli in in-line filters of raw milk with poor
hygienic practices such as inadequate cleanliness of bedding, water troughs, feed troughs, and
milk tanks has been reported (Giacometti et al., 2012). Poor milk handling practices throughout
the production chain result in contamination of milk with feces or soil hence exposing milk to
bacterial pathogens.
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Raw milk contains antimicrobial factors such as lysozymes, lactoferrin and
lactoperoxidase (Desmarchelier and Fegan, 2001). However, naturally found antimicrobial
factors in milk are insufficient to fully prevent microbial growth. Pasteurization is the most
widely utilized technique for reducing microorganisms including E. coli and Salmonella in raw
milk (Olsen et al., 2005; Pearce et al., 2012; Sarkar, 2015). The process involves heating milk at
high temperature for a short time (72oC for 15 seconds) or heating milk at low temperature for a
long time (63oC for 30 minutes) followed by rapid cooling (Desmarchelier and Fegan, 2001).
Milk is also processed using ultra-high temperature (UHT) technique. Ultra-high temperature
processing is the partial sterilization of food by heating it for a short time, around 1 – 2 seconds,
at a temperature exceeding 135°C and then kept inside the aseptic package (Gedam et al., 2007).
Both Salmonella and E. coli are heat sensitive (Osaili et al., 2005; Ma et al., 2009) and
can be controlled by effective pasteurization or UHT processing. However, despite raw milk
being heat treated, Salmonella and E. coli have been detected in processed milk in Developing
and Developed Countries (Oliver et al., 2005; Olsen et al., 2005; Mhone et al., 2011; Gould et
al., 2014). About 35% and 26% of samples of pasteurized milk in Zimbabwe were contaminated
with E. coli (Gran et al., 2003; Mhone at al., 2011). E. coli was observed in about 9% of
pasteurized milk samples in Iran (Vahedi et al., 2013). In United Kingdom, E. coli was found in
pipes and on a discarded rubber gasket from a milk-bottling machine (Desmarchelier and Fegan,
2001). Pasteurized milk has been linked to Salmonella outbreaks in US (Olsen et al., 2005;
Gould et al., 2014). About 49% of outbreaks from 1998 to 2011 were attributed to cheese made
with pasteurized milk in US of which Salmonella was among causative pathogens (Gould et al.,
2014).
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Presence of bacteria in pasteurized milk indicates some inefficiency within the
production chain. E. coli or Salmonella could be found in pasteurized milk due to a number of
factors including faulty pasteurization process and post pasteurization contamination
(Desmarchelier and Fegan, 2001; Carrasco et al., 2012). Faulty pasteurization fails to adequately
eliminate E. coli and Salmonella hence contaminated end product. Post pasteurization
contamination is largely attributed to poorly cleaned and sanitized surfaces, poor hygiene of
personnel in the processing plant lead to contamination of milk after pasteurization. Poor
cleaning and sanitization of processing equipment and food contact surfaces aids formation of
bacterial pathogen biofilm (Joseph et al., 2001). Because biofilm are enclosed in amorphous
extracellular matrix (Donlan, 2002), they are resistant to cleaning and sanitization hence
becoming chronic source microbial contamination of processed products (Bower and Daeschel
1999; Joseph et al. 2001). Generally, inefficiencies of processing machines, coupled with poor
hygienic practices at production and processing attribute to increased presence of bacterial
pathogens in end products (Oliver et al., 2005; Olsen et al., 2005; Carrasco et al., 2012). It is
imperative to observe good manufacturing practices to ensure that all the critical control points
within the processing chain are well handled to effectively eliminate pathogens and avoid
recontamination. Continuous monitoring of safety of milk and milk products on the market could
not only reduce risks of foodborne diseases but also help producers and processors improve on
handling and processing procedures. Currently, information about milk contamination with
bacterial pathogens at farm level and in major food stores is limited in Malawi. Lack of
information and inadequate periodic assessment of bacterial contamination levels in milk could
increase risk of infections to consumers.
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2.6.4. Regulation standards for Salmonella and E. coli in milk
Regulatory standards aimed at protecting milk consumers from exposure to bacterial
pathogens exist in many countries including Malawi. Malawi has regulatory standards for all
milk and milk products including raw milk, pasteurized and UHT milk (MBS, 2014a; MBS,
2011). Microbial population is used to grade raw milk. Raw milk with <200,000, >200,000 –
1,000,000 and >1,000,000 – 2,000,000 total bacteria counts per mL is assigned to grades of I, II
and III, respectively, with grade I being the best while grade III is the worst (MBS, 2014b).
Furthermore, raw milk is graded based on coliform counts. Raw milk is declared very good if
coliform counts per mL is 0 – 1,000 and is classified good if coliform counts per mL ranges from
1,000 – 50,000 (MBS, 2014b). Stringent regulations exist for Salmonella and E. coli in ready to
consume processed milk. No Salmonella or E. coli is expected to be found in both pasteurized
and UHT processed liquid milk (MBS, 2014a; MBS, 2011). Maximum limits for total microbial
counts other than Salmonella and E. coli in pasteurized and UHT processed liquid milk are set at
10 cell forming units (CFU)/mL and 30,000 CFU/mL, respectively (MBS, 2014a; MBS, 2011).
In US, general microbial population limit in raw milk does not exceed 500,000 per mL
(7CFR58.135 March 17, 2019). For coliforms, maximum limits have been established at <10
CFU/mL in processed milk (7CFR58.938 March 17, 2019). There is zero tolerance to Salmonella
and E. coli in processed milk (FAM, 1995). Maximum limits for somatic cell counts in raw milk
in Malawi are lower than in US. Malawi and US have set maximum limits for somatic cell count
in raw milk at <300,000 and <750,000 per mL, respectively (MBS, 2014b, 7CFR58.133).
2.7. Malawi dairy industry
Malawi is a country located in southern part of Africa. Dairying is one of the fundamental
pillars of improving livelihoods of farmers in Malawi. Apart from being a source of income and
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food, dairying has been essential in providing manure for crop production thereby contributing to
good soil management. Small-scale farmer dominates dairy industry with the majority owning 1
– 2 animals. They constitute about 90% of players in the industry and contribute over 50% of
total milk production (IFS, 2013).
Dairy industry is well institutionalized in Malawi. There are associations to which
farmers belong at national, regional and grassroots levels. At national level, all dairy farmers
belong to the mother body called Malawi Milk Producers Association (MMPA, 2018). Malawi
Milk Producers Association coordinates all dairy activities including advocacy at national level.
Under Malawi Milk Producers Association, there are three associations – namely Mpoto Dairy
Farmers Association (MDFA), Central Region Milk Producers Associations (CREMPA), and
Shire Highlands Milk Producers Association (SHIMPA) – responsible for the administration of
dairy farming activities in northern, central and southern regions of Malawi, respectively
(MMPA, 2018). At grassroots level, small-scale dairy farmers are organized in associations or
cooperatives called Milk Bulking Groups (MBGs). Membership of Milk Bulking Group may go
over 100 farmers (IFS, 2013). Major purpose of the Milk Bulking Groups is to promote
collective milk marketing and ease accessibility to various extension services including dairy
management trainings (IFS, 2013). Members of Milk Bulking Groups bulk the milk at one center
on daily basis where there is a tank and, in some cases, cooling facilities. This increases milk
volume and processors buy the milk for processing into various products such as pasteurized
fluid milk, yoghurt and cheese. The Milk Bulking Groups are located in areas around major
cities of Malawi (Mzuzu, Lilongwe, and Blantyre) known as milkshed areas. Dairy development
programs have been enhanced in these areas to increase supply of dairy products to the cities.
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Considering all the challenges encountered by Malawi dairy sector, this study will help
generate baseline information that facilitate the improvement of dairy production practices, feed
regulation, dietary risk management guidelines and provision of safe dairy food to consumers in
Malawi. In addition, this study could be the genesis of monitoring process aimed at reducing
feed and milk contamination with mycotoxins. Information about presence of pathogenic
bacteria in pasteurized milk will help in generating extension messages aimed at promoting
hygienic practices throughout the milk production chain. Furthermore, information generated
will be fundamental to future dairy nutrition and food science research aimed at reducing
exposure of livestock and milk consumers to high levels of mycotoxins and pathogenic bacteria.
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CHAPTER 3. COMPARATIVE REVIEW OF EUROPEAN UNION AND
UNITED STATES REGULATORY LIMITS OF AFLATOXIN M1 IN MILK
3.1. Introduction
Food contamination with mycotoxins occurs in every region of the world. Among
mycotoxins of concern in foods is aflatoxin M1 (AFM1). Aflatoxin M1 is mainly a metabolite of
aflatoxin B1 (AFB1) largely present in animal products such as milk and milk products (Yabe et
al., 1988; Li et al., 2018; Marchese et al., 2018). Just like the parent compound, AFM1 is both
mutagenic and carcinogenic (IARC, 2002; Neal et al., 1998). Presence of AFM1 in foods of
animal origin remains a serious health concern requiring decisive measures to deal with. Due to
multiple adverse health effects to humans attributed to AFM1 consumption, various interventions
have been put in place including regulatory standards of AFM1 in foods. Those standards are
meant to protect humans from exposure to intolerable levels of AFM1 (IARC, 2002). So far,
many countries worldwide have set maximum exposure limits for AFM1 in different foods to
ensure food safety (FAO, 2004). Wide variations exist among maximum permissible limits of
AFM1 in foods set by countries or regions across the world (FAO, 2004; European Commission,
2006; Wu and Guclu, 2012). The European Union (EU) has more stringent limits compared to
United States (FAO, 2004; European Commission, 2006; CEC, 2010), however, questions
remain on whether variations in regulatory standards have any scientific justification and if
Developing Countries should adopt those standards or if they should set standards of their own.
This review will discuss background on AFM1 including toxicological characteristics,
comparison of US and EU regulatory standards, and applicability of these standards to
Developing Countries.
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3.2. Background on aflatoxin m1
Aflatoxin M1 is considered to be a primarily metabolite of AFB1 (Marchese et al., 2018),
a toxin mainly produced by Aspergillus flavus and Aspergillus parasiticus fungi (Yu et al., 1995;
Creppy, 2002). Aflatoxin M1 represents about 95% of all the aflatoxins present in milk (Giovati
et al., 2015). Ingested AFB1 undergoes biotransformation aided by cytochrome enzymes in
mammals resulting in hydroxylation and subsequent formation of AFM1 (Neal et al., 1998; Li et
al., 2018). Originally isolated from milk, AFM1 has been associated with products of animal
origin (Holzapfel et al., 1966; Applebaum et al., 1982; Eaton and Gallagher, 1994; JECFA,
2001). Major sources of AFM1 include milk from cows fed contaminated feed, and nursing
mothers consuming contaminated foods (JECFA, 2001; Maleki et al., 2015; Ishikawa, et al.,
2016; Li et al., 2018). It is estimated that the amount of AFM1 found in cow’s milk represents 0.2
– 6.2% of ingested AFB1 (Veldman et al., 1992; Creppy, 2002; Battacone et al., 2012). More
recently, AFM1 has been found in other agricultural commodities including plant products.
Aflatoxin M1 levels of up to 22 μg/kg have been detected in corn, hundreds of times above EU
and US maximum allowable limits of 0.05 – 0.5 μg/kg in animal products (Matumba et al.,
2014). Presence of AFM1 in plant products was also reported earlier (Ezekiel et al., 2012; Streit
et al., 2013). Primary producers of AFB1, Aspergillus parasiticus and Aspergillus flavus (Yu et
al., 1995), have been found to produce AFM1 through a synthesis channel independent of AFB1
(Dutton et al., 1985; Yabe et al., 1988). Another probable source of AFM 1 in plant products are
insects feasting on AFB1 contaminated plant products (Lee and Campbell, 2000). Increasing
reports of AFM1 in commodities other than animal products brings a new dimension requiring
further investigation to fully understand mechanism of formation.
People are constantly being exposed to AFM1 world over. Consumption of milk and milk
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products contaminated with AFM1 has been the major source of AFM1. Weighted mean
concentration of AFM1 in milk samples collected across the world ranged from 0.002 – 0.36
ng/kg while estimated daily intake of AFM1 ranged from 0.1 – 6.8 ng/kg with highest and lowest
intake in Europe and Africa, respectively (Marchese et al., 2018). Variations in daily intake of
AFM1 could be largely attributed to differences in daily milk consumption.
3.3. Comparative review of toxicological effects of AFM1 and AFB1
Being a hydroxylated form of AFB1, AFM1 possesses structural resemblance to AFB1. Both are
cyclic compounds comprising a fusion of a cyclopentenone ring to the lactone ring of the
coumarin structure (Wogan, 1966; Eaton and Gallagher, 1994; Yu, 2012). Presence of an OH
group in AFM1 presents a major structural difference with AFB1. Hydroxylation of AFB1 results
in addition of the OH group to the chemical structure, hence formation of AFM1 (Eaton and
Gallagher, 1994). The OH group increases AFM1 polarity and retention in intestines compared to
AFB1 (Cullen et al., 1987).

Figure 3. 1. Chemical structures of aflatoxin B1 (AFB1) and aflatoxin M1 (AFM1).
Source: Eaton and Gallagher, 1994.

Mutagenicity and carcinogenicity are among the adverse effects of mycotoxin exposure.
Both AFM1 and AFB1 are mutagenic and carcinogenic (Neal et al., 1998; IARC, 2002). Acute
hepatotoxicity of AFM1 was initially observed in ducklings fed with AFM1 contaminated milk
(Allcroft et al., 1963; De Iongh et al., 1964). Later, long-term studies in different animal species
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confirmed the hepatotoxicity of AFM1 (IARC, 1993; Giovati et al., 2015). However, level of
mutagenicity and carcinogenicity varies between the two forms of aflatoxin. Aflatoxin M1 has
lower mutagenic effects compared to AFB1. Using in vitro metabolic activation, mutagenicity of
AFM1 is only 10% that of AFB1 (Wogan and Paglialunga, 1974). Likewise, the in vivo
carcinogenicity of AFM1 is approximately 10% of that of its precursor AFB1 (Wogan and
Paglialunga, 1974). Other reports indicate that carcinogenic potency of AFM1 is just one or two
orders of magnitude below that of AFB1 (Cullen et al., 1987; IARC, 1993; JECFA, 2001).
Comparatively low mutagenicity and carcinogenicity of AFM1 suggests that metabolic
conversion of AFB1 to AFM1 is a detoxification process (Neal et al., 1998). On the other hand,
high mutagenicity of AFB1 could be attributed to potential of being highly epoxidated by human
liver microsomes giving it high capacity to bind microsomal protein compared to AFM 1 (Neal et
al., 1998). Globally, about 4.6 – 28.2% of hepatocellular carcinoma (HCC) cases are attributed to
AFB1 exposure. Hepatocellular carcinoma cases increase 30 fold and 3.3 fold in people with
hepatitis B virus (HBV) exposed to AFB1 and AFM1, respectively (Sun et al., 1999; Kucukcakan
and Hayrulai-Musliu, 2015). Initially placed to group 2B possible human carcinogenic
compounds (IARC, 1993), AFM1 has been reclassified by IARC to group 1 human carcinogenic
compound thus belonging to the same group as AFB1 (IARC, 2002; Firmin et al., 2011). Despite
comparatively low mutagenic and carcinogenic effects of AFM1, its presence in milk, which is
an important basic food for infants and adults, has been a matter of considerable health concern
worldwide.
Proposed metabolic pathway of AFM1 is similar to the established metabolic pathway of
AFB1 (Neal et al., 1998). Aflatoxin M1 is hydrolyzed by cytochrome enzymes to produce AFM1epoxide which can bind to DNA to form adducts (Marchese et al., 2018). Similarly, AFB1 is
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biotransformed to an epoxide called aflatoxin-8,9-epoxide with the help of cytochrome enzymes
(Eaton and Gallagher, 1994; Gallagher et al., 1996; Macé et al., 1997; Yu, 2012). Conversion of
AFB1 to a reactive metabolite aflatoxin-8,9-epoxide in the liver appears to be responsible for
many of AFB1 toxic effects (Wu et al., 2013; Yu, 2012) including binding to DNA at N7deoxyguanosine (N7dG) causing adducts and mutations (Eaton and Gallagher, 1994; Yu, 2012;
Wu et al., 2013). Accumulation of these adducts result in development of cancer. Aflatoxin M1
has been found to be a poorer substrate for epoxidation compared to, hence the difference in
genotoxicity potencies. Furthermore, unlike AFB1, AFM1 exerts cytotoxicity without activation.
Neal et al. (1998) reported dose dependent cytotoxicity in human cells lacking metabolic
activation capacity exposed to AFM1. On the other hand, AFB1 displayed dose-dependent
cytotoxic effects only in cells with metabolic activation capacity suggesting that AFB1 requires
activation to epoxides in order to bind to microsomes and induce cytotoxicity (Neal et al., 1998).
Exposure to AFB1 and AFM1 are associated with initiation and progression of cancer in
liver, lungs and colon. AFB1 is a stronger hepatic carcinoma than AFM1. About 5% and 95% of
rats developed hepatocellular carcinomas after feeding on diet containing 50 μg/kg AFM1 and 50
μg/kg of AFB1, respectively, for almost 2 years however, AFM1 was found to cause more
intestinal cancer than hepatic cancer (Cullen et al., 1987). That was attributed to the presence of
the OH group in AFM1 which increases polarity and increases retention time in the intestines
compared to AFB1.
3.4. Comparison of regulatory standards of AFM1 and AFB1 in EU and US
The basis for setting up regulations is toxicity of a targeted toxin. Just like other naturally
occurring toxins, different mycotoxins exhibit different toxicities and at varying doses (Haazele
et al., 1993; Choudhary et al., 1998; Qureshi et al., 1998; Stoev, 2010; Jia et al., 2016). There
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have been extensive in vitro and in vivo studies aimed at evaluating risks associated with various
mycotoxins throughout the world. Laboratory animals such as rats, guinea pigs, and mice have
been involved in determining toxicity of mycotoxins (IARC, 2002). Animal studies have
essentially been important in conducting comprehensive risk assessment which has helped to
identify the hazard, conduct dose-response assessment, determine no observed adverse effect
level (NOAEL) and lowest observed adverse effect level (LOAEL) (Faustman and Omenn,
2001; Boermans and Leung, 2007). Generated data from these studies is used to establish
threshold and amount of a contaminant that can be ingested on a daily basis over a lifetime
without an appreciable health risk (tolerable daily intake – TDI) (WHO, 1987). European Food
Safety Authority (EFSA) conducts these evaluations in EU (EFSA, 2019), whereas the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) performs these evaluations at global
level (JECFA, 2001). However, numerical TDIs are not applicable for toxins where
carcinogenicity is the basis of concern, as is the case with aflatoxins including AFM1 (JECFA,
1999). Therefore maximum limits of carcinogenic compounds such as AFM1 should be as low as
reasonably achievable (ALARA) (European Commission SCF, 2001; European Commission
SCF, 2002).
Consequences of AFM1 exposure to humans coupled with its presence in milk, an
important food for infants and adults, have necessitated development of prevention and
mitigation measures. Aflatoxin M1 has become a matter of considerable health concern and the
subject of legislative regulations worldwide (Neal et al., 1998; IARC, 2002; Gong et al., 2003)
due to its presence in milk which is the main food for infants. Many countries including US and
EU have set regulatory standards aimed at protecting humans from adverse effects as a result of
exposure to AFM1, however, maximum permissible limits stipulated in these standards vary
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greatly across countries and regions.
Though both EU and US have less than 1 ppb maximum limit for AFM1, regulations are
more stringent for AFM1 in EU compared to US. Aflatoxin M1 levels in milk and milk products
are limited at 0.05 ppb in EU while US has set a maximum limit that is tenfold higher (0.5 ppb)
for milk and milk products (FAO, 2004; European Commission, 2006; CEC, 2010). In addition,
AFM1 maximum limit is 20 times lower (0.025 ppb) in infant milk and follow-on milk in EU
compared to threshold (0.5 ppb) set for milk in the US. It is particularly noteworthy, however,
that no observable effects of AFM1 was reported in rats after 21 months of exposure to 5 ppb
AFM1 in the diet suggesting that 0.5 ppb and 0.05 ppb (US and EU maximum limits) could exert
no significant toxicity (Hsieh et al., 1984; Cullen et al., 1987). Therefore, what could be the
justification for the large disparities in milk AFM1 maximum limits between EU and US
standards? Non-significant effects in rats after being exposed to 5 ppb AFM1 in a diet suggests
lack of scientific justification for the existing differences of maximum limits of AFM1 in EU and
US, so could the answer be related to differences in the actual milk AFM1 concentrations in the
EU and US?
Estimations of AFM1 levels in milk have been reported. About 4.6% of 4,225 milk
samples collected from 1995 to 2000 had AFM1 levels ranging from 0.05 – 2 μg/kg in US which
is higher than the 0.05 μg/kg cut off point set by EU (JECFA, 2001). Higher incidence of AFM1
contamination in milk was observed in southwestern and southern states than in other parts of
US in 1998 – 2000. Milk samples contaminated with AFM1 > 0.05 μg/kg were found in 21 –
40% of southwestern and southern states (JECFA, 2001). The higher incidence of AFM 1 in
southwestern and southern states could be attributed to prevalence of favorable climate for
Aspergillus growth and subsequent production of the parent compound AFB1. Unlike the US,
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about 96% of the 7,573 milk samples collected in 1999 had non-detectable levels of AFM1 in EU
(JECFA, 2001). Limit of detection varied across countries ranging from 0.001 – 0.03 ppb.
Concentration of AFM1 in milk samples that tested positive were less than or equal to 0.05 ppb
in EU (JECFA, 2001). Furthermore, recent studies show evidence that prevalence of AFM1 in
milk samples and milk products is relatively lower in European Countries. Aflatoxin M1 levels in
bovine milk samples collected from selected EU Countries (Portugal, Spain, Italy, and Croatia)
were all below 0.05 ppb (Bilandzic et al., 2010; Cano-Sancho et al., 2010; Meucci et al., 2010;
Duarte et al., 2013;). Interestingly, only 1 – 2% of milk samples collected from Italy and Croatia
had detectable levels of AFM1 (Bilandzic et al., 2010; Meucci et al., 2010). With a huge
percentage of milk samples having non-detectable levels of AFM1, EU has no problems setting
comparatively lower maximum limit of AFM1. On the other hand, presence of AFM1 above 0.05
ppb in over 20 – 40% of milk samples might influence the US to set higher maximum limits.
Considering that there is no numerical TDI for carcinogenic compounds such as aflatoxins
(JECFA, 1999) both EU and US might have set the maximum limits to as low as reasonably
achievable levels (ALARA) in their respective regions. Based on differences in incidence and
prevalence of AFM1 in milk and milk products, both EU and US could be justified to set current
regulations possibly because that’s the lowest level of AFM1 which each one of them can
achieve. However, from a scientific point of view, there is limited justification for the existing
huge disparity on AFM1 maximum limits between EU and US. Therefore, could the differences
in regulatory limits be attributed to differences in incidence and levels of AFB1, parent
compound of AFM1, in feeds?
The major source of AFM1 in milk is contaminated feeds. Correlations between AFB1 in
feeds and AFM1 in milk have been reported (Britzi et al., 2013) suggesting that reduction of feed
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contamination with AFB1 could reduce AFM1. Predominant mycotoxin in feeds for dairy cows in
most parts of EU is DON with aflatoxins detected in about 8 – 34% of the samples (Schatzmayr
and Streit, 2013). Although, 8 – 34% of feed samples sourced in Europe tested positive to
aflatoxins, Schatzmayr and Streit (2013) reported that most of these samples were imported raw
feed materials suggesting that contamination of European feeds is mainly an issue to do with
importation of agricultural commodities. Generally, European cereals are said to be largely free
of aflatoxins, since formation of these toxins is favored by a tropical or subtropical climate
(EFSA, 2004; Driehuis et al., 2008). On the other hand, about 19% of feed samples in North
America including US had aflatoxins (Schatzmayr and Streit, 2013). A good proportion of the
US especially the southwestern and southern states are within the tropical region where climatic
conditions (temperature, humidity) are favorable for growth of Aspergillus fungi and production
of AFB1, the precursor for AFM1 formation. On the other hand, the majority of EU has temperate
climatic condition, which favors more growth of other fungal species compared to Aspergillus, a
situation that could attribute to lower incidence of AFB1 in locally produced feeds and
subsequent lower levels of AFM1 in milk. Therefore, with low prevalence of aflatoxins in locally
produced dairy cow feeds, producers in EU are able to maintain low levels of AFM1 in milk
hence keeping the reasonably achievable level of AFM1, 10 times lower than maximum limit set
by US. In US, applying more stringent regulations on AFM1 (lower than 0.5 ppb) in milk would
mean more milk (>20%) deemed unfit for human consumption. Milk producers would have
challenges complying with the standards due to comparatively high prevalence of aflatoxins in
locally produced feeds hence affecting milk supply. Probably the US has set higher maximum
limit based on local situation, what could be reasonably achievable and also to balance food
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safety and supply. Based on that information, the differences of maximum limits of AFM1
between the US and the EU appear to be likely based on ALARA than scientific evidence.
Stringency of regulations is higher for AFM1 compared to AFB1 in both EU and US.
Maximum limit of AFB1 set by EU member states for processed cereal-based foods and baby
foods for infants and young children and infant formulae is 0.1 ppb while the US has set the
maximum limit at 20 ppb for all human foods with no exception for infants or baby foods (FAO,
2004; FDA, 2005; European Commission, 2006; CEC, 2010). On the other hand, maximum
limits for AFM1 are very low in both EU and US. Action level of AFM1 in infant milk and
follow-on milk (liquid part of weaning diet for infants at 6th month on and for young chidren) in
EU ranges from as low as 0.025 – 0.05 ppb whereas, US has set maximum limit of AFM1 in milk
of 0.5 ppb (WHO, 2001; FAO, 2004; FDA, 2005; European Commission, 2006; CEC, 2010).
More stringency on AFM1 than AFB1 is interesting considering that AFM1 is a product of
detoxification process of AFB1 and is less toxic compared to AFB1 (Neal et al., 1998).
Mutagenicity and carcinogenicity of AFM1 is 10 times less than that of AFB1 (Wogan and
Paglialunga, 1974). Since AFM1 is less mutagenic and carcinogenic compared to AFB1, then
why are there more stringent regulations on AFM1 than AFB1 which is more toxic and a
precursor for AFM1 synthesis upon metabolism? Furthermore, suppose the stringent regulations
on AFM1 by EU are about protecting infant and young children. With the current set of
maximum limits, infants and young children are being exposed to comparatively higher levels of
AFB1 than AFM1 (FAO, 2004; European Commission, 2006; CEC, 2010). There is no clear
scientific explanation as to why EU regulations permit the exposure of infants and young
children to higher levels of AFB1 (0.1 and 20 ppb) in other baby foods. More restrictions of a
less toxic compound could not be justifiable in a situation where infants and young children are
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being exposed to 4 – 40 times more of a compound with greater potential adverse effects in
health and therefore, could issues of exports and imports contribute to EU setting low maximum
limits of AFM1?
European Union member states import milk from various countries across the globe
(Workman, 2018; Eurostat, 2019). Five EU member states appear among the top 15 milk
importers with imports valued at about $6.6 billion in 2017 (Workman, 2018). In addition,
imports of some dairy products such as butter and cheese increased by 6 – 32% in 2018 and 2019
(Eurostat, 2019). While there is importation of dairy products, the dairy industry in Europe
produces substantial amounts of milk and milk products. It is estimated that the dairy industry in
Europe produces about 24.2% of world production of which 13% is exported (RLF, 2016). With
those statistics, the EU would want to expand the global market for its products while protecting
the local market. Taking this into consideration, the stringency in AFM1 regulations by EU could
likely have something to do with prevention of influx of milk products from other countries and
create market for their products. Considering that the EU is able to produce milk with very low
AFM1 levels, and that some of the countries from which milk and milk products are imported
from have high prevalence of AFM1, EU’s stringent regulations could be a measure restricting
importation of milk and milk products to ensure food safety. The stringency in EU regulatory
limits could be viewed as intentional because milk producers in the EU will be less affected by
existing stringent regulations knowing that their milk and milk products contain substantially
lower AFM1 levels.
3.5. Applicability of these standards to developing countries
The core factor of food security is accessibility to sufficient, safe and nutritious foods by
all people, at all times to meet their dietary needs and food preferences for an active and healthy
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life (World Summit on Food Security, 2009; USDA, 2018). The Food and Agriculture
Organization of the United Nations (FAO) estimated that approximately 25% of food crops in
the world are contaminated by various mycotoxins either at growth or storage (CAST, 1989;
Rice and Ross, 1994). However, severity of contamination is high in Developing Countries
where about 3.5 billion people are estimated to be chronically exposed to high levels of various
mycotoxins annually (Williams et al., 2004). That situation is attributed to lack of regulatory
guidelines and in some cases lack of reinforcement of existing regulations (Wu et al., 2013).
Furthermore, perennial food shortages in Developing Countries influence consumption behavior
where the majority generally goes for quantities (or whatever is available) while overlooking
quality. On the other hand, there is comparatively lower AFM1 daily intake in Developing
Countries than Developed Countries. In the Developing World for example Africa, diets are
predominantly cereal based. Milk consumption per person averaged 0.042 and 0.032 kg milk/day
in Africa and the Far East, which is 7 – 9 times lower, compared to the US and EU (JECFA,
2001). Difference in milk consumption behavior between the Developing and Developed Worlds
is a cause for consideration when setting up regulations. In this case, adoption of the EU or US
maximum limits on AFM1 could be erroneous. Both EU and US regulations on AFM1 may not
reflect the magnitude of the risk associated with the toxin under local situations in Developing
Countries. And these regulations may be found too stringent or too relaxed, hence crumbling of
the dairy industry or putting consumers at risk.
3.6. Conclusion
Infants and children are more exposed to AFM1 compared to adults, as such, both the EU
and US are justified to set lower maximum limits of AFM1 in milk in order to protect the most
vulnerable group. Differences in maximum limits for AFM1 between the US and EU lack
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scientific justification but are rather set based on lowest levels achievable in the respective
locations. Even though milk intake is higher in infants and children, which could increase AFM1
intake, the 10 times difference between EU and US regulations lack scientific justification as a
health risk. Infants and children in the EU are the same as infants and children in the US. Too
stringent regulations like those of the EU may not be achievable in the US due to comparatively
high prevalence of the toxin in milk. The EU might have been influenced by low occurrence and
prevalence of AFM1 in milk to set stringent regulations. Although both the EU and US may seem
justified to set current maximum limits of AFM1 in milk and milk products based on local
conditions, issues of trade could propel huge disparities on maximum limits between the two
economies. Developing Countries should desist from adopting maximum limits set by the EU or
US. However, Developing Countries should direct efforts towards understanding local situations
by examining consumption behavior of milk and reviewing toxicity data of AFM1 and then
setting maximum limits that are achievable and can also ensure safety of consumers. Considering
the principle of setting maximum limits for carcinogenic compounds to as low as reasonably
achievable (ALARA), some of the Developing Countries could need more relaxed regulations
compared to those set by either the EU or US.
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CHAPTER 4. KNOWLEDGE AND PERCEPTION OF DAIRY FARMERS ON
MANAGEMENT OF MYCOTOXINS IN DAIRY ANIMAL FEEDS IN THREE
AGROECOLOGICAL ZONES OF MALAWI
4.1. Introduction
Molds cause deterioration of feed and food quality from production to feeding by
producing toxic compounds called mycotoxins (Hussein and Brasel, 2001; Firmin et al., 2011;
Njobeh et al., 2012). Mycotoxins are a group of chemically diverse compounds originating from
secondary metabolism in molds (Fink-Gremmels, 1999; Njobeh et al., 2012). Adverse effects of
exposure to mycotoxins in animals include reduced production performance, immune
suppression, reproductive inefficiencies, and contamination of animal products (Kordic et al.,
1992; Swamy and Devegowda, 1998; Fernandez et al., 2000; Boudra et al., 2007; Jia et al., 2016;
Muller et al., 2017). In humans, mycotoxins have been linked to induction and progression of
hepatocellular carcinoma, colon cancer, and stuntedness in infants and children (Wogan et al.,
1974; IARC, 1993; Boudra et al., 2007).
Several practices for minimizing mycotoxin poisoning have been evaluated. Planting
resistant varieties, proper storage practices, use of adsorbents, biological and chemical methods
have been recommended for decreasing mycotoxin occurrences in feeds, foods and reducing
uptake in animals and humans (Alberts et al., 2009; Kutz et al., 2009; Atehnkeng et al., 2014;
Matumba et al., 2015b; Aiko et al., 2015; Humer et al., 2016; Torlak et al., 2016). However,
effective implementation of strategies for minimizing mycotoxins by the dairy farmers requires
education and awareness about adverse effects of mycotoxins, and behavioral changes in preand post-harvest handling (Strosnider et al., 2006). Previously Matumba et al. (2015c) conducted
knowledge, attitudes, and practices (KAP) study on the Malawian general public focusing on
human foodstuffs. However, not much is known about dairy farmers’ knowledge and perception
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on mycotoxins and molds. Therefore, the objective of this study was to evaluate knowledge and
perception of dairy farmers towards molds, mycotoxins and associated adverse effects in three
agroecological zones (AEZs) of Malawi. The null hypothesis is that the majority of dairy farmers
across AEZs has limited knowledge on mycotoxin management and adverse effects of exposure
to mycotoxins. Gathered information from this study is essential for development of area specific
education, and communication programs aimed at preventing and managing mycotoxins in the
dairy industry, hence reducing contamination of dairy products and enhancing food safety to
consumers in Malawi.
4.2. Materials and methods
4.2.1. Study area and sample size
The study was carried out in Malawi from October to December, 2018. Malawi is a
country located 13 55´S and 33 42´E in sub-Saharan Africa. Within Malawi, the study focused
on three AEZs namely Highlands (High AEZ), Mid-elevation (Mid AEZ), and Lakeshore,
Middle and Upper Shire (Lakeshore AEZ) where dairy farming is predominantly practiced. For
the purpose of this study, AEZs were defined by elevation above sea level: High AEZ consists of
areas more than 1,300 m above sea level while the Mid AEZ constitutes areas situated at altitude
ranging from 760–1,300 m above sea level. Areas ranging from 200–760 meters above sea level
were located in the Lakeshore AEZ (Matumba et al., 2014). The survey instrument used for this
study was approved by the Louisiana State University Agricultural Center Institutional Review
Board (IRB# HE 18 – 15).
Participants were dairy farmers with lactating cows at the time of the study. Ministry of
Agriculture, Irrigation and water development estimates that Malawi has about 13,822 smallscale dairy farmers. In order to obtain a representative sample of the population, a multi-stage
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sampling technique was used to obtain a total of 113 respondents from the three AEZ described
above.
Five milk-bulking groups were randomly selected within each selected AEZ. Only one
out of the three milk-bulking groups at the time of the study existing in Lakeshore AEZ was
selected, because the study was targeting farms with lactating cows. The other milk-bulking
groups had none. Milk bulking groups are associations or cooperatives comprising of up to 100
members. They are established to promote collective milk marketing and ease accessibility to
various extension services including dairy management trainings (IFS, 2013). Approximately 8 –
11 farms per milk bulking group were randomly selected from the provided list of farms. An
exception was with Lakeshore AEZ where all the 20 participating farms were selected from one
milk-bulking group because it was the only one with farms that had lactating cows at the time of
the study. Therefore, 20 farms were drawn from Lakeshore AEZ while 51 and 42 farms were
included in the study from Highlands and Mid-elevation AEZs, respectively.
4.2.2. Data collection
A survey was developed to capture general farm and farmer characteristics, knowledge,
perception and awareness of mycotoxins and strategies applied to prevent and or manage
problems associated with mycotoxins. The survey also gathered data on major sources of
mycotoxin information. Questionnaires were administered by individuals that were trained on the
survey before commencement of the study. Interviews were conducted in either local language or
English, in some cases a combination of the two languages after getting a verbal consent from
the participant from October to December, 2018.
4.2.3. Statistics
Descriptive statistics were used to summarize the data. Measurements of association were
carried by Chi-square test (χ2) for categorical variables. Chi-square test was used to see if
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significant associations exist between categorical variables according to Tebug et al. (2014) and
Kang’ethe et al. (2017). The p-value of less than or equal to 0.05 was considered significant.
Proportions of categorical data were compared using Z-test. All statistical tests were conducted
using SPSS version 25 software.
4.3. Results
4.3.1. Description of dairy farmers in the study
A total of 113 dairy farmers participated in the study. The majority of dairy farmers
(93.8%) had at least gone through formal education whether at primary, secondary or tertiary
level (Table 4.1). However, the maximum level of education for the majority of dairy farmers
(67.3%) was primary education.
In High and Mid AEZs, the majority of dairy farmers had primary education. The
majority of dairy farmers in Lakeshore AEZ had secondary education. While 15% and 2.4% of
the dairy farmers from Lakeshore AEZ and Mid AEZ, respectively, had attended tertiary
education, none (0%) of r dairy farmers from High AEZ had gone up to tertiary level of
education.
Table 4. 1. Description of dairy farmers in the study.
Agroecological zone (AEZ)1
Variable

High

Mid

Row
totals

Lakeshore

Row %

p-value2

n (%)
Level of formal education
Never gone to school
Primary school
Secondary school
Tertiary education

2 (3.9)a

5 (11.9)a

39 (76.5)

a

10 (19.6)

a

0 (0)

a

29 (69)

ab

7 (16.7)
1 (2.4)

a

ab

0 (0)a

7

6.2

8 (40)

b

76

67.3

9 (45)

b

26

23

3 (15)

b

4

3.5

0.002

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between level of formal education and agroecological zones (AEZ) within the row.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1
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In addition, while 3.9% and 11.9% of dairy farmers from High and Mid AEZs,
respectively, had never attended formal education, all dairy farmers (100%) from Lakeshore
AEZ had at least some kind of formal education being it at primary, secondary, or tertiary level.
4.3.2. General description of surveyed farms
There were 113 farms that participated in the survey. The majority of farms (94.7%) had
less than 3 milking cows (Table 4.2). A significant association was observed between number of
lactating cows and AEZ. A very small percentage of farms in the High AEZ had milking cows
ranging from 7 – 10 and none (0%) from the Mid and Lakeshore AEZs, respectively. While 2%
and none of farms in the High and Mid AEZs, respectively, had 3 – 6 milking cows, a high
percentage (20%) of farms in Lakeshore had milking cow population from 3 – 6 (p < 0.05). In
addition, the majority of farms (38.9%) have least dairying experience. They have been dairying
for less than 3 years (Table 4.2). However, across the three agroecologies, some farms have been
in dairy business for more than 15 years. While about 25% of farms in the High AEZ have
greater than 15 years’ experience in dairying, less than 3% and none (0%) of the farms in the
Mid and Lakeshore AEZs, respectively, have been in the dairy business for greater than 15 years
thus indicating an association between years in dairy and AEZ (p < 0.05). Furthermore, about
80% of farms have unpaved floors in the dairy animal pens (Table 4.2). At the time the survey
was conducted, the majority of pens were unclean with floor covered with excessive mud, dung
or in some cases feed leftovers. However, more clean pens were observed in Lakeshore AEZ
compared to High and Mid AEZs (p < 0.05).
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Table 4. 2. General description of surveyed farms.
Agroecological Zone (AEZ)1
Variable

High

Mid

Lakeshore

Row
totals

Row
%

p-value2

n (%)
Number of milking cows
<3

49 (96)ab

42 (100)a

a

3–6

1 (2)

7 – 10

1 (2)a

0 (0)

a

0 (0)a

16 (80)b

107

94.7

4 (20)b

5

4.4

0 (0)a

1

0.9

6 (30)ab

44

38.9

9 (45)a

31

27.4

5 (25)a

0.004

Experience in dairying (years)
<5

13(25.5)a
a

5 – 10

12(23.5)

11 – 15

13(25.5)a

>15

13(25.5)

a

25(59.5)b
10 (23.8)

a

6 (14.3)a
1 (2.4)

b

0 (0)

24

21.2

b

14

12.4

<0.001

Floor type in animal house
Paved

10 (19.6)

7 (16.7)

8 (40)

25

22.1

Unpaved

41 (80.4)

35(83.3)

12 (60)

88

77.9

15 (75)b

49

43.4

5 (25)b

64

56.6

0.10

Cleanliness of the floor
Clean
Unclean

18 (35.3)a

16(39.1)a

a

a

33 (64.7)

26(61.9)

0.007

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

4.3.3. Common concentrates given to lactating cows, source, and storage
In about 98% of surveyed farms, corn bran was mentioned as the common energy concentrate
given to lactating cows (Table 4.3). No significant association was observed across AEZs (p >
0.05). The majority of farmers (86.7%) buy corn bran, while about 13% produce it at their farm.
There was significant association between source of corn bran and AEZ (p < 0.05). While 28.6%
of farms in Mid AEZ produce corn bran from their farm, only 2% and 10% of farms in High and
Lakeshore AEZs, respectively, produce corn bran from their farms. A common storage place of
corn bran is on paved floor under roof (42.5%) followed by on racks under roof (27.4%) and on
unpaved floor under roof (18.6%). Significant association between storage of corn bran and
AEZs was observed (p = 0.021).
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Table 4. 3. Common concentrates given to lactating cows, source, and storage.
Agroecological zone (AEZ)1
Variable

High altitude

Mid altitude

Lakeshore

Row
totals

Row
%

p-value2

n (%)
Common concentrate given to cows
Dairy mash

0 (0)

1 (2.4)

0 (0)

Corn bran

50 (98)

41 (97.6)

20 (100)

Pigeon pea bran

1 (2)

0 (0)

0 (0)

50 (98)a

30(71.4)b

18 (90)ab

1

0.9

111

98.2

1

0.9

98

86.7

15

13.3

0.57

Source of the common concentrate
Buying
Own farm

1 (2)

a

12(28.6)

b

2 (10)

ab

0.001

Storage of the common concentrate
On roof top

0 (0)a

3 (7.1)a

On racks under roof

16 (31.4)

On racks under no roof

0 (0)a
a

25 (49)

On unpaved floor under roof

8 (15.7)a
2 (3.9)

On unpaved floor under no
roof

0 (0)a

9 (21.4)

a

2 (4.8)a

On paved floor under roof
On paved floor under no roof

a

a

12 (28.6)

0 (0)a

3

2.7

6 (30)a

31

27.4

2

1.8

48

42.5

21

18.6

5

4.4

3

2.7

0 (0)a
a

12 (28.6)a

11 (55)
1 (5)b

a

2 (10)

3 (7.1)a

0 (0)a

1 (2.4)

a

a

0.02

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

About 55% and 49% of farms in Lakeshore and High AEZ, respectively, stored corn bran on
paved floor under roof whereas only about 27% of farms in Mid AEZ either stored corn bran on
paved floor under roof or on unpaved floor under roof. Common storage places for corn bran
were on paved floor under roof and on racks under roof in High and Lakeshore AEZ, while in
Mid AEZ, corn bran was commonly stored on paved floor under roof, on paved floor under no
roof, followed by on racks under roof.
4.3.4. Knowledge of dairy farmers on mold and effects of mycotoxins
Majority of dairy farmers were familiar with molds (Table 4a.4). They have either seen or
heard about molds. In addition, about 59% of dairy farmers are aware that molds produce
mycotoxins. However, awareness that molds produce mycotoxins varied across AEZs (p < 0.05).
While over 70% of dairy farmers in Lakeshore AEZ and Mid AEZ were aware that molds
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produce mycotoxins, only 39% of dairy farmers in High AEZ expressed awareness. Furthermore,
as high as 60% of dairy farmers in High AEZ did not think that molds produce mycotoxins.
Table 4. 4. Knowledge of dairy farmers on mold and effects of mycotoxins.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row
totals

p-value2

Row %

n (%)
Familiar with molds
Yes

49 (96.1)

42 (100)

20 (100)

No

2 (3.9)

0 (0)

0 (0)

20 (39.2) a

30 (71.4) b

17 (85) b

a

b

111

98.2

2

1.8

0.29

Aware that mold produce mycotoxins
Yes
No
Respondents listing of negative effects of
mycotoxins to humans
Negatively affect immunity

31 (60.1)

1 (1.9) a

Cause cancer

4 (7.8)

Death

0 (0) a

12 (28.6)

1 (2.4) a

a

12 (28.5)

b

4 (9.5) a
a

59.3

46

40.7

0 (0) a

2

1.8

7 (35) b

23

20.4

3 (15)

2 (10) a

6

5.3

6 (30) a

22

19.5

Stomachache

7 (13.7)

Diarrhea

1 (1.9) a

2 (4.8) a

0 (0) a

3

2.7

0 (0) a

2 (4.8) a

2 (10) a

4

3.5

0 (0) a

4

3.5

Respondents listing of negative effects of
mycotoxins to dairy cows
Reduced reproductive

a

9 (21.4)

a
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b

Negatively affect immunity

4 (7.8)

Reduce milk quality

3 (5.9) a

7 (16.7) a

1 (5) b

11

9.7

Cause several ailments

6 (11.8) a

13 (30.9) b

6 (30) b

26

23

0 (0)

a

2

1.8

1 (5)

a

Reduce growth

0 (0)

a
a

0 (0)

a

2 (4.8)

a

2 (4.8)

a

Reduce milk production

1 (1.9)

4

3.5

Reduced reproductive
performance and Negatively
affect immunity
Cause death

0 (0) a

0 (0) a

1 (5) a

1

0.8

0 (0) a

0 (0) a

2 (10) a

2

1.8

<0.001

0.006

<0.001

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P< 0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

Cancer was the most frequently mentioned negative effect of mycotoxins to humans (20.4%)
followed by stomachache (19.5%). The proportion of dairy farmers able to mention at least one
negative effect of mycotoxins to humans and dairy cows varied across AEZs (p < 0.05). About
75% and 67% of dairy farmers in Lakeshore and Mid AEZ, respectively, were able to mention at
least one negative effect of mycotoxins. Only 24% of dairy farmers in High AEZ were able to
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mention at least one negative effect of mycotoxins. Similarly, ability to mention negative effects
of mycotoxins to dairy cows varied across AEZs with high percentage in Lakeshore AEZ (65%)
followed by Mid AEZ (62%) and then High AEZ (27%).
4.3.5. Perception of dairy farmers on molds and mycotoxins
Dairy farmers were asked to give their perception on a number of issues regarding
mycotoxins (Table 4.5). Close to 50% of dairy farmers perceive mycotoxins as not bad to
humans and dairy cows. In addition, the perception of over 50% of dairy farmers is that
mycotoxins in feeds cannot be carried over to milk and that there is no risk associated with
consumption of milk from cows fed on mycotoxin contaminated feeds. Furthermore, perception
of dairy farmers to mycotoxins varied significantly across AEZs (p < 0.05). Lakeshore AEZ had
a higher percentage (>75%) of dairy farmers perceiving mycotoxins as bad to humans and dairy
cows compared to Mid AEZ (68%) and then followed by High AEZ (27 – 29%). Similarly,
perception about carry over of mycotoxins to milk and whether it is risky to consume milk from
dairy cows fed mycotoxin contaminated feeds varied significantly across AEZs (p < 0.05). About
54 – 57% and 50% of respondents in Mid and Lakeshore AEZ, respectively, consider
mycotoxins can be carried over to milk and that consumption of that milk could be risky.
However, only 25% of dairy farmers in High AEZ think mycotoxins can be carried over to milk
and consider it risky to consume milk from dairy cows fed mycotoxin contaminated feeds. A
very high percentage (>75%) of respondents in the High AEZ perceives mycotoxins as not bad
to humans and dairy cows and that there is no risk associated with consumption of milk from
dairy cows fed mycotoxin contaminated feeds (Table 4.5).
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Table 4. 5. Perception of dairy farmers on molds and mycotoxins.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row totals

p-value2

Row %

n (%)
Mycotoxins produced by
molds are bad to human
Yes
No

14 (27.5) a

28 (66.7) b

a

b

37 (71.9)

14 (33.4)

15 (75) b
5 (25)

b

57

50.4

56

49.5

59

52.2

54

47.8

47

41.6

66

58.4

46

40.7

67

59.3

<0.001

Mycotoxins produced by
molds are bad to dairy
cows
Yes
No

15 (29.4) a

28 (66.7) b

a

b

36 (70.5)

14 (33.3)

16 (80) b
4 (20)

b

<0.001

Mycotoxins in feed given
to dairy cows carried over
into milk
Yes
No

13 (24.5) a

24 (57.1) b

a

b

38 (74.5)

18 (42.8)

10 (50) ab
10 (50)

b

<0.001

Is consumption of milk
from dairy cow fed
mycotoxin contaminated
feed risky
Yes
No

13 (24.5) a

23 (54.7) b

a

b

38 (74.5)

19 (45.2)

10 (50) ab
10 (50)

b

0.001

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

4.3.6. Mycotoxins management practices used by dairy farmers
The majority of dairy farmers (85.8%) does not protect animals from mycotoxins that are
already in feeds (Table 4.6). Across AEZs, a higher percentage of dairy farmers in Lakeshore
AEZ (35%) apply some kind of strategy to protect cows from mycotoxins already in feeds
compared to High AEZ (13.7%) and Mid AEZ (4.8%). Use of physical means especially sorting
was the only strategy of protecting cows from mycotoxins already in feeds mentioned by dairy
farmers in all AEZs. Furthermore, lack of information on strategies of protecting dairy cows
from mycotoxins already in feeds was the reason mentioned by dairy farmers for not protecting
dairy cows.
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Dairy farmers were asked to list ways which they use to identify mold spoiled feeds
(Table 4.6). The majority (64%) of dairy farmers mentioned visual inspection followed by 23%
that use a combination of visual inspection and smell as means of identifying mold spoiled feeds.
However, there was a significant association between methods of identifying spoiled feeds and
AEZs (p < 0.05). While 88% of dairy farmers in Mid AEZ mentioned visual inspection as means
of identifying mold spoiled feeds, only 50% and 49% of dairy farmers in Lakeshore and High
AEZ, respectively, use visual inspection in identifying mold spoiled feeds. In addition, 31 – 40%
of dairy farmers in the High and Lakeshore AEZ use a combination of visual inspection and
smell to identify mold spoiled feeds against 4.8% in the Mid AEZ.
When feeds get spoiled with molds, the majority of dairy farmers mentioned that they
either remove the molded portion of feed (30%) before feeding animals, or completely dispose of
(56%) moldy feeds (Table 4.6). Fewer dairy farmers (<10%) were feeding moldy feeds to dairy
cows or mix moldy and non-moldy feeds before feeding animals including dairy cows. In order
to prevent mold growth, drying the feeds before storage in combination with proper storage
(52.2%) was the most frequently mentioned strategy used by dairy farmers (Table 4.6).
However, there was a significant association between AEZs and strategies used to prevent mold
growth in feeds (p < 0.05). A common strategy of preventing mold growth in feeds in Lakeshore
AEZ (65%) and Mid AEZ (52.4%) was drying before storage, whereas a combination of
strategies (drying the feeds before storage and proper storage) was predominantly (47%) used in
the High AEZ.
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Table 4. 6. Mycotoxins management practices used by dairy farmers.
Agroecological zone1
Variable

High

Mid

Lakeshore

Row totals

p-value2

Row %

n (%)
Protecting cows from mycotoxins already in feed
Yes
No

7 (13.7) ab

2 (4.8) b

7 (35) a

16

14.2

ab

a

13 (65) b

97

85.8

7 (13.7) ab

2 (4.8) b

7 (35) a

16

14.2

0.006

44 (17.6) a

40 (95.2) b

13 (65) c

97

85.8

<0.001

25 (49) a

37 (88.1) b

10 (50) a

72

63.7

0.005

1 (2)

a

1 (2.4)

a

0 (0)

a

2

1.8

0 (0)

a

2 (4.8)

a

0 (0)

a

2

1.8

16 (31.4)

a

2 (4.8)

b

8 (40)

a

44 (86.3)

40 (95.2)

<0.001

List of strategies used to protect cows from mycotoxins already in feed
Using physical means (sorting, floating)
Reasons for not protecting cows from mycotoxins already in feed
Lack of information on how to protect animals
List of ways of identifying mold spoiled feed
Visual inspection
Smell
Feeling the temperature
Visual inspection and smell

26

23

7 (13.7) a

0 (0) b

2 (10) ab

9

7.9

4 (7.8)

1 (2.4)

0 (0)

5

4.4

Mix with non-moldy feed and feed animals
Remove the molded portion of the feed

0 (0)
11 (21.6)

1 (2.4)
11 (26.2)

0 (0)
5 (25)

1
27

0.9
28.9

Dispose off

24 (47.1)

27 (64.3)

12 (60)

63

55.8

2 (3.9)

2 (4.8)

3 (15)

7

6.2

Visual inspection and moisture or wet feed
What respondents do with moldy feeds
Feed animals including lactating cows

Feed other animals like pigs and chickens
Remove molded portion of feed and or dispose of

6 (11.8)

0 (0)

0 (0)

6

5.3

Mix with non-moldy feed and feed animals and or dispose of

1 (2)

0 (0)

0 (0)

1

0.9

Remove molded portion of feed and or feeding other animals
List of strategies for prevention of mold growth in feeds

1 (2)

0 (0)

0 (0)

1

0.9

10 (19.6) a

22 (52.4) b

13 (65) b

45

38.9

4 (7.8)

a

1 (2.4)

a

1 (5)

a

6

5.3

24 (47.1)

a

19 (45.2)

a

6 (30)

a

59

52.2

Drying the feed before storage
Proper storage of feeds
Drying the feed before storage and proper storage of feeds

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
abc
Values in rows with different superscript letters significantly differ across AEZ.
1

75

0.18

0.01

4.3.7. Effect of level of education on dairy farmers’ perception on molds and
mycotoxins
Perception of dairy farmers about molds and mycotoxins was influenced by level of
education (p < 0.05) (Table 4.7). Only 14% of dairy farmers with no formal education thought
that mycotoxins are bad to humans and dairy cows. The same proportion of farmers do not
believe mycotoxins in feeds can be carried over to milk and that consumption of milk from dairy
cows fed contaminated feed is risky. On the other hand, more dairy farmers, 35 – 45%, 57 – 77%
and 100% who attended primary, secondary and tertiary education, respectively, perceived
mycotoxins as bad to humans and dairy cows. They also felt that there are chances of carry-over
of mycotoxins to milk and that milk from dairy cows feeding on mycotoxins contaminated feeds
poses a risk to consumers.
Table 4. 7. Effect of level of education on dairy farmers’ perception on molds and mycotoxins.
Level of dairy farmers’ education
Variable

Never gone to
school

Primary
school

Secondary
school

Tertiary
education

p-value1

4 (100) b

0.02

n (%)
Are mycotoxins produced by molds bad to
human
Yes
No
NA
Are mycotoxins produced by molds bad to
dairy cows
Yes
No
NA
Are mycotoxins in feed given to dairy cows
carried over into milk
Yes
No
NA
Is consumption of milk from dairy cow fed
mycotoxins contaminated feed risky
Yes
No
NA
1

1 (14.3) a
1 (14.3)
5 (71.4)

33 (43.4) ab

a

a

1 (14.3) a
1 (14.3)
5 (71.4)

a

1 (14.3)
5 (71.4)

1 (14.3)

0 (0)
0 (0)

34 (44.7) ab

20 (76.9) c

4 (100) bc

a

1 (3.8)
5 (19.2)

28 (36.8) a
a

1 (14.3) a
a

0 (0)
0 (0)

15 (57.7) a
a

8 (10.5)
40 (52.6)

5 (19.2)
6 (23.1)

27 (35.5) ab

15 (57.7) bc

a

5 (19.2)

40 (52.6)

6 (23.1)

9 (11.8)

5 (71.4)

a

P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows
Values in rows with different superscript letters significantly differ across AEZ.

abc

76

a

2 (7.7)
5 (19.2)

4 (5.3)
38 (50)

a

a

7 (9.2)
36 (47.4)

a

1 (14.3) b

19 (73.1) b

0.009

a

3 (75) a

0.02

1 (25) a
0 (0)

3 (75) c
1 (25)
0 (0)

a

0.04

4.3.8. Effect of level of education on dairy farmers’ knowledge of molds and
mycotoxins
Across all levels of education, the majority of dairy farmers were familiar with molds
(Table 4.8). However, there was an association between education level and knowledge on
mycotoxins production by molds, negative effects of mycotoxins on humans and dairy cows (p <
0.05). For instance, proportions of dairy farmers with knowledge that molds produce mycotoxins
increased with increasing level of education.
Table 4. 8. Effect of education level on dairy farmers’ knowledge of molds and mycotoxins.
Level of farmers’ education
Variable

Tertiary
education

p-value1

26 (100)

4 (100)

0.80

2 (2.6)

0 (0)

0 (0)

2 (28.6) a

40 (52.6) ab

21 (80.8) b

4 (100) ab

a

ab

Never gone
to school

Primary
school

Secondary
school
n (%)

7 (100)

74 (97.4)

0 (0)

Familiar with molds
Yes
No
Aware that mold produce mycotoxins
Yes
No
Respondents listing of negative effects of
mycotoxins to humans
Negatively affect immunity

0 (0) a
a

36 (47.4)

1 (1.3) a

0 (0)

1 (3.8) a
a

b

0 (0) a

6 (7.9) a

0 (0) a

0 (0) a

Stomachache

0 (0) a

15 (19.7) b

5 (19.2) b

2 (50) b

Diarrhea

1 (14.3) a

0 (0) b

2 (7.7) ab

0 (0) b

6 (85.7)

44 (57.9)

7 (26.9)

0 (0)

0 (0) ab

1 (1.3) a

2 (7.7) ab

1 (25) b

Negatively affect immunity

0 (0) a

3 (3.9) a

1 (3.8) a

0 (0) a

Reduce milk quality

1 (14.3) a

7 (9.2) a
15 (19.7)

3 (11.5) a
b

10 (38.5)

2 (50)

0.001
b

0 (0)

a

11 (42.3)

0 (0) a

Death

NA

10 (13.2)

5 (19.2)

0 (0) a
b

1 (25) b

Cause several ailments

0 (0)

Reduce growth

0 (0) a

2 (2.6) a

0 (0) a

0 (0) a

Reduce milk production

0 (0) a

1 (1.3) a

3 (11.5) a

0 (0) a

Reduced reproductive performance
and negatively affect immunity
Cause death

0 (0) a

0 (0) a

0 (0) a

1 (25) b

0 (0) a

1 (1.3) a

0 (0) a

1 (25) b

NA

6 (85.7)

46 (52.6)

7 (26.9)

0 (0)

P<0.05 means significant association between each variable and agroecological zones (AEZ) within the rows.
Values in rows with different superscript letters significantly differ across AEZ.

ab

77

0.008

c

Cause cancer

Respondents listing of negative effects of
mycotoxins to dairy cows
Reduced reproductive performance

1

5 (71.4)

b

<0.001

Percentages of dairy farmers aware that molds produced mycotoxins were 100, 80, 53 and 29 at
tertiary, secondary, primary and no formal education, respectively. Similarly, only 14.3% of
dairy farmers with no formal education managed to mention at least one negative effect of
mycotoxins to humans and dairy cows. Additionally 39 – 42%, 73.1% and 100% of dairy
farmers with primary, secondary and tertiary education, respectively, were able to mention at
least one negative effect of mycotoxins to humans and dairy cows.
4.4. Discussion
The study was conducted to evaluate knowledge and perception of dairy farmers towards
molds, mycotoxins and associated adverse effects in three AEZs of Malawi. Although most of
the dairy farmers were familiar with molds, and that molds produce mycotoxins, the majority of
dairy farmers showed low knowledge on negative effects associated with mycotoxins in humans
and dairy animals. The data from this survey indicate only few dairy farmers were able to
mention at least one negative effect of mycotoxins either to humans or dairy animals.
Interestingly, most dairy farmers had poor perception towards molds. Most dairy farmers did not
think that mycotoxins are bad to humans and dairy animals. Furthermore, the majority of dairy
farmers do not think that mycotoxins in dairy cows’ feeds can be carried over to milk and see no
risk associated with consumption of that milk. These observations agree with findings from other
studies (Siegrist and Cvetkovich, 2000; Matumba et al., 2015c; Magembe et al., 2016). In both
Developed and Developing Countries, a large number of people lack awareness of health risks
associated with exposure to mycotoxins (Siegrist and Cvetkovich, 2000; Matumba et al., 2015c;
Magembe et al., 2016). The low knowledge and poor perception of dairy farmers towards
mycotoxins propel the behavior of giving dairy animals moldy feeds, not knowing that such
action could introduce mycotoxins into the human food chain and have negative health
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consequences on consumers. A major source of mycotoxins such as aflatoxin M1 (AFM1) in milk
is contaminated feeds. It is estimated that the amount of AFM1 found in cow milk represents 0.2
– 6.2% of ingested aflatoxin B1 (AFB1) (Veldman et al., 1992; Creppy, 2002; Battacone et al.,
2012). Correlations between AFB1 in feeds and AFM1 in milk have been reported (Britzi et al.,
2013) suggesting carryover of AFB1 to milk. Surely, provision of mycotoxin contaminated feeds
to dairy cows presents a health risk to milk consumers.
Although low knowledge and poor perception of dairy farmers towards mycotoxins was
observed in all three AEZs, most dairy farmers in High AEZ were less knowledgeable compared
to Lakeshore and Mid AEZs (Tables 4.4 and 4.5). Over 70% of dairy farmers in High AEZ
perceived mycotoxins as harmless to humans and animals and further thought that mycotoxins
cannot be carried over to milk and posed no risk associated with consumption of milk from cows
fed mycotoxins contaminated feeds. The low knowledge and poor perception of dairy farmers on
mycotoxins in High AEZ could be attributed to low mycotoxin awareness initiatives. Awareness
is among the key factors in mitigating challenges of mycotoxins in developing economies
(Strosnider et al., 2006). Unlike High AEZ, Mid and Lakeshore AEZ are predominantly peanut
producing areas and that there have been efforts to improve awareness of mycotoxins to farmers
in order to reduce aflatoxins in peanut (Matumba et al., 2015a). It is noteworthy that there is a
high level of diversification in agricultural production of Malawi. Dairy farmers also participate
in production of other crops such as peanut and corn. Taking this into consideration, some dairy
farmers in Mid and Lakeshore AEZs might have gotten some information on mycotoxin
awareness initiatives in peanut production. This may have increased awareness compared to their
counterparts in High AEZ. However, information provided by these initiatives is specifically
tailored to crop production. Those producers lack knowledge about mycotoxin carryover and
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risks associated with consumption of milk from cows feeding on mycotoxins contaminated
feeds.
The relatively low knowledge and poor perception of dairy farmers in High AEZ could
also be attributed to low levels of formal education. The majority of dairy farmers in Mid and
High AEZ had attained primary education and with some who have never attended any formal
education (Table 4.1). However, all dairy farmers in Lakeshore AEZ had some kind of formal
education with the majority attaining secondary education and some reaching as high as tertiary
levels of education. In this study, level of education was significantly associated with knowledge
and perception of dairy farmers on mycotoxins. The proportion of dairy farmers with good
perception, and awareness of mycotoxins production and management practice significantly
increased with increased level of education (Tables 4.7 and 4.8). Findings of this study
corroborate results of other studies (Matumba et al., 2015c; Magembe et al., 2016). Generally,
people with higher level of education are more likely to be aware of risks associated with
pesticides and or additives in foods compared to those with less education (Dosman et al., 2001;
Matumba et al., 2015c; Magembe et al., 2016). Furthermore, people with high levels of
education are more willing to pay for safer foods than people with less education (Baker, 2003).
However, Malawian curricula at primary and secondary levels of education do not explicitly
cover mycotoxin issues, therefore educated dairy farmers could have gotten information about
mycotoxins through other means.
Mycotoxins exert several adverse health effects on both animals and humans. Exposure
to mycotoxins has been linked to reduced production performance, immune suppression,
reproductive inefficiencies and contamination of animal products (Kordic et al., 1992; Swamy
and Devegowda, 1998; Fernandez et al., 2000; Boudra et al., 2007; Jia et al., 2016; Muller et al.,
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2017). In addition, chronic exposure to mycotoxins such as AFB1 and its metabolite aflatoxin
milk 1 (AFM1) have been associated with development and progression of cancer in both
animals and humans (Wogan et al., 1974; IARC, 1993; Boudra et al., 2007). Acute exposure to
some mycotoxins is associated with high fever, swollen liver and vomiting (FDA, 2012) among
others. In this study, cancer was the most frequently mentioned negative effect of mycotoxins to
humans followed by stomachache. However, the majority of dairy farmers thought that
mycotoxins cause several ailments to dairy animals without mentioning specific ailment. In a
related study, cancer and stomachache were among the top four negative effects of aflatoxins
listed by respondents (Matumba et al., 2015c). This could be attributed to increased esophageal
cancer prevalence currently at 24.2 per 100,000 people in Malawi largely due to high levels of
fumonisins in corn which forms the major component of diet (Ferlay et al., 2013; Matumba et al.
2014). The majority of dairy farmers failed to mention at least one negative effect associated
with mycotoxins in humans and animals is of great concern. Without understanding and
awareness of risks associated with mycotoxins, most dairy farmers could see no justification to
embark on management practices that can reduce exposure of both humans and animals to
mycotoxins.
Practically, mycotoxins in feeds or foods cannot be eliminated but reduced to levels
deemed safe for either human or animal consumption. Several methods and practices of
preventing occurrence and exposure of animals and human to mycotoxins have been investigated
(McKenzie et al., 1997; Aiko et al., 2015; Karlovsky et al., 2016). Planting resistant varieties,
proper storage practices, use of adsorbents, physical, biological and chemical methods have been
recommended for reducing mycotoxin occurrences in feeds and reducing uptake in animals and
humans (Alberts et al., 2009; Kutz et al., 2009; Atehnkeng et al., 2014; Aiko et al., 2015;
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Matumba et al., 2015b; Humer et al., 2016; Torlak et al., 2016). Techniques such as use of
adsorbents are meant to protect animals from mycotoxins that are already in feeds at the time of
feeding (Kutz et al., 2009). In this study, dairy farmers were asked to mention management
practices which they use to protect dairy animals from mycotoxins that are already in feeds. In
spite of the existence of various techniques to reduce mycotoxin production or exposure, most
dairy farmers are not aware of such techniques. The majority of dairy farmers do not include any
feed additive to protect dairy cows from mycotoxins already in feed. The only attempt to protect
dairy animals from mycotoxins already in feed was using physical means such as sorting. This is
attributed to lack of information on techniques to protect dairy animals from mycotoxins already
in feed. Earlier studies indicate significant presence of various mycotoxins in cereal and legumes
for human consumption in Malawi (Matumba et al., 2009; Matumba et al., 2011; Mwalwayo and
Thole, 2016). Cereals, legumes and their byproducts represent the majority of concentrates in
dairy feeds. Presence of high levels of mycotoxins in those crops may lead to increased animal
and human exposure to mycotoxins through consumption of contaminated feeds and milk,
respectively. This necessitates the need to employ techniques of protecting dairy animals from
mycotoxins already in feeds.
Presence of molds in feeds does not mean presence of mycotoxins; however, presence of
mold is indicative of mycotoxin presence. In this study, the majority of dairy farmers use visual
inspection to identify mold spoiled feeds. Despite most dairy farmers not feeding moldy feeds to
dairy animals, some dairy farmers remove the molded portion of the feed before feeding dairy
animals. However, the strategy of sorting the commodity to reduce mycotoxins has been found
effective in cereals (Matumba et al., 2015b). It could be challenging to effectively remove the
molded portion in feeds like concentrates like corn bran due to relatively small particles. It is
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interesting to note that some dairy farmers (15%) especially in High AEZ admitted feeding
lactating cows feeds visibly molded and attributing the practice to high feed cost especially
concentrates.
Mold growth and production of mycotoxins is dependent on prevalent environmental
factors such as temperature, moisture content, insect damage, and presence of fungal spores
(Northolt and Bullerman, 1982; Pitt et al., 2000; St. Leger et al., 2000; Murphy et al., 2006;
Milani, 2013). Knowledge of these factors is essential for effective prevention of mold growth
and subsequent production of mycotoxins in feeds. In this study, most dairy farmers indicated
knowledge on how to prevent mold growth in feeds. The majority of dairy farmers thoroughly
dry the feed before storage. This is done to ensure reduced levels of moisture in feed so as to
prevent mold growth hence preventing production of mycotoxins. Despite drying the feeds
before storage, most dairy farmers store feeds on floors where there could be buildup of molds.
Placing commodities directly on the floor increases the risk of mold growth (Hell et al., 2000).
Furthermore, most animal housing was poorly constructed and leaky during the rainy season.
Those factors increase the chances of mold build-up and subsequent mycotoxin contamination in
feeds at storage, despite initial drying.
4.5. Summary and conclusion
This study was conducted to evaluate knowledge and perception of dairy farmers towards
molds, mycotoxins and associated adverse effects in three AEZs of Malawi. The findings of this
survey indicate low knowledge and poor perception of dairy farmers on mycotoxins production,
adverse health effects, and management practices for mitigating mycotoxins and molds.
However, dairy farmers in High AEZ showed the least knowledge across all aspects of
mycotoxins. Poor perception and low knowledge of dairy farmers about mycotoxins is of great
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concern. Without adequate knowledge on adverse health effects of mycotoxins and their
mitigation and management options, dairy farmers will continue feeding dairy cows moldy and
mycotoxin contaminated feeds which will not only compromise dairy animal performance but
also put consumers of dairy products at risk. Furthermore, low knowledge coupled with poor
perception of dairy farmers on critical issues of molds and mycotoxins give no justification for
dairy farmers to embarking on mitigation measures which in most cases are seen as extra costs.
Therefore, training of dairy farmers on mycotoxins in general, promotion of existing mycotoxin
mitigation techniques and development of cost effective technique for mitigating mycotoxins in
feeds is necessary to improve the situation. This will create awareness and improve knowledge
and perception on mycotoxins, and also provide more mycotoxin management options to dairy
farmers such as the adoption of management techniques for mitigating molds and mycotoxins in
feeds and products of animal origin.
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CHAPTER 5. KNOWLEDGE AND PERCEPTION OF DAIRY FARMERS ON
MILK CONTAMINATION AND PROPER MILK HANDLING PRACTICES IN
THREE AGROECOLOGICAL ZONES OF MALAWI
5.1. Introduction
Milk contamination with bacterial pathogens is a global concern. Presence of bacterial
pathogens in milk has been reported in many parts of the World (Olsen et al., 2005; Mhone et al.,
2011; Van Kessel et al., 2011; WHO, 2015; Suda et al., 2016; Madoroba et al., 2016; Disassa et
al., 2017). Common foodborne pathogens associated with milk and products of animal origin are
Escherichia coli and Salmonella (WHO, 2015). About 34% and 17% of raw milk samples
collected in Ethiopia and Tanzania, respectively, tested positive for E. coli (Suda et al., 2016;
Disassa et al., 2017). In the US, and Europe, bacterial pathogens have also been detected in raw
milk. Salmonella was detected in 28% of the raw milk samples from dairy operations in US (Van
Kessel et al., 2011) while in Europe, 8.4% of in-line filters in farms authorized to produce and
sell raw milk in Italy had E. coli (Giacometti et al., 2012). Pathogenic strains of bacteria cause
several ailments including severe diarrhea and abdominal cramps in humans (Al-Nabulsi et al.,
2015), intestinal inflammation, diarrhea and acute respiratory disorder (Holschbach and Simon,
2017).
Presence of bacterial pathogens in milk is mainly an issue of poor hygiene. Giacometti et
al. (2012) reported a positive association of presence of bacteria (E. coli) in in-line filters of raw
milk with poor hygienic practices such as inadequate cleanliness of bedding, water troughs, feed
troughs, and milk tanks. Farm animals like cattle are reservoirs of some bacterial pathogens such
as E. coli and Salmonella which can be transferred into milk (Desmarchelier and Fegan, 2001;
Allerberger et al., 2002; Disassa et al., 2016; Holschbach and Simon, 2017). Generally, poor
milk handling practices increases the chance of contamination. Knowledge of better milk
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handling practices and putting them into use during milking at farm level is essential if dairy
farmers are to reduce milk contamination with bacteria. However, information about dairy
farmers’ knowledge and perception on milking and milk handling practices and associated
adverse health effects of consuming contaminated milk in Malawi is limited. Therefore, the
objective of this survey was to evaluate dairy farmers’ knowledge and perception on milk
contamination, proper milk handling practices and adverse health effects associated with
consumption raw milk in three agroecological zones (AEZs) of Malawi. The null hypothesis is
that the majority of dairy farmers across AEZs has limited knowledge on milk contamination
with bacteria, hygienic milking and milk handling practices. Generated data will help develop
methods to reduce milk contamination and therefore increase milk quality at the farm level.
Reduced milk contamination at the farm level will reduce milk rejection by processors and
increase consumers’ safety.
5.2. Materials and methods
5.2.1. Study area and sample size
The study was carried out in Malawi between October and December 2018. Malawi is a
country located 130 55´S and 330 42´E in sub-Saharan Africa. Within Malawi, the study focused
on three AEZs namely Highlands (High AEZ), Mid elevation (Mid AEZ), and Lakeshore,
Middle and Upper Shire (Lakeshore AEZ) where dairy farming is predominantly practiced. For
the purpose of this study, AEZs were defined by elevation above sea level: High AEZ consists of
areas more than 1,300 m above sea level while the Mid AEZ constitutes areas situated at altitude
ranging from 760–1,300 m above sea level. Areas ranging from 200–760 meters above sea level
were located in the Lakeshore AEZ (Matumba et al., 2014). Twenty (20) farms were drawn from
LakeshoreAEZ while 51 and 42 farms were included in the study from High and Mid AEZs,
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respectively, making a total of 113 farms. Selection of participating farms was done following
the procedure explained in chapter 4a. The survey instrument used for this study was approved
by the Louisiana State University Agricultural Center Institutional Review Board (IRB# HE 18 –
15).
5.2.2. Data collection
A survey was developed to capture general farm and farmer characteristics, knowledge,
perception and awareness of mycotoxins and strategies applied to prevent and or manage
problems associated with mycotoxins. The survey also gathered data on major sources of
mycotoxin information. Questionnaires were administered by well-qualified individuals with a
minimum of first degree, and were trained on the survey before commencement. Interviews were
conducted in either local language or English, in some cases a combination of the two languages
after getting a verbal consent from the participant from October to December, 2018.
5.2.3. Statistics
Descriptive statistics were used to summarize the data. Measurements of association were
carried by Chi-square test (χ2) for categorical variables. Chi-square test was used to see if
significant associations exist between categorical variables according to Tebug et al., 2014 and
Kang’ethe et al., 2017. The p-value of less than or equal to 0.05 was considered significant.
Proportions of categorical data were compared using Z-test. All statistical tests were conducted
using SPSS version 25 software.
5.3. Results
5.3.1. Description of dairy farmers in the study
A total of 113 dairy farmers participated in the study. The majority of dairy farmers
(93.8) had at least gone through formal education whether at the primary, secondary or tertiary
level (Table 5.1). However, maximum level of education for the majority of dairy farmers
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(67.3%) was primary education. In High and Mid AEZs, the majority of dairy farmers had
primary education.
Table 5. 1. Description of dairy farmers in the study.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row totals

Row %

p-value2

0.002

n (%)
Level of formal education
Never gone to school

2 (3.9) a

5 (11.9) a

0 (0) a

7

6.2

a

ab

b

Primary school

39 (76.5)

76

67.3

Secondary school

10 (19.6) a

7 (16.7) a

9 (45) b

26

23

a

ab

b

4

3.5

Tertiary education

0 (0)

29 (69)
1 (2.4)

8 (40)
3 (15)

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between level of formal education and agroecological zones (AEZ) within the row.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

On the other hand, the majority of dairy farmers in Lakeshore AEZ had secondary education.
Furthermore, a significant association existed between level of education and AEZ (p < 0.05).
While 15% and 2.4% of the dairy farmers from Lakeshore AEZ and Mid AEZ, respectively, had
attended tertiary education, none (0%) of the dairy farmers from High AEZ had gone up to a
tertiary level of education. In addition, while 3.9% and 11.9% of dairy farmers from High and
Mid AEZs, respectively, had never attended formal education, while all dairy farmers (100%)
from Lakeshore AEZ had at least some kind of formal education being it at primary, secondary,
or tertiary level.
5.3.2. General description of surveyed farms
Majority of farms (94.7%) have less than 3 milking cows (Table 5.2). A very small
percentage of farms in High AEZ had milking cows ranging from 7 – 10 and none (0%) from
Mid and Lakeshore AEZs, respectively. While 2% and none of farms in High and Mid AEZs had
3 – 6 milking cows, a high percentage (20%) of farms in Lakeshore had milking cow populations
from 3 – 6 (p < 0.05). In addition, the majority of farms (38.9%) have the least dairying
experience. They have been dairying for less than 3 years (Table 5.2). However, across the three
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agroecologies, some farms have been in the dairy business for more than 15 years. While about
25% of farms in High AEZ have greater than 15 years’ experience in dairying, less than 3% and
none (0%) of the farms in Mid and Lakeshore AEZs, respectively, have been in the dairy
business for greater than 15 years thus indicating an association between years in dairy and AEZ
(p < 0.05). Furthermore, about 80% of the farms have unpaved floors in dairy animal pens (Table
5.2). At the time of conducting the survey, the majority of pens were unclean with floors covered
with excessive mud, dung or in some cases feed left overs. However, more clean pens were
observed in Lakeshore AEZ compared to High and Mid AEZs (p < 0.05).
Respondents reported that daily milk production per cow ranged from 5 – 10 liters on the
majority (43%) farms followed by few (22%) producing 11 – 15 liters of milk per day.
Interestingly, about 15% of dairy farms had cows producing either less than 5 liters or greater
than 15 liters of milk per day. Total milk production per farm per day ranged from 10 – 20
liters/cow/day in the majority (46%) of farms. However, total milk production per day in some
farms (38%) was as low as less than 10 liters/cow/day (Table 5.2).
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Table 5. 2. General description of surveyed farms.
Variable

Agroecological zone (AEZ)1
High
Mid
Lakeshore

Row totals

Row %

p-value2

0.004

n (%)
Number of milking cows
<3

49 (96) ab

42 (100) a

16 (80) b

107

94.7

a

a

b

3–6

1 (2)

5

4.4

7 – 10

1 (2) a

0 (0) a

0 (0) a

1

0.9

13 (25.5) a

25 (59.5) b

6 (30) ab

44

38.9

a

a

a

0 (0)

4 (20)

Experience in dairying (years)
<5
5 – 10

12 (23.5)

31

27.4

11 – 15

13 (25.5) a

6 (14.3) a

5 (25) a

24

21.2

a

b

b

14

12.4

>15

13 (25.5)

10 (23.8)
1 (2.4)

9 (45)
0 (0)

<0.001

Floor type in animal house
Paved

10 (19.6)

7 (16.7)

8 (40)

25

22.1

Unpaved

41 (80.4)

35 (83.3)

12 (60)

88

77.9

18 (35.3) a

16 (39.1) a

15 (75) b

49

43.4

a

a

b

64

56.6

0.10

Floor cleanliness
Clean
Unclean
Milk production per cow per day
(litres)
Less than 5

33 (64.7)

26 (61.9)

5 (25)

9 (17.60)

3 (7.1)

5 (25)

17

15

5 – 10

23 (45.1)

18 (42.9)

7 (35)

48

42.5

11 – 15

11 (21.6)

12 (28.6)

6 (30)

29

22.1

7 (13.7)

9 (21.4)

2 (10)

18

15.9

20 (39.2)

16 (38.1)

7 (35)

43

38.1

10 – 20

19 (37.3)

24 (57.1)

9 (45)

52

46

21 – 30

7 (13.7)

1 (2.4)

1 (5)

9

7.9

31 – 40

3 (5.80)

0 (0)

2 (10)

5

4.4

2 (3.9)

1 (2.4)

1 (5)

4

3.5

>15
Milk production per farm per day
(litres)
Less than 10

>40

0.007

0.55

0.28

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the row.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

5.3.3. Knowledge and perception of dairy farmers on milk contamination and
associated risks
Though close to 30% of dairy farmers admitted to drinking raw milk (milk from a cow
without any treatment), the majority (72%) of dairy farmers do not drink raw milk and consider
the action risky (Table 5.3). About 88% of dairy farmers have heard about bacterial
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contamination in milk. This follows that over 80% of dairy farmers know at least one risk
associated with consumption of raw milk.
Table 5. 3. Knowledge and perception of dairy farmers on milk contamination and associated
risks of consuming raw milk.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row
totals

Row %

p-value2

0.09

n (%)
Drink raw milk
Yes

10 (19.6)

13 (30.9)

9 (45)

32

28.3

No

41 (80.4)

29 (69)

11 (55)

81

71.7

46 (90.2)

35 (83.3)

18 (90)

99

87.6

5 (9.8)

7 (16.7)

2 (10)

14

35.4

Yes

44 (86.3)

33 (78.6)

18 (90)

95

84.1

No

7 (13.7)

9 (21.4)

2 (10)

18

15.9

11 (21.6)

7 (16.7)

0 (0)

18

15.9

7 (13.7)

15 (35.7)

6 (30)

28

24.8

23 (40.1)

11 (26.2)

11 (55)

45

39.8

1 (2)

0 (0)

0 (0)

1

0.9

2 (3.9)

0 (0)

1 (5)

3

2.7

Ever heard of bacterial contamination in milk
Yes
No

0.57

Consumers are at risk if they drink raw milk
0.57

Respondents list of risks of drinking raw milk
Sickness due to bacterial infection
Upset stomach or diarrhea
Transferring of diseases such as
tuberculosis (TB) from animals to
humans
Sickness due to bacterial infection,
and diarrhea or upset stomach
Upset stomach or diarrhea, and
Transferring of diseases such as
tuberculosis (TB) from animals to
humans

0.08

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the row.
1

Tuberculosis (TB) was the most mentioned (40%) zoonotic disease associated with consumption
of raw milk, whereas upset stomach or diarrhea was the risk mentioned by about 25% of dairy
farmers. A significant association was not observed between AEZs and knowledge and
perception of dairy farmers on milk contamination and associated risks to humans (Table 5.3).
5.3.4. Strategies used by dairy farmers to prevent milk contamination with bacteria
Over 80% of dairy farmers in all AEZ practice at least one strategy for reducing milk
contamination with bacteria (Table 4b.4). Overall, the majority of dairy farmers reduce milk
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contamination by boiling the milk before selling or drinking, however, strategies varied across
AEZs. There was an association between AEZ and strategies used to reduce milk contamination
(p < 0.05). While about 64% of dairy farmers in Mid AEZ mentioned boiling as a means of
reducing contamination, only 53% and 49% of dairy farmers in High and Lakeshore AEZ were
for milk boiling (Table 5.4). Although all dairy farmers wash milking utensils with water before
milking, water sources varied across AEZ (p < 0.05). The majority (69%) of dairy farmers use
borehole (well) water for cleaning utensils used when milking cows. Across AEZ, while over
70% of dairy farmers in Mid and High AEZ clean milking utensils with water from borehole,
only 45% of dairy farmers do the same in Lakeshore AEZ. In addition, while 40% of dairy
farmers in Lakeshore AEZ use tap water for cleaning milk utensils, only 10% and none (0%) of
dairy farmers in Mid and High AEZ, respectively, use tap water for cleaning milk utensils.
Furthermore, the majority (61%) of dairy use untreated water to clean up the milking utensils,
however, this varied across AEZ (p < 0.05). About 65% of dairy farmers in Lakeshore AEZ use
treated water for cleaning milking utensils whereas only 39% and 24% of dairy farmers treat or
have access to treated water for cleaning milking utensils in High and mid AEZs, respectively.
Sixty one percent and 76% of dairy farmers in High and Mid AEZs, respectively, do not treat
water for cleaning milking utensils (Table 5.4). No dairy farmer sends water for analysis in all
AEZs.
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Table 5. 4. Strategies used by dairy farmers to prevent milk contamination with bacteria.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row totals

Row %

p-value2

0.02

n (%)
Ways to reduce milk contamination with bacteria
Proper hygiene of the person handling milk

3 (5.9) a

3 (7.1) a

7 (35) b

13

11.5

Proper cleaning and sanitation of the milking area
and utensils
Proper milking procedure

4 (7.8) a

2 (4.8) a

1 (5) a

7

6.2

0 (0) a

1 (2.4) a

0 (0) a

1

0.9

a

27 (52.9)
15 (29.4) a

a

27 (64.3)
2 (4.8) a

8 (40 a
2 (10) a

62
19

54.9
16.8

51 (100)

42 (100)

20 (100)

113

100

0 (0)

0 (0)

0 (0)

0

0

0 (0) a
37 (72.5) ab
13 (24.5) a
1 (2) a

4 (9.5) a
32 (76.2) b
6 (14.3) a
0 (0) a

8 (40) b
9 (45) a
3 (15) a
0 (0) a

12
78
22
1

10.6
69
19.5
0.9

<0.001

20 (39.2) ab

10 (23.8) b

13 (65) a

43

38.1

0.007

ab

b

a

70

61.2

Boiling milk before selling locally
Multiple ways
Washing milking utensils with water
Yes
No
Source of water for cleaning milking utensils
Tap
Borehole
Open well
River
Water treated
Yes
No

31 (60.8)

32 (76.2)

7 (35)

Water sent for analysis
Yes
No

0 (0)
51 (100)

0 (0)
42 (100)

0 (0)
20 (100)

0
113

0
100

Source of information about bacterial contamination in milk
Government agents
Non-government organization
Fellow farmers

23 (45.1)
9 (17.6)
19 (37.3)

20 (47.6)
4 (14.3)
16 (38.1)

8 (40)
2 (10)
10 (50)

51
17
45

45.1
15
39.8

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with elevation 200 – 760m.above sea level.
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the row.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1
2
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0.86

5.3.5. Milking practices applied by dairy farmers in survey dairy farms
Dairy farmers in every AEZ milked cows by hand (Table 5.5). Cows were milked twice a
day in most (89%) of the dairy farms. About 37% of dairy farmers clean teats with disinfectant
before milking cows while 21% of dairy farmers test milk for mastitis apart from cleaning teats
with disinfectant. Significant association was observed between AEZs and milk procedures
followed by dairy farmers (p < 0.05). Most dairy farmers in the Lakeshore AEZ (50%) just clean
teats with warm water before milking, while 41% and 40% of dairy farmers in High and Mid
AEZs, respectively, clean teats with water and disinfectant before milking. Furthermore, as many
as 33% of dairy farmers in Mid AEZ test milk for mastitis before milking while only 10% and
16% of dairy farmers do the same in Lakeshore and High AEZ, respectively (Table 5.5).
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Table 5. 5. Milking practices applied by dairy farmers in survey dairy farms.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row totals

Row %

p-value2

n (%)
Number of milking per day
Once
Two times

1 (2) a

4 (9.5) a

7 (35) b

12

10.6

a

a

b

101

89.4

50 (98)

38 (90.5)

13 (65)

<0.001

Method of milking the cows
By hands

51 (100)

42 (100)

20 (100)

113

100

Testing for mastitis before
milking

1 (2) a

4 (9.5) a

1 (5) a

6

5.3

Separating sick and health
cows when milking

0 (0) a

0 (0) a

1 (5) a

1

0.9

21 (41.2) a

17 (40.5) a

4 (20) a

42

37.2

0 (0) a

0 (0) a

0 (0) a

0

0

8 (15.7) a

14 (33.3) a

2 (10) b

24

21.2

1 (2) a

0 (0) a

0 (0) a

1

0.9

Testing for mastitis before
milking, separating sick
cows, and cleaning with
disinfectant

2 (2.9) a

0 (0) a

2 (10) a

4

3.5

Cleaning with disinfectant,
and disinfecting teats after
milking

3 (5.9) a

0 (0) a

0 (0) a

3

2.7

15 (29.4) a

7 (16.7) a

10 (50) a

31

27.4

Milking procedure

Cleaning teats with
disinfectant
Disinfecting teats after
milking
Testing for mastitis before
milking and cleaning with
disinfectant
Testing for mastitis before
milking, cleaning with
disinfectant, and disinfecting
teats after milking

Clean teats with warm water
only before milking

0.01

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the row.
ab
Values in rows with different superscript letters significantly differ across AEZ.
1

5.3.6. Milk handling practices applied by dairy farmers in surveyed farms
Majority (77%) of dairy farmers keep milk at room temperature before selling or
delivering to the bulking center (Table 5.6). Significant association was observed between AEZ
and milk storage (p < 0.05). For instance, while 78% and 93% of dairy farmers in High and Mid
AEZs, respectively, store milk unrefrigerated while only 40% of dairy farmers do the same in
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Lakeshore AEZ. In addition, 40% of dairy farmers in Lakeshore AEZ keep milk refrigerated
while about 16% and 7% do the same in High and Mid AEZs, respectively.
Table 5. 6. Milk handling practices applied by dairy farmers in surveyed farms.
Agroecological zone (AEZ)1
Variable

High

Mid

Lakeshore

Row totals

Row %

p-value2

<0.001

n (%)
Ways of storing milk
Refrigerated
Unrefrigerated
After heating the
milk
Do not store milk
Ways of preventing milk
spoilage
Refrigeration
Boiling
Put milk in a bucket
and place the
bucket in a basin
filled with cold
water
Mixing morning and afternoon
milk
Yes
No
Taking milk to bulking center
Yes
No
Holding time for morning milk
Less than one hour
1 – 3 hours
Greater than 6
hours
Holding time for afternoon milk
Less than one hour
1 – 3 hours
Greater than 6
hours
What you do with milk if not
sent to bulking center
Sell to consumers
Sell to traders
Consume at home

8 (15.7) ab

3 (7.1) b

8 (40) a

19

16.8

a

a

b

87

76.9

40 (78.4)

39 (92.9)

8 (40)

0 (0) a

0 (0) a

1 (5) a

1

0.9

0 (0) a

0 (0) a

3 (15) b

3

2.7

6 (11.8) a
10 (19.6) a
35 (68.6) a

3 (7.1) a
1 (2.4) b
38 (90.5) b

6 (30) a
7 (35) a
7 (35) c

15
18
80

13.3
15.9
70.8

<0.001

40 (78.4) a
11 (21.6) a

38 (90.5) a
4 (9.5) a

4 (20) b
16 (80) b

82
31

72.6
27.4

<0.001

51 (100) a
0 (0) a

25 (59.5) b
17 (40.7) b

0 (0) c
20 (100) c

76
37

67.3
32.7

<0.001

37 (72.5) a

15 (35.7) b

0 (0) c

52

46

<0.001

a

ab

b

14 (29.4)

23

20.4

0 (0) a

9 (21.4)

1 (2.4) a

0 (0)

0 (0) a

1

0.9

6 (11.8) a
1 (2) a
44 (86.3) a

0 (0) a
2 (4.8) a
23 (54.8) b

0 (0) a
0 (0) a
0 (0) c

6
3
67

5.3
2.7
59.3

<0.001

0 (0) a
0 (0) a
0 (0) a

8 (19) b
9 (21.4) b
0 (0) a

19 (95) c
0 (0) a
1 (5) a

27
9
1

23.9
7.9
0.9

<0.001

High = areas with elevation >1,300m.above sea level; Mid = areas with elevation 760 – 1,300m.above sea level; Lakeshore = areas with
elevation 200 – 760m.above sea level.
2
P<0.05 means significant association between each variable and agroecological zones (AEZ) within the row.
abc
Values in rows with different superscript letters significantly differ across AEZ.
1

In order to prevent milk spoilage, the majority (71%) of dairy farmers place the bucket
containing milk in a basin full of still water at room temperature. However, while 91% and 69%
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of dairy farmers in Mid and High AEZs prevent milk spoilage by this traditional method, the
majority (75%) of dairy farmers in Lakeshore AEZ either boil or refrigerate milk to prevent
spoilage. Furthermore, most dairy farmers (78 – 91%) in High and mid AEZs mix morning and
afternoon milk before delivery to the bulking center. The majority (67%) of dairy farmers hold
afternoon milk for more than 6 hours before mixing with morning milk and delivery to bulking
center. However, only 20% of dairy farmers in Lakeshore AEZ mix morning and afternoon milk
and none of the dairy farmers take milk to bulking centers since 95% sell milk directly to
consumers (Table 5.6).
5.3.7. Effect of level of education on knowledge and perception of dairy farmers on
milk contamination and associated risks of consuming contaminated milk
A significant association was found between level of education and knowledge about
milk contamination with bacteria and risks associated with consumption of raw milk (p < 0.05)
(Table 5.7). The majority (71%) of dairy farmers without formal education never heard of
bacterial contamination in milk and do not think there is any risk associated with consumption of
raw milk. Level of knowledge or awareness increased with increasing level of education. For
instance, dairy farmers with tertiary education were all aware of bacterial contamination and
agreed that consumption of raw milk is risky (Table 5.7).
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Table 5. 7. Effect of level of education on knowledge and perception of dairy farmers on milk contamination and associated risks of
consuming contaminated milk.
Level of respondent's education
Never gone to
school

Primary school

Secondary school

Tertiary education

Raw totals

Row %

p-value1

Yes

3 (42.9)

18 (23.7)

9 (34.6)

2 (50)

32

28.3

0.40

No

4 (57.1)

58 (76.3)

17 (65.4)

2 (50)

81

71.7

2 (28.6) a

68 (89.5) b

25 (96.1) b

4 (100) b

99

87.6

a

b

b

b

14

12.4

Variable
Drink raw milk

Ever heard of bacterial contamination in milk
Yes
No

5 (71.4)

8 (10.5)

1 (3.8)

0 (0)

<0.001

Consumers are at risk if they drink raw milk
Yes
No

2 (28.6) a

64 (84.2) b

25 (96.1) b

4 (100) b

95

84.1

a

b

b

b

18

15.9

5 (71.4)

12 (15.9)

1 (3.8)

0 (0)

<0.001

Respondents list of risks of drinking raw milk
Sickness due to bacterial infection

0 (0)

14 (18.4)

4 (15.4)

0 (0)

18

15.9

Upset stomach or diarrhea

0 (0)

20 (26.3)

7 (26.9)

1 (25)

28

27.8

2 (28.6)

27 (35.5)

13 (50)

3 (35)

45

29.8

Sickness due to bacterial infection, and
diarrhea or upset stomach

0 (0)

1 (1.3)

0 (0)

0 (0)

1

0.9

Upset stomach or diarrhea, and Transferring of
diseases – TB

0 (0)

2 (2.6)

1 (3.8)

0 (0)

3

2.7

2

Transferring of diseases – TB

1

p-value less than 0.05 means significant association between level of formal education and agroecological zones (AEZ) within the row.
TB = Tuberculosis.
ab
Values in rows with different superscript letters significantly differ across AEZ.
2
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0.07

5.4. Discussion
This survey was conducted to evaluate dairy farmers’ knowledge and perception on milk
contamination, proper milk handling practices and adverse health effects associated with
consumption of raw milk in three AEZs of Malawi. Most dairy farmers were knowledgeable
about milk contamination, strategies to prevent contamination at production, and about the
perceived risk of consumption of raw milk. However, data from this study indicate that the
majority of dairy farmers have low knowledge on proper milking and milk handling practices.
Furthermore, data show that most dairy farmers use untreated water for cleaning cow teats and
milking utensils. Interestingly, most dairy farmers hold milk for over 6 hours before delivery to
cooling facilities. These observations are in agreement with other studies (Paraffin et al., 2017;
Kebede et al., 2017). In Developing Countries, a large number of small-scale farmers lack
awareness of proper milking and milk handling practices and to some extent zoonotic diseases
(Paraffin et al., 2017; Kebede et al., 2017).
Milking is one of the critical control points in the dairy product value chain. Hygienic
milking practices are essential in reducing milk contamination with bacteria and subsequent
production of milk products of acceptable quality for the consumer (O’Connor, 1995; Angelidis,
2015). Hygienic milking practices include forestripping for mastitis testing, cleaning the teats
with disinfectant (predipping), and dipping the teats in disinfectant after milking (postdipping)
(Ruegg, 2003). In this survey, dairy farmers were asked to list steps that they follow when
milking cows. Although the majority of dairy farmers were able to mention at least one hygienic
milking practice, none of the dairy farmers were able to mention all the hygienic milking
practices required when milking cows (Table 5.5). In addition, no dairy farmer in this survey
followed all prescribed steps for hygienic milking procedure. Lack of proper hygienic milking
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practices among the majority of dairy farmers could increase the risk of contamination of milk
with pathogens at production hence negatively affecting quality of the end product.
Several studies have shown that cleaning the teats with disinfectant before milking
greatly reduces the level of microbial contamination of the raw milk (Oliver et al., 1993; Gibson
et al., 2008; Fuquay et al., 2011; Miseikiene et al., 2015). In this study, dairy farmers in High and
Mid AEZs were well informed on cleaning the teats with disinfectant before milking compared
to their counterparts in Lakeshore AEZ where teats are cleaned using only warm water. This
could be attributed to the fact that in High and Mid AEZs there is formal trading of milk and
functional cooling facilities. The majority of dairy farmers in High and Mid AEZs deliver milk to
the bulking center where it is sold to processors. At the cooling facility, milk undergoes basic
tests for souring and presence of foreign materials (adulteration). In order to avoid milk rejection
and revenue losses, dairy farmers in High and Mid AEZs could be motivated to follow more
hygienic milking procedures than dairy farmers in Lakeshore AEZ where milk is directly sold to
consumers without any testing for quality.
Good dairy farming practices emphasize the need to harvest milk under hygienic
environment (FAO and IDF, 2011). Hygienic environment encompasses housing, equipment and
personnel. Pen floors in most dairy farms were unclean, covered with excessive mud, dung and
feed leftovers (Table 5.2). Such environments provide habitat for microorganisms including
pathogenic bacteria (Giacometti et al., 2012). In addition, just like many small-scale farmers in
Developing Countries (Fuquay et al., 2011), the majority of dairy farmers practice hand milking
(Table 5.2) perhaps due to small herd size. Considering the uncleanliness of pen floors, hand
milking, and lacking proper hygienic milking practices, microbial contamination in milk could
be likely in most dairy farms. This could result to production of poor milk products and risking
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lower shelf life and consumer’s health. Observing hygienic milking practices could reduce
transferring of microorganisms including pathogenic bacteria from environment to milk hence
production of safe milk for consumers.
Use of untreated water in cleaning milking equipment is of great concern. Quality of
water for cleaning either materials or equipment is of paramount importance in preventing
bacterial contamination in food. Several studies have linked poor quality water to milk
contamination with bacteria (Robinson, 2005; Kagkli et al., 2007; Fuquay et al., 2011). In this
study, all dairy farmers reported to clean the equipment used for milking cows before milking.
The majority of dairy farmers use untreated water from boreholes to clean milking equipment
(Table 5.4). Current practice by most dairy farmers of using water of questionable quality for
cleaning milking utensils could lead to post milking contamination of milk hence affecting
quality of subsequent milk products.
Proper milk handling practices are essential for reducing and preventing post milking
contamination and deterioration of milk. Effects of holding temperature of raw milk on bacteria
count have been reported, hence the recommendation of cooling raw milk to 2 – 4oC within 2 – 3
hours of milking (Muir et al., 1978; Paludetti et al., 2018). Data from this study indicated
dominance of poor milk handling practices after milking (Table 4b.6) in three AEZs of Malawi.
The majority of dairy farmers store milk unrefrigerated under room temperature. Specifically,
most dairy farmers place the bucket containing milk in a basin full of still water at room
temperature. Although, keeping milk unrefrigerated could be attributed to low access to
electricity by the majority of dairy farmers, this traditional way of preventing milk spoilage
(place the bucket containing milk in a basin full of water at room temperature) needs further
evaluation to establish its efficiency in reducing or preventing bacterial growth. Nevertheless,
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storage of milk at room temperature leads to deterioration and defects in milk products (Millogo
et al., 2015).
Prolonged milk storage compromises the quality of raw milk. Several studies have linked
prolonged storage of raw milk to increased total bacterial count and milk deterioration because of
the activity of proteolytic and lipolytic bacteria (Celestino et al., 1996; Wiking et al., 2002; Zeng
et al., 2006; Malcarne et al., 2013; Paludetti et al., 2018). Proteolytic and lipolytic bacteria
produce proteases and lipases enzymes that break down milk protein and fat results in casein
damage and development of rancidity and bitter flavors (Muir, 1996; Paludetti et al., 2018). In
this study, the majority of dairy farmers hold milk unrefrigerated for over 6 hours at room
temperature before cooling (Table 5.6). This milk is, in most cases, mixed with the fresh milk the
following day before delivery to the cooling facility (Table 4b.6). The practice of holding raw
milk for prolonged time at room temperature is of great concern as could lead to high total
bacterial count and milk deterioration. No wonder that raw milk in Malawi has generally high
bacteriological counts that result in quick souring of milk (Land O`Lakes, 2003; Imani, 2004).
Lack of significant association between level of education and dairy farmers listing of
risks associated with consumption of raw milk and management practices for preventing milk
contamination is interesting (Table 5.7). The findings in this study could be attributed to
mandatory training of dairy farmers before obtaining a dairy animal. Most animals are provided
to farmers by non-governmental organizations or Malawi government and before getting the
dairy animal, farmers are trained in dairy animal management and milking practices. Usually,
training enhances ability and willingness of individuals to make successful changes to their
management practices (Kilpatrick, 2000). Imparting dairy knowledge to farmers before obtaining
dairy animals could have improved their knowledge regardless of educational level.
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Furthermore, knowledge could have been acquired through farmer-to-farmer interactions in the
bulking groups. Apart from government agents, the majority of dairy farmers get essential
information about dairy animal management from fellow farmers (Table 5.4). More interactions
among dairy farmers could have increased information flow among dairy farmers in Malawi.
5.5. Summary and conclusion
This survey was conducted to evaluate dairy farmers’ knowledge and perception on milk
contamination, proper milk handling practices and adverse health effects associated with
consumption of raw milk in three AEZs of Malawi. Most dairy farmers were knowledgeable
about milk contamination, strategies of preventing contamination at production, and perceived
consumption of raw milk risk. The majority of dairy farmers have low knowledge on proper
milking and milk handling practices as evidenced by lack of proper following of milking
procedure, use of untreated water for sanitation, and keeping milk too long at room temperature.
However, cleaning teats with disinfectant and testing for mastitis were mostly followed by
farmers in High and Mid AEZs compared to Lakeshore AEZ despite comparatively low level of
education. The situation could probably be influenced by presence of milk processors that test
milk before buying from farmers in High and Mid AEZs. More periodic trainings on hygienic
milking and milk handling practices are recommended for dairy farmers in all AEZs to improve
knowledge and subsequent quality of raw milk and end products.
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CHAPTER 6. PRESENCE OF ESCHERICHIA COLI AND SALMONELLA IN
RAW AND PROCESSED MILK COLLECTED FROM SELECTED SMALLSCALE FARMS AND MAJOR FOOD STORES IN MALAWI
6.1. Introduction
Milk and dairy products provide dietary sources of proteins, vitamins and minerals for
nutritional benefits to humans (Huth et al., 2006; Mourad et al., 2014). Despite being a nutrientdense food, milk and dairy products could be a source of foodborne diseases. Milk contamination
by bacterial pathogens remains a challenge and around the World (Olsen et al., 2005; Mhone et
al., 2011; Van Kessel et al., 2011; Bianchi et al., 2013; WHO, 2015; Sudda et al., 2016;
Madoroba et al., 2016; Disassa et al., 2017). Foodborne pathogens associated with milk, milk
products and other products of animal origin include Escherichia coli and Salmonella (WHO,
2015).
Pasteurization is a widely utilized heat treatment technique for eliminating
microorganisms including E. coli and Salmonella in raw milk (Olsen et al., 2005; Gedam et al.,
2007; Pearce et al., 2012; Sarkar, 2015). Despite raw milk being heat treated, Salmonella and E.
coli have been detected in processed milk in both Developing and Developed Countries (Gran et
al., 2003; Oliver et al., 2005; Olsen et al., 2005; Mhone et al., 2011; Vahedi et al., 2013; Gould et
al., 2014). Presence of Salmonella, and Escherichia coli in raw milk and processed milk products
is an issue of poor hygiene. Inefficiencies of processes and processing machinery, coupled with
poor hygienic practices at production and processing contribute to increased presence of bacterial
pathogens in raw milk and end products (Carrasco et al., 2012; Oliver et al., 2005; Olsen et al.,
2005; Desmarchelier and Fegan, 2001; Joseph et al., 2001). Abiding to good manufacturing
practices ensures that all the critical control points within the processing chain are well handled
to effectively mitigate pathogens and avoid recontamination of the end product.
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Though regulations prohibit selling raw milk to consumers due to associated health risks,
the practice is still prevalent in Malawi. About 40% of the milk is sold unprocessed directly to
consumers or traders (Revoredo-Giha and Toma, 2016). Currently, information about milk
contamination with pathogenic bacteria at the farm level and in major food stores is limited in
Malawi. Limited information on bacterial contamination levels in milk and milk products at farm
and food store levels could compromise food safety, thus presenting increased risk of foodborne
disease to consumers. Continuous monitoring of the safety of milk and milk products on the
market could not only reduce risks of foodborne diseases but also help producers and processors
improve on handling and processing procedures. Furthermore, continuous monitoring of milk
quality at the farm level could ensure timely development of appropriate interventions for
boosting hygienic milk handling practices for reduced bacterial loads. The objective of this study
was to assess the presence of Salmonella and Escherichia coli in raw and processed liquid milk
in selected small-scale farms and major food stores of Malawi. The null hypothesis is that
prevalence of E. coli and Salmonella in raw and processed milk is the same in three milkshed
areas
6.2. Materials and methods
6.2.1. Study area and sample size
The study was carried out from February to March 2019 in Malawi. Malawi is a country
located 13 55´S and 33 42´E in sub-Saharan Africa. Within Malawi, the study focused on three
major cities of Malawi and three milkshed areas (Mzuzu, Lilongwe and Blantyre). A milkshed is
a designated area around a city with high concentration of dairy farms. In order to get a
representative sample of the population, a multi-stage sampling technique was used to obtain a
total of 87 milk samples (46 raw milk and 41 processed liquid milk). In the first stage of
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sampling, three major cities of Malawi namely Mzuzu, Lilongwe and Blantyre were selected for
processed liquid milk sample collection. In the second stage of sampling, three food stores were
randomly selected within each city where about five local and imported brands of processed
liquid milk were collected depending on availability.
Raw milk samples were collected from dairy farms located in three milkshed areas of
Malawi. In the first stage of sampling, three milk-bulking groups were randomly selected in each
milkshed area to participate in the study. In the second stage, approximately four farms per milk
bulking group were randomly selected from the provided list of farms where raw milk samples
were collected. Milk bulking groups are associations or cooperatives comprised of small-scale
dairy farmers. They are established to promote collective milk marketing and ease accessibility
to various extension services including dairy management trainings (IFS, 2013).
6.2.2. Milk sample collection
A total 87 milk samples were collected for this study of which 46 were raw milk samples
from selected small-scale dairy farms and 41 were processed liquid milk samples (pasteurized
and UHT) from selected food stores. Raw milk samples were collected in sterilized glass bottles
and cooled to around 4oC immediately. Processed liquid milk samples were collected in their
original package and immediately cooled to around 4oC in order to minimize growth of spoilage
microorganisms. All milk samples were transported to the lab where they were placed in a
refrigerator set at 4oC awaiting analysis the following day. Raw and processed liquid milk
samples were analyzed for counts of E. coli and Salmonella.
6.2.3. Sample preparation and analysis
Both Salmonella and E. coli counts of raw and processed fluid milk were analyzed at the
University of Malawi Polytechnic College Microbiology Laboratory at Blantyre. A rapid
detection test was used for determination of E. coli counts. Two sample dilutions were selected
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for plating. From each of the two selected sample dilutions, 1 mL was pipetted on separate
selective aerobic count petrifilm (3M™ Petrifilm™ E. coli/Coliform Count Plates) in duplicate
and spread using a petrifilm spreader. The inoculated petrifilms were incubated at 35oC for 48
hours according to Association of Official Analytical Chemists Official Method 991.14 (AOAC,
1994). Blue colonies with gas bubbles were manually counted and colony-forming units
(CFU/mL) of E. coli were determined.
Analysis of Salmonella counts of milk samples was done following methods stipulated in
Bacteriological Analytical Manual (BAM) of the U.S. Food and Drug Administration. Dilutions
were made by adding 1 mL of milk sample into 9 mL of saline solution to make a 0.1 mL
dilution. Saline solution was prepared by adding 8.5 g of NaCl to 1 liter of distilled water. The
solution was sterilized by autoclaving for 15 minutes at 121oC. Subsequent sample dilutions
were made by pipetting 1 mL of previous dilution into 9 mL of saline solution. From two
selected dilutions, 1 mL of the sample was drawn and plated on sterile petri dish in duplicate
using pour plate technique. After delivering 1 mL of the dilution into a sterile petri dish,
approximately 15 mL of a differential medium Xylose, Lysine Deoxycholate agar (XLD) was
poured direct onto the diluent in the plate. The petri dish containing diluent and medium was
gently swirled to mix the diluent and medium. After the medium solidified, the inoculated petri
dishes were incubated at 37oC for 24 hours under aerobic condition. Salmonella colonies were
red with black center. Presumed Salmonella colonies were confirmed through biochemical
reaction. The suspected Salmonella colony was picked from XLD using a sterile inoculating
needle and then inoculate Triple Sugar Iron agar (TSI) by streaking and stabbing the butt of
slants. Inoculated slants of TSI were incubated at 35oC for 24 hours under aerobic condition. A
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positive Salmonella test showed alkaline (red) slants and acid (yellow) butts with or without
production of H2S (blackening of agar).
6.2.4. Statistics
Percentages of presence of E. coli or Salmonella in raw and processed fluid milk were
calculated using frequency procedure (PROC FREQ) of SAS version 9.2 (SAS Institute Inc,
Cary, NC). The percentage differences across independent variables milkshed and milk status
(raw or processed) were assessed using Fisher’s Exact X2 test. Significance for all calculations
was detected at p < 0.05.
6.3. Results
6.3.1. Presence of Escherichia coli in raw milk and processed liquid milk
Frequency of presence of E. coli in raw milk samples was significantly higher than in
processed fluid milk (p < 0.05). Overall, E. coli was detected in 76.1% of raw milk samples (n =
46) with levels ranging from 2.7 – 8.09 log10 cfu/mL while only 7.3% of processed fluid milk
samples (n = 41) had detectable levels of E. coli ranging from 1.3 – 3.23 log10 cfu/mL (Table
5.1). Across milkshed areas, frequency of presence of E. coli in raw samples varied significantly
(p < 0.05). Mzuzu milkshed areas recorded highest frequency of E. coli (93.8%) (n = 16)
compared to Lilongwe (60%) (n = 15) and numerically higher than Blantyre (73.3%) (n = 15)
and. However, frequency of presence of E. coli in raw milk did not significantly vary between
Blantyre and Lilongwe milkshed areas. Ranges of levels of E. coli were 4.95 – 7.96, 3.0 – 8.04,
and 2.7 – 8.09 log10 cfu/mL in raw milk samples collected from Mzuzu, Lilongwe and Blantyre
milkshed areas, respectively (Table 6.1).
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Table 6. 1. Presence of Escherichia coli in raw milk (n = 46) and processed liquid milk (n = 41)
from smallholder dairy farms and food stores in Malawi.
Variable

MilkshedAr
ea

Total
samples

Total samples
with E. coli

Total samples with
E. coli (%)

Minimum
(log10 cfu/mL)

Maximum
(log10 cfu/mL)

Mzuzu

16

15

93.8 a

4.95

7.96

9

b

3.0

8.04

ab

2.70

8.09

Raw milk

Lilongwe

15

60.0

Blantyre

15

11

73.3

Mzuzu

10

0

0

-

-

2

12.5

d

1.30

3.23

d

-

2.88

Processed milk
Lilongwe

16

Blantyre

15

1

6.7

Raw milk

46

35

76.1 f

2.70

8.09

Processed
milk

41

3

7.3 g

1.30

3.23

Total

Frequencies with different superscript among milkshed areas within columns for the same variable differ (p < 0.05). cfu = colony forming units.

No processed liquid milk sample collected from food stores in Mzuzu had detectable
levels of E. coli. On the other hand, 12.5% (n = 16) and 6.7% (n = 15) of processed liquid milk
collected from food stores in Lilongwe and Blantyre, respectively, had detectable levels of E.
coli which did not significantly differ (p>0.05). Levels of E. coli ranged from 1.3 – 3.23 log10
cfu/mL in Lilongwe while in Blantyre, level of E. coli was 2.88 log10 cfu/mL in one sample that
tested positive (Table 6.1).
6.3.2. Presence of Salmonella in raw milk and processed liquid milk
Overall frequency of Salmonella in raw milk samples and processed liquid milk samples
varied significantly (p < 0.05). Salmonella was identified in 26.1% (n = 46) of raw milk samples
while only 2.45% (n = 41) of processed liquid milk samples had detectable levels of Salmonella
(Table 6.2). Levels of Salmonella ranged from 1.0 – 4.67 log10 cfu/mL in raw milk samples while
the positive processed liquid milk sample had about 1.48 log10 cfu/mL.
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Table 6. 2. Presence of Salmonella in raw milk (n = 46) and processed liquid milk (n = 41) from
smallholder dairy farms and food stores in Malawi.
Variable

Area

Total
samples

Total samples
with Salmonella

Total sample with
Salmonella (%)

Minimum
(log10 cfu/mL)

Maximum
(log10 cfu/mL)

Mzuzu

16

6

37.5 c

2.48

4.67

Lilongwe

15

3

20.0 c

3.48

3.7

c

1.0

3.0

Raw milk

Blantyre

15

3

20.0

Processed milk
Mzuzu

10

0

0.0

-

-

Lilongwe

16

0

0.0

-

-

Blantyre

15

1

6.7

-

1.48

Raw milk

46

12

26.1 h

1.0

4.67

1

i

-

1.48

Total
Processed milk

41

2.4

Frequencies with different superscript among milkshed areas within columns for the same variable differ (p < 0.05). cfu = colony forming units.

Across milkshed areas, frequency of presence of Salmonella in raw milk samples did not
differ significantly (p < 0.05). About 37.5% (n = 16) of raw milk samples had detectable levels
of Salmonella. Twenty percent (n = 15) of raw milk samples collected from Lilongwe and 20%
(n = 15) in Blantyre had Salmonella (Table 6.2). Ranges of Salmonella were 2.48 – 4.67, 3.48 –
3.7, and 1.0 – 3.0 log10 cfu/mL in raw milk samples collected from farms in Mzuzu, Lilongwe
and Blantyre milkshed areas (Table 6.2).
No processed liquid milk sample collected from food stores in Mzuzu (n = 10) and
Lilongwe (n = 16) had detectable levels of Salmonella. However, one sample of processed liquid
milk collected from food stores in Blantyre city had detectable levels of Salmonella (Table 6.2).
6.4. Discussion
The study was conducted to assess presence of E. coli and Salmonella in raw and
processed liquid milk from selected small-scale farms in three milkshed areas and major food
stores in three cities of Malawi. Data from this study indicate presence of E. coli and Salmonella
in both raw and processed liquid milk in Malawi. The data further indicate significantly higher
frequency of presence of E. coli and Salmonella in raw milk compared to processed milk. These
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results corroborate with many investigators who reported presence of pathogenic bacteria in raw
and processed liquid milk in both Developed and Developing Countries (Gran et al., 2003;
Oliver et al., 2005; Olsen et al., 2005; Mhone et al., 2011; Vahedi et al., 2013; Gould et al.,
2014).
Bacterial contamination of processed milk products indicates inefficiency within the
production chain. In this study, E. coli and Salmonella were detected in about 7.3% and 2.4% of
processed liquid milk samples, respectively, (Tables 6.1 and 6.2) with levels above zero cfu/mL.
High frequency of presence of E. coli and Salmonella in processed milk has also been reported in
many countries in Africa (Mhone et al., 2011; Yasmin et al., 2015). In addition, about 49% of
outbreaks from 1998 to 2011 were attributed to cheese made with pasteurized milk in US of
which Salmonella was among causative pathogens (Gould et al., 2014). Presence of E. coli and
Salmonella in processed milk could be attributed to faulty processing and post processing
contamination (Desmarchelier and Fegan, 2001; Carrasco et al., 2012). Both E. coli and
Salmonella can be controlled by heat treatment (Osaili et al., 2005; Ma et al., 2009; He et al.,
2011). However, faulty processing equipment fails to adequately eliminate E. coli and
Salmonella hence contaminated end product. Post pasteurization contamination is largely
attributed to poorly cleaned and sanitized surfaces, poor plant set up, and poor hygiene of
personnel in the processing plant. Poor cleaning and sanitization of processing equipment and
food contact surfaces aids formation of bacterial bio films (Hood and Zottola, 1997; Wong,
1998; Sommer et al., 1999; Sinde and Carballo, 2000; Joseph et al., 2001; Stepanovic´ et al.,
2004). Bacterial biofilms are enclosed in amorphous extracellular matrix (Donlan, 2002), they
are resistant to cleaning and sanitization hence become chronic source of microbial
contamination of processed products (Bower and Daeschel, 1999; Joseph et al., 2001).
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Generally, inefficiencies of processing machines, coupled with poor hygienic practices at
processing attribute to increased presence of bacterial pathogens in end products (Oliver et al.,
2005; Olsen et al., 2005; Carrasco et al., 2012). It is imperative to observe good manufacturing
practices to ensure that all the critical control points within the processing chain are well handled
to effectively eliminate pathogens and avoid recontamination of final products.
Malawi standards for processed milk are not adequately clear on maximum allowable
levels of Salmonella. However, the maximum allowable levels of E. coli and coliforms in
processed fluid milk is 0 cfu/mL (MBS, 2011; MBS, 2014). Similarly, European Commission
(EC) and Codex standards have zero tolerance to Salmonella in processed foods including raw
milk intended for direct human consumption (EC No. 2073/2005); National Academy of
Science, 2003). In this study all the processed milk samples that tested positive for E. coli (7.3%)
and for Salmonella (2.4%) failed to comply with Malawi standards (MBS, 2011; MBS, 2014)
neither did they meet European Commission or Codex standards. Routine monitoring of milk
products on the Malawi market needs to be done to ensure product compliance to the set
standards and safety of consumers.
Humans and animals like cattle are reservoirs of Salmonella and E. coli (Allerberger et
al., 2002; Desmarchelier and Fegan, 2001; Disassa et al., 2016; Holschbach and Simon, 2017).
During milking, pathogenic bacteria may end up into milk hence making it unsuitable for
consumption. In this study, 76.1% and 26.1% of raw milk samples were contaminated with E.
coli and Salmonella, respectively (Tables 6.1 and 6.2). Similarly, several studies have reported
presence of E. coli and Salmonella in raw milk (Van Kessel et al., 2011; Giacometti et al., 2012;
Sudda et al., 2016; Disassa et al., 2017). Presence of E. coli and Salmonella in raw milk could be
attributed to poor milking and milk handling practices at farm level. Small-scale dairy farms in
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Malawi are characterized by hand milking with limited use of disinfectant pre and post milking
and poor hygiene around the cow pens (Chagunda et al., 2012). Hand milking has been
associated with high bacterial counts in raw milk (Filipovic and Kokaj, 2009). On the other hand,
cleaning cow teats with disinfectant before milking greatly reduces the level of microbial
contamination of the raw milk (Oliver et al., 1993; Gibson et al., 2008; Fuquay et al., 2011;
Miseikiene et al., 2015). Furthermore, a positive association of presence of pathogenic bacteria
in in-line filters of raw milk and poor hygienic practices such as inadequate cleanliness of
bedding, water troughs, feed troughs, and milk tanks has been reported (Giacometti et al., 2012).
Hand milking, poor pen hygiene and no predipping could increase the risk of transferring
pathogenic bacteria such as E. coli and Salmonella from cows and environment to milk.
Refresher trainings in hygienic milking and milk handling practices could help in reducing
bacterial loads and frequency of presence in raw milk.
Malawi regulations prohibit selling of raw milk directly to consumers due to associated
health risks. Despite presence of the regulations, about 40% of raw milk is still being sold to
consumers (Revoredo-Giha and Toma, 2016). The findings in this study indicate that about 76%
and 26% of raw milk samples were positive of E. coli and Salmonella, respectively. Escherichia
coli and Salmonella levels in raw milk ranged from 2.7 – 8.09 and 1.3 – 3.23 log10 cfu/mL,
respectively (Table 6.1). As such, the presence of E. coli and Salmonella is a health risk
especially to consumers of raw milk. Although foodborne outbreaks due to consumption of raw
milk have not been adequately reported due to poor monitoring system, given this case,
foodborne illnesses could not be entirely ruled out in Malawi.
Milk processors that buy milk from small-scale farmers play a crucial role in ensuring
milk quality (Mhone et al., 2011). About 17% of raw milk produced in small-scale farms in

113

Malawi, is rejected by milk processors due to spoilage (Chagunda et al., 2012). In this study,
data indicate significant difference between frequency of presence of E. coli in raw milk samples
collected from Mzuzu and Lilongwe milkshed area (Table 5.1). In addition, frequency of
presence of E. coli in samples collected from Mzuzu was numerically higher than Blantyre
milkshed area (Table 6.1). The higher frequency of presence of E. coli in raw milk samples from
Mzuzu milkshed area compared to the rest could be attributed to differences in the extent to
which small-scale farmers implement milk hygienic practices due to absence or presence of milk
processors. At the time of sample collection for this study, Mzuzu milkshed area had no
functional processing plant while Lilongwe and Blantyre had active milk processors. Presence of
milk processors could be a motivational factor for dairy farmers in Lilongwe and Blantyre
milkshed areas to follow hygienic milking and milk handling practices to avoid milk rejection
and loss of revenue. Eventually, this could lead to higher presence of E. coli in milk samples
from farms in Mzuzu compared to Lilongwe and Blantyre milkshed areas, respectively.
6.5. Summary and conclusion
A high percentage of raw and relatively low percentage of processed liquid milk in
Malawi contains E. coli and or Salmonella. Presence of E. coli and Salmonella in processed milk
products is of great concern requiring intensified monitoring of hygienic practices in processing
plants and quality checks of milk products on the market. Status of raw milk regarding E. coli
and Salmonella requires continued education of the general public to avoid consumption of raw
milk and training of dairy farmers on good milking and milk handling practices that could reduce
bacterial loads in raw milk. Consolidated effort by all stakeholders is essential in ensuring high
quality milk products on the market hence food safety and protection of consumers.
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CHAPTER 7. OCCURRENCE OF AFLATOXIN M1 IN RAW MILK AND
ESTIMATED DIETARY EXPOSURE AND LIVER CANCER RISK AMONG
MILK CONSUMERS IN MALAWI
7.1. Introduction
Aflatoxin M1 (AFM1) is mainly a metabolite of aflatoxin B1 (AFB1) (Li et al., 2018a;
Marchese et al., 2018), a toxin largely produced by Aspergillus flavus and Aspergillus
parasiticus fungi (Yu et al., 1995; Creppy, 2002). Ingested AFB1 undergoes biotransformation
resulting in formation of AFM1 (Li et al., 2018a; Neal et al., 1998). Originally isolated from milk
of mammals, AFM1 represents about 95% of all the aflatoxins present in milk (Giovati et al.,
2015). It is estimated that amount of AFM1 found in cow milk represents 0.3 – 6.2% of ingested
AFB1 (Veldman et al., 1992; Creppy, 2002). Major sources of AFM1 include milk from cows fed
contaminated feed, nursing mothers consuming contaminated foods, and endogenous production
as a result of consumption of AFB1 contaminated foods or feeds (Li et al., 2018a). Recently,
several reports indicate presence of AFM1 in other agricultural commodities including plant
products (Matumba et al., 2014; Streit et al., 2013; Ezekiel et al., 2012). Though the mechanism
is not well understood, primary producers of AFB1 (Aspergillus parasiticus and Aspergillus
flavus fungi) have been reported to produce AFM1 through a synthesis channel independent of
AFB1 (Dutton et al., 1985; Yabe et al., 1988). Another probable source of AFM1 in plant
products is insects feasting on AFB1 contaminated plant products (Lee and Campbell, 2000).
Increasing reports of AFM1 in commodities other than animal products brings a new dimension
requiring further investigation to fully understand mechanism of formation.
Presence of AFM1 in milk is a matter of considerable health concern. Initially placed to
group 2B possible human carcinogenic compounds (IARC, 1993), AFM1 has been reclassified
by IARC to group 1 human carcinogenic compounds thus belonging to the same group as AFB1
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(IARC, 2002; Firmin et al., 2011). Aflatoxin M1 is both mutagenic and carcinogenic (Cullen et
al., 1987; Neal et al., 1998; Sun et al., 1999) causing hepatocellular carcinoma (HCC).
Carcinogenicity of AFM1 is only 10% that of AFB1 (Wogan and Paglialunga, 1974; Cullen et al.,
1987; JECFA, 1999) however, exposure to AFM1 increases cases of HCC by 3.3 fold in people
with hepatitis B surface antigen–positive (HBsAg+) (Sun et al., 1999).
Knowledge on prevalence and levels of AFM1 in milk is important for effective action to
protect milk consumers from chronic exposure to levels that can cause adverse health effects.
Elsewhere, risk analysis of AFM1 with regards to HCC prevalence has been done (Peng and
Chen, 2009; Ahlberg et al., 2018; Pardakhti and Maleki, 2019; Udovicki et al., 2019) however, in
most parts of Africa including Malawi, such systematic risk analyses have not been performed.
Information about the prevalence of AFM1 in raw milk, dietary exposure and AFM1-associated
HCC burden among milk consumers in Malawi is limited. Uncertainty about AFM1
contamination in raw milk and associated HCC risk could limit justification for drawing and
implementation of AFM1 mitigation strategies allowing continuous exposure of consumers to
levels that can bring adverse health consequences. This study was conducted to assess the
prevalence and levels of AFM1 in raw milk, dietary exposure to AFM1, and estimate HCC risk
among adults and children in Malawi. The null hypothesis is that there is AFM1-induced
hepatocellular carcinoma (HCC) risk among milk consumers in Malawi. This study represents
one of the first to assess HCC risk caused by AFM1 in Malawi and will generate baseline
information upon which strategies for planning and management of AFM 1 contamination could
be drawn to facilitate dietary risk management and provision of safe dairy foods to consumers in
Malawi.
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7.2. Materials and methods
7.2.1. Aflatoxin M1 data
Aflatoxin M1 data were obtained from 112 raw milk samples collected from selected
farms in Highlands (High), Mid-elevation (Mid), and Lakeshore, Middle and Upper Shire
(Lakeshore) agroecological zones (AEZs) where dairying is predominantly practiced. The High
AEZ consists of areas more than 1,300 m above sea level, while the Mid AEZ constitutes areas
situated at altitude ranging from 760–1,300 m above sea level. Areas ranging from 200–760
meters above sea level were located in the Lakeshore AEZ (Matumba et al., 2014).
In order to obtain a representative sample of the population, a multi-stage sampling
technique was used as follows; five milk-bulking groups were randomly selected within each
selected AEZ. Milk bulking groups are associations or cooperatives comprised of up to 100
members. They are established to promote collective milk marketing and ease accessibility to
various extension services including dairy management trainings (IFS, 2013). Approximately 8 –
11 farms with lactating cows per milk bulking group were randomly selected from the provided
list of farms for raw milk sampling. An exception was with Lakeshore AEZ where raw milk
samples were collected from 20 farms under one milk-bulking group because it was the only
bulking group with farms that had lactating cows at the time of the study. Therefore, a total of 20
farms were drawn from Lakeshore AEZ while 50 and 42 farms were included in the study from
High AEZ and Mid AEZ, respectively, for a total of 112 milk samples were collected.
Aflatoxin M1 concentration in raw milk samples was extracted and determined using
VICAM aflatest fluorometry procedure (VICAM, 2014) as follows; A milk sub sample (50 mL)
was drawn from the main sample and centrifuged at 2000 g for 10 minutes. The skimmed milk
was collected and filtered through fluted filter paper. The filtered extract was passed through
Afla M1 column G1007 at a speed of 1 – 2 drops per second by gravity. Ten (10) mL
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methanol:water (10:90) was passed through the column at a speed of 1 – 2 drops per second by
gravity in order to wash out the milk residues and other impurities. The column was inverted to
resuspend the resin and washed again two additional times with 10 mL methanol:water (10:90).
Aflatoxin M1 was eluted by passing 1 mL of methanol:water (80:20) through the column at 1 – 2
drops per second by gravity and the elutes was placed in a cuvette. Diluted AflaTest Developer
solution (1.0 mL) was directly pipetted into the cuvette containing the column elutes and
thoroughly mixed. The diluted AflaTest Developer was prepared by adding and thoroughly
mixing 45.0 mL distilled water to 5.0 mL AflaTest® Developer concentrate solution. The diluted
developer solution was used no more than 8 hours after preparation. The Fluorometer (VICAM
series 4EX, VICAM, Watertown, MA) was calibrated using Afla M1 FL+™ Calibration
Standard. Cuvette was placed in Fluorometer for measurement of AFM1 and readings were taken
after 60 seconds. The range of the assay was 0 – 0.2 ppb (VICAM, 2014). Raw milk samples that
gave concentration of AFM1 greater than 0.2 ppb were diluted 10 fold, reanalyzed and
concentration determined. For data evaluation, half the values of limit of detection (LOD) were
assigned to analytical values of AFM1 below the limit of detection (LOD) as described by
Matumba et al. (2013). The LOD for AFM1 using VICAM aflatest fluorometry procedure was
0.0125 ppb (VICAM, 2014).
7.2.2. Milk consumption data
Average milk consumption (liters) per day for adults and children were obtained through
a survey from 92 consumers (46 adult and 46 children under 10 years old) in three AEZs of
Malawi namely; Highlands, Mid-elevation, and Lakeshore, Middle and Upper Shire.
7.2.3. Monte Carlo simulation model
A Monte Carlo simulation model was developed to estimate the distribution of human
dietary AFM1 exposure and HCC cases associated with consumption of milk in Malawi
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considering hepatitis B virus (HBV) status of the population, using @Risk program (version 5.0,
@Risk, Palisade Corp.), a spreadsheet add-in program. Several studies have reported that boiling
milk for a short time has little or no effect on AFM1 levels in milk (Choudhary et al., 1998;
Deveci, 2007; Awasthi et al., 2012). Therefore, thermal degradation of AFM1 during milk
boiling for a short time before consumption was considered negligible, therefore values of AFM1
in raw milk were used. Because AFM1 concentration data in milk samples was not normally
distributed, the RiskLognormal distribution was used to model AFM1 contamination and
exposure. Monte Carlo simulation was performed with 100,000 iterations. Data on average
weight for adults and children is limited in Malawi. The body weights used for estimation of
AFM1 exposure (ng/kg bw/day) in this study were 60 kg as was reported by Walpole et al.
(2012) for adults in African Countries and 20 kg for children (under 10 years old) extrapolated
from Maleta et al. (2003).
7.2.4. Estimation of population risk for AFM1 induced liver cancer
An approach described by Joint FAO/WHO Expert Committee on Food Additives
(JECFA, 1999) was used to estimate population risk for AFM1-induced liver cancer (HCC).
Aflatoxin M1 and HB virus infection have synergistic effects in inducing HCC (Sun et al., 1999)
therefore, the HCC risk due to AFM1 exposure was simulated by multiplying dietary exposure by
the probable average potency as should in equation (1). The carcinogenic potency of AFB1 is
estimated to be 0.3 cancer/year/100,000 individuals for hepatitis B surface antigen–positive
(HBsAg+) population and 0.01 cancer/year/100,000 individuals for hepatitis B surface antigen–
negative population (HBsAg-) JECFA (WHO, 2017). Considering that carcinogenic potency of
AFM1 is one-tenth that of AFB1 (Wogan and Paglialunga, 1974; Cullen et al., 1987; JECFA,
1999), in this study, carcinogenic potency of 0.03 cancer/year/100,000 individuals for hepatitis B
surface antigen–positive (HBsAg+) population and 0.001 cancer/year/100,000 individuals for
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hepatitis B surface antigen–negative (HBsAg-) population were used. The prevalence of hepatitis
B infected individuals was estimated at 12.22% based on previous studies (Schweitzer et al.,
2015). The average cancer potency was estimated with the percentage of both carriers
(%Pop.HBsAg+ = 0.1222) and non-carriers (%Pop.HBsAg = 0.8778) of HBV infection in the
Malawian population using Equation (2).
Population HCC risk = AFM1 Exposure (ng/kg bw/day) ×Average HCC potency
(Equation 1)
Where:
Average HCC potency = 0.03 × P + 0.001 × (1 – P) = 0.03 ×12.22% + 0.001 ×87.78%
=0.0045438 cancers per year per 100,000 population per nanogram AFM1 per kilogram body
weight per day
(Equation 2)
Where:
P represents the hepatitis-B-virus surface antigen (HBsAg+) prevalence rate for the Malawian
general population.
7.2.5. Assessment of impact of minimizing HBV prevalence on HCC incidence
Several hypothetical prevalence of hepatitis B virus ranging from 9.17% to 0% were used
in Monte Carlo simulations to demonstrate the extent to which prevention of HBV infection can
contribute to minimization of AFM1 related HCC incidence in Malawi.
7.3. Results
7.3.1. Milk consumption by children and adults
Milk consumption was determined for children aged between 4 – 10 years and adults
using data obtained from 92 consumers located in the three AEZs of Malawi. Estimated daily
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average milk intake by children consumers involved in the survey was approximately 300 ± 0.07
mL with adults consuming more (541.7 ± 0.14 mL) (Table 7.1).
Table 7. 1. Estimated daily intake of milk by children and adults involved in the survey.
Consumer

Daily average intake (mL)

Children
Adults

Mean ±SD

Min

Max

300 ± 0.07

200.0

575.0

541.7 ± 0.14

251.4

988.6

7.3.2. Aflatoxin M1 concentration in milk
All 112 raw milk samples tested positive to AFM 1. The average AFM1 concentration was
0.551 µg/L and range of 0.006 – 5 µg/L with median of 0.34 µg/L (Table 7.2).
Table 7. 2. Distribution of aflatoxin M1 (AFM1) in milk and samples with AFM1 above various
regulatory limits
AFM1 (µg/L)
Total Number of
samples (n)

Positive
samples (%)

Mean ± SD

Median

Min

Max

112

112 (100)

0.551 ± 0.18

0.34

0.006

5.00

Samples with AFM1 above
regulatory limit (%)
0.025a
0.05b
0.5c
110 (98)

110 (98)

25 (22)

a

total AFM1 in infant milk and follow-on milk set by EU (CEC, 2010)
total AFM1 limit in milk established by EU (CEC, 2010)
c
Total AFM1 limit in milk established by US (FDA, 2005)
D
Total AFM1 limit in milk enforced by Malawi (MBS, 2008; MS 302, ICS 67.020)
b

The majority of milk samples (98%, n=112) had AFM1 concentrations above regulatory
limit 0.05 µg/L set by European Union (EU) for milk (CEC, 2010). Similarly, AFM 1
concentrations in 98% of milk samples (n=112) were above regulatory limit 0.025 µg/L
established by EU for infant milk and follow-on milk. A low percentage (22%) of milk samples
failed to comply with AFM1 regulatory limits of 0.5 µg/L enforced by US and Malawi (Table
6.2).
7.3.3. Exposure assessment of children and adults
Exposure to AFM1 from milk consumption was estimated for children and adults in
Malawi. Probable mean daily exposure to AFM1 for children was 8.28 ± 11.82 ng/kg bw/day.
Adult daily exposure to AFM1 was estimated to be 4.98 ± 7.25 ng/kg bw/day which is almost
half the amount to which children were exposed (Table 7.3). Estimated minimum daily exposure
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to AFM1 for children was 0.03 ng/kg bw/day with the maximum reaching 411.3 ng/kg bw/day.
Daily mean exposure to AFM1 for adults ranged from 0.03 – 338.7 ng/kg bw/day (Table 7.3).
Table 7. 3. Probable mean daily exposure to aflatoxin M1 (AFM1) through consumption of milk
among children and adults.
Consumer

Exposure to AFM1 (ng/kg bw/day)
Mean ± SD

Children
Adults

Min

Max

8.28 ± 11.82

0.03

411.3

4.98 ± 7.25

0.03

338.7

7.3.4. Estimated risk of aflatoxin induced HCC
The results of probabilistic AFM1 induced HCC risk among milk consumers in Malawi
were estimated based on the following parameters: AFM1 daily dietary exposure, 12.22 %
hepatitis B prevalence rate in Malawi (Schweitzer et al., 2015) and a potency of 0.001 cancers
cases per year/ng AFB1/kg bw/day in 100,000 populations for HBsAg- individuals and a potency
of 0.03 cancers cases per year/ng AFM1/kg bw/day in a 100,000 population for HBsAg+
individuals. The estimated population risk of AFM1-induced HCC associated with consumption
of milk among children and adults were 0.038 and 0.023 cases per 100,000 individuals per year,
respectively (Table 7.4).
Table 7. 4. Estimated population risk (cancer cases per 100,000 persons per year) of aflatoxin
M1 (AFM1) – induced hepatocellular carcinoma associated with consumption of milk among
children and adults at 12.222% prevalence of HBV in Malawi.
Statistic

Children

Adults

0.038

0.023

0.05

0.03

Minimum

0.0002

0.0002

Maximum

1.87

1.54

Mean
Standard deviation

7.3.5. Effect of hypothetical reduction of HBV prevalence on probable AFM1 induced
HCC incidence.
Reducing HBV prevalence rate by 25% from 12.22% to 9.17% resulted in a 21%
reduction of AFM1-induced HCC in both children and adults. Similarly, reducing HBV
prevalence by 50% from the current prevalence 12.22% to 6.11% resulted in hypothetical
reduction of AFM1-induced HCC in both children and adults by 39%. Further hypothetical
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reduction of HBV prevalence rates by 75% and 60 % resulted in reduction of AFM1-induced
HCC in children and adults by 57 and 60%, respectively, whereas a complete eradication of
HBV infections (100% reduction) resulted in 78% reduction in AFM1-induced HCC in both
children and adults (Table 7.5).
Table 7. 5. Effect of hypothetical reduction of herpes B virus (HBV) prevalence on probable
aflatoxin M1 (AFM1) – induced HCC incidence (cases per 100,000 individuals per year) in
Malawi.
Children
Hypothetica
l HBV
reduction
12.22%2

Adults

Mean

SD1

Min

Max

0.038

0.05

0.0002

1.87

Mean
reduction
%
0

9.17%

0.03

0.04

0.0002

1.34

6.11%

0.023

0.03

0.0002

1.2

3.06%
0%

0.016
0.008

0.02

0.0001

0.01

-5

3.87x10

0.76
0.63

Mean

SD1

Min

Max

0.023

0.03

0.0002

1.54

Mean
reduction
%
0

21

0.018

0.03

0.0001

1.25

21

39

0.014

0.02

6.5 x10-5

0.62

39

0.01

-5

0.66

60

-5

0.29

78

57
78

0.009
0.005

0.01

5.40 x10
3.11 x10

1

SD = Standard Deviation
2
Actual HBV prevalence among Malawi population (citation)

7.4. Discussion
7.4.1. Levels of AFM1 in raw milk
Data in this study indicate high prevalence of AFM1 in milk with all milk samples testing
positive and 22% with AFM1 above Malawi’s regulatory limit of 0.5 ppb. The findings agree
with the few available data for African Countries and some tropical regions that indicated high
prevalence of AFM1 in milk (JECFA, 2001; Kang’ethe and Lang’a, 2009; Motowee et al., 2009;
Flores-Flores et al., 2015; Covic and Hendricks, 2016). All milk samples from cows, goats,
buffalo and camels tested positive for AFM1 in Egypt (Motawee et al., 2009) while about 72% of
613 milk samples had AFM1 in Kenya (Kang’ethe and Lang’a, 2009). Similarly, about 23% of
6181 milk samples collected between 1998 – 2000 had AFM1 in US (JECFA, 2001) with high
prevalence (21 – 40%) in samples from tropical parts (Southwestern and Southern states).
Contrary to tropical regions, the temperate region has generally low levels and prevalence of
AFM1 in milk. About 4% of the 7573 milk samples collected in 1999 had detectable levels of
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AFM1 in EU with concentrations less than or equal to 0.05 ppb (JECFA, 2001). Furthermore,
AFM1 levels in bovine milk samples collected from selected EU Countries (Portugal, Spain,
Italy, and Croatia) were all below the regulatory limit of 0.05 ppb (Meucci et al., 2010; Bilandzic
et al., 2010; Cano-Sancho et al., 2010; Duarte et al., 2013). Interestingly, only 1 – 2% of milk
samples collected from Italy and Croatia had detectable levels of AFM1 (Bilandzic et al., 2010;
Meucci et al., 2010). The variation of contamination of milk with AFM1 across regions of the
world could be attributed to difference of prevailing climatic conditions that favor Aspergillus
fungi growth and subsequent production of the parent compound AFB1, a precursor for AFM1.
Generally, tropical and subtropical climates present favorable conditions (temperature, humidity)
for Aspergillus fungal growth and production of aflatoxin compared to the temperate regions
(EFSA, 2004; Driehuis et al., 2008). Aflatoxin M1 is a metabolite of AFB1, hence increased
contamination of animal feeds with AFB1 increases prevalence of AFM1 in milk.
7.4.2. Exposure to AFM1
Intake (consumption), level of toxin and body weight are determinants of exposure to a
toxin. In this study, adults reported to consume more milk (541 mL/day) compared to children
(300 mL/day). However, high exposure of 8.28 ng/kg bw/day was observed in children whereas
estimated exposure to AFM1 due to consumption of milk was 4.98 ng/kg bw/day for adults. The
higher exposure to AFM1 in children is mainly due to low average body weight. The estimated
exposure to AFM1 due to milk consumption was based on assumed adult and children weight of
60 kg and 20 kg (Maleta et al., 2003; Walpole et al., 2012), respectively. Exposures to AFM1
through consumption of milk have been reported elsewhere (Skrbic et al., 2013; Ahlberg et al.,
2018). Ahlberg et al. (2018) reported low exposure to AFM1 in children (3.5 ng/kg bw/day) at
average daily milk consumption of 438 mL in Kenya. Estimated exposure to AFM 1 ranged from
0.5 – 1.4 ng/kg bw/day in Serbia (Skrbic et al., 2013). At high milk consumption (900 mL and
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730 mL for children and adult, respectively), another study reported exposure to AFM1 as high
as 94 ng/kg bw/day and 120 ng/kg bw/day for children and adults, respectively, in Kenya (Kirino
et al., 2016). Variations of exposure to AFM1 in different areas or countries could likely be a
function of variations in average AFM1 concentration and daily consumption of milk among
consumers. For example, JECFA (2001) presented milk consumption per person averaging 42
mL/day in African Countries which was about 8 – 9 times lower, compared to US and EU
(JECFA, 2001). At 60 kg body weight, average daily exposures were low in African Countries
(0.002 ng/kg bw/day) compared to 0.11 ng/kgbw/day for EU and US (JECFA, 2001).
7.4.3. Cancer risk
Aflatoxin M1 is carcinogenic and has been linked to induction and progression of HCC
(Cullen et al., 1987; Neal et al., 1998; Sun et al., 1999). In this study, estimated population risk
of AFM1-induced HCC associated with consumption of milk for children and adults were 0.038
and 0.023 cases per 100,000 individuals per year, respectively. Similarly, low HCC risk levels
ranging from 5.49x10-10 to 4.0x10-3 cases per 100,000 have been reported in Taiwan, Kenya,
Serbia and Greece (Peng and Chen, 2009; Ahlberg et al., 2018; Udovicki et al., 2019). The
slightly higher cancer risk in children compared to adults is due to low body weight estimated at
20 kg which increases exposure even at low daily milk consumption. The generally low AFM 1induced HCC risk among milk consumers in Malawi could likely be attributed to low milk
consumption estimated to be 300 mL/day and 541 mL/day for children and adults, respectively,
in this study.
Malawi is one of the countries with the most worrying children’s health statistics. Current
statistics indicate that about 37% of children less than 10 years old are suffering from chronic
malnutrition (stunting or low height-for-age) in Malawi (NSO and ICF, 2017). Considering the
nutritional importance of milk to humans especially children, current cancer risks are low and
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worth taking assuming minimal change to current consumption and AFM1 levels in milk. It
could be justified for people to take this low HCC risk as a result of consumption of milk while
getting nutritional benefits provided by milk.
Despite the observed low HCC risks due to AFM1 exposure, consumers should exercise
caution with highly AFM1 contaminated milk. Chronic exposure to AFM1 as high as 50 µg/kg
has also been linked to intestinal cancer in rats possibly due to high retention time in the colon
aided by presence of the OH group in its chemical formula (Cullen et al., 1987). It is imperative
that while promoting milk consumption, efforts should also be directed to reducing dairy animal
exposure to AFB1 to as low as reasonably achievable levels (ALARA) so as to reduce AFM1 in
milk and reduce exposure even at increased milk consumption.
7.4.4. Effect of hypothetical reduction of HBV prevalence on AFM1-induced HCC
A synergistic effect has been established between aflatoxin-induced HCC and HBV
infection. Chronic hepatitis B virus infection weakens the liver resulting to reduced
detoxification of aflatoxins (Xiang et al., 2017). Exposure to AFM1 increased cases of
hepatocellular carcinoma by 3.3 fold in people with hepatitis B surface antigen–positive
(HBsAg+) (Sun et al., 1999). Currently, HBV prevalence is estimated to be 12.22% in Malawi
(Schweitzer et al., 2015). In this study, using Monte Carlo HCC risk simulation, the effect of
hypothetical reduction of HBV prevalence on AFM1-induced HCC was estimated. Hypothetical
reduction of HBsAg+ prevalence rate in Malawi by 25%, 50%, 75% and or 100%, would
minimize HCC risk by 21%, 39%, 57 – 60% or 78%, respectively. This means that if Malawi
would completely eradicate HBV, about 22% of HCC cases (0.005 and 0.008 HCC cases per
100,000 individuals among adults and children, respectively) would still prevail so long as the
Malawian milk consumers remained exposed to AFM1 in levels discussed above. It must be
noted that the effects on HCC risk presented here are based only on hypothetical reduction of
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HBV prevalence. Human Immunodeficiency virus (HIV) has also been linked to increased HCC
due to its ability to compromise immunity (Clifford et al., 2005). Considering HIV positive
prevalence of about 9.6% for Malawi (UNAIDS, 2017) there is high likelihood that the actual
HCC cases are higher than the predicted figures presented in this paper. Modeling that considers
AFM1-HBV-HIV interactions in a population could probably be of great interest in future
studies.
7.5. Summary and conclusion
The study was conducted to assess prevalence and levels of AFM1 in raw milk, dietary
exposure and estimate HCC risks to adults and children in Malawi. All milk samples tested
positive for AFM1 averaging 0.551 µg/L while estimated daily exposure to AFM1 were 8.28
ng/kg bw/day and 4.98 ng/kg bw/day for children and adults, respectively. Malawian milk
consumers are at risk of AFM1-induced HCC however, although the AFM1 was detected in all
raw milk samples, the HCC risk associated with consumption of milk was considerably low,
estimated at 0.038 and 0.023 cases per 100,000 individuals per year for children and adults,
respectively. Considering nutritional importance of milk, the current risk associated with AFM1
would be worth taking; however, caution should be exercised as increased milk consumption
levels would increase the HCC risk. The possibility of reducing AFM1-induced HCC by 78%
through reduction of prevalence of HBV is encouraging and worth exploring as a way to ensure
low risks among milk consumers. There is need for integration of HBV vaccine as means of
mitigating AFM1-induced hepatocellular carcinoma among the Malawi population. Furthermore,
since AFM1 is a metabolite of AFB1, stepping up mitigation measures for reducing exposure of
dairy animals to AFB1 could likely reduce HCC risks to milk consumers even at elevated
consumption levels.
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CHAPTER 8. OCCURRENCE OF TOTAL AFLATOXIN AND
ZEARALENONE IN DAIRY CATTLE CONCENTRATE FEEDS IN THREE
AGROECOLOGICAL ZONES OF MALAWI
8.1. Introduction
Mycotoxins are a group of chemically diverse compounds originating from secondary
metabolism in fungal molds (Fink-Gremmels, 1999; Njobeh et al., 2012). Aflatoxin and
zearalenone (ZEN) are among mycotoxins of great concern in livestock production (Whitlow and
Hagler, 2016). Zearalenone is mainly produced by Fusarium sp. of fungi while Aspergillus sp.
are the main producers of aflatoxins (Hussein and Brasel, 2001; Wu and Khlangwiset, 2010).
Aflatoxin B1 and its metabolite aflatoxin milk 1 (M1) are mutagenic and carcinogenic to both
animals and humans (Wogan et al., 1974; IARC, 1993; Boudra et al., 2007) while ZEN is linked
to reduced reproductive efficiencies in cattle (Weaver et al., 1986a; Weaver et al., 1986b; Towers
et al., 1995).
Several practices for controlling mycotoxins have been evaluated. Planting resistant
varieties, proper storage practices, use of adsorbents, biological and chemical methods have been
recommended for reducing mycotoxin occurrences in feeds and reducing uptake in animals and
humans (Alberts et al., 2009; Kutz et al., 2009; Atehnkeng et al., 2014; Matumba et al., 2015;
Aiko et al., 2015; Torlak et al., 2016; Humer et al., 2016). Regulatory frameworks have also
been used to monitor levels of mycotoxins in feeds and foods including livestock products to
ensure reduced consumer exposure (Jiujiang, 2012). The effectiveness of controlling methods
varies across different mycotoxins due to different reaction mechanisms and primary producing
fungi. In most cases, feeds and foods contain more than one type of mycotoxins which may
require different controlling methods. Knowledge of type and level of mycotoxins in feeds is
important if farmers and policy makers are to make informed decision on preventive measure.
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In Malawi, earlier studies indicate significant presence of various mycotoxins including
aflatoxins, ZEN and fumonisins in cereal and legumes for human consumption (Matumba et al.,
2009; Matumba et al., 2011; Monyo et al., 2012; Matumba et al., 2015; Mwalwayo and Thole,
2016). Cereals, legumes and their byproducts represent the majority of concentrates in dairy
feeds. Presence of high levels of mycotoxins in these crops may lead to increased animal and
human exposure to mycotoxins through consumption of contaminated feeds and milk,
respectively.
Information about prevalence of mycotoxins in dairy feeds is limited in Malawi.
Uncertainty about the occurrence of mycotoxins in dairy feeds may contribute to continuous
exposure of both dairy animals and milk consumers to intolerable levels of mycotoxins. The
objective of this study was to determine levels of aflatoxins and ZEN in concentrate feeds in
three agroecological zones (AEZ) of Malawi. The null hypothesis is that levels of AF and or
ZEN are the same across AEZ and feedstuffs. The generated information will bring to light the
status of dairy animal concentrate feeds regarding aflatoxins and ZEN which will be the basis for
development of extension messages for mitigation practices of mycotoxins and drafting of
mycotoxins regulatory limits which are not currently available in Malawi.
8.2. Materials and methods
8.2.1. Study area and sample size
The study was carried out in Malawi between October and December 2018. Malawi is a
country located 130 55´S and 330 42´E in sub-Saharan Africa. Within Malawi, the study focused
on three AEZs namely Highlands (High AEZ), Mid-elevation (Mid AEZ), and Lakeshore,
Middle and Upper Shire (Lakeshore AEZ) where dairy farming is predominantly practiced. For
the purpose of this study, AEZs were defined by elevation above sea level. The High AEZ
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consists of areas more than 1,300 m above sea level while the Mid AEZ constitutes areas situated
at altitude ranging from 760–1,300 m above sea level. Areas ranging from 200–760 meters above
sea level were located in the Lakeshore AEZ (Matumba et al., 2014).
Participants were dairy farms with lactating cows at the time of the study. Ministry of
Agriculture, Irrigation and water development estimates that Malawi has about 13,822 smallscale dairy farmers. In order to obtain a representative sample of the population, a multi-stage
sampling technique was used to obtain a total of 113 respondents from the three AEZs described
below.
Five milk-bulking groups were randomly selected within each selected AEZ. Only one
out of the three milk-bulking groups at the time of the study existing in Lakeshore AEZ was
selected, because the study was targeting farms with lactating cows. The other milk-bulking
groups had none. Milk bulking groups are associations or cooperatives comprised of up to 100
members. They are established to promote collective milk marketing and ease accessibility to
various extension services including dairy management trainings (IFS, 2013). Approximately 8 –
11 farms per milk bulking group were randomly selected from the provided list of farms. An
exception was with Lakeshore AEZ where all the 20 participating farms were selected from one
milk-bulking group because it was the only one with farms that had lactating cows at the time of
the study. Therefore, 20 farms were drawn from Lakeshore AEZ while 51 and 42 farms were
included in the study from Highlands and Mid-elevation AEZs, respectively.
8.2.2. Sample collection
A total of 130 concentrate feed samples were collected in paper bags from 113 randomly
selected farms in High, Mid, and Lakeshore AEZs. For each feedstuff, multiple samples were
collected and then mixed to make one sample weighing 0.5 – 1 kg and transported to laboratory
for preparation and analysis as described in the following sections.
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8.2.3. Mycotoxin extraction and analysis
Feed samples were analyzed for aflatoxin and ZEN. Each feed sample was ground to pass
through a 1 mm screen to provide fine and homogeneous samples for mycotoxin analysis. Total
aflatoxin and ZEN were extracted and determined using VICAM Fluorometer Method (VICAM,
2014), according to the analytical procedures detailed below.
8.2.4. Aflatoxin extraction and analysis
A sub sample of ground feed (50 g) was mixed with 10 g NaCl and placed in blender jar.
Then, 200 mL methanol:water (80:20) was added into a blender jar. The mixture was blended at
high speed for 1 minute and thereafter the extract was filtered through fluted filter paper. The
filtrate was collected in a clean vessel from which 10 mL was drawn and placed into another
clean vessel. The extract was diluted with 20 mL purified water. The diluted extract was filtered
through 1.5 μm glass microfiber filter into a clean vessel. Using a 1 mL micro-pipettor, 1 mL of
filtered extract was added to the AflaTest column headspace and passed through the column at a
rate of about 1 drop/second. This step was repeated once more until air comes through the
column. The total amount of extract passing through the column was 2 mL. The column was
washed with 1 mL of purified/distilled water at a rate of 1 – 2 drops/second. And this step was
repeated once more until air comes through column. HPLC grade methanol (1 mL) was passed
through the column at a rate of 1 drop/second in order to elute the toxin and the sample elute was
collected in a glass cuvette (VICAM part # 34000). AflaTest Developer solution (1 mL) was
added to the sample elutes in the cuvette and mixed thoroughly. The cuvette was placed in a
calibrated VICAM Series 4EX fluorometer and aflatoxin concentration was determined after 60
seconds. The detection range of the assay was 0 – 50 ppb (VICAM, 2014). Feedstuff samples
containing concentration of aflatoxin greater than 50 ppb were diluted 10 fold, reanalyzed and
concentration determined.
131

8.2.5. Zearalenone extraction and analysis
A sub sample weighing 20 g was mixed with 2 g of salt and placed in a blender jar. Then,
50 mL of methanol:water (80:20) was added to the mixture and blended at high speed for 2
minutes. The mixture was filtered through fluted filter paper and collected in a clean vessel. The
extract was diluted with 40 mL 1X0.1% Tween PBS Buffer and filtered through 1 μm glass
microfiber filter. Diluted and filtered extract (10 mL) was passed through ZearalaTest column at
a speed of 1 – 2 drops per second. The column was washed by letting 10 mL 1X0.1% Tween
PBS Buffer pass through at the speed of 1 – 2 drops per second. Thereafter, the column was
washed by 10 mL of distilled water at a speed of 1 – 2 drops per second. ZEN was eluted by
passing 1.0 mL High Performance Liquid Chromatography (HPLC) grade methanol through the
column at a speed of 1 – 2 drops per second and the elutes was collected in a glass cuvette.
ZearalaTest Developer (1.0 mL) was added to elute in a cuvette and mixed thoroughly. The
cuvette was placed in a calibrated VICAM Series 4EX fluorometer and readings were taken after
5 minutes.
8.2.6. Statistics
For data evaluation, half the values of Limit of Detection (LOD) were assigned to
analytical values of aflatoxin and or ZEN below the LOD as described by Matumba et al. (2013);
Matumba et al. (2010). The LODs for aflatoxin and ZEN using VICAM fluorometry procedure
were 10 ppb and 100 ppb, respectively (VICAM, 2014). The post analysis of variance (ANOVA)
test indicated that both aflatoxin and ZEN concentration in feedstuff samples were not normally
distributed hence the data were log transformed before statistical analysis and converted back to
concentrations thereafter. Data were analyzed using SAS version 9.2 (SAS Institute Inc, Cary,
NC). Data were evaluation by ANOVA and Tukey’s HSD test was used for pairwise comparison
of means across Malawi AEZs. Significance for all calculations was detected at p < 0.05.
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8.3. Results
8.3.1. Typical concentrate feedstuffs used in Malawi dairy farms
Common concentrate feedstuff in dairy farms of Malawi is corn bran. No wonder that
corn bran feedstuff samples made the majority of all the collected samples from dairy farms
(85.4%, n = 111) followed by pigeon pea bran (8.5%, n = 11) (Table 8.1). All the pigeon pea
bran samples except one were collected from Highland AEZ. A total of 3 and 2 samples for dairy
mash and soybean meal were collected, respectively. Only one sample for each of sunflower,
rice bran and a combination of corn bran and rice bran were collected. Details on type of
feedstuff and number of samples collected per feedstuff and AEZ are presented in Table 8.1.
Table 8. 1. Type and number of feedstuff samples collected from dairy farms.
High AEZ

Mid AEZ

Lakeshore AEZ

Total

Corn bran

48

42

21

111

Pigeon pea bran

10

-

1

11

Soybean meal

2

-

-

2

Sunflower

1

-

-

1

Rice bran

-

-

1

1

1

2

Dairy Mash
Maize bran + Rice bran

62

3

-

1

1

44

24
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AEZ = Agroecological zone.

8.3.2. Prevalence and concentrations of aflatoxin and zearalenone in feedstuffs
Aflatoxin and ZEN were present in all the feedstuff samples. However, AEZ did not
significantly affect concentration of total aflatoxins and ZEN in feedstuff samples (p > 0.05). The
mean total aflatoxin (TAF) concentrations in corn bran were 9.19, 9.23 and 17.97 ppb in High,
Mid and Lakeshore AEZ, respectively. In High AEZ, mean TAF concentrations in pigeon pea
bran and dairy mash were 5.75 and 7.24 ppb, respectively, while soybean meal and sunflower
had a mean TAF of 5 ppb each (Table 8.2). Similarly, mean TAF of 5 ppb was detected in corn
bran+rice bran mix, pigeon pea bran and rice bran in the Lakeshore AEZ. However, dairy mash
from Mid AEZ had mean TAF concentration of 22.25 ppb (Table 8.2).
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Concentrations of ZEN in feedstuff samples were not affected by AEZ (p>0.05). The
mean log ZEN concentration in corn bran were 195.93, 161.49 and 105.78 ppb in High, Mid and
Lakeshore AEZ. Dairy mash had mean ZEN concentration of 407 ppb while mean ZEN
concentration in sunflower, soybean meal and pigeon pea bran was 50.12 ppb in High AEZ
(Table 8.2).
Table 8. 2. Incidences and concentrations of total aflatoxins and zearalenone in different
feedstuffs.
Total aflatoxins

Zearalenone

Concentration (ppb)
Agroecological
zone

Feedstuff (n)

High

Corn bran (48)
Pigeon pea bran (10)
Soy meal (2)

Mid
Lakeshore

Positive
samples
(%)
48 (100)
10 (100)
2 (100)

Mean

95% CI

9.19
5.75
5.00

Sunflower (1)

1 (100)

Dairy mash (1)

1 (100)

Corn bran (42)
Dairy Mash (2)

Concentration (ppb)
Mean

95% CI

6.76 – 12.49
4.59 – 7.21
NA

Positive
samples
(%)
48 (100)
10 (100)
2 (100)

195.93
50.12
50.12

152.9 – 251.1
NA
NA

5.00

NA

1 (100)

50.12

NA

7.24

NA

1 (100)

407.38

NA

42 (100)

9.23

6.46 – 13.20

42 (100)

161.49

120.6 – 216.2

2 (100)

22.25

5.59 – 88.49

2 (100)

144.22

117.7 – 176.8

Corn bran (21)

21 (100)

17.97

11.54 – 27.97

21 (100)

105.78

80.6 – 138.8

Corn bran+Rice bran
(1)

1 (100)

5.00

NA

1 (100)

50.12

NA

Pigeon pea bran

1 (100)

5.00

NA

1 (100)

281.84

NA

Rice bran (1)

1 (100)

5.00

NA

1 (100)

208.93

NA

Agroecological (p = 0.40) and feed (p = 0.85) effects were not significant.
CI = Confidence Interval

In the Lakeshore AEZ, rice bran, pigeon pea bran and a combination of corn bran and
rice bran had mean ZEN concentrations of 208.93, 281.83 and 50.12 ppb, respectively. The mean
ZEN concentration in dairy mash from Mid AEZ was 144.22 ppb (Table 8.2). Co-occurrence of
aflatoxin and ZEN was observed. In all aflatoxin positive feedstuff samples, ZEN was also
detected.
8.3.3. Feedstuff samples with aflatoxin and zearalenone above regulatory limits
Malawi is yet to set regulatory limits for aflatoxins and or ZEN in animal feeds. For this
reason, international regulatory limits were used for comparison of aflatoxin and or ZEN
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concentrations in feedstuffs. Overall, 31.5% of feedstuff samples had total aflatoxin
concentration above the regulatory limit of 10 ppb set by Tanzania and Mozambique (FAO,
2000). About 23% of feedstuff samples did not comply to total aflatoxin regulatory limit of 20
ppb set by the US. However, only 6.2% of feedstuff samples had ZEN concentration levels
above the regulatory limit of 500 ppb enforced by EU (Table 8.3).
Across AEZ, 27% (n=48), 26% (n=42) and 66.7% (n=21) of corn bran in High, Mid and
Lakeshore AEZ, respectively, had total aflatoxin levels above regulatory limit of 10 ppb set by
neighboring countries of Malawi. About 38% (n=21), 23.8% (n=42) and 23% (n=48) of corn
bran samples from Lakeshore, Mid and High AEZs, respectively, had total aflatoxin levels above
the regulatory limit of 20 ppb set by the US (Table 8.3).
Table 8. 3. Number (percentage) of feedstuff samples from three agroecological zones of Malawi
with total aflatoxin and ZEN levels above various regulatory limits.
1
Samples with
TAF above 10 ppb
(%)
13 (27)

2
Samples with
TAF above 20 ppb
(%)
11 (22.9)

AEZ

Feedstuff

Total samples

High

Corn bran

48

Pigeon pea bran
Soybean meal

10
2

Sunflower
Dairy mash

1
1

Corn bran
Dairy Mash

42
2

11 (26.2)
2 (100)

10 (23.8)
1 (50)

Corn bran
Corn bran + Rice bran
Pigeon pea bran
Rice bran

21
1
1
1

14 (66.7)

8 (38.1)

130

41 (31.5)

30 (23.1)

Mid
Lakeshore

Overall

3

Samples with ZEN
above 500 ppb (%)
2 (4.2)

1 (10)

6 (14.3)

8 (6.2)

1

Maximum regulatory limit for aflatoxins in animal feeds enforced by Tanzania and Mozambique (FAO, 2000).
Regulatory limit for aflatoxins in feeds for dairy and immature animals enforced by US Food and Drug Administration (FDA, 2000; FAO,
2000).
3
Maximum regulatory limit for zearalenone in cattle feed established by EU (FAO, 2000).
TAF = Total aflatoxin.
AEZ = Agroecological zone.
2

In Mid AEZ, all dairy mash (n = 3) had total aflatoxin above regulatory limits of 10 ppb
and 20 ppb set by neighboring countries of Malawi and US, respectively. Levels of total
aflatoxins in soybean meal, sunflower and dairy mash in High AEZ complied with both US and
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Malawi’s neighboring countries. Similarly, pigeon pea bran, corn bran + rice bran mix and rice
bran alone had total aflatoxin below regulatory limit of 20 ppb set by the US. Only corn bran
from High and Mid AEZ had ZEN levels above EU regulatory limit of 500 ppb. The US does not
have regulatory limit for ZEN in animal feeds. About 4.2% (n=48) and 14.3% (n=42) of corn
bran samples from High and Mid AEZ, respectively, had ZEN levels above regulatory limits of
500 ppb set by EU. Levels of ZEN in all other samples (n = 130) were below 500 ppb (Table
8.3).
8.4. Discussion
Prevalence of mycotoxins is enhanced by environmental factors such as temperature and
moisture that promote growth of toxigenic fungi (Lacey, 1991; Magan et al., 2003; Ribeiro et al.,
2006; Murphy et al., 2006). In this study, all the feedstuff samples tested positive to aflatoxin and
ZEN. Elsewhere, high incidence of aflatoxin and ZEN in feeds has been reported. Over 80% of
feed samples tested positive to aflatoxin in Kenya (Kang’ethe and Lang’a, 2009) while over 70%
of silage samples tested positive to ZEN in Brazil (Schmidt et al., 2014). Similarly, several
studies have reported prevalence of aflatoxins and or ZEN in over 50% of feed samples across
the world (Kosicki et al., 2016; Gutleb et al., 2015; Schatzmayr and Streit, 2013; Anukul et al.,
2013). High incidence of aflatoxins and ZEN contamination in feedstuff samples observed in this
study could be attributed to availability of favorable conditions for growth of Aspergillus and
Fusarium fungi. Optimal production of aflatoxin occurs at temperature between 25 and 33oC
(Ribeiro et al., 2006; Murphy et al., 2006; OBrian et al., 2007) while ZEN is optimally produced
at temperatures ranging from 25 to 30oC (Murphy et al., 2006). Located within the tropics, these
conditions are prevalent in Malawi hence growth of Fusarium and Aspergillus fungi and
subsequent high incidences of aflatoxins and ZEN contamination in feeds. Considering that these
136

mycotoxins exert synergistic effects on livestock including cattle (Jovaišienė et al., 2016; Huang
et al., 2018), high incidences of aflatoxins and ZEN in feedstuffs for dairy animals could be a
cause for concern among dairy farmers in Malawi.
Lack of significant effect of AEZs on levels of total aflatoxin and ZEN in concentrate
feedstuffs is interesting. Several reports have indicated significant variations of aflatoxin levels
in feeds and foods across micro and macro environmental conditions (Kaaya et al., 2006;
Matumba et al., 2015; Sirma et al., 2016). Aflatoxin contamination levels in corn samples
significantly decreased from moist zone (9.73 ppb) to dry zone (7.72 ppb) and lowest in highland
zone (3.92 ppb) in Uganda (Kaaya et al., 2006). In Kenya, Sirma et al. (2016) reported
significantly higher mean levels of aflatoxin in corn and millet from the humid and sub-humid
AEZs than corn and millet from the temperate AEZ. Similarly, Matumba et al. (2015) reported
highest aflatoxin level and prevalence in corn samples from hottest AEZs, while ZEN was most
prevalent in corn samples collected from cool AEZs of Malawi. The lack of significant effect of
AEZ on levels of total aflatoxins and ZEN in concentrate feedstuffs observed in this study could
be attributed to inter AEZ movement of feedstuffs. There is trading of concentrate feedstuffs
among dairy farmers in different AEZs in Malawi. For example, dairy farmers in High AEZ buy
corn bran from Lakeshore and Mid AEZ which are major corn producing areas in Malawi.
Acquisition of concentrate feeds from other AEZs might have likely enhanced lack of significant
effect of AEZ on levels of aflatoxin or ZEN because dairy farmers are possibly using concentrate
feedstuffs from a similar source.
Considering adverse health effects due to exposure to mycotoxins, several countries have
established regulatory limits. Malawi is yet to set regulatory limits for aflatoxins or ZEN in
animal feeds. However, neighboring countries of Malawi such as Tanzania and Mozambique
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have regulatory limits (10 ppb) for aflatoxins only in feeds (FAO, 2000). The EU has no
regulatory limits for total aflatoxin but ZEN in animal feeds while US has established limits for
total aflatoxins and none for ZEN in animal feeds (FAO, 2000; FDA, 2000). Regulations are set
to prevent exposure of either livestock or humans to levels of mycotoxins that can cause adverse
health effects. This study determined prevalence of feedstuff samples with total aflatoxin or ZEN
levels above several regulatory limits. Overall finding of this study indicates low percentage of
concentrate feedstuffs with total aflatoxins and ZEN above various regulatory limits. About 32%
and 23% of feedstuff samples had aflatoxin levels above regulatory limits set by Tanzania and
Mozambique, and US, respectively. Levels of total aflatoxin in 32% of feedstuff samples were
above 10 ppb while 23% of feedstuff samples had total aflatoxin above 20 ppb. Zearalenone is
common in corn and wheat but may also be found in oats and rye (Lee and Ryu, 2017). It is not
surprising that only corn bran samples (6.2% n=130) had ZEN above regulatory limit of 500 ppb
established by EU. Low percentage of non-compliance samples to international regulation limits
especially set by EU and US is encouraging; however, it is important for Malawi to establish
regulatory limits for mycotoxins in feeds to enhance safety of livestock and consumers of
livestock products.
8.5. Summary and conclusion
The objective of this study was to determine incidence and levels of total aflatoxin and
ZEN in concentrate feedstuffs from selected farms in three AEZs of Malawi. In spite that
mycotoxins were found in all samples collected, there was no significant difference among
AEZs. Trading of concentrate feedstuffs especially corn bran likely minimized differences in
levels of either total aflatoxin or ZEN across AEZs. Malawi is yet to establish regulatory limits
for mycotoxins in livestock feedstuffs, however, levels of aflatoxins and or ZEN were not
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alarming such that the majority of feedstuff samples collected during the time of the study had
total aflatoxins and or ZEN below international regulatory limits especially those set by EU and
US. It is worth mentioning that this study focused on concentrate feedstuffs provided to dairy
animals within the dry season of Malawi. In future, a detailed study focusing on all feedstuffs
provided to dairy animals across different seasons of the year could be interesting to establish
levels of mycotoxins and ascertain exposure. These results present the beginning of information
generation that will be the basis for development of extension messages for training dairy
farmers and setting up regulatory limits for various mycotoxins in livestock feeds in Malawi.
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CHAPTER 9.CONCLUSIONS
There was low knowledge and poor perception of dairy farmers on mycotoxin
production, adverse health effects, and management practices for mitigating mycotoxins and
molds. However, dairy farmers in High AEZ showed least knowledge across all aspects of
mycotoxins. Poor perception and low knowledge of dairy farmers on mycotoxins is of great
concern. Without adequate knowledge on adverse health effects of mycotoxins, and their
mitigation and management options, dairy farmers will continue feeding dairy cows moldy and
mycotoxin contaminated feeds which will not only compromise dairy animal performance but
also put consumers of dairy products at risk. Furthermore, low knowledge coupled with poor
perception of dairy farmers on critical issues of molds and mycotoxins give no justification for
dairy farmers to embark on mitigation measures which in most cases are seen as extra costs.
Therefore, training of dairy farmers on mycotoxins in general, promotion of existing mycotoxins
mitigation techniques and development of cost-effective techniques for mitigating mycotoxin in
feeds is necessary to improve the situation. This will create awareness and improve knowledge
and perception on mycotoxins and also provide more mycotoxin management options to dairy
farmers, leading to the adoption of management techniques for mitigating molds and mycotoxins
in feeds and products of animal origin.
Despite most dairy farmers being aware of milk contamination, strategies of preventing
contamination at production, and risks associated with consumption of raw milk, the majority of
dairy farmers have low knowledge on proper milking and milk handling practices as evidenced
by lack of proper following of milking procedure, use of untreated water for sanitation, and
keeping milk too long at room temperature. Cleaning dairy animal teats with disinfectant and
testing for mastitis before milking were steps mostly followed by farmers in High and Mid AEZs
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compared to Lakeshore AEZ despite comparatively low level of education. The situation could
probably be influenced by presence of milk processors that test milk before buying from farmers
in High and Mid AEZs. More periodic trainings on hygienic milking and milk handling practices
are recommended for dairy farmers in all AEZs to improve knowledge and subsequent quality of
raw milk and end products.
High percentage of raw milk and relatively low percentage of processed liquid milk in
Malawi had E. coli and or Salmonella. Presence of E. coli and Salmonella in processed milk
products is of great concern requiring intensified monitoring of hygienic practices in processing
plants and quality checks of milk products on the market. Status of raw milk regarding E. coli
and Salmonella requires continued education of the general public to avoid consumption of raw
milk and training of dairy farmers on good milking and milk handling practices that could reduce
bacterial loads in raw milk. Consolidated effort by all stakeholders is essential in ensuring high
quality milk products on the market hence food safety and protection of consumers.
Although the prevalence and levels of AFM1 in raw milk were high, there was generally
low AFM1-induced HCC risk to children and adults in Malawi due to low consumption rates.
Considering nutritional importance of milk, the current risk associated with AFM1 would be
worth taking however, caution should be exercised as increased milk consumption levels would
likely increase AFM1-induced HCC risk. The possibility of reducing AFM1-induced HCC by
reducing prevalence of HBV is encouraging and worth exploring as a way to ensure low risks
among milk consumers. There is need for integration of HBV vaccine as means of mitigating
AFM1-induced hepatocellular carcinoma among Malawi population. Furthermore, since AFM1 is
a metabolite of aflatoxin B1 (AFB1), stepping up mitigation measures for reducing exposure of

141

dairy animals to AFB1 could likely reduce risks to milk consumers even at elevated consumption
levels.
Total aflatoxin and zearalenone concentrations in concentrate feedstuffs were generally
low as evidenced by few non-compliant samples to US and EU regulatory limits. In spite that
mycotoxins were found in all samples collected, there was no significant difference among
AEZs. Trading of concentrate feedstuff especially corn bran minimized differences in levels of
either aflatoxin or zearalenone across AEZs. Malawi has yet to establish regulatory limits for
mycotoxins in feedstuffs; however, levels of aflatoxins and/or zearalenone were not alarming
such that the majority of feedstuff samples collected during the time of the study had aflatoxins
and or zearalenone below international regulatory limits especially those set by EU and US. It is
worth mentioning that this study focused on concentrate feedstuffs provided to dairy animals
within the dry season of Malawi. In future, a detailed study focusing on all feedstuffs provided to
dairy animals across different seasons of the year could be interesting to establish levels of
mycotoxins and ascertain exposure. These results present the beginning of information
generation that will help in development of extension message for training dairy farmers and
setting up regulatory limits for various mycotoxins in livestock feeds.
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