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Abstract
Improving both quality and quantity of food available is a pressing need especially
when one eighth of the world’s population consume less energy than is required for
maintenance and are exposed to contaminated food, both of which lead to greater
susceptibility to diseases. The Pakistani population depends heavily on milk for
nutritional needs and twenty five percent of a household income is spent on milk.
This commodity requires continuous monitoring and care from its site of production
by smallholder dairy producers through to urban consumers along tradition milk
marketing chains.
Feed ingredients used as concentrate feed to enhance milk production are often
contaminated with mycotoxins which after ingestion are transferred into milk.
Numerous studies have been conducted in the past to assess the carryover of
different mycotoxins especially aflatoxins from feed to milk in cattle. There is very
little information available for transfer of these mycotoxins into buffalo milk.
Aflatoxins in milk can cause liver cancers, immune system disorders and growth
related issues in children. Moreover, deaths in both humans and animals have also
been reported after ingestion of aflatoxin contaminated food. The present study
investigated the transfer of aflatoxins from feed to milk in Nili-Ravi buffaloes and
from feed to urine in Nili-Ravi buffalo heifers to observe their partitioning to milk
and urine respectively.
Intentional and unintentional adulteration with various chemical and toxic
compounds has also been reported in milk sold in urban markets. Milk quality
collected from informal milk supply chains was subjected to detailed analysis for
quality in terms nutrient content, presence of any adulterants and occurrence of
XIX

mycotoxins and antibiotic residues. Milk samples were collected from different
producers, distributors and retailers for one complete year to observe the seasonal
variation in quality at different levels of these marketing chains.
Buffaloes as shown by the results of present research are no different from the cattle
when it comes to transfer of aflatoxins into milk after ingestion. A carryover of
4.14% and 5.06% was observed in lactating Nili-Ravi buffaloes. Further partitioning
study of aflatoxins into urine in Nili-Ravi buffalo heifers showed 14-15.5% excreted
into urine. Analysis of concentrate feed showed very high levels of contamination
(more than 550 µg aflatoxinB1/kg) along with the presence of other very important
mycotoxins, zearalenone, deoxynevalenol, fumonisins and ochratoxins.
Milk quality analysis of samples collected along informal marketing chains showed
an acceptable quality of milk in terms of fat (3.21%) and protein (2.08%) at final
level of retailers. No chemical adulteration of milk was found, showing that the
existing monitoring system for quality and freshness of milk between different tiers
of marketing chains is working effectively. On the other hand the final concentration
of aflatoxinM1 in milk assessed at retailer level was more than 50 times the
maximum standard set by the European Union. Further analysis for beta lactams
showed that fifteen percent of the samples tested were positive for the presence of at
least one of the three (penicillin, ampicillin, amoxycillin) antibiotics.
These findings demand the implementation of an extensive education program for
farmers and supply chain management personnel to maintain the excellent quality of
milk from production to marketing required by the consumer. The current legislation
needs reforms on a large scale to protect the very high poverty stricken population of
Pakistan from the risk of life threatening diseases resulting from consumption of

XX

these contaminants. The public health status of the Pakistani population can then
improve.
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Chapter 1 :

Introduction

Nutritional status and health of populations depend heavily upon the economic
situation of nations. Pakistan is still facing the problems of nutritional deficiencies
and diseases, both infectious and chronic (Pappas et al. 2001). Malnutrition is an
established health issue in Pakistan (Prentice et al. 2008) and children and women in
particular are facing this problem (Inam et al. 2001). Stunting and severe wasting has
reached to 37 and 13% respectively, in a population where 36% is under 15 years of
age (WHO 2013). This situation is exacerbated by the fact that 60% of workers in
the country are earning less than $2 a day (The World Bank 2013).
Milk and milk products are important in providing nutrition to the poor population in
Pakistan and one fourth of the household budget income is spent on milk
(Government of Pakistan 2013). The smallholder dairy production system is the
prevailing enterprise throughout the country providing around 95% of the total milk
production (FAO 2011). Thirty seven percent (8.8 million) of Pakistan’s households
are producing milk by raising livestock (Government of Pakistan 2010). Maintaining
quality of this valuable commodity under limited and conventional circumstances is
a challenge for producers and handlers (Zia 2007). Transfer of milk through informal
marketing chains carrying more than 30% of country’s production to big cities in the
absence of cool chain system makes it more difficult (FAO 2010).
The delicate nature of milk, the distance of its transfer to city markets and the
complexity of this process have a major impact on milk quality (FAO 2011).
Moreover (FAO 2011), reported that milk loss was estimated to be about 15-20% in
some of the areas due to lack of cold storage. Authors further stated that ice made of
dirty water in summers, penicillin to inhibit bacterial growth and other adulterants
1

such as maize flour and washing powders are added to improve the appearance of
milk by different intermediaries along the marketing chain. These adulterants pose
serious health hazards to humans who regularly use this milk.
Since, an integral part of the diet of Pakistani population depends heavily on milk for
nutritional requirements, its purity and wholesomeness is imperative. Some reports
have shown the presence of adulterants (Lateef et al. 2009; Muhammad et al. 2010;
Faraz et al. 2013) and contaminants (Sadia et al. 2012; Iqbal and Asi 2013; Awan et
al. 2014) in milk, changing this source of nutrition to a health hazard. Among milk
contaminants, mycotoxins especially aflatoxins (Asi et al. 2012) and antimicrobial
(Khaskheli et al. 2008) residues are at the top of the list because of the health effects
on consumers. Mycotoxins are transferred to milk through animals fed with
contaminated feed (Asi et al. 2012).
Apart from the intentional chemical adulteration, fungal toxins and veterinary drug
residues are also important contaminants which can be transferred to milk. Fungal
toxins include AFs, zearalenone, deoxynevalenol, fumonisins, ochratoxins and many
more. The health status is compromised in both animals and humans due to the
presence of mycotoxins and antimicrobial residues.
Aflatoxins (AFs) are thought to be one of the major causes of hepatocellular
carcinomas (HCC) (Omata et al. 2010). Furthermore, liver cancer is ranked third
most common cause of death due to cancers worldwide. In a study in Taiwan (Chen
et al. 1996), exposure to AFs increased the risk of getting HCC by 5.5 times.
Synergistic effects of hepatitis B virus and AFs have also been reported to cause
HCC (Rensburg et al. 1985) and risk is increased around 30 fold in the presence of
both of them (Liu and Wu 2010).
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The importance of antibiotic residues in milk to develop their resistance for the health
safety of its consumers (Anderson et al. 2003; Jabbar and Rehman 2013; Noori et al.
2013) and dairy industry’s economic (Allison 1985) is unavoidable. Consumer demand
to control drug residue prevalence in Pakistan’s dairy industry set up is inevitable. βlactams (penicillin, amoxicillin and ampicillin) are one of the most commonly used
antibiotic classes used throughout the world (Khaskheli et al. 2008; Noori et al. 2013).
Moreover, Kuczaj (2001) and Dobranic et al. (2008) reported the significant effect of
season on chemical composition of bulk tank milk and raw milk. Additionally,
photoperiod can also bring changes in milk yield and composition (Lindmark-Mansson
et al. 2003). It would further be interesting to evaluate the effect of season on quality of
milk distributed by these informal milk marketing chains in Pakistan.

Significant research has been conducted to evaluate the carryover of AFs in to the
milk from feed in cows. There is very little or no information about its transfer in
buffaloes particularly in South Asia where buffaloes are the major milk producing
animals. This is also very important as the half of the world’s poor population lives
in this region which is facing health and nutrition issues. Hence, the objectives of
this dissertation are 1) to evaluate the transfer kinetics of aflatoxin B1 (AFB1) from
feed to aflatoxin M1 (AFM1) in milk of Nili-Ravi buffaloes and effect of inclusion
of a commercial mycotoxins binder on its transfer and 2) to observe the pattern of
partitioning of different levels of AFB1 in feed to AFM1 in urine of Nili-Ravi
buffalo heifers and their effects on serum concentrations of glucose, protein,
cholesterol and urea. Moreover, none of the studies in the past have focused on the
quality of milk in terms of composition, adulteration and contamination transferred
through informal milk marketing chains of the South Asian region. Hence, the
objectives of this thesis are also 3) to observe the concentration of AFM1 and
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changes in overall quality of milk in informal milk marketing chains in terms of
composition and adulteration, and occurrence of β-lactams (penicillin, amoxicillin
and ampicillin). The outline of the thesis is provided below;


Literature review



Transfer of AFs from naturally contaminated feed to milk of Nili-Ravi
buffaloes fed a mycotoxin binder



Pattern of partitioning of AFs from feed to urine and its effect on serum
chemistry in Nili-Ravi buffalo heifers



Seasonal variation in milk composition, adulteration and aflatoxinM1 in the
informal milk marketing chains of Pakistan



Occurrence and seasonal variation of antibiotic residues in informal milk
supply chains of Punjab Pakistan



Integrated discussion



Conclusion



Bibliography



Appendix
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Chapter 2 :

Literature Review

2.1 Scope of the review
South Asia has one of the highest levels of poverty with approximately 33 to 50% of
the total world’s poverty stricken population (FAO 2010). A major part of this
population is dependent on dairy farming directly and indirectly. The majority of
these farmers are smallholder dairy producers and the milk they produce is extremely
important for home consumption and the income generation after selling the surplus
(Afzal 2010). Due to the lower cost of production of milk than in developed
countries, the dairy industry in developing countries is highly competitive worldwide
(FAO 2010). Although being of great importance to Pakistan’s local economy, there
are many constraints to the dairy production system.
As a majority of smallholder dairy farmers are living in poverty, their dairy business
serves as backbone for their family budget in their sources of earning and helps to
maintain and improve their standard of living (VanLeeuwen et al. 2012). However,
there are a number of limitations for these smallholder dairy farmers to produce
sufficient high quality milk. These include a lack of knowledge and awareness about
the animal management, nutrition, infectious diseases, reproduction, animal genetics
and limited access to extension and veterinary services.
Poor families involved in smallholder dairy production derive a number of benefits
from it. Most importantly, they use the highly nutritious product for home
consumption. Milk and milk products supply them with the important minerals and
proteins for their health and survival (Afzal 2010). Furthermore, Afzal (2010) stated
that the poor families, who don’t have livestock to keep, often are under nourished
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and these effects are prominent in women and children. Although, the dairy industry
has not been well reviewed in the past, funding by the public and private sector in
recent times is the result of the realization that dairy production will improve the
conditions of marginalized farmers including women (FAO 2011).
This literature review and thesis addresses one of the key issues relating to dairy
production involving both animal and human health, and milk quality.

2.2 Smallholder dairy production in Pakistan and milk flow
Pakistan has an agricultural based economy with its share of GDP being about
21.4% (Farooq 2014). Livestock plays a vital role in Pakistan’s economy by
contributing about 56.3% of agricultural GDP and 11.8% of national GDP (Farooq
2015). Milk is a major product of livestock and Pakistan is the 3rd largest milk
producing country in the world by producing more than 49.5 million tonnes per year
(Farooq 2014). The total combined value of the five major cash crops (cotton, wheat,
rice, maize and sugarcane) is less than the value of milk, making it the single largest
commodity in agriculture (Afzal 2010).
Rural smallholder dairy producers and peri urban holdings with two to three milking
animals produce about 95% of the total milk production in Pakistan (Afzal 2010).
Rural areas produce 80% of the total milk, 15% is produced in peri urban areas while
the remaining 5% is produced in urban regions (FAO 2011). A total of 26.79 million
cattle and buffaloes is raised by 8.42 million families for milk production (Afzal
2010). In smallholder dairy production system, animals are often fed with residues of
agricultural crops which are of no use. Furthermore, dried pieces of bread soaked in
water often contaminated with fungus are usual feed of the animals (Sadia et al.
2012). Furthermore, larger herds comprising more than 30 milking animals
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constitute only 0.3% of the total holding (Afzal 2010). Therefore, this research work
will evaluate the milk quality produced by smallholder dairy producers.
A major part of the milk is produced in Punjab (63%) and Sindh (23%) while
Khyber Pakhtunkhwa (KPK) and Baluchistan provide only 12% and 2% of total
milk production of Pakistan respectively (FAO 2011). Buffaloes are the main dairy
animals kept in Pakistan and they contribute about 62% of the total milk production
while the share of cattle is about 35%. The rest of the milk comes from sheep, goats
and camels (Farooq 2014).
Zia (2007) stated that 95% of the total milk produced is marketed as raw milk
through informal marketing chains. Sixty percent of the total milk produced in rural
regions is consumed at the source while 40% is marketed by informal marketing
chain varying in structure. The complexity relates to the number of intermediaries,
who contribute to the transfer of the milk from the farm gate to the milk shops in
large cities (Figure 2.1).

Figure 2.1: A typical milk marketing chain in Pakistan (FAO 2009).
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Informal milk supply chains in Pakistan are very complex, but they do have similar
characteristics. In these chains fresh, unpackaged milk raw milk passes through
different levels (farmers, small collectors, large collectors, retailers, bakers and
confectioners), with no cool chain system in place before reaching the consumers in
big cities (Tariq et al. 2008; Muhammad et al. 2014).

In terms of prices, formal milk supply chains were selling pasteurised milk at 94
PKR (Pakistani rupee)/L. On the other hand, milk distributed through informal
chains was being sold at 56 PKR/L at the retail level in the city market (Godfrey et
al. 2015). Price per litre of milk paid to the farmers was even less than this. This
could be one of the major reasons for the low quality of milk at the farm level. The
major quality standard imposed by formal processor was total solids.
It is really vital to evaluate the quality of product they are producing in terms of
nutritional status of milk and presence of any substance that can be harmful to the
health. Milk quality is an important issue to control, which if improved, will result
into higher milk prices for poor farmers and a superior product for consumers.
Various mycotoxins especially AFs and their health effects are discussed in detail
below.

2.3 Mycotoxins and their effects in animals and humans
Contamination of various feed and food commodities with mycotoxins due to global
occurrence of toxigenic fungi is of great concern (Fink-Gremmels 1999). Fusarium,
Penicillium and Aspergillus are the major genera of fungi producing most of the
mycotoxins considered important for food safety and animal health and production
(MacLachlan 2011). Toxic effects of mycotoxins in humans (Peraica et al. 1999),
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their implications for human and animal health (Fink-Gremmels 1999),
contamination of feed supply chains with mycotoxins (Bryden 2012), social costs of
impacts of fungi (Lubulwa and Davis 1998) and their control in animal feed
(Pettersson 2004) have already been reviewed in detail. Diseases caused by
mycotoxins are termed as mycotoxicoses. Pier et al. (1980) described three forms of
mycotoxicoses depending upon the concentration and length of exposure with
mycotoxins;
1. Consumption of high to moderate amount of mycotoxins showing signs
and symptoms of toxicity is referred to acute primary mycotoxicoses.
2. Exposure of moderate to low levels of mycotoxins for longer period of
time showing non-specific symptoms like reduction in growth and
impaired reproduction is termed as chronic primary.
3. Secondary mycotoxicoses is a term given to consumption of lesser
amount of mycotoxins predisposing to infectious diseases through
impaired immunogenesis.
The AFs, ochratoxinA, fumonisins (B1 & B2) deoxynevalenol, zearalenone, toxins
(T1 & T2) and ergot alkaloids are some of the major mycotoxins of concern
(MacLachlan 2011). Individual mycotoxins are discussed in detail below.
2.3.1

Aflatoxins

Aspergillus flavus and A. parasiticus are the main species responsible for production
of AFs and worldwide presence of these fungi and harmful effects of AFs make them
the principal mycotoxins of concern (Bryden et al. 1975). The optimum temperature
for the growth of Aspergillus fungi is 25ºC to 40ºC while the toxin is produced in
between 20ºC to 30ºC (Volkel et al. 2011). AflatoxinB1 (AFB1) is the most toxic,
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carcinogenic and frequently occurring compound compared to other AFs such as;
B2, G1, G2, M1 and M2 (Richard et al. 1993). Dose, duration of exposure, age,
breed, species and nutritional status of animals determine the intensity of harmful
effects of the AFs (Sultana and Hanif 2009). Table 2.1 below lists some of the
outbreaks associated with AFs that have been seen around the world. The severity
and range of these effects highlight the importance of these toxins for human and
animal health.
Table 2.1: List of the outbreaks of aflatoxicosis in different countries of the world
Country

No of

Symptoms

subjects

and signs

Exposure

1; 1a

Abdominal pain,

Toxin

analysed
Source

Uganda

Material

Cassava

Duration
5-30 days

oedema of legs,

Liver
histopathology

Toxin
Aflatoxin

-

-

1.7 ppm

Centrilobular necrosis,
polymorphonuclear

palpable liver,

infiltration and fibrin in

on ECG

sinusoids, fatty changes

prolongation of

in midzonal region

P-R interval,
right bundle
branch block
India

397; 106

Brief febrile

Maize

episode,

Several
weeks

AflatoxinB1
(5/5)

vomiting,

6.25-15.6

anorexia,

ppm

jaundice, ascites,

Serum

b

AflatoxinB1

Bile duct proliferation

(2/7)

with periductal fibrosis,

Urine

multinucleated giant
AflatoxinB1

Maize

(0/7)

oedema of legs,

cells, foamy cytoplasm,
bile stasis in bile ducts,
dialated biliary canaliculi

massive
gastrointestinal
bleeding
India

994; 97

Fever, vomiting,

Maize

-

AflatoxinB1

-

-

Cholangiolar

oedema of feet,

(13/14)

proliferation, perivenous

jaundice,

0.01-1.1

collagenosis, luminal

hepatomegaly,

ppm

obliteration, extensive

ascites,

fibrosis, giant cell

splenomegaly

transformation of
hepatocytes, moderate to
severe cholestasis and
proliferation of
cholangioles

10

20; 12

Kenya

Brief febrile

Maize

episode,

Several

AflatoxinB1

Liver

AflatoxinB1

Marked centrilobular

weeks

(2/2)

(autopsy)

(2/2)

necrosis, slight fatty

vomiting,

3.2-12ppm

infiltration and no
proliferation of bile ducts

abdominal

AflatoxinB1

discomfort,

(2/2)

anorexia,

1.6-2.7 ppm

jaundice,
oedema of legs,
ascies,
Tachycardia,
tenderness of
liver (rarely
enlarged),
melaena,
gastrointestinal
beeding
1; 0

USA

Non puritic

Purified

muscular rash,

aflatoxin

nausea, headache

B1

Nausea

aflatoxin

Purified

2 days

AflatoxinB1

-

c

5.5 mg

2 weeks

AflatoxinB1

AflatoxinM1
(0/1)

Urine

Normal

d

Normal

c

5.5 mg

B1

a

Figures in bold are the number of deaths

b

Figures in parentheses are number positive/number analysed

c

Total dose

d

Three days after ingestion of purified AFB1

Source: (Peraica et al. 1999)
The AFs affect animals of all ages but young animals are more susceptible than older
animals (Richard et al. 1993; Sultana and Hanif 2009). The liver is the primary target
organ of AFs. Hepatic necrosis and proliferation of the bile duct may be the result of
acute aflatoxicoses (Kuilman et al. 1998). On the other hand chronic effects may
include reduced growth, immune suppression and increase in susceptibility of getting
infectious diseases due to AFs’ exposure are well documented (Judah et al. 1993;
Kuilman et al. 1998). Depending upon the animal species, AFs can produce variety
of clinical signs (Akande et al. 2006). Authors (Akande et al. 2006) have also
described reduced animal production (milk and eggs), impaired reproductive
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efficiency, embryonic deaths and tumors as the possible outcomes of the exposure of
AFs. It is because low levels of aflatoxins exposure cause a series of metabolic
disturbance which can be with or without any pathological change (Bryden 2012).
Clinical signs may include reduction in feed utilization, gastrointestinal (GIT)
dysfunction and reduced productivity (Richard et al. 1993).
A high level of exposure of AFs for a short time may lead to fatal aflatoxicosis (Bhat
1989). Several hundred people fell ill while 125 died of acute aflatoxicosis after the
consumption of highly contaminated food in Kenya (Lewis et al. 2005). Chronic
exposure through AF contaminated food puts more than five billion people at risk
worldwide, particularly in developing countries (Strosnider et al. 2006). Liver cancer
or hepatocellular carcinoma (HCC) may be caused by the intake of low levels of AFs
over a long period of time (Kirk et al. 2006). Exposure to AFs has been reported to
increase the risk of developing HCC by 5.5 times (Chen et al. 1996). Synergism
between hepatitis B virus and AFs has also been reported to cause HCC (Rensburg et
al. 1985) and risk is increased around 30 times in presence of both of them (Liu and
Wu 2010). Apart from liver cancers, chronic exposure of AFs interferes with
metabolism of proteins and various micronutrients and affects immunity. An
estimated 4.5 billion population in developing countries in exposed to uncontrolled
amounts of mycotoxins. Toxic effects of AFs together with immunity and nutrition
negatively affect the health of the poor population (Williams et al. 2004).The AFs
are also reported to be associated with reduced growth in children and disorders in
immune systems (Wu et al. 2011). Hence AFs in food are one of the serious health
hazards worldwide. The following section highlights its transfer to milk.
2.3.1.1 Metabolism of aflatoxinB1 and its carryover into the milk
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Carryover of AFs from animal feed into the milk is of great importance in evaluating
its safety for human consumption and the risk animals are exposed to, eating
contaminated feed while transferring it to milk. A significant part of AFB1, the
parent toxin for aflatoxinM1 (AFM1) and aflatoxinM2 (Volkel et al. 2011), ingested
through feedstuffs is digested by ruminal microflora and only a small amount is
absorbed intact by the bovine (Pettersson 2004). Degradation of AFs in rumen
results in the formation of aflatoxicol (Kuilman et al. 2000). AFs, absorbed in the
digestive tract, are hydroxylated in the liver under the direction of the cytochrome
P450 group of enzymes into different metabolites such as aflatoxicol, aflatoxinP1,
aflatoxinQ1 and AFM1 depending on species (Mace et al. 1994; Kuilman et al.
2000). NADPH dependent cystolic enzymes may also reduce AFB1 to produce
aflatoxicol. This is a reversible reaction and could be considered as a hazardous
form of storage of AFB1 (Fink-Gremmels 2008). The AFM1 produced in liver is
excreted in two ways; (1) either it is conjugated with glucuronic acid and excreted
via bile or (2) it enters the systemic circulation and circulating AFM1 is then
excreted through milk or urine (Kuilman et al. 2000). In mammalians including
humans, metabolism may also result in the formation of AFB1 8, 9 epoxide.
Susceptibility of any species is determined by the concentration of the key
metabolite AFB1 8, 9 epoxide, which intercalates with DNA by interacting with
guanine a moiety, thereby inducing mutations in DNA (Smela et al. 2001).
Furthermore, Glutathione (GSH) S-transferase can inactivate this metabolite and thus
its detoxification pathway is highly important and mediates the resistance of a
specific species to AFB1. The AFM1 may also be found in blood, internal organs
and urine in addition to milk (Kuilman et al. 1998).
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Carryover of AFM1 into the milk is considered the most important factor because of
its public health implication (Volkel et al. 2011). Transfer of AFM1 into milk is
affected by many physiological and dietary factors that include feeding regimens,
animal production, health status, digestion pattern and liver metabolism capacity
(Fink-Gremmels 2008). Other contributing factors may be ratio of green fodder and
concentrate feed, season, harvest time of feed components and geographical origin
(Sugiyama et al. 2008). Carry over rate also depends on the genetics, lactation stage,
milk production, milking process and health status of the animal (Munksgaard et al.
1987; Veldman et al. 1992).Therefore, carryover varies from individual to
individual, day to day and from one milking to the other (Veldman et al. 1992).
Once ingested, the toxin can be detected in the milk after six hours (Battacone et al.
2003). Moreover, Battacone et al. (2003) described that the peak concentration of
AFM1 can be observed after 24-48h. Excretion of AFM1 is positively related to the
intake of AFB1 and it is not detectable in milk after three days of removal of its
source from feed (Volkel et al. 2011). The review of Pettersson (2004) summarized
all studies conducted by different researchers from 1985-1996 on carryover of
AFM1 into milk. The mean carryover of AFM1 in milk has been reported from 0.326.2% (Pettersson 2004). The AFM1 is different in its toxicity from its parent
molecule AFB1. The following section discusses in detail the harmful effects of
AFM1 and its metabolism.
2.3.1.2 Prevalence of mycotoxins in animal feed in Pakistan
Apart from the intentional chemical adulteration, fungal toxins and veterinary drug
residues are also important contaminants which can be transferred to milk. Major
fungal toxins include AFs, zearalenone (ZEA), deoxynivalenol (DON), fumonisins
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(Fs) and ochratoxins (OTs). In a survey conducted by Binder et al. (2007) more than
half of the samples (n= 1507) collected from European and Mediterranean markets
and one third samples (n=1291) from Asia Pacific regions were found to be positive
for DON, T-2 toxin, ZEA, Fs and AFs. Exposure to mycotoxins may compromise
production and health status in animals and humans respectively. Toxicity of
mycotoxins in animals affects mainly production and chronic problems; it rarely
causes death. On the other hand, contaminated animal products that are used for
human consumption may cause serious health problems (Yiannikouris and Jouany
2002). Growth rate in pigs and poultry was depressed by 16% and 5% for each
mg/kg of aflatoxins added into the feed (Dersjant-Li et al. 2003). Various
mycotoxins, especially AFs have been reported in animal feed in Pakistan (Table
2.2): their health effects are discussed in detail below.
Table 2.2: Prevalence of various mycotoxins in animal feed in Pakistan.

Mycotoxins

AFB1

AFB1

Type of feed

Province

Maximum
concentration
(ppb)

References

Poultry feed and
poultry feed
ingredients
Poultry feed and
poultry feed
ingredients

Punjab, Sindh,
KPK,
Baluchistan, GB

78.0

(Anjum et al.
2012)

Punjab

156.0

(Khan et al.
2011)
(Ali et al. 2010)

AFB1

Poultry feed

Khyber
Pakhtunkhwa

266.6

AFB1

Poultry broiler feed

Baluchistan

166

AFB1

Poultry feed

AFB2

Poultry feed

AFG1

Poultry feed

AFG2

Poultry feed

OTA

Poultry feed

Khyber
Pakhtunkhwa
Khyber
Pakhtunkhwa
Khyber
Pakhtunkhwa
Khyber
Pakhtunkhwa
Sindh

191.65
86.85
167.82
89.9
84.4
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(Rashid et al.
2012)
(Alam et al.
2012)
(Alam et al.
2012)
(Alam et al.
2012)
(Alam et al.
2012)
(Yasmin et al.

ingredients

2001)

AFB2

Poultry feed and feed
ingredients

Punjab

39.2

(Anjum et al.
2011)

OTA

Poultry feed and feed
ingredients

Punjab

111.2

(Anjum et al.
2011)

AFs

Feed ingredients

N/A

57.0

(Afzal et al.
1979)

AFB1

Poultry feed and feed
ingredients

Punjab

>12.5

(Maqbool et al.
2004)

AFB1

Concentrate feed

Punjab

554

(Aslam et al.
2015)

AFB2

Concentrate feed

Punjab

50

(Aslam et al.
2015)

DON

Concentrate feed

Punjab

166

(Aslam et al.
2015)

FB1

Concentrate feed

Punjab

230

(Aslam et al.
2015)

OTA

Concentrate feed

Punjab

31.2

(Aslam et al.
2015)

ZEA

Concentrate feed

Punjab

18

(Aslam et al.
2015)

2.3.1.3 AflatoxinM1
The AFM1 is a secondary metabolite of AFB1 found in animal milk and milk
products and as a consequence of its consumption is also found in human milk in
breast-feeding mothers. AFs have been comprehensively investigated for the
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mechanism of action, carcinogenicity and mutagenicity. This was paralleled by the
development of biomarkers of metabolism of AFs. In addition, metabolism studies of
AFs in animals and humans have provided an opportunity for chemoprevention
approaches (Wild and Turner 2002). Overall, integrated, multidisciplinary research
has served as the scientific basis for setting maximum acceptable standards for AFs
to reduce human exposure (Wild and Turner 2002; Kensler et al. 2011). Toxicity of
AFM1 is 2-10% less than that of AFB1 (Creppy 2002). It was initially classified by
the International Agency for Research on Cancer (IARC) as a group 2B that is
possible carcinogen for humans and is now known to have genotoxic and cytotoxic
potential (Caloni et al. 2006). It has now been placed in the group 1 of definite
human carcinogens along with AFB1 (IARC 2002). Pasteurization and even Ultra
High Temperature (UHT) treatments are ineffective in destroying it due to its
stability at high temperatures (Prandini et al. 2009), thus providing a real challenge
for the dairy industry to decontaminate its product.
Gong et al. (2004) reported a positive relationship between reduction in growth and
the level of exposure to AFs during childhood. The AFM1 is reported to be less toxic
than AFB1 but it does has genotoxic and cytotoxic potential (Lafont et al. 1989;
Caloni et al. 2006). AFs influence cell-mediated immunity and phagocytic cell
function due to their immunomodulatory capacity (Bondy and Pestka 2000). Chronic
aflatoxicosis causes hepatocarcinoma, immunosuppression and retarded growth in
children. As milk has a key role in the human diet especially in the development and
growth of infants, its contamination with AFM1 poses a serious hazard for public
health and food safety (Cucci et al. 2007).
Poor economic status of countries, climatic change, variation in environment and
agricultural malpractices all contribute to increases in the concentration of AFM1 in
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milk and milk products (Anthony 2013). Seasonal differences in concentrations of
AFM1 in milk samples have also been reported (Dutton et al. 2012). Animals are fed
on pasture grasses, fresh green fodder and weeds in summers resulting in lower
concentrations of AFM1 in milk as stored concentrate feeds are less prevalent in the
feed base. On the other hand concentrate feed is provided to animals in winter due to
a lack of availability of fresh fodders: it is these concentrates that are more
susceptible to the growth of fungus resulting in higher concentrations of AFM1 in
milk and milk products during this season (Asi et al. 2012). Furthermore, use of
preserved green fodder is becoming more common in the form of hay and silage.
Storage conditions often facilitate the growth of A. flavus and A. paraciticus
(Heshmati and Milani 2010).
2.3.1.3.1 AflatoxinM1: Pakistan’s Perspective
Lack of education for dairy farmers and insufficient financial and infrastructural
facilities are two of the most important issues (Iqbal et al. 2011). Quality checks in
formal and informal milk marketing chains are perhaps the most neglected parts. No
test is practically performed to check the microbial or chemical quality of milk
irrespective of the chain except for the largest companies (Jalil et al. 2009).
Moreover, the presence of AFM1 in human breast milk, milk powder and
commercially available milk poses a serious health issue to every age group
generally (Fallah et al. 2009) and especially children (Gong et al. 2004). The
European Commission regulation (EC) 1881/2006 (Kyprianou 2006b) has set 0.05
ppb and 0.025 ppb as the maximum permissible level of AFM1 in milk and food
products consumed by adults and infants respectively. On the other hand Food and
Drug Administration has set an upper limit of 0.5 ppb in the USA (Berg 2003),
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which is ten times higher than the standards set by the EC. Many countries have not
set maximum acceptable levels of AFM1 in milk to implement in their states (FAO
2004). Recent studies (Table 2.3) have clearly shown the prevalence of AFM1 in
milk in Pakistan. Pakistan was one of those countries where government did not
impose any limits for AFM1 in milk and milk products (Hussain and Anwar 2008).
Pakistan Standard and Quality Control Authority has recently set maximum limit for
aflatoxins in milk as 10 ppb (Ashiq 2015). This limit is still too high to be set for an
important commodity used on daily basis by population of all ages. No further limits
have been set for AFM1 in milk products and other mycotoxins in milk and milk
products. Setting maximum acceptable limits for all mycotoxins including AFs in
milk and milk products will ensure safe products for consumers. The situation is
alarming in developing countries like Pakistan where public awareness is lacking
and health facilities are primitive, particularly for the poor.
Table 2.3: Summary of some recent studies for AflatoxinM1 in milk in Pakistan
No. of
Name and Year

Species

samples
analysed

Hussain and Anwar (2008)
Asi et al. (2012)

Samples exceeded EU
limits (0.05ppb)

Mix (Cattle&Buffalo)

168

99.4%

Buffalo

97

55% of winter & 38% of
summer

Cattle

76

56% of winter & 33% of
summer

Goat

62

32% of winter & 21% of
summer

Sheep

75

58% of winter & 36% of
summer

Camel

46

27% of winter & 14% of
summer

Iqbal and Asi (2013)

Mix (Cattle&Buffalo)

19

107

41%

Mix (Cattle&Buffalo)

104

25%

UHT Milk

84

24%

Cow & Buffalo

480

13.9%

Mix (cattle&buffalo)

21

0%

Cow & Buffalo

178

16.3%

Muhammad et al. (2010)

Mix (cow & buffalo)

84

100%

Sadia et al. (2012)

Mix (cow & buffalo)

232

32%

Iqbal et al. (2013)

Hussain et al. (2008)

Maqbool et al. (2009)

Iqbal et al. (2011)

Milk products like yogurt, butter, cheese, ice cream are very commonly used in
Pakistan. Table 2.4 provides a short summary of studies conducted on AFM1
contamination of milk products in Pakistan.
Table 2.4: Short review of aflatoxinM1 in milk products in Pakistan
Name and Year

Product

No. of samples

Samples

analysed

exceeded EU
limits (0.05ppb)

Sadia et al. (2012)

Sweet

138

78%

Maqbool et al. (2009)

Yogurt

10

0%

Butter

10

0%

Yogurt

96

29%

White cheese

119

12%

Cheese cream

150

6.67%

Butter

74

23%

Yogurt

96

22%

Butter

70

27%

Iqbal and Asi (2013)

Iqbal et al. (2013)
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Ice cream

2.3.2

79

11%

Ochratoxins

Secondary metabolites produced by different species of Aspergillus: A. alliaceus, A.
auricomus, A. carbonarius, A. ochraceus, A. glaucus, A. melleus and A. niger are
termed as ochratoxins (Bayman et al. 2002). Moreover, Penicillium verrucosum is
the only species in this genus with confirmation of ochratoxin production (Pitt 1987).
Although many other species have also been documented in many reviews (Reddy et
al. 2010). Fifty percent of the dietary ochratoxin is digested in rumen within first 15
min (Kiessling et al. 1984). Depending on species, ochratoxins enter the blood
stream after absorption from the stomach and bind to plasma proteins to changeable
degrees (Pettersson 2004). OchratoxinA is the most toxic and frequent toxin and its
teratogenic, carcinogenic, immunosuppressive and nephrotoxic effects have also
been shown in different experimental animals (Peraica et al. 1999).
Despite its metabolism in the rumen resulting in the formation of ochratoxin α, small
amounts have been found in bovine milk (Breitholtz-Emanuelsson et al. 1993).
Reduced milk production, diarrhoea and kidney damage are some of the signs and
symptoms of ochratoxin toxicity in dairy cattle (Whitlow et al. 2000). Ochratoxin is
the only toxin among others produced by Aspergillus spp. that is equivalent to AFs
(Reddy et al. 2010). Furthermore, kidneys are the primary target organs for
ochratoxinA and they produce nephrotoxicity in all species of animals including
humans. Initial symptoms and signs include loss of body weight, headache, fatigue
and pale skin while size and weight of the kidneys are significantly reduced in the
advanced stage of ochratoxicosis (Peraica et al. 1999). Ochratoxin has been placed in
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the category 2B (possibly carcinogenic to humans) by the International Agency for
Research on Cancer (IARC 2002) due to its harmful effects. Given the harmful
effects of ochratoxin both in humans and animals, it should also be evaluated in milk
supplied by informal milk value chains in Pakistan targeting a large proportion of the
human population.

2.3.3

Zearalenone

Fusarium graminearum is the main fungi responsible for the production of
zearalenone but F. culmorum, F. equiseti and F. crookwellense may also contribute
towards contamination with zearalenone (Reddy et al. 2010). Zearalenone,
chemically, is a macrocyclic lactone that has a high level of affinity to bind with
estrogen receptors (Fink-Gremmels 1999). Zearalenone can be categorized as a non
steroidal estrogen or mycoestrogen (Reddy et al. 2010). Metabolism of zearalenone
is relatively quick in many animal species. Its conjugation with glucuronic acid and
metabolism to zearanelol even before its absorption through the intestinal tract make
it less toxic (Pettersson 2004). More than 37% of the zearalenone is degraded by
ruminal fluid within 48h (Kallela and Vasenius 1982) and it is quickly metabolized
to α-zearalenol and β-zearalenol (Kiessling et al. 1984). Reduced carryover of 0.01%
(Prelusky et al. 1990) and 0.7% (Mirocha et al. 1981) for zearalenone has been
reported. Moreover, zearalenone residues and its metabolites in milk and milk
products are not considered as public health concern (Pettersson 2004).
Residues of zearalenone in animal feed are just a production issue (MacLachlan
2011). Infertility in cows may be the major effect of zearalenone (Mirocha et al.
1968). Moreover, poor reproductive efficiency, vaginal secretions, vaginitis and
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virgin cows showing enlargement of the mammary glands may also be the symptoms
of zearalenone ingestion from contaminated feed. Early abortions are associated with
large doses of zearalenone (Kallela and Ettala 1984) while decreases in conception
rate (Weaver et al. 1986b) and reduction in size of ovarian corpora lutea (Weaver et
al. 1986a) were linked with exposure to small doses. Estrogenic effects of
zearalenone have also been reported in humans (Peraica et al. 1999). It is further
associated with rapid sexual development in children exposed to contamination
(Fink-Gremmels 1999). The adverse reproductive effects of zearalenone provide
good reason to regulate maximum levels in animal feed to minimise production
losses. It will also further reduce the risk of exposure of humans to contaminated
milk.
2.3.4

Trichothecenes

Trichothecenes are a group of mycotoxins produced mainly by Fusarium
graminearum and F. culmorum. Deoxynivalenol (DON) and nivalenol are termed as
type B trichothecenes while diacetoxyscirpenol (DAS) and T-2 toxin are categorized
as type A trichothecenes (Fink-Gremmels 1999). Trichothecenes are not likely to be
toxic because of their low residue levels in animal products (Pettersson 2004).
Deoxynivalenol also known as vomitoxin is the most commonly detected
trichothecene (Pestka 2007). Based on the nature of the digestive system, measures
are required to minimise contamination of food products coming from both
ruminants and non-ruminants.
Ruminants and poultry are the most resistant species of animals to deoxynivalenol
(Pestka 2007). Milk analyses of dairy cows fed with high amounts of deoxynivalenol
for its residues showed no or traces of them (Cote et al. 1986). Moreover, they can
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tolerate a concentration up to 20 ppm in feed whereas 1-2 ppm causes toxicity in
pigs. Acute toxicity of deoxynevalenol may result in anorexia, emesis, diarrhoea,
increased salivation and abdominal distress in sensitive species like pigs (Prelusky
and Trenholm 1993). Chronic exposure leads to decreased feed efficiency, reduced
weight gain and anorexia (Pestka 2007). Highly contaminated food with
deoxynivalenol results in vomiting within hours in children (Pestka and Smolinski
2005). A large number of school children (around 1700) developed abdominal
cramps, headache, nausea and vomiting in United States after eating burritos
contaminated with deoxynivalenol (Centres for Disease Control and Prevention
1999). Like other trichothecenes, deoxynivalenol causes marked immunesuppression (Fink-Gremmels 1999). Given the health issues in humans by ingestion
of trichothecenes, it is imperative to control this risk by controlling its production in
feed and food.
2.3.5

Fumonisins

F. verticillioides and F. proliferatum are the main species responsible for production
of fumonisins (Scott 2012). They grow on a variety of different food and feeds
however one common substrate for both of these species is maize (Sydenham et al.
1990; Hendrich et al. 1993). Up until now there is only one known species outside
genus Fusarium that is found capable of producing fumonisins and that is Alterneria
(Abbas and Riley 1996). The three common types of fumonisins are fumonisin
B1(FB1), fumonisin B2 (FB2) and fumonisin B3 (FB3): small amounts of fumonisin
B4 (FB4), fumonisin C1 (FC1), A1 and A2 have also been found naturally (Chen et
al. 1992).
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Maize and maize based products are mostly contaminated by fumonisins (Bullerman
and Tsai 1994). Maize being used as staple food in the Transkei was found to be
associated with oesophageal cancer because of high contamination of fumonisins
(Sydenham et al. 1990). Rice is also found to be contaminated with fumonisins but
the concentration of this is only present in brown rice and rice hulls. Humans mostly
consume white rice and that is why there is less danger to human health (Abbas et al.
1998) . Milk could be considered as one of the potential sources of this mycotoxin
for humans if highly contaminated feed is given to lactating cows. Naturally there
are no detectable residues of fumonisins in milk but if present their stability is very
high in milk across a wide range of temperatures (Maragos and Richard 1994).
Keeping in view the health effects of different mycotoxins both in humans and
animals, it is essential to prevent mycotoxin transfer to milk from contaminated feed.
Use of mycotoxin binders is one of the key solutions for this. Unlike management
related solutions (storage, seasonality etc.) to prevent contamination of feed,
mycotoxin binders are designed to detoxify the foods and feeds and make them
acceptable for consumption.
2.3.6

Mycotoxin binders

Mycotoxin contaminated animal feeds require detoxification due the risk of their
carry over into the milk. Contamination of feed with mycotoxins should ideally be
controlled in the field but under certain circumstances it is unavoidable. Once in
feed, there are different methods to treat them.
Ultrasound treatment, roasting and microwave heating, UV irradiation, autoclaving,
density segregation, mechanical sorting and separation, flotation, washing and
polishing are some of the techniques termed collectively as physical treatments to
25

reduce the contamination of mycotoxins in feedstuffs (Jouany 2007). Efficiency of
these techniques depends on level and distribution of contamination in feed.
Furthermore, some of them are not economical and may destroy essential nutrients
within feed.
Chemical treatment of feed is another way of reducing mycotoxin contamination in
feed. Different chemical agents (acids, salts, bases, chlorinating substances, and
oxidative and reductive agents) have been tested for their effectiveness in destroying
mycotoxins but only a few of them proved not to affect the palatability and nutrient
status of feed (Huwig et al. 2001). Calcium hydroxide, ozone, monoethylamine and
ammonia are some of the chemicals proved to reduce mycotoxin contamination
(McKenzie et al. 1997). For example, ammoniation has been recognized to reduce
AF contamination in feed (Huwig et al. 2001) but lack of effectiveness of ammonia
treatment against other mycotoxins puts certain limitations on its use. Furthermore,
excessive residues of ammonia in treated feed may also pose health hazards to its
consumers. European union (EU) is however in favour of use of physical methods
whereas chemical treatments for reducing contamination are illegal in this region
(Avantaggiato et al. 2005).
Another way of preventing uptake of mycotoxins is the use of toxin binders.
Hydrated sodium calcium aluminosilicates (HSCAS), activated carbons and some
polymers have been reported to establish stable linkages with mycotoxins thus
preventing them being ingested by humans and animals (Diaz et al. 2004). An
inclusion level of up to 2% of HSCAS has been reported to reduce the formation of
lumps (caking) in animal feed. But HSCAS are effective only with AFs (Phillips
1999; Huwig et al. 2001). They are not effective in binding with other mycotoxins,
zearalenone, fumonisins, ochratoxins and trichothecens. However, chemically
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modified clays (montmorillonite and clinoptilolite) have shown binding ability with
zearalenone and ochratoxin (Papaioannou et al. 2005). Some of these clays may
cause toxicity (Lemke et al. 2001).
Most fungal toxins are reported to bind activated carbons in aqueous solutions
whereas no effect of activated charcoals was observed against mycotoxicosis (Huwig
et al. 2001). In vivo studies have shown activated carbons as effective binding agents
for ochratoxin, AFs, T-2 toxin and diacetoxyscirpenol (Kolossova et al. 2009).
Organic polymers (complex indigestible carbohydrates and synthetic) have also
shown their ability to sequester mycotoxins in animal feed (Huwig et al. 2001).
Fumonisins and zearalenone were found to be absorbed by cholestyramine in vitro
(Avantaggiato et al. 2005). However, costs for these polymers would be a matter of
concern. Based on the limitations of mycotoxin binders in one way or the other, the
use of microorganisms may be the next step (Jouany 2007). Yeasts and bacteria are
capable of transforming mycotoxins to relatively neutral substances. But
fermentation resulting from inclusion of these microorganisms in feed and toxicity of
products after enzymatic degradation should also be kept in mind when considering
this approach (Shetty and Jespersen 2006).
Clear and applicable rules are the need of the day to control ever happening
contamination of food and feed with mycotoxins worldwide. Following section
describes microbiological quality of milk and seasonal variation.
2.3.7

Risk management and controlling strategies

Best management practices include preventing mycotoxin synthesis from field by
strategically rotating crops and administrating fungicides (Yiannikouris and Jouany
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2002). While mycotoxins binders have been proved to be relatively effective,
alternative strategies such as enzymatic or microbial detoxification have also been
recently used (Binder 2007). In addition application of a specific hazard analysis
critical control point (HACCP) system would also help in controlling this risk.
Presence of mycotoxins should be monitored continuously. If action is necessary,
binders can be added to detoxify or limit the availability of specific mycotoxins in
the gastro-intestinal tract (Binder 2007). Studies had focused on amending or
supplementing diet to reduce the harmful effects of AFs (Bondy and Pestka 2000).
Weight gain depression was reduced in pigs when they were fed with DL-methionine
for 28 days (Coffey et al. 1989). Effect of Staphylococcus aureus protein A was also
investigated to prevent AF-induced immunotoxicity in rats (Raisuddin et al. 1994).
Protein A was proved effective in partially or completely negating the effects of
immunotoxicity. Coffey et al. (2009) developed a simulation model for mycotoxins
in dairy milk and its potential for human exposure. The risk to consumers in
developed countries is low. On the other hands recent data from a developing
country like Pakistan shows an alarming situation where high concentrations of AFs
are detectable in milk.

2.4 Milk quality attributes
2.4.1

Microbiological quality down the marketing chain

The length of traditional milk marketing chains is another important determinant of
milk quality. In developing countries, the informal dairy industry covers almost 80%
of total milk sold. The informal milk markets are important as they provide
employment and also competitive prices for consumers (Kang'ethe et al. 2000). In
countries such as Ethiopia, Tanzania, India, Pakistan, Kenya and Sri Lanka, milk
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marketing through informal outlets is dominant (FAO 1990). Moreover, associated
milk purchasing outlets that come under informal marketing systems are often
unsanitary and not properly monitored and regulated (FAO 1990).
Small dairy farms have the ability to expand and remain sustainable but several
constraints and issues that affect the profitability of small dairy farms need
addressing. There is a need for thorough implementation of proper hygiene practices
to enhance product safety, quality and marketability. The implementation of
effective production technologies through government regulation may be one way to
achieve this goal (Devendra 2001). Only 2% of milk is consumed in the raw form in
developed countries while in developing countries almost all milk is marketed in its
raw form and consumed after extensive boiling (FAO 2011). Boiling greatly
compromises the quality of milk. Insufficient processing plants to cope with the
demand of the consumers in many under developed dairy sectors is a major
limitation that forces them to consume raw milk (Metwally et al. 2011).
The low quality of raw milk in developing countries is due to a lack of awareness
among farmers of basic milk hygiene practices (Abdalla and Elhagaz 2011). These
authors further stated that it could be due to the lack of proper training and poor
extension services and a lack of investment in processing systems due to the small
scale nature of their dairy production systems (Abdalla and Elhagaz 2011). Poor
quality of milk in these countries results in losses in market value of milk thereby
reducing the income for small holder dairy farmers (Lingathurai and Vellathurai
2010). The importance of maintaining the functional integrity of milk by avoiding
the boiling of the product has seldom been recognised in developing economies.
Thus the loss of heat labile vitamins and the denaturation of milk proteins have
adverse implication for the health of consumers.
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2.4.2

Effect of season on milk composition

The chemical composition of milk is of great significance when we define milk
quality in terms of nutritional value. The wholesomeness of milk and milk based
products occupy an important place in supplying palatable, refreshing, nutritious,
safe, economical and convenient food for the population. Reports have shown that
milk is used as a therapeutic food in stomach cancer and peptic ulcers. However,
these attributes of milk are only helpful when milk is available to consumers in its
natural form without adulteration and in a hygienic form. There are minimum legal
standards for the levels of the key components of milk fat and total solids. The
standards for Pakistan are 3.5 and 5% butter fat and 8.5 and 9% solid non-fat for cow
and buffalo milk respectively (Khan et al. 1991). These legal standards cannot be
met because of the mixed raw milk supplied by informal milk marketing chains and
ice added to maintain its quality.
The average percentage of water, protein, fat, milk sugar or lactose and ash in milk is
87.20, 3.50, 3.70, 4.90 and 0.70%, respectively. The constituents may vary with
breed, type of feed, stage of lactation, season and age of the cow and also between
individuals of the same breed (Khan et al. 2008). Previously, fat was the ingredient
in milk on the basis of which milk payments were made in Pakistan but now more or
greater emphasis is placed on total solids in milk (author’s personal observation).
Thus, milk composition is not only important for nutritional purposes but also for
profitability (Dobranic et al. 2008).
Dobranic et al. (2008) identified that season has a significant effect on chemical
composition of raw milk. The authors (Dobranic et al. 2008) further suggested that
considering the effect of season, it was observed that milk fat contents were usually
higher in the autumn and lowest in summer while protein, lactose and non-fat dry
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matter were highest in winter. Adulteration of milk with water can also be
considered an important factor in determining quality of raw milk both in chemical
and microbiological context. Water, if added in raw milk at any stage, poses a
serious public health hazard by increasing microbial contents and changing chemical
composition thus reducing nutritional quality, palatability and commercial value of
milk (Giangiacomo 2001).
In the same way, morning milk has a higher fat content than evening milk, again
depending on temperature, as lower temperature leads to more fat and vice versa
(Bille et al. 2009). Studies also concluded that the ash content of camel milk
decreases during summer season. Similar to dairy cattle, the fat content of camel
milk was also higher during winter compared to the summer season. The seasonal
changes in composition of camel milk are in turn affected by feed availability and its
quality, heat stress and water availability (Shuiep et al. 2008).
Additionally, photoperiod can also bring changes in milk yield and composition. Fat
and protein content of milk is reduced with greater light. This is probably due to high
concentrations of prolactin during summer. The concentration of short chain fatty
acids in milk varies with season being higher in summer and lower in winter
(Lindmark-Mansson et al. 2003). Volatile compounds (alcohols, ketones, esters and
terpenes) in milk vary with seasonal climatic changes during the year, their
concentration being higher during summer compared to winter and spring (Fedele et
al. 2005). These marked differences in chemical composition are also attributed to
feeding regimens in different seasons and more extensive grazing during summer
and indoor feeding during winter (Ozrenk and Inci 2008).
Season has a significant effect on chemical composition of bulk tank milk in Poland.
Fat content is higher (4.34%) during the winter season from November to February

31

and considerably lower (4.02%) during summer. Comparatively extreme values for
protein contents were observed during the autumn (3.37%) and spring (3.52%)
seasons (Kuczaj 2001). Studies in developing countries such as Turkey and Pakistan
have reported that the majority of raw milk consumed is of low chemical quality and
does not meet the standards for food safety (Khan et al. 1991). This is due to
malpractices (skimming that is, removal of fat, and adulteration) during the handling
of milk from production to consumption (Tasci 2011).
Milk composition is also affected by the load and type of microorganisms present.
The nature of protein, carbohydrate and lipid is altered by degradation through the
production of exogenous enzymes. Milk composition is mostly altered by
psychrotrophic bacteria. These bacteria are able to grow even at low temperature and
have the ability to produce proteolytic and lipolytic enzymes which are thermostable and thus play a role in the alteration of chemical composition of milk (Dan et
al. 2008).
2.4.3

Chemical adulteration of milk

Absence of any cool chain system during the transport of milk through informal milk
marketing chains puts it at risk of spoilage due to an increase in bacterial population
(Zia 2007). The addition of other chemical adulterants has also been reported to
avoid deterioration and maximize the profit by increasing volume of milk (FAO
2011). Dilution with water, extraction of valuable components like fat and addition
of cheap substances like starch to increase total solids are different ways to
maximize the profit (Lateef et al. 2009; Afzal et al. 2011). Some adulterants are used
to restore the original appearance to the diluted milk.
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Detergent powders are good example of this. Urea and hair removing powder may
also be used for whitening of milk and small quantities of these adulterants would
serve the purpose (Walker et al. 2004). Lower abdominal pain, an irregularity in
heartbeat, shivering fever and muscular cramps are some symptoms of urea ingestion
(Baumgartner et al. 2002). Hydrogen peroxide is used to preserve the quality during
the high temperatures in hot summer to avoid financial losses during handling and
milk transport (Afzal et al. 2011). This may affect the composition of fat and protein.
Moreover, excess amount of hydrogen peroxide may result in reduced appetite in
humans. This could be the result of gastritis or inflammation of the intestine (WHO
and FAO 1974). High starch contents may cause diarrhoea and its accumulation in
the colon can be fatal in diabetic patients (Rideout et al. 2008). Boric acid added
under some circumstances may be responsible for vomiting, nausea, kidney damage
and even death (See et al. 2010). There is a need to evaluate the adulteration of milk
distributed by informal milk marketing chains in Pakistan.
Faraz et al. (2013) and Lateef et al. (2009) have reported the presence of urea,
formalin, hydrogen peroxide, cane sugar and added water in milk samples collected
from cafeterias in Pakistan. Milk adulteration has also been reported in other
countries (Afzal et al. 2011). In China, milk was diluted with water and then
synthetic powder and vegetable oil was added to increase protein and fat percentage
(Gale and Hu 2009). Use of gentamycin and hydrogen peroxide was also reported as
preservatives and the number of kidney stone patients was thus increased (Gale and
Hu 2009). According to a study carried out in Sudan, 95% of the milk samples
collected were found to be adulterated with water and none of them met milk
composition country standards (Adam 2009). Recently (Singuluri and Sukumaran
2014) milk samples were tested for various chemical adulterants in Hyderabad,
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India. These authors further showed the presence of sucrose, skim milk, urea,
neutralizers and salt. Moreover, addition of formalin, detergents and hydrogen
peroxide was also reported, but the addition of adulterants could not be traced back
to their origin of production. This thesis will evaluate the quality of milk produced
by smallholder dairy farmers in terms adulteration and changes occurring during its
transport to big city.
2.4.4

Antibiotic residues

Food safety is an essential part of every dairy and meat industry because these have
to take care of consumer health (Jabbar and Rehman 2013; Irum et al. 2014). One
such safety risk is the use of antibiotics for prophylactic and/or treatment of animals
supplying milk and meat to human food chains (Noori et al. 2013). Mastitis is one
of the major diseases that antibiotics are used to control. Uncontrolled use of
antibiotics poses a significant threat for the presence of their residues in milk. Milk
and milk products with concentrations of antibiotic residues beyond a given limit are
not considered fit for human consumption (Hillerton et al. 1999). When withholding
periods for these drugs are not adhered to, residues appear in milk and meat making
these commodities unfit for human consumption (Sats et al. 2014).
Screening tests and chromatographic techniques are the two main methods used for
the detection of antibiotic residues in milk (Kebede et al. 2014). Bacteria with
various susceptibilities to different antibiotics are used for screening tests. Currently
available detection assays for antibiotic residues use different test microorganisms
and methods (Khaskheli et al. 2008; Kebede et al. 2014). These methods, however
sometimes lack specificity and can provide false positive results. Therefore,
chromatographic techniques such as thin layer chromatography (TLC), high
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performance liquid chromatography (HPLC) and capillary electrophoresis (CE) have
been developed to obtain more definitive tests for antimicrobial residues (Cinquina
et al. 2003).
β-lactams (penicillin, amoxicillin and ampicillin) are one of the most commonly
used antibiotics throughout the world (Khaskheli et al. 2008; Noori et al. 2013).
They are used globally for the treatment of mastitis (Kebede et al. 2014).
Development of antibiotic resistant microorganisms (Anderson et al. 2003),
hypersensitivity reactions in humans (Noori et al. 2013), destruction of
gastrointestinal flora in children (Jabbar and Rehman 2013) and economic losses in
the manufacturing of cheese and yogurt (Allison 1985) are some of the major
problems that highlight the importance of antibiotic residues in dairy industries. A
significant part of the population (5-10 %) is sensitive to penicillin at a level as low
as 1 ppb which may cause asthma, anaphylactic shock, hives and skin rashes
(Khaskheli et al. 2008). Maximum residue limits (MRL) for penicillin, amoxicillin
and ampicillin in milk according to the EU standards (EU regulation 2377/90) are 4
µg/L for each (Ghidini et al. 2003). On the other hand, USFDA has set these limits
as 10, 10 and 5 µg/L for ampicillin, amoxicillin and penicillin respectively (Graham
and Hennes 2010). The development of specific legislation to minimise all
contamination is the need of the hour. At present food laws are very superficial and
sometimes irrelevant. More specific and detailed regulations designed to minimise
all individual contaminants need to be framed.

2.5 Legislation/policies in Pakistan relative to the world
Punjab, the most progressive province in Pakistan, has not stated any rules or
regulation regarding AF contamination in milk in its food laws. Government of the
35

Punjab (2011), in clause 12.5.1 (k) of Pure Food Rules, has mentioned that the
concentration mycotoxins including AFs should not exceed 20 ppb in cereals, grains
and cereal products. On the other hand maximum concentration for aflatoxin for all
food articles excluding food grains has been set 30 ppb (clause 11.7). The presence
of AFM1 in milk and milk products in Pakistan (Asi et al. 2012; Sadia et al. 2012;
Iqbal and Asi 2013) clearly shows that immediate measurements need to be
implemented to reduce the level of exposure of the milk consuming population to
AFs. According to Ashiq (2015) maximum limit for milk AFs has recently been set
as 10 ppb (too high to set when compared with rest of the world) in Pakistan. There
is still need to set more reasonable limits mycotoxins including AFs in milk and milk
products. Anecdotal evidence has shown that the removal of contaminated maize
gluten and cottonseed products from the diet of cows can reduce the concentrations
of aflatoxin in milk to acceptable levels within 72h. The maximum concentration of
AFs in milk should not exceed 0.05ppb according to the EU standards and USFDA
has set its maximum limits to 0.5 ppb (IARC 2002). Their permissible limit has
further been reduced to 0.025 ppb in milk used for infants. Details of rules and
regulations for mycotoxins in various food articles including milk for several
countries of the world has been reviewed by FAO (2004).
Thus a mass awareness campaign backed by enforceable government regulations has
the potential to minimize this risk to human health very quickly. It remains to be
seen if the government is willing to implement such measures and then enforce them.
This would require a quick and easy method for mass screening of feeds and then an
incentive system for their use by small-holder farmers and their feed suppliers.
These incentives must be in the form of a financial reward for high quality dairy
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products or punitive measures in the form of fines for farmers and companies
consistently marketing contaminated products.
Composition of milk is quite variable and addition of ice without any cool chain
system in placed in unavoidable. According to the rules set by Government of the
Punjab (2011) addition of water is illegal but it is not possible for informal milk
marketing chains to transport milk from long distances after production.
Furthermore, the fat percentage set for informal milk marketing has been set at the
high level found in buffalo milk which is again impossible because milk collectors
constantly mix buffalo milk with that from cattle containing only 3.5% fat along
with addition of ice/water during transport.
In view of the above discussion, it is imperative to have clear and applicable rules
showing maximum standards for mycotoxin content including AFs in milk. Similar
regulations are needed to control antibiotic residue levels in milk with specific
recommendations for different classes of antimicrobial Minimum levels for each
major component of milk needs to be set so that the industry has a target for to
adhere to along marketing chains, both of informal and formal types. Further
research is required to identify the deleterious effects of the ever growing family of
mycotoxins and their metabolites on animal health and in particular reproductive
efficiency quite a part of their impact on human health. The consequences of
incorporation of antimicrobial residues on the health of animals and humans also
deserve further investigation.

2.6 Conclusions
Literature cited above provides sufficient evidence for the presence of mycotoxins
and antimicrobial residues in milk sold in Pakistani markets. Furthermore, bacterial
37

contamination and the deterioration of quality by adding different chemicals has also
been reported. The quality of milk is very much dependent on its handling during
transport via traditional milk supply chains after its production by smallholder dairy
producers. Buffaloes remain the main milk producers in the sub-continent. The risk
of exposure of undernourished populations to contaminated milk provides solid
reasoning to evaluate animal feeds and water for the presence of mycotoxins and
antibiotic residues as well as determining its nutritional quality. Carryover of
aflatoxins from feed to milk and urine of buffaloes will help to standardise animal
feed to check milk contamination. Informal milk supply chains being the major
distributors of milk in the country need analysis for the product quality being
distributed. This in turn can help in improving the health status of the
underprivileged poor population of Pakistan.
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Chapter 3 :
Transfer of aflatoxins from naturally
contaminated feed to milk of Nili-Ravi buffaloes fed a
mycotoxin binder

3.1 Introduction
The maximum permissible level of aflatoxinM1 (AFM1) in milk and milk products
is 0.05 µg/kg in the European Union (EU) while the United States Food and Drug
Administration (USFDA) has suggested a level of 0.5 µg/kg (Berg 2003). The extent
and rate of transfer of AFM1 into milk from feed in Nili-Ravi buffaloes has not been
reported previously. In dairy cattle, transfer of aflatoxinB1 (AFB1) from feed to
AFM1 in milk may be as high as 3% (Veldman et al. 1992). AFM1 appears in milk
within 12 h of ingestion of AFB1 and reaches a maximum concentration after three
days. Similarly, it disappears from the milk within four days of removal of the
source in feed (Diaz et al. 2004). The carryover of AFM1 will depend on milk yield
and stage of lactation. Furthermore, species differences, animal variability and health
of mammary alveolar cell membranes may also contribute to the efficiency of
transfer of AFM1 in milk (Masoero et al. 2007). Therefore, in countries that rely on
the buffalo for their milk supply, for example Pakistan (Farooq 2014), carryover of
AFM1 to milk in buffaloes is of great importance for consumer safety.
A number of in vitro studies reporting on the effectiveness of sequestering agents
such as activated carbons and aluminosilicates have shown positive binding effects
on AFB1 in feed (Huwig et al. 2001). Other in vivo studies have demonstrated the
effectiveness of sequestering agents against AFB1 toxicosis in animals and against
the secretion of AFM1 in milk (Galvano et al. 1996). Charcoals or activated carbons
are recognized for detoxification of mycotoxins (Diaz et al. 2004) but are highly
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variable in their effectiveness. This variation may be because of the activated
charcoal being a relatively non-specific adsorbent in that many essential nutrients are
also adsorbed at equivalent efficiencies to the mycotoxins (Huwig et al. 2001). As
such, their practical application in animal feeds is questionable. In a more recent
study, bentonites were reported as effective adsorbents for AFB1 (Vekiru et al.
2007). Given the importance of buffalo milk to the sub continental population, the
present study was therefore conducted with the objectives of 1) investigating the
efficiency of carryover of AFM1 into milk in Nili-Ravi buffaloes and 2) the ability
of a commercial mycotoxin binder to minimize this transfer.

3.2 Materials and methods
This study was conducted at the Buffalo Research Institute, Pattoki (Latitude: 31°05'
N and Longitude: 73°52' E) in district Kasur of Punjab province, Pakistan.
Multiparous Nili-Ravi buffalo (n=28) of similar weight (430-630 kg) with lactation
number (3-7) in early lactation (1-3 months) were randomly allocated to four groups
corresponding to 2 treatments each with 2 levels of AFB1 in a 2x2 factorial design.
Repeated measures in time on various response variables were then made (e.g. on
Days 2, 4, 6, and 8 for milk samples; milk production on Days 1-9). Cottonseed cake
based concentrate feed was obtained from a local commercial source and was being
used at the time of the study as the concentrate supplement for the buffalo herd
across the Institute. All animals were managed individually throughout the
experiment. Fresh water was made available to every animal round the clock.
Samples of feed were taken once before the start of the experiment and same feed
was used for the complete length of experiment. Average daily milk production of
animals in group A, B, C and D was 9.6, 8.6, 8.1 and 9.4 kg respectively. All the
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animals were in early stage of lactation i.e. 1-3 months. Animals in low (A and B)
and high (C and D) aflatoxin groups were individually offered this mycotoxin
contaminated cottonseed cake based concentrate feed (2.5 and 5 kg/day: 88.2% DM)
and corn (200 and 400 g/day: 91% DM) respectively. Concentrate mixture and corn
were fed to animal twice a day at the time of milking. Concentration of AFB1 in
concentrate mixture and corn was 554 and 454 µg/kg respectively. This provided a
total of 1475 and 2950 µg/day of AFB1 to animals in low and high groups
respectively. Moreover, animals were offered either 80 kg (groups A and B) or 70 kg
(groups C and D) of aflatoxin free fresh cut berseem clover (Trifolium
alexandrinum) (17.8% DM). Total daily DM intake for low and high groups was
16.62 kg and 17.26 kg respectively. The AFB1 concentrations in feed for the low
and high groups were therefore 88.7 and 171.2 µg/kg of dry matter (DM). Both
concentrate feed and corn were naturally found to have these levels of contamination
and were being already fed to animals. Groups B and D were given 50 g
of mycotoxin binder daily mixed with feed while groups A and C were kept as
controls. All data and sample collection were performed on individual animals.
Experimental period was 10 days excluding one week of the adjustment period.
3.2.1

Composition of Mycotoxin binder

Mycotoxin binder used in this study was a 50-50 mixture of commercially available
products Mycofix® Secure and Mycofix Plus®. Mycofix® Secure is composed of
100% of bentonite/dioctahedral montmorillonite. Mycofix Plus® is composed of
bentonite/dioctahedral montmorillonite, Biomin® BBSH 797 (Gen. nov. sp. nov.,
formerly Eubacterium), Biomin® MTV (Trichosporon mycotoxinivorans DSM
14153),

phytophytic

(Ascophyllum

nodosum)
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and

phytogenic

(silymarin)

substances. All these products are authorized by the European Union Commission
for their safety for use in animals and humans.
3.2.2

Sample collection

Milk production of each animal was recorded daily at 0500 and 1700 h. Milk
samples were collected on four (04) days (day 2, 4, 6 and 8) of the experimental
period. Milk samples (100mL) from all animals from morning and evening milking
were mixed in proportion to their individual milk production to constitute one
representative sample for each animal every day (Pietri et al. 2009). Samples were
then stored at -20oC until analysed.

3.2.3 Experimental Parameters
3.2.3.1 Mycotoxin contents of feed
Samples of green fodder and concentrate fed to the animals were analysed for
aflatoxins (B1, B2, G1 and G2), deoxynivalenol, fumonisin (B1 and B2),
ochratoxinA and zearalenone by reverse phase High Performance Liquid
Chromatography. All samples were sent to Romer Labs Singapore Pte. Ltd. for
analyses.
3.2.3.2 Carryover of aflatoxinM1 into milk
The carryover of AFM1 into milk was calculated by following the formula;

3.2.3.3 Total aflatoxinM1 excretion in milk
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Total AFM1 excretion in milk was measured by calculating average of total amount
of AFM1 excreted by individual animals per day.
3.2.3.4 AflatoxinM1 concentration in milk
AFM1 concentration in milk was measured by analysing AFM1 excreted per litre of
milk by different individual animals in all different experimental groups.
3.2.3.5 Milk Production
Milk production records were taken daily for a period of 9 days (day 1-9) for
individual animals for the morning and evening milking. They were then added to
calculate the total milk production for individual animals.
3.2.4

AflatoxinB1 analysis

3.2.4.1 Sample preparation and clean up
Each fodder/feed sample (25g) was ground, mixed well and AFs extracted with 100
mL acetonitrile/water (84:16). After blending for 3 min and filtering, 2 mL of the
filtrate was added to 33 mL of 1% tween 20 in PBS. All of the diluted sample extract
was applied to an Aflastar Fit® IAC (Immuno Affinity Column, Romer Labs®,
Singapore). The sample was allowed to pass through the column at the rate of 1-3
mL/min and the column was then washed with 10 mL of PBS. The mycotoxins were
then eluted from the column with 0.5 mL methanol twice and then 0.5 mL of
deionized water twice. After mixing, 100 µL was used in the HPLC analysis.
3.2.4.2 High performance liquid chromatography (HPLC)
HPLC analyses were performed using an Agilent 1100 series HPLC (Agilent®
Technologies, Germany). AFB1 was separated using an Agilent Zorbax SB-Aq
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column

(4.6mm×150

mm,

5um).

The

mobile

phase

applied

was

water/acetonitrile/methanol mixture (5/1/1), including 100 µL nitric acid and 0.3 g
potassium bromide per litre. The flow rate was 2 mL/min using a column oven
temperature of 30 0C and injection volume of 100 µL. A Kobra cell (Biopharm AG,
Germany) was used for post-column derivatisation and the fluorescence detector
settings were 360 nm (excitation) and 440 nm (emission).
3.2.4.3 AflatoxinM1 analysis
AFM1 was measured by direct competitive enzyme-linked immunosorbent assay
(ELISA) using the AgraQuant® AflatoxinM1 Fast ELISA kits supplied by Romer
Labs® Singapore Pty Ltd, according to the assay method provided with the kits. The
limit of detection of AFM1 in fresh milk was 89 parts per trillion. The recovery of
AFM1 of the assay was 83-99% as measured by three analysts using two different
batches of test kits and cross-reactivities with AFB1, B2, G1 and G2 were 88, 27,
11.5 and 4.7% respectively according to the information provided by the
manufacturer.
3.2.4.3.1 Sample preparation/extraction
A 5 mL milk sample was incubated for 30 min at 4ºC. The sample was then
centrifuged at 3000g for 10 min. The milk serum below the fat layer was diluted 20
times with double distilled water. Following this, 0.4 mL of the diluted milk serum
was mixed with 0.1 mL of 100% methanol (4:1) and used in the ELISA.
3.2.4.3.2 ELISA Assay procedure
One AFM1-specific antibody coated well was used for each standard (0, 100, 200,
500, 1000, 2000 ng/L) or sample. To each dilution well, 200 µL of the AFM144

specific monoclonal antibody- enzyme conjugate was dispensed. Then 100 µL of
each standard or sample was placed into the appropriate dilution well. Each well
was then mixed carefully. These solutions (100 µL) were then dispensed into the
corresponding antibody coated microwell. Samples were incubated at room
temperature (18-30 0C) for 20 min.
Microwell strips were then placed into an automatic ELISA washer (ELx50, BioTek,
USA) and washed 5 times and then drained using absorbent towels to dry residual
solution. Enzyme substrate (100 µL) was dispensed into each well and incubated for
10 min in the dark. Stop solution (100 µL) was dispensed into each well. At this
time, the color changed from blue to yellow. Optical densities (OD) were recorded in
a microwell plate reader (Multiskan® EX, Thermo Scientific, USA) at a wavelength
of 450 nm.
3.2.5

Statistical analysis

All data were analysed using linear mixed models with AFB1 level in feed (high and
low), mycotoxin binder (with and without), day (1, 2, 3 and 4) and all interactions as
main effects and animal/day as random effects. This use of animal/day as random
effect identifies the individual animals as the experimental unit with repeated
measurement on several days (Crowder and Hand 1990; Pinheiro and Bates 1990;
Diggle et al. 1994; Goldstein 1995). Genstat 16th edition (V. S. N. International
2014) was used for all analyses.
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3.3 Results
3.3.1

Mycotoxin contents of feeds

The concentration of AFB1 in the cottonseed cake based concentrate for this study
was 554 µg/kg. The concentrations of AFB2, deoxynivalenol, fumonisinB1,
ochratoxinA and zearalenone were 50, 166, 230, 31.2 and 18 µg/kg, respectively.
The corn supplement used in the study also contained AFB1 (454 µg/kg), AFB2 (52
µg/kg), fumonisinB1 (275 µg/kg), fumonisinB2 (328 µg/kg) and ochratoxinA (9.2
µg/kg).

3.3.2

Carryover of aflatoxinM1 into milk

There was a difference (P=0.001) in carryover of toxin to milk of animals fed with
and without mycotoxin binder. Carryover was lower (3.44%) in animals fed with
50g of mycotoxin binder than those fed no binder (4.6%). On the other hand, there
was no difference (P=0.219) in transfer in animals exposed to high and low levels of
AFB1. Carryover in animals exposed to high (2950 µg/day) levels of AFB1 was
3.82% while it was 4.22% in animals fed low (1475 µg/day) levels of AFB1. No
interaction was observed between high or low levels of AFB1 and presence or
absence of mycotoxin binder (P=0.109). Transfers for individual groups are
presented in Table 3.1.

46

Table 3.1: The effect of aflatoxinB1 intake and use of a mycotoxin binder on
concentration of aflatoxinM1 in milk, total aflatoxinM1 excreted and calculated
transfer of aflatoxinM1 into the milk of Nili Ravi buffaloes

Low aflatoxin

High aflatoxin

intake

intake

Variables
Without

binder

With
binder

Without

binder

Significance level

With

SED

Effect of aflatoxin
Effect of

Effect of

aflatoxin

binder

binder

x binder

A

B

C

D

Total aflatoxinB1 intake (µg/day)

1475

1475

2950

2950

n.a

n.a

n.a

n.a

Concentration of aflatoxinM1 ( µg/kg)

8.1

5.6

14.6

10.3

0.44

P<0.001

P<0.001

P=0.051

Total aflatoxinM1 excreted (µg/day)

74.6

49.8

122.0

103.3

5.99

P<0.001

P<0.001

P=0.613

Transfer of aflatoxinM1 into milk (%)

5.06

3.37

4.14

3.50

0.45

P=0.219

P=0.001

P=0.109

A

interaction

A

Transfer of M1 into milk calculated as total aflatoxinB1 excreted / total aflatoxinB1

intake x 100
3.3.3

Total aflatoxinM1 excretion in milk

There was a difference (P<0.001) in total daily AFM1 excretion between animals fed
1475 µg (Group A and B) and those fed 2950 µg (Group C and D) of AFB1 per day.
The mean for those fed 2950 µg was 112.6 µg/day, almost double the mean of those
fed 1475 µg, which was 62.2 µg/day (SED=5.99). Addition of the mycotoxin binder
to the diet reduced (P<0.001) excretion of AFM1 in milk. The mean daily excretion
rate with the binder was 76.5 µg/day, nearly 22 µg/day lower than concentrations
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without the binder (98.3 µg/day; SED=5.99). The interaction between AFB1 intake
and the presence of the mycotoxin binder on transfer to milk was non-significant,
showing that the binder was able to bind mycotoxin with almost the same efficiency
at both levels of AFB1 intake. The effect of binder over a period of 5 days was
different (P<0.01), showing a decrease in concentration of AFM1 expressed in milk
over the 5 days of the study in animals offered the mycotoxin binder (
Figure 3.1). Whereas no such decrease was observed in the animals fed the
mycotoxin without the binder.

Figure 3.1: Changes in the daily concentrations of aflatoxinM1 in milk from
buffaloes fed with or without mycotoxins binder. The triangles represent the means
of groups A and C without mycotoxin binder, while the squares represent the means
for groups B and D with 50 g of mycotoxin binder added to their daily diet
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(SED=5.814).
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4

3.3.4

AflatoxinM1 concentration in milk

A difference (P<0.001) was observed in concentration of AFM1 (µg/kg) in milk
between the animals fed with low (1475 µg/day i.e. group A and B) and high (2950
µg/day i.e. group C and D) concentrations of AFB1. The concentration of AFM1
was 12.4 µg/kg for the animals from groups C and D, almost twice that found in
groups A and B (6.9 µg/kg: SED=0.44). There was also a difference (P<0.001) in the
concentration of AFM1 in milk between the animals fed with (8.0 µg/kg: group B
and D) and without (11.3 µg/kg: group A and C) the mycotoxin binder (SED=0.44).
The mycotoxin binder was equally effective (P=0.051) at suppressing transfer to
milk irrespective of level of mycotoxin in the diet (Table 1). However, the addition
of mycotoxin binder reduced (P=0.017) excretion of AFM1 into the milk over the
experimental period. There was no significant difference (P=0.461) in the excretion
of AFM1 in groups which were not fed a mycotoxin binder.
3.3.5

Milk production

There was no significant difference (P=0.932) in milk production (kg/day/animal)
due inclusion of mycotoxin in the diet irrespective of the level of addition of the
mycotoxin binder (Figure 3.2). Average milk production for groups A, B, C and D
was 9.16, 8.85, 8.34 and 9.99 kg/day respectively.

Milk Production (kg/animal)
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7.5
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Figure 3.2: Average daily milk production for animals with mycotoxin binder
(groups B and D) represented by triangles and without mycotoxin binder (groups A
and C) represented by squares (P=0.932; SED=0.528).
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3.4 Discussion
3.4.1

Carryover of aflatoxinM1

Given the prevalence of inadequate feed storage facilities on small-holder farming
operations in sub-tropical environments, the likelihood of fungal contamination of
feed is high. Concentrate feed containing AFB1 at a concentration of more than 500
µg/kg DM is commonly used. Contamination levels may be higher in field
conditions especially in peri-urban areas where kitchen and bakery wastes
contaminated with fungi are routinely offered to animals in developing countries
(Sultana and Hanif 2009). Concentrate feed used in the present study was not only
contaminated with AFB1, but also contained high levels of AFB2, fumonisins,
deoxynevalonol, ochratoxins and zearalenone. The synergistic effect of these
mycotoxins cannot be ruled out.
The milk AFM1 concentrations measured in this study of 8.1 or 14.6 µg/kg exceeded
international standards of 0.5 µg/kg by up to 27-fold. The carryover efficiency from
feed to milk of 4.14 and 5.06 % observed with high (2950 µg/day) and low (1475
µg/day) concentrations of AFB1 were similar to the 3.85 % observed in Italian
Friesian dairy cows (Pietri et al. 2009). In this study, however, animals were offered
only 97.3 µg AFB1/day, which theoretically should improve the efficiency of
transfer. These transfer are much higher than the 0.54 % carryover reported for
Holstein cows by Galvano et al. (1996). However, cows enrolled in that study were
in late lactation, when the rate of transfer is reduced markedly (Veldman et al. 1992).
With Veldman’s study a transfer of 6.1 and 1.8 % for AFM1 was observed for early
and late lactation dairy cows, respectively. The Nili-Ravi buffaloes used in the
present study were in early lactation.
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Bantaokul and Ruangwises (2010) reported a transfer of 2.35 % in Holstein Friesian
cows with milk AFM1 concentrations within the range of 0.035-11 µg/kg, which are
comparable to the milk concentrations observed in the present study. Moreover,
Masoero et al. (2007) reported a transfer of 1.29 and 2.70 % in low (21.2 kg/day)
and high (41.8 kg/day) producing Holstein cows which is again lower than the
transfer of the present study. Clearly in order to compare the efficiency of transfer in
buffaloes and cows a comparative study using the same feed base needs to be
conducted. Studies published to date show that stage of lactation, health, breed and
nutritional status of animals all contribute to these differences. In addition AFs are
also excreted out of the body through urine (Aslam et al. 2014) and faeces (Allcroft
et al. 1968). Transfer of 15% of the total AFM1 ingested was observed in Nili-Ravi
buffaloes (Aslam et al. 2014). A total of 2.98% of a single dose of AFB1 ingested
was excreted via the faeces of dairy cattle, but it could not be detected in faeces 6
days after dosing (Allcroft et al. 1968). There is still a need to map AF metabolites
in different tissues and organs of the ruminants to determine the risk of ingestion of
meat and offal from affected animals to the beef and mutton consumers.
3.4.2

Effect of a mycotoxin binder on carryover of aflatoxinM1 in milk

The effectiveness of mycotoxin binders in minimizing aflatoxin transfer from feed to
milk varies widely depending on dose, breed and species of animal studied. The
addition of the same quantity of Mycofix® Plus as used in the present study in the
feed of Holstein Friesian cattle consuming only 5.6 µg of AFB1 per day decreased
milk concentrations of AFM1 by 31 or 41 % (Pietri et al. 2009). In the present study,
using the same concentration of a related but more advanced mycotoxin binder and
mycotoxins doses 300 and 600 fold higher than Pietri et al. (2009) levels of
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contamination, decreased transfer by 34 and 16% respectively for the 2 levels of
AFB1 intake. However the fact that the efficiency of sequestration of the mycotoxin
by the binder was not compromised when exposure levels were 300 fold higher in
the present study. It suggests that this product sub-type of mycotoxins binder is
highly effective across a wide range of contamination levels.
Both Pietri et al. (2009) study with lower levels of contamination and the present
study with higher level of contamination showed no effect of mycotoxins on milk
yield, suggesting that the functionality of the mammary epithelium is not affected by
AFM1. The efficacy of various other carbon matrix-based mycotoxin binders has
also been assessed: Galvano et al. (1996), for example investigated the efficacy of
the inclusion of three activated carbon products to reduce transfer of low levels
(56.4-67.2 µg/day) of AFB1 into milk of Holstein Friesian animals. The reduction in
transfer was 27, 36 and 50 % for the 3 products respectively, which are comparable
to the efficiencies reported in the present study.
In another study, the efficacy of montmorillonite-based mycotoxin binders was
assessed at inclusion levels of 0.2 and 1% of DM in the diet of animals offered 75
µg/kg of feed (Queiroz et al. 2012). The higher concentration of binders reduced the
milk AFM1 concentration significantly by 17% whereas the lower concentration was
ineffective. In another study Diaz et al. (1999) explored the efficiency of activated
charcoal (0.25 % of DM), mycosorb (0.05 % of DM), calcium bentonite (1.25 % of
DM) and sodium bentonite (1.25 % of DM) in reducing transfer of AFM1 in milk
again in Holstein Friesian cows offered low levels of contaminant. Sodium
bentonite, calcium bentonite and mycosorb reduced AFM1 transfer to milk by 64.6,
31.4 and 58.5 % respectively. Furthermore using an in vitro model, Diaz et al.
(2002) found that activated charcoals, sodium bentonites, calcium bentonite and
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esterified glucomannan were able to bind 5 µg of AFB1 in a solution with
efficiencies of 99, 98, 98 and 97 % respectively. This study in essence simply
assessed the maximum potential binding capacity of the matrix without assessing its
bio-effectiveness in the animal.
Perhaps the most comprehensive study has been provided by Diaz et al. (2004) who
evaluated six different sequestering agents: SA-20, an activated carbon (AC-A);
Astar-Ben-20®,

a

sodium

bentonite

(AB-20);

MTB-100®,

an

esterified

glucomannan (MTB-100); Red Crown®, a calcium bentonite (RC); Flow Guard®, a
sodium bentonite (FG) and Mycosorb®, a sodium bentonite (MS), for their potential
to reduce AFM1 transfer to milk. RC, MTB-100, MS, FG and AB were able to
reduce the carryover of AFM1by 31, 59, 50, 65 and 61 % respectively. Again these
results are comparable to the efficacy of the mycotoxin binder used in the present
study. Although mycotoxin binders are able to reduce the risk of incorporation of
AFM1 into the human food chain, they do not seem to be effective enough to
decrease contamination of milk to the minimum levels of 0.05 µg/kg of milk set by
the European Union (EU).
None of these studies report on the co-incident sequestration of other nutrients from
the diet. Therefore it is difficult to reconcile possible losses in productivity
associated with the use of different binding agents.
The present study has evaluated the efficacy of buffaloes to transfer AFs into their
milk after ingestion of contaminated feed. It has also highlighted the limitations
about the use of mycotoxin binders at very high levels of contamination. Buffaloes
appeared quite resistant to any effect of mycotoxins on their milk production even
when high levels were present in feed. The growth and health of calves being fed on
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contaminated milk cannot be ignored and deserves further investigation. Partitioning
of AFs from feed to milk and their effects on serum chemistry is assessed and
discussed at length in chapter 4.
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Chapter 4 :
Pattern of partitioning of aflatoxins from
feed to urine and its effect on serum chemistry in NiliRavi buffalo heifers

4.1 Introduction
Aflatoxins (AFs) are readily absorbed and distributed to almost all vital organs and
body fluids after ingestion (Stubblefield et al. 1981). Oxidation of aflatoxinB1
(AFB1) results in the formation of the biologically active metabolite, AFB1 8, 9
epoxide (Kuilman et al. 2000). This metabolite can then react with RNA and DNA
leading to hepatocellular carcinomas or with liver protein (Judah et al. 1993) to
cause liver toxicity. Detail of its metabolism has been provided above (section
2.4.1.1). The body has a mechanism to regulate toxicity through conjugation of
AFB1 with glutathione, facilitated by glutathione S transferase (Hayes et al. 1991).
Truckness et al. (1983) found that the transfer of mycotoxins, aflatoxicol, AFB1 and
aflatoxinM1 to milk, plasma and RBCs of Holstein Friesian cows is very rapid,
reaching high levels within 1h of dosing. Consistent with this rapid increase, the
circulatory system is highly efficient at eliminating systemic AFs through milk and
urine. Investigations of tissue accumulation in large animals is very expensive
(Stubblefield et al. 1981). However these workers (Stubblefield et al. 1983) found
concentrations of AFM1 in kidneys to be almost 40 times higher than the intact
AFB1, showing extensive metabolism of the original feed contaminant. Thus urine is
one of the major routes for excretion of AFM1 after its conversion from AFB1 in the
liver (Nabney et al. 1967). The liver has been the main focus of studies, being the
chief organ affected by aflatoxicosis (Stubblefield et al. 1981).
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Most of ingested AFs are excreted in animal wastes within 24 h of ingestion and
only a small portion is retained within the body. Livers have been the main focus of
studies, being the chief organ affected by aflatoxicoses (Stubblefield et al. 1981)
showing no or very little data about the other edible tissues from the animals. The
presence of aflatoxicol and AFM1 in liver, kidney and urine samples demonstrates
that ruminants are capable of metabolizing AFs to some extent (Truckness et al.
1983). It was further explained that maximum concentration of aflatoxicol, AFB1
and AFM1 was achieved between 12-60 h post dosing.
Deaths of several hundred calves in Australia (Mckenzie et al. 1981), numerous
animal deaths on a chinchilla farm in Argentina (Pereyra et al. 2008) and death of
493 buffaloes in Landhi colony Karachi, Pakistan (Sultana and Hanif 2009) provide
examples of the potential impact of acute aflatoxicoses in production animals. On
the other hand, chronic lower level exposure may lead to a decrease in reproductive
efficiency, a drop in feed conversion ratio, jaundice, increases in calf mortality rates,
reductions in weight gain and anaemia (Aydin et al. 2008; Wu et al. 2011). The
feed/live weight gain ratio (w:w) decreased from 5.7 for the cattle given aflatoxin
free feed to 6.1, 6.3, 6.5 and 6.6 for the cattle provided with feed containing 100,
300, 700 and 1000 ppb aflatoxin respectively (Lubulwa and Davis 1998). These
studies were conducted using young animals and the effect was not as apparent in
older animals up to 700 pounds of body weight. In general, mycotoxins have also
depressed feed consumption growth and development in ruminants, poultry and
swine (Akande et al. 2006).
The major feeds for these animals are concentrates and green fodder. Cereals and byproducts of animal and plant origin generally make up the concentrate ration. Stale
bread, kitchen and bakery wastes are often mixed to lower the cost of feed. These
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ingredients are often contaminated with fungi which contribute significantly to the
ingestion of mycotoxins (Sultana and Hanif 2009). Although the impact of
mycotoxins on organ function and their appearance in the circulation are well
reported, little is known of the pattern of secretion of these molecules in urine of
buffalo. This information will provide a source of measuring mycotoxin contents in
animals in abattoirs and health status of the carcass about to enter the human food
chain as meat. The objectives of the present study were a) to determine the transfer
pattern of feed AFB1 into urinary AFM1 b) to measure the effect of mycotoxins on
key serum constituents in Nili-Ravi buffalo heifers.

4.2 Materials and methods
The government Buffalo Research Institute (BRI), Pattoki (Latitude: 31°05' N and
Longitude: 73°52' E) district Kasur of province Punjab in Pakistan provided Nili
Ravi buffalo heifers (n=12) of similar age (18.7-20.4 months) and live weight (339387 kg). All animals were managed individually throughout the experiment. Fresh
water was made available to every animal round the clock. They were randomly
distributed to four groups offered AFB1 contaminated cottonseed cake based farm
mixed concentrate ration at 4 levels. Groups A, B and C were fed with contaminated
concentrate ration at 0.5, 1.0 & 1.5% of body weight and group D was not given
concentrate. AFB1 free green fodder (Berseem, Trifolium alexandrium) was offered
to all the animals ad libitum for the experimental period of five days with an
adjustment period of ten days prior. All the animals were individually fed with
concentrate mixture and green fodder twice a day (morning and evening). Group D
was kept as the control (animals fed fresh green fodder free of AFB1 only). The
concentrate ration contained 554 µg/kg AFB1. Based on the contamination level of
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concentrate feed animals in group A, B, C & D received 953, 2022, 3202 & 0 µg/day
respectively. Moreover, availability of fresh water was made sure 24 hrs during the
experimental period. Measured amount of water was put in tubs in front of individual
animals and leftover was measured again in the morning to see the daily total
consumption (estimated spillage was 5%). Animals were kept under observation 24
hrs throughout the trial period.
4.2.1

Sample collection

4.2.1.1 Feed Samples
A representative sample of green fodder was dried and preserved on day 1 together
with a representative concentrate sample. These were analysed for AFB1 by Romer
Laboratories Singapore.
4.2.1.2 Serum samples
Blood samples (10ml) were collected once from jugular vein by venipuncture after at
the end of experimental period of 5 days two hours after feeding and stored at 23oC
for 2h for separation of serum. They were then centrifuged at 1200g for 20 minutes
to collect the serum, which was stored at -20°C pending analysis.
4.2.1.3 Urine Samples
Foley balloon catheters (24 gauge, Ningbo Greatcare Meditech Co., Ltd, China)
were passed through the urethra into the urinary bladder of all animals on day 1 after
the adjustment period of 10 days and kept there for 5 days. These catheters were
directed to airtight plastic bottles (20 litres). Total volume of urine excreted was
measured daily. Urine samples (5ml) were collected every 24h after mixing the
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integrated pool well and stored at 4oC pending analysis. All animals were monitored
continuously round the clock after catheter introduction.
4.2.2

Experimental parameters

4.2.2.1 Total daily excretion of AFM1 in urine
Total dairy excretion of AFM1 in urine was measured by multiplying the urine
produced per day to the concentration of AFM1 per litre of urine.
4.2.2.2 Concentration of AFM1 (µg/L)
Concentration of AFM1 was measured by using quantitative ELISA kits in urine
samples of individual animals of all experimental groups. Details of ELISA kits used
and procedure is mentioned below in section 4.2.4.
4.2.2.3 Daily water intake
Measured volume of water was offered to all individual animals every day and
leftover was again measured next day to calculate daily water intake.
4.2.2.4 Urine production
Urine samples were collected in measurable plastic containers and hence urine
production was calculated for individual animals every day.
4.2.2.5 Total dry matter intake
Dry matter (DM) intake was calculated by measuring DM percentage in green fodder
and concentrate feed. It was then multiplied to the exact intake of green fodder and
concentrate to get total day DM intake for individual animals in each experimental
group.
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4.2.2.6 Serum chemistry
Concentrations of glucose, total protein, cholesterol and urea were determined by
using clinical chemistry kits provided by Human diagnostics (HUMAN, Biochemica
und Diagnostica mbH, Germany). Serum samples were analysed using a chemistry
analyzer (Microlab 300) provided by ELITech Group, France in WTO Quality
Operation Laboratory UVAS Lahore.
4.2.2.7 Carryover of AFM1 into urine

Carryover of AFM1 into urine was calculated by the following formula;

4.2.3

AflatoxinB1 analysis

Samples of green fodder and contaminated concentrate ration were sent to Romer
Labs Pte. Ltd, Singapore for AFB1 analysis and were analysed by High Performance
Liquid Chromatography (HPLC). Detail of the HPLC procedure used is explained
above (section 3.2.4).
4.2.4

AflatoxinM1 Analysis in urine

The measurement of AFM1 in urine samples was conducted with a competitive
enzyme-linked immunosorbent assay (ELISA) kit (Cat. No. 991AFLMO1Y-96
Helica Biosystem, Inc. USA) specifically developed for analysis of AFs in urine.
Ninety six well plates coated with anti AFM1 antibody, conjugate, substrate reagent,
stop solution, PBS with 0.05% tween 20 washing buffer solution and six standards
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having known values of 0.0, 0.15, 0.40, 0.80, 1.50 and 4.0 ng/mL were included in
each kit.
4.2.4.1 Assay Procedure
1. All debris or precipitates were removed from the urine by centrifugation
(1077g for 5 min).
2. An aliquot of both the urine standards and samples was diluted 1:20 with
distilled water e.g. 50 μL plus 950 μL distilled water.
3. One mixing well was placed in a microwell holder for each standard and
sample to be analysed. An equal number of antibody coated microtitre wells
were placed in another microwell holder.
4. Assay buffer (200uL) was dispensed into each mixing well.
5. Each standard and sample (100uL of each) was added to the corresponding
mixing well. The contents were mixed three times in order to obtain a
homogeneous mixture.
6. The mixture (100 μL) was transferred to the corresponding antibody coated
well. Contents were then incubated for 1h at room temperature (19º - 27ºC).
7. The contents of microwells were discarded after completion of incubation
and they were washed by filling each well with PBS-Tween 20 solution. This
procedure was repeated three times.
8. Microwells were tapped face down on a layer of absorbent towels to remove
residual PBS-Tween.
9. Conjugate (100 μL) was added to each antibody coated well and incubated at
ambient temperature for 15 minutes.
10. Washing step was again repeated.
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11. Substrate (100 μL) was added to each antibody coated well and incubated at
ambient temperature for 15 minutes. It was cover to avoid direct light.
12. Stop solution (100 μL) was added to each antibody coated well.

Optical density (OD) of each microwell was read with a microtiter plate reader
(Multiskan® EX, Thermo Scientific, USA) using a 450 nm filter within 15 minutes
of adding stop solution.

4.2.5

Statistical Analyses

Data were measured 5 times on each animal and results were analysed using linear
mixed models with Group x Day as fixed effects and Animal/Day as random effects
(Crowder and Hand 1990; Pinheiro and Bates 1990; Goldstein 1995). Comparisons
of means were made using the F-tests in the ANOVA tables. As data for serum
concentrations of glucose, total proteins, cholesterol and urea were measured at only
one time point, they were analysed by one way ANOVA using a completely
randomized design (CRD). Genstat 16th edition (V. S. N. International 2014) was
used for all analyses.
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4.3 Results
There was a significant (P<0.001) difference in total daily excretion of AFM1 in
urine between the 4 groups; with higher levels in urine associated with higher levels

Excretion of AFM1 (µg/day) in urine

of oral intake of AFB1.

500

449.5

400
312.3
300
200

147.2

100
0
0
A

B

C

D

Groups

Figure 4.1: Daily mean excretion of aflatoxinM1 in urine in groups A, B, C and D
offered 953, 2022, 3202 and 0 µg/day of aflatoxinB1 (SED=30.07)

Mean daily excretion of AFM1 in animals from groups A, B and C tended to
increase with increasing dietary AFB1 dose (Figure 4.1). There were no significant
differences in urinary excretion of AFM1 between days, with no difference in AFM1
levels over the 5 days of treatment (Figure 4.2).
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Figure 4.2: Daily variation in excretion pattern of aflatoxinM1 in urine in animals
fed with 953, 2022, 3202 and 0 µg of aflatoxinB1 (SED=29.00)

Highly significant differences (P<0.001: SED = 1.82) were also observed in urinary
AFM1 concentrations (µg/L) between groups A, B and C. The mean concentrations
of AFM1 (µg/L) were 14.37, 18.96, 24.17 and 0 for the animals fed with 953, 2022,
3202 and 0 µg/day of AFB1 respectively. There was no significant difference in the
daily pattern of excretion of AFM1 (µg/L) over the 5 day experimental period among
groups receiving AFB1 in the diet. A strongly significant (P≤0.01) difference in
water intake was observed between all four experimental groups (Table 4.1). It was
positively related with daily intake of the concentrate ration. There was a highly
significant (P<0.001) difference in water intake from day to day.
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Group D

Mean water intake on day 1 for all animals was 21.72 L, which was significantly
(P<0.001: SED = 2.17) lower than mean intakes for the subsequent days i.e. 26.37,
27.68, 28.78 and 28.21 L for second, third, fourth and fifth day respectively
(SED=1.368). Consequently urine excretion in animals from each group was
significantly (P<0.001) different (Table 4.1).There was no significant difference in
urine production from day to day. A highly significant (P<0.001) difference in total
dry matter intake was detected between groups and days. Total dry matter intake was
significantly (P<0.001: SED = 0.29) lower for the control animals (6.62 kg/day)
relative to groups A, B and C (8.13, 10.00 and 12.25 kg/day respectively). Total dry
matter intake for all groups on day 2 was 8.945 kg which was significantly lower
(P<0.001) than the values for the other days. No interactions were found between
groups and days for daily water intake, daily urine production, daily total dry matter
intake and total AFM1 excretion per day and per litre of urine.
Differences in the mean blood concentrations of glucose (P=0.744), total protein
(P=0.990) and cholesterol (P=0.617) between treatment groups were not
significantly influenced by treatment (Table 4.1). Mean concentration of urea in
serum was significantly higher (P<0.005) in group C exposed to the highest AFB1
than all other groups.
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Table 4.1: Mean values for daily urine excretion, water intake, dry matter intake,
urinary carryover, excretion of aflatoxinM1 and mean concentrations of serum
constituents in animals fed with different levels of aflatoxinB1

Urine
production
(L/day)

Water
intake
(L/day)

Dry
matter
intake
(kg/day)

AflatoxinB1
intake in
feed
(µg/day)

Carryover of
AflatoxinM1
in urine

A

10.35

23.01

8.139

953

B

16.59

29.04

10.002

C

18.67

33.35

D

9.39

<0.001

Group

P value

Glucose
(mg/dl)

Total
Protein
(mg/dl)

Cholesterol
(mg/dl)

Urea
(mg/dl)

15.51

79.0

6.40

67.7

46.0

2022

15.44

65.7

6.17

88.0

62.7

12.252

3202

14.04

70.3

6.27

76.0

69.0

20.81

6.623

0

0

73.3

6.30

73.3

46.0

≤0.01

<0.001

N/A

N/A

0.744

0.990

0.617

0.030

(%)

*

*N/A means this values is not applicable.

4.4 Discussion
Nabney et al. (1967) reported a carryover of AFM1 in urine from feed of up to
5.94% in sheep. This result is clearly different from the results (14-15.5%) produced
in the present study. The reason for this difference may relate to species differences
as Nili-Ravi buffalo heifers were used in this experiment. Another reason may be the
resistance of sheep to mycotoxins (Battacone et al. 2005). The AFM1 was carried
over at the rate of 1.23-2.18% of AFB1 in the urine of humans fed with
contaminated corn and peanut oil in another study conducted by Zhu et al. (1987).
Average daily intake of AFB1 was 58 µg/day in that study. The reason for this
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reduced carryover is most likely due to the difference in the digestive physiology of
humans and ruminants.
A total of 4.52% of the ingested aflatoxin was excreted through milk (0.18%), urine
(1.55%) and faeces (2.79%) in a study with beef cattle (Allcroft et al. 1968). The
apparent lower transfer in their study could relate to the single dose of aflatoxin
administered to the animals. The sensitivity of the analytical technique (ELISA) used
in the present study relative to the extraction and methodology (thin layer
chromatography) in use 40 years ago may also contribute to the differences. The
mechanisms of transfer may also vary between the heifers used in this study and
lactating cattle. There are differences in energy and protein requirement for milk
production in lactating animals which could affect the liver and kidney metabolism
resulting in carry over variations. Different factors (age, breed, lactation stage and
health status of animals) may influence the variation in carryover (0.3-6.2%) of
AFM1 in milk (Creppy 2002).
Synergistic effect with the presence of other mycotoxins may be another reason for
the difference in AFM1 concentration in urine. The concentrate ration used in
present study was also found contaminated with other mycotoxins as well as
described in section 3.3.1. Mean concentrations of glucose, total protein, cholesterol
and urea observed in this study were all higher than the concentrations reported by
Hagawane et al. (2009). Differences in the expression of urea with increasing
mycotoxin levels could result from a disruption of protein synthesis either within the
rumen in the synthesis of microbial protein or in the post-ruminal gastrointestinal
tract. The mycotoxins may also be acting in muscle tissue and liver hampering
protein synthesis and causing deamination and greater excretion of urea into
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urine. This mechanism deserves further investigation as it may be important in
inhibiting growth or lactational efficiency. Protein utilization appeared to be
impaired in the body and may relate to the extent of damage in kidney resulting in
higher blood urea levels (Ruby et al. 2014). Nephrotoxicity caused by AFB1 has
been reported previously (Kubena et al. 1998). Impaired transportation function in
the epithelium of proximal renal tubules resulting from AF exposure could be the
cause of increased blood urea concentrations (Ortatatli et al. 2005). However Fung
and Clark (2004) suggested that elevated urea levels in blood may be secondary to
necrosis of the renal parenchyma. Differences in the expression of urea with
increasing mycotoxin levels could also result from a disruption of protein synthesis
either within the rumen in the synthesis of microbial protein or in the post-ruminal
gastrointestinal tract. AFs were found to impair RNA synthesis by interacting with
DNA through RNA polymerase in rat liver (Clifford et al. 1967). This deserves
further investigation as it may be important in inhibiting growth or lactational
efficiency in ruminants.
Higher water intake by the animal groups ingesting more concentrate feed was
obvious and hence showed by results. Moreover, lower water intake on day 1 as
compared to the rest of the days (day 2, 3, 4 and 5) could be the result of stress of
injecting catheters inside the urinary tract of animals. Irrespective of the
concentrations of AFB1 in the feed of animals, blood constituents measured were
unaffected. It does explain the resistance of Nili-Ravi buffalo heifers against the high
levels of contamination with AFB1. Similarly, Nili-Ravi buffaloes showed no effect
on milk production in previous chapter (Chapter 3). Liver health could have
compromised due the long term exposure to high levels of AFs contamination but
liver health status was not evaluated in present research.
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It would be interesting if the impact of AFs could be investigated in different vital
tissues and organs of the body. The kidneys, lungs, liver and mammary glands were
found to sequester the highest concentrations of total AFs (Stubblefield et al. 1983)
while the brain, gall bladder, bile, small intestine, heart, skeletal muscles, spleen,
supra mammary lymph nodes and tongue were also found to retain a considerable
quantity of AFs. It would further help in risk assessment for the health of buffalo
meat consumers. As the present study has reported one of the highest contaminations
of animal feed in Pakistan, it is likely that there is a greater risk to the health of
public consuming milk produced by animals exposed to such a highly contaminated
feed. Further investigation is needed for the partitioning of various other mycotoxins.
Moreover, combined effects with the presence of different mycotoxins at the same
time is another aspect that needs further investigation. Mechanisms for combined
effects of different mycotoxins are complex (Speijers and Speijers 2004) depending
on toxicodynamics, toxicokinetics, mode of action and chemistry of mycotoxins
(Klaric 2012). Speijers and Speijers (2004) further summarized different studies
showing additive, synergistic and/or antagonistic effects conducted in different
organs across species.
Carryover of AFs to buffalo milk and urine has been found to be around 5 and 15.5%
respectively. There is, as such, no difference in milk and meat animals in Pakistan.
Hence penetration of AFs into different muscles and organs of the body would be of
great importance.

There is also need to evaluate different constituents of the

concentrate feed for presence of AFs in order to formulate free of mycotoxins feed.
As the partitioning of AFs into buffalo milk (Chapter 3) and urine (this chapter) has
been addressed, the following section provides details of AF concentrations in milk
marketed through informal milk marketing chains in Pakistan.
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Chapter 5 :
Seasonal variation in milk composition,
adulteration and aflatoxinM1 in the informal milk
marketing chains of Pakistan

5.1 Introduction
A significant proportion of food and food products worldwide is affected by
mycotoxins (fungal secondary metabolites) each year (Bryden 2012). A high level of
exposure of humans to AFs for a short time may lead to fatal aflatoxicosis (Bhat
1989). Furthermore, 150 million farm households worldwide engage in dairy
production mainly in developing countries where smallholder systems are dominant.
This not only provides a source of food security for the poor and mal-nourished
producers but also offers employment opportunities along milk value chains (Afzal
2010; FAO 2010). Milk quality assurance is one of the major challenges faced by
these informal chains which transfer a major share of the country’s total milk
production from smallholder dairy producers to large retailers in cities (FAO 2011).
Addition of water, chemicals and drug residues both intentionally and
unintentionally has also been reported (Zia 2007; FAO 2011). Recent surveys (Sadia
et al. 2012; Iqbal and Asi 2013; Iqbal et al. 2013) have highlighted the presence of
AFM1 in milk and milk products. However, smallholder dairy production and the
milk marketing chains have not been the focus of previous investigations of
mycotoxin contamination.
The present study was conducted with the objectives of observing the concentration
of AFM1 and changes in overall milk quality along the traditional marketing chains
as milk passes from smallholder dairy farmers to the consumers in Pakistan. We also
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report on seasonal changes in AFM1 concentration and milk quality within these
value chains.

5.2 Materials and methods
5.2.1

Experimental site

Three informal milk marketing chains from rural Kasur, Okara and Pakpattan
districts of province Punjab were identified for this survey. Kasur, Okara and
Pakpattan are located in the semi-arid zone, with an annual rainfall of 175-500 mm.
The average altitudes of Kasur, Okara and Pakpattan are 218 m, 170 m and 170m
above the sea level, respectively (Qamar-uz-Zaman and Rasul 2004; Government of
the Punjab 2009). All three chains started from smallholder dairy farmers in villages
and ended at specialized urban milk retail shops in metropolitan Lahore city. Milk
was handled by a series of small and large collectors/distributors.

5.2.2

Traditional milk marketing chains

Informal milk marketing chains in Pakistan are very complicated, but they do have
common features. In these chains fresh, unpackaged milk passes through many
hands (farmers, small collectors, large collectors, retailers, bakers and confectioners)
as described in Figure 2.1, using only the most rudimentary cool chain system before
reaching the consumer (Tariq et al. 2008; Muhammad et al. 2014). A simplified
version very specific to the present research is described in Figure 5.1 below.
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Figure 5.1: A typical structure for an informal milk marketing chain in Pakistan.
5.2.3

Sample collection

Milk samples (100mL) were collected monthly from October, 2012 to September,
2013. A total of six to eight farmers, three small collectors, one large collector and
four retailers were selected in each chain for sample collection. A total of 485 milk
samples from the three informal milk marketing chains were collected from the bulk
tank milk of farmers (214), small collectors (98), large collectors (35) and retailers
(138). Same sources i.e. farmers, collectors and retailers were followed to collect
samples every month. All milk samples were placed on ice after collection and
stored frozen at -20 ºC immediately after collection as soon as possible.
5.2.4

Experimental parameters

5.2.4.1 Milk quality along the milk value chains
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Milk samples collected from farmers, small collectors, large collectors and retailers
were analysed for AFM1 concentration, adulteration and composition to see the
difference in overall milk quality at each level of milk marketing chains.
5.2.4.2 Effect of season on aflatoxinM1
One complete year (12 months) was divided into five seasons: winter, spring,
summer, monsoon and autumn to determine the effect of season on milk quality.
The winter (W) season was classified as the months from December to February;
spring (Sp) from March to April; summer (Su) from May to July; monsoon (M) from
August to September and autumn (A) from October to November. Seasonal data
were then analysed for the effect of quality in different seasons.
5.2.4.3 District wise changes in milk quality
Milk samples collected from all three experimental districts i.e. Kasur, Okara and
Pakpattan were analysed for any changes in milk quality in those areas.
5.2.4.4 Milk composition
Milk composition analysis was conducted for milk fat, solids not fat (SNF), protein,
lactose and added water with a Lactoscan-S Milk Analyzer (50 W, Milkotronic Ltd.,
Bulgaria) in the World Trade Organization (WTO) Quality Operation Laboratory at
University of Veterinary and Animal Sciences (UVAS) Lahore.
5.2.4.5 Milk adulterants
Milk samples were analysed for hypochlorite, soap, sorbitol, cane sugar, sodium
chloride, carbonates, urea, formaldehyde, boric acid, starch, hydrogen peroxide
(H2O2) and quaternary ammonium compounds (QAC) using a Milk Adulterant
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Testing (MAT) kit designed by the WTO Quality Operation Laboratory UVAS,
Lahore (Abbas et al. 2013). The sensitivity for the MAT is 0.05% for all adulterants
except for formalin which had a sensitivity of 1:40,000.
5.2.5

AflatoxinM1 analysis

The AFM1 analysis of milk samples was conducted using the same kits and protocol
as described earlier in section 3.2.4.3. For details please refer to that section.
5.2.6

Statistical analyses

Monthly data were collectively analysed for each season to identify seasonal changes
in milk composition and contamination status. AFM1, added water, fat, lactose,
protein, and SNF were analysed statistically using linear mixed models with all 2way interactions between three districts (Kasur, Okara and Pakpattan) with sample
source (farmer, small collector, large collector and retailer) and season as fixed
effects, and district.source as a random effect. Source refers to the specific farmer,
small collector, large collector and retailer within each type. The model with
district.source as a random effect had a smaller AIC (Akaike’s Information
Criterion) (Akaike 1973, 1974) than models with random effects involving nesting
that in some ways better reflected the nesting of the study design. Sequential
backward elimination was used, due to the unbalanced design, to reduce the model
until only statistically significant terms (and their lower order components)
remained. Residual plots were examined to ensure that the assumptions of normality
and homogeneity of variance were met.
Numbers of samples that could not be analysed for AFM1, added water and fat were
1, 54 and 83 respectively. On the other hand 51 values were missing from protein,
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lactose and SNF analysis. Missing values were mainly because of unavailability of
any of the chain participants and or spoilage of samples during transportation in hot
summer. The pattern of missing data points prevented some interaction analyses: for
example, it was not possible to estimate the 3-way interaction for lactose, protein and
SNF. The 2-way interactions model was the most effective model which could be
fitted to all response variables. Genstat 16th edition (V. S. N. International 2014) was
used for all analyses.

5.3 Results
5.3.1

Milk quality along the milk marketing chains

A continuous decrease in milk quality was observed when milk passed along the
milk supply chains from farmers to retailers. Mean percentages of constituents in
milk collected from farmers, small collectors, large collectors and retailers are
presented in Figure 5.2. The differences in percentages of normal milk constituents
were highly significant (P<0.001) at different stages of the milk marketing chains.
Highest values for fat (5.37%), protein (2.93%), SNF (7.81%) and lactose (4.12%)
were found at the farmer level. On the other hand, milk collected from retailers was
observed to have the lowest concentrations of all milk constituents. The mean values
for fat, protein, SNF and lactose content at the level of retailers were 3.21, 2.08, 5.54
and 2.92% respectively. There was a highly significant (SED=2.38: P<0.001)
difference in the percentage of water added along steps in the milk chains. Water
was added at every level in the form of ice or water to limit bacterial growth or to
increase milk volume. An increasing trend for water to be added (Figure 5.2) was
observed as milk flowed down the chain.
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Note: ο, +, ∆, x and ◊ describe the values of SNF, lactose, fat, protein and added water
respectively.

Figure 5.2: Changes in milk composition and addition of water (SED’s for fat,
protein, SNF, lactose and added water are 0.27, 0.08, 0.21, 0.11 and 2.38
respectively) at different levels in informal milk marketing chains.
There was no significant difference for concentration of AFM1 observed between
different points along the marketing chains, although there was a tendency towards
an increase at each step. Mean values for concentrations of AFM1 at the level of
farmers, small collectors, large collectors and retailers were 2.12, 2.22, 2.36 and 2.58
ppb (SED=0.31; P=0.178) respectively. This may have occurred because of the
addition of AF contaminated water at every level. Detailed changes in milk
composition across all different seasons in individual chain in each of the districts of
Okara, Pakpattan and Kasur are shown in appendix 1. The total number of positive
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and negative samples for AFM1, and samples exceeding EU and US standards, are
given in Table 5.1.
Table 5.1: Number of samples exceeding EU and US standards for AflatoxinM1 at
various levels of informal milk marketing chains in Pakistan.
Samples

Samples
EU exceeded

Level in milk
Negative

Positive

exceeded

samples

samples

standards

standards

(0.05ppb)

(0.5ppb)

US

marketing
chains

Farmers

14

200

199

168

Small collectors

3

95

95

88

Large collectors

0

35

35

35

Retailers

0

138

138

132

Total

17

468

467

423

5.3.2

Effect of season on aflatoxinM1 and milk composition

The average concentrations of AFM1 were 2.25, 2.04, 1.93, 2.59 and 2.60 ppb for
winter, spring, summer, monsoon and autumn respectively. The highest
concentrations of AFM1 were found in the autumn and monsoon seasons while the
lowest concentration was found in summer. Seasonal differences in fat (SED=0.17),
protein (SED=0.05), lactose (SED=0.08) and SNF (SED=0.14) were highly
significant (P<0.001). The highest mean values for protein (2.56), SNF (6.83) and
lactose (3.61) content were observed in summer whereas the lowest average values
(2.35, 6.24 and 3.29 respectively) were observed in the monsoon.
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Note: ο, +, ∆, x and ◊ describe the values of SNF, lactose, fat, protein and added water
respectively.

Figure 5.3: Changes in milk constituents and contaminants with season in 3 districts
of Kasur, Okara and Pakpattan. SED’s for fat, protein, lactose, SNF and added water
are 0.17, 0.05, 0.08, 0.14 and 1.54.
On the other hand, the highest average value for fat (4.71%) was observed in autumn
and the lowest (3.95%) in the monsoon season. Water was added in every season in
the form of ice to prolong the shelf life of milk during transportation and as
additional water to increase the volume of milk respectively. Differences between the
values for mean added water (%) in various seasons of the year were highly
significant (Figure 5.3: SED=1.54: P<0.001). The highest percentage (26.39%) of
added water was found in the monsoon season whereas the lowest value for addition
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of water (18.59%) was observed in summer. Furthermore, values for summer,
winter, spring and autumn were not significantly different from each other. This was
the reason for the lower milk constituent levels in the monsoon season and higher
levels in summer. Figure 5.3 shows the pattern of variation in milk quality, water
addition and concentration of AFM1 in different seasons. The total numbers of milk
samples exceeding EU standards (0.05 ppb) and US standards (0.5 ppb) for AFM1
are detailed in Table 5.2.
Table 5.2: Total number of samples positive and negative for aflatoxinM1
concentration and samples exceeding EU and US standards
Samples

Samples
EU exceeded

Negative

Positive

exceeded

samples

samples

standards

standards

(0.05ppb)

(0.5ppb)

US

Season

Winter (W)

4

121

121

109

Spring (Sp)

1

86

85

77

Summer (Su)

3

120

120

109

Monsoon (M)

1

77

77

68

Autumn (A)

8

64

64

60

Total

17

468

467

423

5.3.3

District wise changes in milk quality

The average mean concentration of AFM1 for one complete year in milk of the
marketing chain in the district of Okara (1.72 ppb) was significantly (SED = 0.23:
P<0.001) lower than the concentrations in the districts of Kasur (2.61 ppb) and
Pakpattan (2.53 ppb). There was a highly significant (P<0.001) difference in the
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concentrations of protein, SNF, lactose in the districts of Kasur, Okara and Pakpattan
when means of sample analyses were compared across the different participants in
the marketing chain (Table 5.3). The percentage of fat did not differ (P=0.064)
between districts. On the other hand, the percentage of water addition in milk was
significantly higher (P<0.001) in Kasur (24.61%) than Pakpattan (18.51%). Table
5.3 shows the mean values for percentages of fat, protein, SNF, lactose and added
water in all three districts.
Table 5.3: Percentages of fat, protein, SNF, added water and lactose in milk of
informal supply chains originating from different districts

Districts

Fat %

Protein %

SNF %

Water Addition %

Lactose %

Okara

4.53

2.57

6.82

19.65

3.60

Pakpattan

4.18

2.57

6.85

18.51

3.62

Kasur

4.23

2.37

6.30

24.61

3.33

SED

0.18

0.07

0.10

2.12

0.19

P-Values

0.064

<0.001

<0.001

<0.001

<0.001

5.3.4

Milk Adulterants

No sample was found contaminated with any of the adulterants hypochlorite, soap,
sorbitol, cane sugar, sodium chloride, carbonates, urea, formaldehyde, boric acid,
starch, H2O2 and QAC but added water was detected.
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5.4 Discussion
Identification of levels of AFM1 along the milk chain that exceed internationally
accepted levels provides a major concern for the consumers of milk in Pakistan. The
tendency for these concentrations to increase along the chain may be the result of
more highly contaminated milk being added by other chain participants (farmers,
small and large collectors, and retailers) and/or the addition of AF contaminated
water at every level. The AFs are sparingly soluble (10-30 µg/mL) in water (IARC
2002) and they are highly stable in water (Garcia et al. 1994). Natural occurrence of
AFs has also been reported in stored water in England by Paterson et al. (1997).
The contamination levels of AFM1 observed in our survey were higher than those
observed by Sadia et al. (2012). They (Sadia et al. 2012) reported concentrations of
AFM1 as 0.18, 0.47 and 0.11 ppb in milk samples collected from local shops,
households and dairy farms respectively across Punjab province. The concentration
of AFM1 reported in our study tended to be higher (2.58 ppb) in milk from retail
milk shops in the city of Lahore. Milk samples, obtained in the present study, were
divided into seasons of collection whereas Sadia et al. (2012) collected their samples
from 36 districts of provincial Punjab but they did not specify the season of
collection. Farmers, small and large collectors, and retailers were closely linked to
each other in terms of milk supply and management of financial loans along the
chains. A number of surveys (Hussain and Anwar 2008; Hussain et al. 2008; Asi et
al. 2012; Iqbal and Asi 2013) have been conducted in the past for the prevalence of
AFM1 in milk in Pakistan but none of them have focused on smallholder dairy
production systems and informal milk marketing chains supplying milk to the big
cities.
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The pattern of fat percentage was different from other constituents, showing its
highest concentrations in autumn instead of summer. This may be due to the fact that
9 milk samples collected in summer could not be analysed for fat but were analysed
for the other components. Furthermore, only 3 samples in autumn and 7 samples
each in the monsoon, winter and spring seasons were not analysed for fat. Improper
homogenization of the milk samples caused separation of fat and it was not mixed
with the rest of the milk contents. Thus fat could not be shown in analysis due to not
be taken by Milkoscan. The concentration of AFM1 in milk was lower in a survey
conducted in Punjab by Hussain and Anwar (2008). They analysed milk samples
collected from a different source and reported monthly results. The highest
concentration in their study was found to be in the month of January (0.50 ppb),
while the lowest contamination was observed in August. This contrasts with the
higher seasonal levels found in the monsoon and autumn (2.59 and 2.60 ppb), with
the lowest concentration identified in summer (1.93 ppb) in the present study. The
difference between the two studies may be because of the different sources of sample
collection. Samples analysed by Hussain and Anwar (2008) were collected randomly
from collaborating commercial farms or semi-commercial community farms. On the
other hand all samples in the current study were collected from the different
participants in informal milk marketing chains. The concentrations found in our
survey are 3.87-5.21 times higher than limits set by USA (0.5 ppb) and 38.7-52.1
times higher than the EU standards (0.05 ppb).
Concentrations of AFM1 in milk samples of the present study are higher than those
reported by Iqbal et al. (2013). The contamination of raw milk samples was observed
to be higher in winter (0.07 ppb) than in summer (0.03 ppb) in their study. It may be
because of the source of samples. Samples in the present study were collected from
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the districts of Lahore, Kasur, Okara and Pakpattan. On the other hand samples were
collected from the districts of Sheikhupura, Faisalabad, Sahiwal, Jhang, Gujranwala,
Sargodha and Chakwal in the study of Iqbal and Asi (2013). Although the districts
studied in each report are located close to each other, their report did not focus
specifically on informal milk marketing chains. In contrast samples were collected
from commercial dairies (small and large) and dairy farmhouses. In addition the
proportion of samples collected from each site was not mentioned. The higher
contamination during the monsoon season observed in the current study is suggestive
of an effect of high temperature and humidity on the incidence of fungal
contamination and mycotoxins which were then transferred to the milk.
Lateef et al. (2009) evaluated milk samples from canteens of hospitals in the large
city of Faisalabad (Punjab). Percentages of fat, protein, SNF and total solids were
1.52, 1.20, 4.98 and 6.54 respectively. Adulteration with water, urea, formalin,
hydrogen peroxide and cane sugar was observed in 93.3, 86.6, 46.6, 13.3 and 93.3 %
of the samples respectively. In another study (Faraz et al. 2013), milk composition
and adulteration was observed in cafeterias of various educational institutes and
public places in the same city (Faisalabad). Furthermore, protein (1.12 and 1.33%),
fat (2.6 and 1.40 %), SNF (5.10 and 4.77 %) and total solids (7.18 and 6.17%) in
educational institutes and public places respectively, were lower than observed in the
present survey. Adulteration of urea, formalin and cane sugar in educational
institutes and public places was found in 63 and 87, 23 and 27 and, 87 and 97 % of
the samples respectively. Three percent of the samples of public places were
adulterated with hydrogen peroxide.
Unlike previous studies (Lateef et al. 2009; Faraz et al. 2013), no adulterant was
found in the present study except water (ice) to maintain lower temperature of milk
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during transportation. Fat percentage observed in the present study was just under
3.0 while protein percentage was more than 2.0 at retail levels. Hence milk in the
informal milk marketing chains of the present study contained higher levels of solids
and no intentional chemical adulteration as reported along similar chains by Faraz et
al. (2013) and Lateef et al. (2009). This shows clearly that milk reaching the
consumer can vary significantly in quality across districts and urban centres in
Pakistan. This may reflect differences in the rigor of the regulatory framework in
place to control milk composition or simply reflect a more direct route for milk
transferred from the farmer to consumer in some districts. Irrespective of site of
sampling, it is hard to trace the origin of milk used at most of the cafeterias in big
cities.
As far as milk composition and levels of adulteration are concerned, the informal
milk marketing chains studied here are supplying milk of acceptable quality to large
cities across the year. On the other hand, contamination of milk samples with high
levels of AFM1 is posing a serious health issue for consumers. This issue can be
resolved by sourcing concentrate feed devoid of mycotoxins and by promoting
awareness, education and training of the personnel involved in milk production and
distribution and most importantly the consumer.
One of the aspects that could not be pursued in our survey was analysis of water/ice
used to dilute milk. This was because the adulteration was generally covert in the
interests of maintaining confidentiality. Also, ELISA kits used to analyse AFM1
contamination had high cross reactivity (88% with AFB1 according to
manufacturer’s instructions) due to similar structures and hence false positive
concentrations may have been encountered. This could have been resolved by
performing analysis by HPLC which logistically was not possible with limited time
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and finance for this study. HPLC is recommended for future researches of this kind
provided with enough time and finance. Our study has evaluated the seasonal effect
on milk quality of informal milk marketing chains detailing composition,
adulteration and contamination in summer, winter, spring, autumn and monsoon. It
would help to address the specific practices and handling procedures in different
seasons.
There is still a need to evaluate milk samples along these informal milk supply
chains for residues of other mycotoxins such as ochratoxin, zearalenone,
deoxynevalenone and fumonisins. These studies should extend to peri-urban
production systems as they are the other major purveyors of milk to the urban
population. Further investigations are needed to evaluate the presence of
antimicrobial residues in milk supplied by these traditional chains to obtain a
detailed picture of milk quality. Moreover, mycotoxin analysis of feed samples from
farms, feed traders and feed processors that would be helpful in identifying the
source of contamination needs investigation in future. In the next chapter, the
presence and occurrence of one class of antibacterials (β-lactams) in milk distributed
by informal milk marketing chains is studied.
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Chapter 6 :
Occurrence and seasonal variation of
antibiotic residues in informal milk supply chains of
Punjab Pakistan

6.1 Introduction
Food safety is an essential part of every dairy and meat industry because of the need
to retain consumer confidence in the products reaching them (Jabbar and Rehman
2013; Irum et al. 2014). One of the most important safety issues is the use of
antibiotics for prophylactic and/or treatment of animals both by farmers and
veterinary practitioners for bacterial infections which then find their way into milk
and meat because of the incorrect withholding period being used by unscrupulous or
uneducated farmers providing product to the marketplace (Noori et al. 2013; Sats et
al. 2014). Mastitis, both clinical and subclinical is one of the most prevalent diseases
throughout the province and is worth mentioning as a cause of indiscriminant use of
antibiotics for treatment (Ali et al. 2011). β-lactams (penicillin, amoxicillin and
ampicillin) are one of the most commonly used antibiotic classes used throughout
the world (Khaskheli et al. 2008; Noori et al. 2013).
Importance of antibiotic residues in milk for its consumers’ health for developing of
antibiotic resistance (Anderson et al. 2003; Jabbar and Rehman 2013; Noori et al.
2013) and dairy industry’s economic (Allison 1985) cannot be denied. Demand to
control drug residue prevalence in Pakistan’s dairy industry set up is unavoidable.
An average household spends more than 20% of its income on milk and milk
products (Government of Pakistan 2013). Milk is generally produced by smallholder
dairy farmers in villages and distributed by informal supply chains (Zia 2007). In
these chains, fresh unpackaged milk is sold by retailers in cities after its production
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(smallholder dairy farmers in villages) and distribution (small, medium and large
collectors/suppliers). This structure of the dairy industry not only has the potential to
provide good quality food but also offers employment opportunities to the poor
population (Afzal 2010). Misuse of oxytocin by farmers to enhance milk let down
and addition of antibiotics into milk by different marketing agents as a bacterial
inhibitor has been reported (FAO 2011).
The potential for harmful effects of antibiotic residues in milk for the safety of its
consumers dictates the need to monitor this contamination closely. The aims of the
present study were therefore; a) to determine the prevalence of β-lactam residues at
various levels of informal milk supply chains in province Punjab of Pakistan and b)
to monitor the seasonal variation in occurrence of these antibiotic residues in milk.
This will help in assessing the risk of exposure of antibiotic residues for consumers
in Pakistan that will inform policy makers for legislative reforms to safeguard public
health.

6.2 Materials and methods
6.2.1

Experimental site

Three informal milk marketing chains, one from each Kasur, Okara and Pakpattan
districts of province Punjab were selected for this survey. All three chains started
from small villages in the different districts and ended in the supply of milk to
metropolitan Lahore.
6.2.2

Traditional milk marketing chain

Milk marketing chains in Pakistan are very complicated with a number of common
characteristics (Godfrey et al. 2013). In these chains (Figure 5.1) fresh and
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unpackaged milk is transferred from smallholder dairy farmers in villages to retailers
in large cities after exchanging through many hands without the assistance of a cool
chain. Farmers, small collectors, large collectors, retailers, bakers and confectioners
and processing plants are some of the most important contributors to milk value
chains (Tariq et al. 2008; Muhammad et al. 2014).
6.2.3

Sample collection

Samples (100mL) from three informal milk marketing chains were collected from
bulk tank milk of farmers, small collectors, large collectors and retailers on a
monthly basis as described above in section 5.2.3 sample collection of Chapter 5.
Milk samples were collected from October, 2012 to September, 2013. Table 6.1
identifies the major participants and their position in milk value chains (based on
their consent and availability) in all three districts selected for sample collection.
Table 6.1: The number of milk samples collected from different levels of milk value
chains
Districts/

Kasur

Okara

Pakpattan

Farmer bulk milk

68

82

95

Small collector

23

23

24

Large collector

12

12

12

Retailer

46

48

47

Marketing chain

A total of 528 milk samples was collected from the chains described in one complete
year. These were comprised of 245 milk samples from smallholder dairy farmers,
106 samples from small collectors, 36 samples from large collectors and 141
samples from retailers.
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6.2.4

Experimental Parameters

6.2.4.1 Screening of milk samples through Qualitative Field Disc Assay
All milk samples were screened for the presence and absence of antibiotic residues
(penicillin G, ampicillin, amoxicillin) using Bacillus subtilis (Qualitative Field Disc
Assay) as described by AOAC (2000).The round blank discs were prepared using
filter paper (Whatman 1®) obtained with a punch machine. Discs were dipped into
milk samples that had been thoroughly mixed. They were then dried and placed on
pre-prepared agar plates containing Bacillus subtilis. A total of six discs, was placed
on each plate. Plates were incubated at 37 ºC for 24h and examined for a zone of
inhibition. Standard test discs were also included for comparison of zone of
inhibition.
6.2.4.2 Occurrence of β-lactams at different levels of milk marketing chains in
different seasons of the year
All monthly data collected for one complete year from different levels of marketing
chains in different seasons were changed into seasonal data to see any effect of
seasons on the occurrence of antibiotic residues at farmer, collector or retailer levels.
6.2.4.3 Amoxicillin
Detailed number of positive and negative samples for amoxicillin in different
districts and seasons was covered.
6.2.4.4 Ampicillin
Detailed number of positive and negative samples for ampicillin in different districts
and seasons was covered.
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6.2.4.5 Penicillin
Detailed number of positive and negative samples for penicillin in different districts
and seasons was covered.
6.2.5

Antibiotic residues analysis

Milk samples collected were analysed for β-lactams (penicillin G, ampicillin,
amoxicillin) into two phases. In the first phase 528 milk samples were qualitatively
analysed for positive and negative samples. In the second phase quantification of
antibiotic residues was undertaken with the positive samples by high performance
liquid chromatography (HPLC).
6.2.5.1 Growth, identification and purification of Bacillus subtilis and
preparation of plates
The primary bacterial culture of Bacillus subtilis was obtained from the department
of Microbiology, University of Veterinary and Animal Sciences, Lahore. It was
inoculated in Tryptic Soy Broth (TSB) and incubated for 24h for its growth (Matias
and Beveridge 2005). Slides were prepared and gram staining was performed for
identification. Culture was showing the growth of cocobacilli. Bacterial colonies
were then purified with the help of double or four way streaking methods. Purified
culture was again inoculated in TSB for growth. Plates were prepared by pouring
Muller Hinton agar and were cooled. Sterilized cotton swabs were used for swabbing
Bacillus subtilis on prepared plates.
6.2.5.2 Screening of milk samples for antibiotic residues
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All milk samples were screened for the presence and absence of antibiotic residues
(penicillin G, ampicillin, amoxicillin) using Bacillus subtilis (Qualitative Field Disc
Assay) as described above (section 6.2.4.1).
6.2.6

HPLC analyses

6.2.6.1 Preparation of standard
Ampicillin, amoxicillin and penicillin supplied by Sigma Aldrich (Madrid, Spain)
were weighed (100 mg each). Individual antibiotics were then dissolved in 100 mL
of HPLC grade methanol (Sigma, Aldrich) in different volumetric flasks. One mL of
each antibiotic solution was mixed with 100 mL of phase A (formic acid 0.1% (v/v)
in water). Standard solutions were finally prepared at a concentration of 10 µg/mL.
6.2.6.2 Sample preparation and extraction
Acetonitrile (10 mL) was added to milk samples (2 mL) in 20 mL centrifuge tubes.
This was mixed using a vortex mixer (Barstead International, USA) and kept in the
dark for 10 minutes. Protein precipitation resulted in extraction of antibiotic residues
by shaking for 20 minutes. The mixture was then centrifuged for 15 min at 3000g
and the supernatant was collected and dried under a mild stream of nitrogen. The
residue obtained was dissolved with mobile phase A (50 mL), filtered through
polyamide filter paper (0.45 µm) and was transferred to vials. Final filtrate (20 µL)
was then injected into the HPLC (Freitas et al. 2013).
6.2.6.3 HPLC
HPLC analysis was performed using a system (Model # SP-20A) provided by
Shimadzu Scientific Instruments (Sydney, Australia). Chromatographic separation of
antibiotic residues was conducted using an analytical reverse phase column RP-C18
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(250mm x 4.6mm, 5µm) provided by Water Corporation (Milford, USA). Formic
acid 0.1% (v/v) in water (phase A) and formic acid 0.1% (v/v) in acetonitrile (phase
B), were the two mobile phases used for these analyses. A gradient program was
used at a flow rate of 0.45 mL/min that is 97% A to 40% A (5 min), 40% A to 0% A
(5 min), 0% A to 97% A (10 min) and for 12 min at 97% A. The temperature of the
column was maintained at 40 ºC.

6.3 Results
6.3.1

Screening of milk samples through Qualitative Field Disc Assay

All milk samples collected were screened for the presence or absence of antibiotic
residues with the Qualitative Field Disc Assay using Bacillus subtilis. All positive
milk samples had a clear zone of inhibition around them. Samples having a zone of
inhibition of more than 1mm were considered positive.

Figure 6.1: Clear zone of inhibitions in some of the positive samples
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Out of 528 milk samples, 81 samples were found to have a clear zone of inhibition
of more than 1mm (Figure 6.1). The average size of zone of inhibition was 5mm for
all positive samples with 2mm and 9mm being the minimum and maximum sizes
respectively.

6.3.2

Occurrence of β-lactams at different levels of milk marketing chains in
different seasons of the year

Fifteen percent of the samples (81) were found positive for at least one of the three
antibiotics they were analysed for. All positive samples (81) were positive for
amoxicillin. On the other hand sixty four (12.1%) and thirty four (6.4%) samples
were observed as positive for ampicillin and penicillin respectively. Percentages of
positive samples for farmers, small collectors, large collector and retailers were 17.5
(43/245), 15.1 (16/106), 8.3 (3/36) and 13.5 (19/141) respectively. Details of
samples for each of the antibiotic residues exceeding EU standards (4 ppb) at
different stages of the milk supply chains are provided in Table 6.2. All samples
which exceeded EU standards were also above the USFDA standards (10 ppb)
except for one collected from a farm.
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Table 6.2: Number of positive samples below and exceeding EU standards (4 ppb)
for amoxicillin, ampicillin and penicillin at different levels of milk supply chains
No.

of
Samples

Positive
Level of marketing

Amoxicillin

Ampicillin

Penicillin

>4ppb <4ppb

>4ppb <4ppb

>4ppb <4ppb

exceeding
samples/t

chain

EU
otal
standards
samples

Farmers

43/245

41

41

2

34

2

10

11

Small collectors

16/106

15

15

1

10

1

2

5

Large collectors

3/36

3

3

0

3

0

0

1

Retailers

19/141

17

17

2

12

2

3

2

Total

81/528

76

76

5

59

5

15

19

Contamination with amoxicillin and ampicillin was found to be higher than both EU
(4 ppb) and USFDA (10 ppb) standards at all levels of the informal supply chains.
Penicillin residues were found marginally higher than EU (4ppb) standards at the
farmer, small collector and retailer levels. The highest contamination of amoxicillin
was found at the retailer level while highest contamination for ampicillin was found
in samples collected from the farmer. Mean values of all positive samples for the
concentration of amoxicillin, ampicillin and penicillin at different levels of supply
chains are provided in Table 6.3.
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Table 6.3: Mean concentrations (ppb) for β-lactams (amoxicillin, ampicillin and
penicillin) in milk at different stages of informal value chains
Antibiotic

Farmers

Small collector

Large collector

Retailer

Amoxicillin

80.11±15.65

49.0±6.29

93.83±62.35

101.6±36.45

Ampicillin (ppb)

121.8±34.12

65.09±16.26

76.62±19.15

84.01±26.08

Penicillin (ppb)

6.89±3.0

5.56±4.57

0.56±0.56

4.15±2.45

(ppb)

Large variation was also seen in the seasons of the year. For example 11.3% of
autumn samples, 10.2% of monsoon season samples, 19.1% of spring samples,
17.9% of summer samples and 16.3% of winter samples were observed to be
positive for at least one β-lactams antibiotic residue.
Table 6.4 explains in detail the number of samples which exceeded EU standards (4
ppb) in different seasons of the year. All samples that exceeded EU standards for
ampicillin and amoxicillin were also above the minimum allowable USFDA level.
Only one sample in winter which exceeded the EU standard also exceeded the
USFDA limit. On the other hand, one sample for penicillin in the monsoon season
that did not exceed the USFDA standard (5 ppb) was higher than the EU standard.

Table 6.4: Detail of positive samples above and below the EU standards (4 ppb) for
amoxicillin, ampicillin and penicillin in different seasons of the year
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No.

of
Samples

Level

of Positive

Amoxicillin

Ampicillin

Penicillin

>4ppb <4ppb

>4ppb <4ppb

>4ppb <4ppb

exceeded
marketing

samples/t

chain

otals

EU
standards
samples
Autumn

10/88

10

10

0

7

0

0

2

Monsoon

9/88

9

9

0

6

2

4

2

Spring

17/89

16

16

1

14

1

4

6

Summer

23/128

21

21

2

14

2

3

3

Winter

22/135

20

20

2

18

0

4

6

Total

81/528

76

76

5

59

5

15

19

The highest concentration of amoxicillin in milk samples was observed during the
monsoon season. On the other hand ampicillin contamination was found more in
summer and slightly less in the monsoon season. The highest concentration of
penicillin was also found during the monsoon season. Mean concentrations (ppb) of
amoxicillin, ampicillin and penicillin in different seasons (autumn, monsoon, spring,
summer and winter) of the year are presented in Table 6.5.

Table 6.5: Mean concentrations (ppb) of β-lactams (amoxicillin, ampicillin and
penicillin) in various seasons of the year

96

Antibiotic

Autumn

Monsoon

Spring

Summer

Winter

Amoxicillin (ppb)

44.02±7.31

105.6±47.91

87.97±24.93

69.17±17.26

89.67±31.93

Ampicillin (ppb)

53.79±18.37

117±40.1

89.14±26.82

120.6±59.90

101±23.45

Penicillin (ppb)

0.11±0.08

15.52±12.45

8.2±4.52

2.03±1.01

6.32±3.2

6.3.3

Amoxicillin

Out of 81 positive samples for amoxicillin, 76 samples exceeded EU standards (4
ppb). The mean for all positive samples for amoxicillin was 79.5 (± 12.15). The
detail of positive samples above the EU standard at different levels of marketing
chains in various seasons is given in Figure 6.2. The mean concentrations of all
positive samples for amoxicillin in the districts of Kasur, Okara and Pakpattan were
62.8±16.54 ppb, 62.8±16.54 ppb and 95.9±22.92 ppb respectively. Percentages of
the positive samples that exceeded EU standards were 100, 92.6 and 90.3 for the
districts of Pakpattan, Okara and Kasur, respectively.
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15
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Negative
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Figure 6.2: The number of samples collected from different participants in milk
supply chains with amoxicillin above (positive) and below (negative) the EU
standards (4 ppb) in different seasons of the year.
6.3.4

Ampicillin

Contamination with ampicillin was found to be higher than both EU (4 ppb) and
USFDA (10 ppb) standards. Ampicillin levels in 92.2% of all positive samples
exceeded the EU standards. The concentration of all positive samples for ampicillin
was 106.6±12.49 ppb (mean±SE). Concentrations of ampicillin were 94.12±19.42
ppb, 121.7±51.42 ppb and 82.55±20.83 ppb in the districts of Kasur, Okara and
Pakpattan respectively. Detail of the positive samples above the EU standard at
different levels of the marketing chains in different seasons is given in Figure 6.3.
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Figure 6.3: Number of samples for different participants of milk supply chains with
ampicillin above (positive) and below (negative) the EU standards (4 ppb) in
different seasons of the year.
The concentration of ampicillin was more than 4 ppb (EU standard) in 92.2% of the
positive samples. The percentage of the positive samples exceeding EU standards for
different districts was 100 (Pakpattan), 90.5 (Okara) and 88.9 (Kasur).
6.3.5

Penicillin

The number of samples positive for penicillin was 13.7±4.2. The average
concentration of penicillin (ppb) in the district of Kasur was found to be lower
(2.86±1.66) than the EU standard (4 ppb). On the other hand concentrations were
found to be higher in the districts of Okara (4.18±1.7) and Pakpattan (11.5±5.94).
Detail of positive samples above EU standard at different levels of marketing chains
in different seasons is given in Figure 6.4. Only fifteen (44.1%) samples out of 34
positive samples for penicillin exhibited concentrations greater than the EU standard
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(4 ppb). Percentages of positive samples exceeding the limit set by EU for the
districts of Pakpattan, Okara and Kasur were 54.5, 42.9 and 33.3, respectively.
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Figure 6.4: The number of samples for different participants of milk supply chains
with penicillin above (positive) and below (negative) the EU standards (4 ppb) in
different seasons of the year.

6.4 Discussion
The presence of antibiotic residues in market milk and meat has been reported
previously but levels of contamination of informal milk supply chains in particular
have not been reported. In a survey conducted by Khaskheli et al. (2008) in three
cities (Hyderabad, Latifabad and Qasimabad) in province Sindh of Pakistan, 36.5%
of the samples were found to be positive for β-lactams. Mean concentrations of
amoxicillin, ampicillin and penicillin were 36.11, 46.91 and 59.53 ppb respectively
in their study. The percentage of positive samples found in our study was less than
half of what was observed by Khaskheli et al. (2008). Despite the lower percentage
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of positive samples, mean concentrations of amoxicillin (79.5 ppb) and ampicillin
(106.6 ppb) were found to be higher showing the increased potential risk associated
with consumption of contaminated milk. In contrast the concentration of penicillin
(13.7 ppb) was found to be lower than reported previously (59.53 ppb), showing a
lower risk of exposure to penicillin in Punjab as compared to Sindh province. Noori
et al. (2013) evaluated the quality of milk powder produced in dairy factories in Iran
for contamination with β-lactams and tetracyclines. Thirty percent of the total
samples were found to be positive for β-lactams in a total of 240 milk samples
collected over a period of 12 months (Noori et al. 2013). The percentage of
contaminated samples in their report (37%) was higher than observed (15%) in our
present study. The presence of antibiotic residues can be attributed to the farmers not
adhering to the appropriate withholding periods of the antibiotics. This may also be
associated with the over dosing of antibiotics to treat animals.
Aning et al. (2007), Kurwijila et al. (2006) and Kang'ethe et al. (2005) observed
antimicrobial drug residues at different points in marketing chains (producer-sellers,
processors, wholesalers and retailers) in Ghana, Tanzania and Kenya. Their results
showed 31.1%, 36% and 16% of the total samples to be positive respectively in each
of these countries. There was no difference in the prevalence of antibiotic residues
observed during the dry and wet seasons at any level of milk marketing chains
except in the city of Dar es Salaam in Tanzania, where the incidence of antibiotic
residues was higher in the wet season in milk purchased from vendors/hawkers.
Although a significant numbers of samples were tested (n=228, 986 and 854 by
Aning et al., Kujwijila et al. and Kang’ethe et al. respectively), no quantitative
analysis was conducted and all the samples were only test for presence or absence of
the antibiotic residues. In addition samples were qualitatively analysed using the
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CharmAIM-96 test kit which is relatively non-specific through reacting positively to
a range of antimicrobials (Sulfamethazine, Gentamicin, Tylosin, Tetracyclines and
β-lactams). In contrast our survey has detected contamination with only β-lactams
but over all seasons (summer, winter, spring, autumn and monsoon) of the year.
Higher concentration of amoxicillin and penicillin in the monsoon season is an
indication of prevalence of diseases due to greater environmental stress through
higher humidity specifically in this season. On the other hand the highest
concentration of ampicillin was observed in summer which was slightly higher than
those observed in the monsoon (120.6 ppb vs 117 ppb). Durrani et al. (2010) in
Pakistan, Velusamy et al. (2014) in India and Alim et al. (2012) have reported the
presence of haemoprotozoan and associated diseases (babesiosis, theileriosis and
anaplasmosis) in summer and monsoon seasons. As a result of high prevalence of
diseases, uneducated farmers start using antibiotics as soon as they observe any
abnormality to avoid the risk of economic loss due to compromised production and
health of animals. Similarly, mastitis is one of the most prevalent diseases in milking
animals in Pakistan that leads to indiscriminate use of antibiotics for treatment (Ali
et al. 2011). Contamination of products with specific antibiotic residues in different
seasons is associated with the climate, extremes of weather and diseases prevalent at
that time and the local practices used to treat those diseases. Another reason of
presence of antibiotic residues in milk samples in informal chains could be the
intentional addition of antibiotics into the milk to help in stopping bacterial growth.
β-lactams, being easily available everywhere, are normally the first choice for the
farmers to treat animals showing signs of ill-health. This practice results in the
excretion of these antimicrobials’ residues into the milk. Overall percentage of
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contamination was half of what was observed by Aning et al. (2007) and Kurwijila
et al. (2006), and it is similar to results obtained by Kang'ethe et al. (2005).
The difference in antibiotic residue concentrations relates to their popularity and
availability for treatment of animals in poor health. Higher contamination of product
with amoxicillin and ampicillin indicates their higher usage than penicillin in the
districts of Kasur, Okara and Pakpattan in Punjab. Although our study has led to a
clear situation of risk of contamination with antibiotic residues, there is still need to
know the prevalence of other antibiotics used in human medicine including the
tetracyclines and many more in milk and its products. History tells us that the risk of
developing drug resistant bacteria causes major issues for the animal industries.
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Chapter 7 Discussion and implication of the research
Pakistan is included in the list of countries along with India and Bangladesh, where
half of the world’s malnourished children and women are found (Government of
Pakistan 2011). It is well established that milk is an essential part of the human diet
(Tariq et al. 2008). In Pakistan half of the household income goes into expenditure
on food (Government of Pakistan 2013) and fresh milk constitutes 25% of the daily
household food budget (Tariq et al. 2008; Government of Pakistan 2013). Pakistan is
one of the top milk producing countries in the world (Hemme 2012) and 30% of the
total milk production is transferred to cities after production by smallholder dairy
farmers in villages through pro poor milk marketing chains. The quality of milk
transferred by these traditional chains, which influences the health of urban
consumers, was studied in this present work. Because of the limited finance and time
only three marketing chains, each in three of the most milk producing districts of
Punjab, could be selected for sample collection and analysis.

7.1 Higher contamination of milk in marketing chains with AFM1
The contamination of AFM1 was found to be very high at every level of the milk
supply chains. The average concentration of AFM1 at farmer (production) level was
found to be more than 40 times the recommended maximum limit set by the
European Union (0.05 ppb). This contamination was further increased to more than
55 times the EU standard at the point of transfer of milk to retailers in cities. This
occurred in spite of dilution of milk at different levels as it is transported from
farmers down the marketing chain to retailers. One of the possible reasons may be
that milk collected and added to the chain beyond the farm gate which was not
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surveyed in this study contained higher concentrations than we observed in samples
from our co-operating farmers and small dodhies. In the present study only 6-8
farmers and 3 small collectors were selected but in fact hundreds of farmers
contribute milk to the many small collectors who transfer their milk to large
collectors in the chains that we studied. Similarly retailers can purchase milk from
different large collectors supplying milk to that area, thereby explaining the apparent
increase in concentrations found along the chain. Another reason for higher
concentrations of AFM1 found in milk down the marketing chains could be the
addition of contaminated water added in milk in the form of ice as a preservative or
discretionary water to assist in providing profit margins along the chain. Fungus was
in fact observed by the author in containers used to make ice in a nearby ice factory
in one of the districts. Moreover, canal water sometimes could be added to the milk
during its transport to cities that can further add to the contamination (Zia 2007).
Improperly cleaned milk containers used for milk storage and transport may also
provide a source of contamination as they are also washed with the same canal water
with the help of dirty wheat straw as a scouring agent. All these factors may have
contributed to the increase in concentration of AFs into the milk down the marketing
chains. It further opens an area of research to analyse water and handling equipment
for contamination. AflatoxinB1 (AFB1) is reported to be partially soluble (IARC
2002) and highly stable (Garcia et al. 1994) in water. Paterson et al. (1997)
identified A. flavus from water collected from a cold storage tank and AF analysis
further showed the presence of AFB2 (1.7 µg/L). The presence of mycotoxins
including AFs can be expected in canal water under different temperature and
hygiene conditions in the field in Pakistan.
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None of the previous surveys reported such a high contamination in raw market milk
in Pakistan. In fact (Sadia et al. 2012) reported a dilution effect of concentration in
milk samples collected from retailers in big cities. The reason for this difference may
be related to the source of samples tested. In the previous study (Sadia et al. 2012) a
small number of milk samples was collected across all districts in Punjab province of
Pakistan whereas the present study focused on informal supply chains distributing a
major part of the country’s total production. Moreover, the districts selected for the
present study were representative of the main milk producing districts which are
more associated with agricultural production. Apart from this, samples were
collected in the present study for one complete year to evaluate the seasonal
variation from production to distribution of milk in these value chains.

7.2 Seasonal variation in concentration of AFM1
Seasonal variation in AFM1 concentration was analysed by collecting milk samples
throughout the year on a monthly basis. The higher concentrations observed in the
monsoon and autumn may relate to the more favourable conditions found in these
seasons for the growth of fungi. During this time of the year temperature and
humidity are the most suitable for fungal development resulting in more toxin
production in animal feed. When animals are fed with this mycotoxin contaminated
feed, the toxins are ingested and are then transferred to milk. The limitation with
previous studies (Sadia et al. 2012; Iqbal and Asi 2013) was their lack of seasonal
analysis of milk. Some authors (Iqbal et al. 2013) have analysed the variation in AF
concentrations in milk in summer and winter without reference to climatic variables
such as seasonal variation in humidity.
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7.3 Milk composition and adulteration
Generally, milk consumers do not have any idea of the importance of protein nor the
expected concentration in milk. The only constituent they know of in milk is fat
(Godfrey et al. 2013). There is a great need to educate consumers of the importance
of protein as a vital component of human nutrition. The final percentages of fat and
protein at the retailer level in the city were found as 3.21 and 2.08% respectively.
These concentrations are higher than reported in milk in Pakistan by Lateef et al.
(2009) and Faraz et al. (2013). In previous studies fat and protein were reported to be
as low as 1.52% and 1.20% (Lateef et al. 2009) and 1.40% and 1.12% (Faraz et al.
2013) respectively. Also chemical adulterants such as urea and formalin were found
in milk in their studies. In contrast, chemical adulteration testing showed the
presence of no adulterants other than added water in milk collected and distributed
by the informal chains in the present study. Previous studies highlighted quality and
adulteration of milk sold at individual cafeterias or canteens in cities, however it is
very hard to trace the origin of milk found in these venues. On the other hand milk
supply chains do have internal testing and auditing systems that limit the
opportunities for adulteration of the product (Godfrey et al. 2013). The only
adulterant that is added with public knowledge is ice as there is no cool chain system
in place. Seasonal analysis for milk composition again showed highest dilution in the
monsoon season when the temperature-humidity index is at its peak.

7.4 Presence of antimicrobial residues in milk supply chains
The high concentrations of β-lactams were found in only 15% of samples with
mostly only a single residue present in any sample. More than 35% of the milk
samples were found positive for these antimicrobials in Sindh province (Mangsi et
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al. 2014). Antibiotic residues have not been investigated in milk up until now in
Pakistan. A high percentage of positive samples in Ghana (Aning et al. 2007) and
Tanzania (Kurwijila et al. 2006) may be due to the higher disease prevalence
requiring

antibiotic

treatment

in

those

countries.

However,

quantitative

concentrations of different antibiotic residues were not evaluated in the present
study. Future research should focus on other antimicrobial/antibiotic residues in milk
so that legislation may be formulated for safe milk production.

7.5 Carryover of AFM1 into the milk of buffaloes
The AF concentrations found in milk in the current studies provided strong evidence
for the use of contaminated feeds in the dairy feed base in Punjab province. It
explains the risk animals are exposed to as well as risk to humans consuming the
milk produced by these animals. Mycotoxins in animal feed may predispose animals
to a spectrum of diseases causing losses in milk production and deaths following
exposure to high levels over short periods (Pettersson 2004). Depending upon the
nature of the mycotoxins, ruminants may be more resistant to fungal toxins present
in feed than monogastric animals (Fink-Gremmels 2008). Moreover, a detailed
metabolism of different mycotoxins in rumen has been explained by Kiessling et al.
(1984). The risk of exposure of humans and especially infants and children in milk
and meat they consume cannot be overlooked (Fink-Gremmels 1999). A significant
body of research has been conducted in cattle to assess the extent of transfer of
toxins from feed to milk so as to minimise the risk of exposure of consumers to
toxins in products from these animals. Moreover, different adsorbents were also
evaluated to determine their efficacy in binding mycotoxins in feed (Diaz et al.
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1999). In conducting research of this nature the milking buffalo has been ignored to
date.
The transfer of AFs into buffalo milk from feed (4.14 and 5.06%) found in the
present study was similar to the 3.85% reported by (Pietri et al. 2009) and exceeded
the 0.54% transfer reported by (Galvano et al. 1996). Differences in design of studies
conducted in cows and now buffaloes demand for a tightly controlled comparative
study between these species. The commercial mycotoxin binder used in the present
study was equally as effective as that reported by (Pietri et al. 2009). Mycotoxin
binders/adsorbents effectively neutralise mycotoxins by forming complexes which
are

non-toxic.

Various

adsorbent

materials

(hydrated

sodium

calcium

aluminosilicates, activated carbons and polymers) have been evaluated in the past
(Galvano et al. 1996; Diaz et al. 1999; Diaz et al. 2002; Diaz et al. 2004; Queiroz et
al. 2012) but their effectiveness and optimum dose recommended with different
levels of contamination especially at very higher levels is still questionable. Their
lack of specificity in the end costs producers as essential trace minerals are also
removed from the treated diet.

7.6 Partitioning of AFM1 into the urine of Nili-Ravi buffaloes
Partitioning of AFs from feed to urine in Nili-Ravi buffalo heifers was observed to
be around 14-15%. Thus the presence of these mycotoxins in other commercially
important body tissues cannot be ruled out. Furthermore, serum urea concentrations
were higher in animals fed higher amounts of AFs showing their adverse effects on
protein synthesis. The effect of T-2 toxin on protein synthesis at different cellular
and tissue levels has been discussed by (Pace et al. 1988) and Thompson and
Wannemacher (1990). Moreover, different researchers (Kubena et al. 1998; Ortatatli
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et al. 2005; Ruby et al. 2014) have endeavoured to explain the toxicity of AFs on the
liver and kidney. Synergistic effects due to the presence of various mycotoxins may
also need to be studied further. In pigs, ochratoxinA affects the proximal tubular
functions of nephrons in the kidney and impairs the transport of key ingredients like
glucose resulting in decreased serum glucose concentrations (Anzai et al. 2010).
Inhibition of protein kinase by ochratoxin further reduces the mobilization of glucose
from muscles and liver (Pohland et al. 1992) resulting in hypoglycaemia (Pleadin et
al. 2012).
Feed analysis did show the presence of ochratoxin, zearalenone, deoxynevalenol and
fumonisins as well, but their transfer to milk was not investigated here. A more
extensive evaluation of toxins in milk would have provided a more complete picture
of the impact of mycotoxins on milk quality. Current legislation on food safety and
especially for milk and its products is extremely limited and requires much closer
attention to ensure the safety of milk consumers of the future. This presents a major
challenge for today’s legislators.

7.7 Implications of the research
Composition of milk is quite variable and addition of ice without any cool chain
system in place in unavoidable. By law water addition is prohibited but its addition
in form of ice is unavoidable for informal milk marketing chains to transport milk
from long distances after production. Furthermore, the minimum fat percentage for
milk marketing has been set at the level of that found in buffalo milk which is again
impractical because of the need to mix milk from different species containing less fat
and the importance of adding ice to prevent product spoilage.
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Pakistan is listed among the very few countries which do not have any established
limits for AFs in milk. Although limits for mycotoxins have been set in cereal grains
at 20 ppb, all other food items can contain mycotoxins at concentrations of up to 30
ppb (Government of the Punjab 2011). Clearly these regulations require redefinition
and clarity. Despite the fact that these limits have been mentioned in legislation, no
care is taken to continuously monitor this contamination. The dairy industry could
well be improved through the adoption of the following suggestions;


Limits for various mycotoxins including AFs should be set in animal feeds.
Different limits can be set for green fodder including hay and silage, and
concentrate feed. Furthermore, all ingredients constituting commercial
concentrate feed should have limits for individual mycotoxins. Once set,
these rules can then be implemented with the help of both food regulatory
authorities and an effective extension system. Use of cotton seed products
and maize gluten in animal feeds, being the most important source of
contamination, should be discouraged.



According to the present law, milk sold should have a composition of the
same as that for buffalo milk. This is impractical given that half of the
Pakistani milking herd is comprised of cattle. Instead, minimum levels for fat
and protein should be set for all market milk.



Consumers in Pakistan prefer fresh milk with higher fat content. Although
the addition of vegetable oil to reconstituted powdered milk is condoned or at
the very least ignored, laws need to be implemented to prevent this
adulteration. If this substitution is allowed to continue the product should be
labelled as such.
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Further regulations should be framed to minimize residues from both
veterinary drugs and other antimicrobials in milk. These then need to be
enforced to protect the consumer from unscrupulous producers and
middlemen operating in the milk marketplace.

7.8 Conclusions
Given the socio-economic status of the population of Southeast Asia particularly
Pakistan, informal supply chains provide the best practical solution for the collection
and distribution of milk. However as the demand for higher quality milk increases
with the growth of an ever discerning and educated middle class in urban
environments, these supply chains will evolve to meet this demand. The present
study has highlighted the importance of the quality of milk produced by smallholder
dairy producers for the consumers in Pakistan.
Our results demonstrate that the kinetics of transfer of AFB1 from feed to AFM1 in
milk is very similar in Nili-Ravi buffaloes to that observed in cows. A carryover of
4.14% and 5.06% was observed in lactating Nili-Ravi buffaloes. Although a
commercial mycotoxin binder was an effective sequestration agent even at the very
high levels of contamination used in the current study, its effectiveness was
compromised when contamination was doubled. Further partitioning study of
aflatoxins into urine in Nili-Ravi buffalo heifers showed 14-15.5% was excreted into
urine. Analysis of concentrate feed showed very high levels of contamination (more
than 550 µg aflatoxinB1/kg) along with the presence of other very important
mycotoxins, zearalenone, deoxynevalenol, fumonisins and ochratoxins.
Milk quality analysis of samples collected along informal marketing chains showed
an acceptable quality of milk in terms of fat (3.21%) and protein (2.08%) at the final
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level of retailers. No chemical adulteration of milk was found, showing that the
existing monitoring system for quality and freshness of milk between different tiers
of marketing chains is working effectively. On the other hand the final concentration
of aflatoxinM1 in milk assessed at the retailer level was more than 50 times the
maximum standard set by the European Union. Further analysis for beta lactams
showed that fifteen percent of the samples tested were positive for the presence of at
least one of the three (penicillin, ampicillin, amoxycillin) antibiotics. Contamination
of animal feed and milk handling are the two major causes of aflatoxin (AF)
contamination in milk handled by fresh unpackaged milk marketing chains. A mass
awareness campaign backed by enforceable government regulations has the potential
to minimize this risk to human health very quickly. It remains to be seen if the
government is willing to implement such measures and then enforce them. This
would require a rapid and easy method for mass screening of feeds and then an
incentive system for the use of “safe” feeds by small-holder farmers and their feed
suppliers. These incentives must be in the form of a financial reward for high quality
dairy products or punitive measures in the form of fines for farmers and companies
consistently marketing contaminated products.

7.9 Future research

On the basis of the findings of present dissertation, the following research is
recommended for the future.


Evaluation of different feed ingredients used for formulation of concentrate
feed for all different mycotoxins including aflatoxins, fumonisins,
deoxynevalenol, zearalenone and ochratoxins.
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Presence of aflatoxins in different organs and muscular tissues of animals
slaughtered for meat in abattoirs. It will give information about the quality
of meat available in market and its risk to the consumers’ health.



A comparative study of local cattle and buffalo for the excretion of
aflatoxins in milk, urine, muscular tissues and organs will further help in
understanding the mechanisms used by cattle and buffalo to deal with
aflatoxins.



Informal milk marketing chains are very much open for in depth quality
analysis of mycotoxins other than aflatoxins and other human related
antibiotic residues e.g. tetracycline.

114

Chapter 8 Bibliography

Abbas, HK, Cartwright, RD, Shier, WT, Abouzied, MM, Bird, CB, Rice, LG, Ross,
PF, Sciumbato, GL, Meredith, FI (1998) Natural occurrence of fumonisins in
rice with Fusarium sheath rot disease. Plant Disease 82, 22-25.
Abbas, HK, Riley, RT (1996) The presence and phytotoxicity of fumonisins and
ALL-toxin in Alternaria Alternata. Toxicon 34, 133-136.
Abbas, MN, Khattak, B, Sajid, A, Islam, T, Jamal, Q, Munir, S (2013) Biochemical
and bacteriological analysis of cows’ milk samples collected from district
Peshawar. International Journal of Pharmaceutical Sciences Review and
Research 21, 221-226.
Abdalla, MOM, Elhagaz, FMM (2011) The impact of applying some hygienic
practices on raw milk quality in Khartoum state, Sudan. Research Journal of
Agriculture and Biological Sciences 7, 169-173.
Adam, AAH (2009) Milk adulteration by adding water and starch at Khartoum state.
Pakistan Journal of Nutrition 8, 439-440.
Afzal, A, Mahmood, MS, Hussain, I, Akhtar, M (2011) Adulteration and
microbiological quality of milk (A review). Pakistan Journal of Nutrition 10,
1195-1202.
Afzal, M (2010) Re-designing smallholder dairy production in Pakistan. Pakistan
Veterinary Journal 30, 187-190.
Afzal, M, Cheema, R, Chaudhary, R (1979) Incidence of aflatoxins and aflatoxin
producing fungi in animal feedstuffs. Mycopathologia 69, 149-151.

115

Akaike, H (1973) 'Information theory and an extension of the maximum likelihood
principle. In: B. N. Petrov and F. Csáki, eds. 2nd International Symposium
on Information Theory, Tsahkadsor, Armenia, USSR, September 2-8, 1971.'
Budapest: Akadémiai Kiadó,)
Akaike, H (1974) A new look at the statistical model identification. IEEE
Transactions on Automatic Control 19, 716-723.
Akande, KE, Abubakar, MM, Adegbola, TA, Bogoro, SE (2006) Nutritional and
Health Implications of Mycotoxins in Animal Feeds: A Review. Pakistan
Journal of Nutrition 5, 398-403.
Alam, S, Shah, HU, Khan, H, Magan, N (2012) The effect of substrate, season, and
agroecological zone on mycoflora and aflatoxin contamination of poultry
feed from Khyber Pakhtunkhwa, Pakistan. Mycopathologia 174, 341-349.
Ali, MA, Ahmad, MD, Muhammad, K, Anjum, AA (2011) Prevalence of sub
clinical mastitis in dairy buffaloes of Punjab, Pakistan. The Journal of Animal
and Plant Sciences 21, 477-480.
Ali, S, Khan, AR, Miraj, G, Afridi, S, Mueen-ud-din, G (2010) Aflatoxin B1
contamination in poultry feed available in local markets of Peshawar. Pak J
Biochem Mol Biol 43, 37-40.
Alim, MA, Das, S, Roy, K, Masuduzzaman, M, Sikder, S, Hassan, MM, Siddiki, AZ,
Hossain, MA (2012) Prevalence of hemoprotozoan diseases in cattle
population of Chittagong division, Bangladesh. Pakistan Veterinary Journal
32, 221-224.
Allcroft, R, Roberts, BA, Lloyd, MK (1968) Excretion of aflatoxin in lactating cow.
Food and Cosmetics Toxicology 6, 619-625.

116

Allison, JRD (1985) Antibiotic residues in milk. British Veterinary Journal 141, 916.
Anderson, AD, Nelson, JM, Rossiter, S, Angulo, FJ (2003) Public health
consequences of use of antimicrobial agents in food animals in the United
States. Microbial Drug Resistance 9, 373-379.
Aning, KG, Donkor, ES, Omore, A, Nurah, GK, Osafo, ELK, Staal, S (2007) Risk of
exposure to marketed milk with antimicrobial drug residues in Ghana. The
Open Food Science Journal 1, 1-5.
Anjum, M, Khan, S, Sahota, A, Sardar, R (2012) Assessment of aflatoxin B1 in
commercial poultry feed and feed ingredients. Journal of Animal and Plant
Sciences 22, 268-72.
Anjum, M, Sahota, A, Akram, M, Ali, I (2011) Prevalence of mycotoxins in poultry
feeds and feed ingredients in Punjab (Pakistan). Journal of Animal and Plant
Sciences 21, 117-20.
Anthony, MH (2013) 'Mycotoxin and food safety in developing countries.' (InTech:
Anzai, N, Jutabha, P, Endou, H (2010) Molecular mechanism of ochratoxin A
transport in the kidney. Toxins 2, 1381-1398.
AOAC (2000) Beta-lactam anitbiotics in milk (Bacillus subtilis Qualitative Fied
Disc Assay). Gaithersburg, Maryland, USA.
Ashiq, S (2015) Natural Occurrence of Mycotoxins in Food and Feed: Pakistan
Perspective. Comprehensive Reviews in Food Science and Food Safety 14,
159-175.
Asi, MR, Iqbal, SZ, Ariño, A, Hussain, A (2012) Effect of seasonal variations and
lactation times on aflatoxin M1 contamination in milk of different species
from Punjab, Pakistan. Food Control 25, 34-38.

117

Aslam, N, Iqbal, ZM, Warriach, HM, Wynn, PC (2014) Pattern of partitioning of
aflatoxins from feed to urine and its effect on serum chemistry in Nili-Ravi
buffalo heifers. Animal Production Science 54, 1671-1675.
Aslam, N, Rodrigues, I, McGill, D, Warriach, H, Cowling, A, Haque, A, Wynn, P
(2015) Transfer of aflatoxins from naturally contaminated feed to milk of
Nili-Ravi buffaloes fed a mycotoxin binder. Animal Production Science
Avantaggiato, G, Solfrizzo, M, Visconti, A (2005) Recent advances on the use of
adsorbent materials for detoxification of Fusarium mycotoxins. Food
Additives & Contaminants 22, 379-388.
Awan, A, Naseer, M, Iqbal, A, Ali, M, Iqbal, R, Iqbal, F (2014) A study on chemical
composition and detection of chemical adulteration in tetra pack milk
samples

commercially

available

in

Multan.

Pakistan

Journal

of

Pharmaceutical Sciences 27, 183-186.
Aydin, A, Gunsen, U, Demirel, S (2008) Total aflatoxin B1 and ochratoxin A levels
in Turkish wheat flour. Journal of Food and Drug Analysis 16, 48-53.
Bantaokul, C, Ruangwises, S (2010) Carry-over Rate of Aflatoxin M1 into Cow
Milk During Early Lactation Period. In 'Proceedings of the 9th
Chulalongkorn University Veterinary Annual Conference, April 1, 2010,
Bangkok, Thailand, A34, April 1, 2010.
Battacone, G, Nudda, A, Cannas, A, Borlino, AC, Bomboi, G, Pulina, G (2003)
Excretion of aflatoxin M1 in milk of dairy ewes treated with different doses
of aflatoxin B1. Journal of Dairy Science 86, 2667-2675.
Battacone, G, Nudda, A, Palomba, M, Pascale, M, Nicolussi, P, Pulina, G (2005)
Transfer of Aflatoxin B1 from feed to milk and from milk to curd and whey

118

in dairy sheep fed artificially contaminated concentrates. Journal of Dairy
Science 88, 3063-3069.
Baumgartner, M, Flock, M, Winter, P, Luf, W, Baumgartner, W (2002) Evaluation
of flow injection analysis for determination of urea in sheep's and cow's milk.
Acta Veterinaria Hungarica 50, 263-271.
Bayman, P, Baker, JL, Doster, MA, Michailides, TJ, Mahoney, NE (2002)
Ochratoxin production by the Aspergillus ochraceus group and Aspergillus
alliaceus. Applied and Environmental Microbiology 68, 2326-2329.
Berg, T (2003) How to establish international limits for mycotoxins in food and
feed? Food Control 14, 219-224.
Bhat, R (1989) 'Risk to human health associated with consumption of groundnuts
contaminated with aflatoxins [a review], International Workshop on
Aflatoxin Contamination of Groundnut, Patancheru, AP (India), 6-9 Oct
1987.' (ICRISAT:
Bille, PG, Haradoeb, BR, Shigwedha, N (2009) Evaluation of chemical and
bacteriological quality of raw milk from neudamm dairy farm in Namibia.
Afican Journal of Food Agriculture Nutrition and Development 9, 15111523.
Binder, E, Tan, L, Chin, L, Handl, J, Richard, J (2007) Worldwide occurrence of
mycotoxins in commodities, feeds and feed ingredients. Animal Feed Science
and Technology 137, 265-282.
Binder, EM (2007) Managing the risk of mycotoxins in modern feed production.
Animal Feed Science and Technology 133, 149-166.
Bondy, GS, Pestka, JJ (2000) Immunomodulation by fungal toxins. Journal of
Toxicology and Environmental Health Part B: Critical Reviews 3, 109-143.

119

Breitholtz-Emanuelsson, A, Olsen, M, Oskarsson, A, Palminger, I, Hult, K (1993)
Ochratoxin A in cow's milk and in human milk with corresponding human
blood samples. Journal of AOAC International 76, 842-846.
Bryden, WL (2012) Mycotoxin contamination of the feed supply chain: Implication
for animal productivity and feed security. Animal Feed Science and
Technology 173, 134-158.
Bryden, WL, Rajion, MA, Lloyd, AB, Cumming, RB (1975) Surveys of Australian
feedstuffs for toxigenic strains of Aspergillus flavus and for aflatoxin.
Australian Veterinary Journal 51, 491-493.
Bullerman, LB, Tsai, W-YJ (1994) Incidence and levels of Fusarium moniliforme,
Fusarium proliferatum and fumonisins in corn and corn-based foods and
feeds. Journal of Food Protection 57, 541-546.
Caloni, F, Stammati, A, Grigge, G, Angelis, ID (2006) Aflatoxin M1 absorption and
cytotoxicity on human intestinal in vitro model. Toxicon 47, 409-415.
Centres for Disease Control and Prevention (1999) 'Outbreaks of gastrointestinal
illness of unknown etiology associated with eating burritos-United States,
October

1997-October

1998.'

Available

at

http://www.cdc.gov/mmwr/preview/mmwrhtml/00056731.htm
Chen, C, Wang, L, Lu, S, Wu, M, You, S, Zhang, Y, Wang, L, Santella, RM (1996)
Elevated aflatoxin exposure and increased risk of hepatocellular carcinoma.
Hepatology 24, 38-42.
Chen, J, Mirocha, CJ, Xie, W, Hogge, L, Olson, D (1992) Production of the
mycotoxin fumonisin B1 by Alternaria alternata f. sp. lycopersici. Applied
and Environmental Microbiology 58, 3928-3931.

120

Cinquina, AL, Longo, F, Anastasi, G, Giannetti, L, Cozzani, R (2003) Validation of
a high-performance liquid chromatography method for the determination of
oxytetracycline, tetracycline, chlortetracycline and doxycycline in bovine
milk and muscle. Journal of Chromatography A 987, 227-233.
Clifford, JI, Rees, K, Stevens, MEM (1967) The effect of the aflatoxins B 1, G 1 and
G 2 on protein and nucleic acid synthesis in rat liver. Biochemical Journal
103, 258-261.
Coffey, M, Hagler, W, Cullen, J (1989) Influence of Dietary Protein, Fat or Amino
Acids on the Response of Weanling Swine to Aflatoxin B1. Journal of
Animal Science 67, 465-472.
Coffey, R, Cummins, E, Ward, S (2009) Exposure assessment of mycotoxins in
dairy milk. Food Control 20, 239-249.
Cote, LM, Dahlem, AM, Yoshizawa, T, Swanson, SP, Buck, WB (1986) Excretion
of deoxynivalenol and its metabolite in milk, urine and feces of lactating
dairy cows. Jounal of Dairy Science 69, 2416-2423.
Creppy, EE (2002) Update of survey, regulation and toxic effects of mycotoxins in
Europe. Toxicology Letters 127, 19-28.
Crowder, M, Hand, D (1990) 'Analysis of repeated measures.' (Chapman & Hall:
London)
Cucci, C, Mignani, AG, Dall'Asta, C, Pela, R, Dossena, A (2007) A portable
fluorometer for the rapid screening of M1 aflatoxin. Sensor and Actuators B
126, 467-472.
Dan, SD, Mihaiu, M, Rotaru, O, Dalea, I (2008) Evaluation of microbiological load
and configuration of raw milk from collecting cnetres in Cluj country. Buletin
USAMV Veterianry Medicine 65, 246-252.

121

Dersjant-Li, Y, Verstegen, MW, Gerrits, WJ (2003) The impact of low
concentrations of aflatoxin, deoxynivalenol or fumonisin in diets on growing
pigs and poultry. Nutrition Research Reviews 16, 223-239.
Devendra, C (2001) Smallholder dairy production systems in developing countries:
Characteristics, potential and opportunities for improvement. Review. AsianAustralasian Journal of Animal Sciences 14, 104-113.
Diaz, DE, Hagler, WM, Blackwelder, JT, Eve, JA, Hopkins, BA, Anderson, KL,
Jones, FT, Whitlow, LW (2004) Aflatoxin Binders II: Reduction of aflatoxin
M1 in milk by sequestering agents of cows consuming aflatoxin in feed.
Mycopathologia 157, 233-241.
Diaz, DE, Hagler, WM, Hopkins, BA, Eve, JA, Whitlow, LW (1999) The potential
for dietary sequestering agents to reduce the transmission of dietary aflatoxin
to milk of dairy cows. Journal of Dairy Science 82, 838-839.
Diaz, DE, Hagler, WM, Hopkins, BA, Whitlow, LW (2002) Aflatoxin Binders I: In
vitro binding assay for aflatoxin B1 by several potential sequestering agents.
Mycopathologia 156, 223–226.
Diggle, PJ, Liang, Y-K, Zeger, SL (1994) 'Analysis of longitudinal Data.' (Oxford
University Press: New York)
Dobranic, V, Njari, B, Samardzija, M, Miokovic, B, Resanovic, R (2008) The
influence of the season on the chemical compostion and the somatic cell
count of bulk tank cow's milk. VETERINARSKI ARHIV 78, 235-242.
Durrani, A, Mehmood, N, Shakoori, A (2010) Comparison of three diagnostic
methods for Theileria annulata in Sahiwal and Friesian cattle in Pakistan.
Pakistan Journal of Zoology 42, 467-471.

122

Dutton, MF, Mwanza, M, deKock, S, Khilosia, LD (2012) Mycotoxins in South
African foods: a case study on aflatoxin M1 in milk. Mycotoxin Research 28,
17-23.
Fallah, AA, Jafari, T, Fallah, A, Rahnama, M (2009) Determination of aflatoxin M1
levels in Iranian white and cream cheese. Food and Chemical Toxicology 47,
1872-1875.
FAO (1990) 'The technology of traditional milk products in developing countries.'
Available at http://www.fao.org/docrep/003/t0251e/T0251E00.htm#sum
FAO (2004) Worldwide regulations for mycotoxins in food and feed in 2003. Rome,
Italy.
FAO (2009) Pakistan: A dairy sector at a crossroads. Bangkok, Thailand.
FAO (2010) Status of and prospects for smallholder milk production- A global
perspective. Rome, Italy.
FAO (2011) Dairy development in Pakistan. Rome, Italy.
Faraz, A, Lateef, M, Mustafa, MI, Akhtar, P, Yaqoob, M, Rehman, S (2013)
Detection of adulteration, chemical composition and hygienic status of milk
supplied to various canteens of educational institutes and public places in
Faisalabad. The Journal of Animal and Plant Sciences 23, 119-124.
Farooq, O, 2014. Economic survey of Pakistan, 2013-2014. Government of Pakistan,
Ministry of Finance, Islamabad,
Farooq, O, 2015. Economic survey of Pakistan 2014-15. Government of Pakistan,
Ministry of Finance, Islamabad, Islamabad, Pakistan.
Fedele, V, Rubino, R, Claps, S, Sepe, L, Morone, G (2005) Seasonal evolution of
volatile compounds content and aromatic profile in milk and cheese from
grazing goat. Small Ruminant Research 59,

123

Fink-Gremmels, J (1999) Mycotoxins: Their implications for human and animal
health. Veterinay Quarterly 21, 115-120.
Fink-Gremmels, J (2008) Mycotoxins in cattle feeds and carry-over to dairy milk: A
review. Food Additives and Contaminants: Part A 25, 172-180.
Freitas, A, Barbosa, J, Ramos, F (2013) Development and validation of a multiresidue and multiclass ultra-high-pressure liquid chromatography-tandem
mass spectrometry screening of antibiotics in milk. Internation Dairy Journal
33, 38-43.
Fung, F, Clark, RF (2004) Health effects of mycotoxins: a toxicological overview.
Clinical Toxicology 42, 217-234.
Gale, F, Hu, D (2009) Supply chain issues in China's milk adulteration incident. In
'International Association of Agricultural Economists' 2009 Conference.
Beijing. China', 16-22 August.Beijing, China)
Galvano, F, Pietri, A, Bertuzzi, T, Fusconi, G, Galvano, M, Piva, A, Piva, G (1996)
Reduction of Carryover of Aflatoxin from Cow Feed to Milk by Addition of
Activated Carbons. Journal of Food Protection 59, 551-554.
Garcia, ME, Blanco, JL, Suarez, G (1994) Afaltoxins B1 and G1 solubility in
standard solutions and stability during cold storage. Mycotoxin Research 10,
97-100.
Ghidini, S, Zanardi, E, Varisco, G, Chizzolini, R (2003) Residues of B-lactam
antibiotics in bovine milk: confirmatory analysis by liquid chromatography
tandem mass spectrometry after microbial assay screening. Food Additives
and Contaminants 20, 528-534.

124

Giangiacomo, R (2001) 'Milk testing, quality control, hygiene and safety, FAO Email conference on small-scale milk collection and processing in developing
countries.' Rome, Italy.
Godfrey, S, Behrend, K, Ramsy, G, Wynn, P, Nordblom, T (2013) Identifying
producer, middlemen, retailer and consumer issues from al pro-poor value
chain perspective: A dairy case study from Punjab of Pakistan. In 'The 57th
AARES Annual Conference: Economics, Agriculture and Natural Resources
in the Asian Countries. Darling Harbour, Sydney', 5-8 February.
Godfrey, SS, Ramsay, GC, Behrendt, K, Nordblom, TL, Wynn, PC, Aslam, N
(2015) Analysis of agribusiness value chains to understand an industry and
its challenges: A summary of case studies from Pakistan. In 'The 5th
International conference on sustainable animal agriculture for developing
countries. Pattaya, Thailand', 27-30 October, 2015.
Goldstein, H (1995) 'Multilevel statistical models.' (Halstead Press: New York)
Gong, Y, Hounsa, A, Egal, S, Turner, PC, Sutcliffe, AE, Hall, AJ, Cardwell, K,
Wild, CP (2004) Postweaning exposure to aflatoxin results in impaired child
growth: A longitudinal study in Benin, West Africa. Environmental Health
Perspectives 112, 1334-1338.
Government

of

Pakistan,

2010.

Agricultural

census.

Agricultural

census

organization, Lahore.
Government of Pakistan, 2011. National nutrition survey: Planning and
Development division. Islamabad.
Government of Pakistan, 2013. Household integrated economic survey (HIES) 201112. Islamabad.

125

Government of the Punjab (2009) Pre-investment study district Pakpattan.
Directorate of Industries, Lahore, Pakistan.
Government of the Punjab, 2011. The Punjab pure food rules. Health Department,
Lahore-Pakistan.
Graham, T, Hennes, RF, 2010. Beta lactam test methods for use under appendix N
and section 6 of the grade "A" pasteurized milk ordinance (M-a-85, revision
# 13). MD, USA.
Hagawane, SD, Shinde, SB, Rajguru, DN (2009) Haematological and blood
biochemical profile in lactating buffaloes in and around Parbhani city.
Veterinary World 2, 467-469.
Hayes, JD, Judah, DJ, Mclellan, LI, Neal, GE (1991) Contribution of the glutathione
s-transferases to the mechanisms of resistance to aflatoxin B1. Pharmacology
and Therapeutics 50, 443-472.
Hemme, T (2012) Dairy sector and chain profile, Dairy report: For a better
understanding

of

milk

production

world-wide.

International

Farm

Comparison Network (IFCN), Kiel, Germany.
Hendrich, S, Miller, KA, Wilson, TM, Murphy, PA (1993) Toxicity of Fusarium
proliferatum-fermented nixtamalized corn-based diets fed to rats: Effect of
nuturitional status. Journal of Agricultural & Food Chemistry 41, 1649-1654.
Heshmati, A, Milani, JM (2010) Contamination of UHT milk by aflatoxin M1 in
Iran. Food Control 21, 19-22.
Hillerton, JE, Halley, BI, Neaves, P, Rose, MD (1999) Detection of antimicrobial
substances in individual cow and quarter milk samples using Delvotest
microbial inhibitor tests. Journal of Dairy Science 82, 704-711.

126

Hussain, I, Anwar, J (2008) A study on contamination of aflatoxin M1 in raw milk in
the Punjab province of Pakistan. Food Control 19, 393-395.
Hussain, I, Anwar, J, Munawar, MA, Asi, MR (2008) Variation of levels of aflatoxin
M1 in raw milk from different localities in the central areas of Punjab,
Pakistan. Food Control 19, 1126-1129.
Huwig, A, Freimund, S, Kappeli, O, Dutler, H (2001) Mycotoxin detoxication of
animal feed by different adsorbents. Toxicology Letters 122, 179–188.
IARC (2002) Some Traditional Herbal Medicines, Some Mycotoxins, Naphthalene
and Styrene. In 'IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans.' Vol. 82 pp. 171-300. (IARC: Lyon, France)
Inam, SNB, Safdar, S, Omair, A (2001) Health in Pakistan: Challenges and
opportunities for academia. Journal of Pakistan Medical Association 51, 3.
Iqbal, SZ, Asi, MR (2013) Assessment of aflatoxin M1 in milk and milk products
from Punjab, Pakistan. Food Control 30, 235-239.
Iqbal, SZ, Asi, MR, Ariño, A (2011) Aflatoxin M1 contamination in cow and buffalo
milk samples from the North West Frontier Province (NWFP) and Punjab
provinces of Pakistan. Food Additives and Contaminants: Part B:
Surveillance 4, 282-288.
Iqbal, SZ, Asi, MR, Jinap, S (2013) Variation of aflatoxin M1 contamination in milk
and milk products collected during winter and summer seasons. Food
Control 34, 714-718.
Irum, A, Saeed, H, Ali, S, Farid, M, Parveen, R, Maqbool, U, Ahmad, R (2014)
Estimation of amoxicillin residues in commercial meat and milk samples.
Journal of Microbiology, Biotechnology and Food Sciences 4, 48-50.

127

Jabbar, A, Rehman, SU (2013) Microbiological evaluation of antibiotic residues in
meat, milk and eggs. Journal of Microbiology, Biotechnology and Food
Sciences 2, 2349-2354.
Jalil, H, Rehman, HU, Sial, MH, Hussain, SS (2009) Analysis of milk production
system in peri-urban areas of Lahore (Pakistan): A case study. Pakistan
Economic and Social Review 47, 229-242.
Jouany, JP (2007) Methods for preventing, decontaminating and minimizing the
toxicity of mycotoxins in feeds. Animal Feed Science and Technology 137,
342-362.
Judah, DJ, Hayes, JD, Yang, JC, Lian, LY, Roberts, GCK, Farmer, PB, Lamb, JH,
Neal, GE (1993) Research Communication: A novel aldehyde reductase with
activity towards a metabolite of aflatoxin B1 is expressed in rat liver during
carcinogenesis and following the administration of an anti-oxidant.
Biochemical Journal 292, 13-18.
Kallela, K, Ettala, E (1984) The oestrogenic Fusarium toxin (zearalenone) in hay as a
cause of early abortions in the cow. Nordisk Veterinaermedicin 36, 305-9.
Kallela, K, Vasenius, L (1982) The effects of rumen fluid on the contents of
zearalenone in animal fodder. Nordisk Veterinaermedicin 34, 336-339.
Kang'ethe, EK, Aboge, GO, Arimi, SM, Kanja, LW, Omore, AO, McDermott, JJ
(2005) Investigation of the risk of consuming marketed milk with
antimicrobial residues in Kenya. Food Control 16, 349-355.
Kang'ethe, EK, Arimi, SM, Omore, AO, McDermott, JJ, Nduhiu, JG, Macharia, JK,
Githua, A (2000) The prevalence of antibidies to Brucella abortus in
marketed milk in Kenya and its public health implications. In '3rd All Africa
conference on animal agriculture. Nairobi, Kenya'. pp. 25-30.

128

Kebede, G, Zenebe, T, Disassa, H, Tolosa, T (2014) Review on detection of
antimicrobial residues in raw bulk milk in dairy farms. African Journal of
Basic & Applied Sciences 6, 87-97.
Kensler, TW, Roebuck, BD, Wogan, GN, Groopman, JD (2011) Aflatoxin: a 50-year
odyssey of mechanistic and translational toxicology. Toxicological Sciences
120, S28-S48.
Khan, BB, Mustafa, MI, Abdullah, M, Yaqoob, M (1991) Chemical and hygienic
quality of milk supplied to canteens of various hospitals in Faisalabad city.
Pakistan Journal of Agricultural Sciences 28, 404-407.
Khan, MTG, Zinnah, MA, Siddique, MP, Rashid, MHA, Islam, MA, Choudhury,
KA (2008) Physical and microbial qualities of raw milk collected from
Bangladesh agricultural university dairy farm and the surrounding villages.
Bangladesh Journal of Veterinary Medicine 6, 217-221.
Khan, SH, Shamsul, H, Rozina, S, Muhammad, A (2011) Occurrence of aflatoxin B1
in poultry feed and feed ingredients in Pakistan. International Journal of
Agro Veterinary and Medical Sciences 5, 30-42.
Khaskheli, M, Malik, RS, Arain, MA, Soomro, AH, Arain, HH (2008) Detection of
beta lactam antibiotic residues in market milk. Pakistan Journal of Nutrition
7, 682-685.
Kiessling, K, Pettersson, H, Sandholm, K, Olsen, M (1984) Metabolism of
alflatoxin, ochratoxin, zearalenone, and three trichothecenes by intact rumen
fluid, rumen protozoa, and rumen bacteria. Applied and Environmental
Microbiology 47,

129

Kirk, GD, Bah, E, Montesano, R (2006) Molecular epidemilology of human liver
cancer: insights into etiology, pathogenesis and prevention from The Gambia,
West Africa. Carcinogenesis 27, 2070-2082.
Klaric, MS (2012) Adverse effects of combined mycotoxins. Arhiv Za Higijenu
Rada i Toksikologiju 63, 519-30.
Kolossova, A, Stroka, J, Breidbach, A, Kroeger, K, Ambrosio, M, Bouten, K,
Ulberth, F (2009) Evaluation of the effect of mycotoxin binders in animal
feed on the analystical performance of standardised methods for the
determination of mycotoxins in feed. Joint Research Center-Institute for
Reference Materials and Measurements, Luxembourg.
Kubena, L, Harvey, R, Bailey, R, Buckley, S, Rottinghaus, G (1998) Effects of a
hydrated sodium calcium aluminosilicate (T-Bind) on mycotoxicosis in
young broiler chickens. Poultry Science 77, 1502-1509.
Kuczaj, M (2001) Interrelations between year season and raw milk hygienic quality
indices. Electronic Journal of Polish Agricultural Universities 4,
Kuilman, MEM, Maas, RFM, Fink-gremmels, J (2000) Cytochrome P450-mediated
metabolism and cytotoxicity of aflatoxin B1 in bovine hepatocytes.
Toxicology in Vitro 14, 321-327.
Kuilman, MEM, Mass, RFM, Judah, DJ, Fink-Gremmels, J (1998) Bovine hepatic
metabolism of aflatoxin B1. Journal of Agricultural and Food Chemistry 46,
2707-2713.
Kurwijila, LR, Omore, A, Stall, S, Mdoe, NSY (2006) Investigation of the risk of
exposure to antimicrobial residues present in marketed milk in Tanzania.
Journal of Food Protection 69, 2487-2492.

130

Kyprianou, M, 2006b. Setting maximum levels for certain contaminants in
foodstuffs. Official journal of European Union, 1881/2006: 5-24.
Lafont, P, Siriwardana, M, Lafont, J (1989) Genotoxicity of hydroxy-aflatoxins M1
and M4. Microbiologie Aliments Nutrition 7, 1-8.
Lateef, M, Faraz, A, Mustafa, MI, Akhtar, P, Bashir, MK (2009) Detection of
adulterants and chemical compostion of milk supplied to canteens of various
hospitals in Faisalabad city. Pakistan Journal of Zoology 9, 139-142.
Lemke, SL, Mayura, K, Reeves, WR, Wang, N, Fickey, C, Phillips, TD (2001)
Investigation of organophilic montmorillonite clay inclusion in zearalenonecontaminated diets using the mouse uterine weight bioassay. Journal of
Toxicology and Environmental Health Part A 62, 243-258.
Lewis, L, Onsongo, M, Njapau, H, Rogers, HS, Luber, G, Kieszak, S, Nyamongo, J,
Backer, L, Dahiye, AM, Misore, A, DeCock, K, Rubin, C (2005) Aflatoxin
contamination of commercial maize products during an outbreak of acute
aflatoxicosis in easter and central Kenya. Environmental Health Perspectives
113, 1763-1767.
Lindmark-Mansson, H, Fonden, R, Pettersson, H (2003) Composition of Swedish
dairy milk. Internation Dairy Journal 13, 409-425.
Lingathurai, S, Vellathurai, P (2010) Bacteriological qualtiy and safety of raw cow
milk in Madurai, South India. WebmedCentral Microbiology 1,
Liu, Y, Wu, F (2010) Global burden of aflatoxin-induced hepatocellular carcinoma:
a risk assessment. Environmental Health Preventives 118, 818-824.
Lubulwa, ASG, Davis, JS (1998) 'Estimating the social costs of the impacts of fungi
and aflatoxins in maize and peanuts, 6th International wroking conference on
stored product protection.' Canberra ACT, Australia. (ACIAR:

131

Mace, K, Gonzalez, FJ, McConnell, IR, Garner, RC, Avanti, O, Harris, CC, Pfeifer,
AMA (1994) Activation of promutagens in a human bronchial epithelial cell
line

stably expressing

human

Cytochrome

P450

1A2.

Molecular

Carcinogenesis 11, 65-73.
MacLachlan, DJ (2011) Estimating the transfer of contaminants in animal feedstuffs
to livestock tissues, milk and eggs: A review. Animal Production Science 51,
1067-1070.
Mangsi, AS, Khaskheli, M, Soomro, AH, Shah, MG (2014) Detection of
antimicrobial drug residues in milk marketed at different areas of Sindh
province. IOSR Journal of Agriculture and Veterinary Science 7, 65-69.
Maqbool, U, Ahmad, M, Anwar-ul-Haq, Mohsin Iqbal, M (2004) Determination of
aflatoxin-B1 in poultry feed and its components employing enzyme-linked
immunosorbent assay (ELISA). Toxicological & Environmental Chemistry
86, 213-218.
Maqbool, U, Anwar-Ul-Haq, Ahmad, M (2009) ELISA determination of Aflatoxin
M1 in milk and dairy products in Pakistan. Toxicological & Environmental
Chemistry 91, 241-249.
Maragos, CM, Richard, JL (1994) Quantification and stability of fumonisins B1 and
B2 in milk. Journal of AOAC International 77, 1162-1167.
Masoero, F, Gallo, A, Moschini, M, Piva, G, Diaz, D (2007) Carryover of aflatoxin
from feed to milk in dairy cows with low or high somatic cell counts. Animal
1, 1344-1350.
Matias, VR, Beveridge, TJ (2005) Cryo-electron microscopy reveals native
polymeric cell wall structure in Bacillus subtilis 168 and the existence of a
periplasmic space. Molecular Microbiology 56, 240-51.

132

McKenzie, KS, Sarr, AB, Mayura, K, Bailey, RH, Miller, DR, Rogers, TD, Norred,
WP, Voss, KA, Plattner, RD, Kubena, LF, Phillips, TD (1997) Oxidative
degradation and detoxification of mycotoxins using a novel source of ozone.
Food and Chemical Toxicology 35, 807-820.
Mckenzie, RA, Blaney, J, Connole, D, Fitzpatrick, LA (1981) Acute aflatoxicosis in
calves fed peanut hay. Australian Veterinary Journal 57, 284-286.
Metwally, AMM, Dabiza, NMA, El-Kholy, WI, Sadek, ZI (2011) The effect of
boiling on milk microbial contents and quality. Journal of American Science
7, 110-114.
Mirocha, CJ, Harrison, J, Nichols, AA, McClintock, M (1968) Detection of a fungal
estrogen (F-2) in hay associated with infertility in dairy cattle. Applied
Microbiology 16, 797-798.
Mirocha, CJ, Pathre, SV, Robison, RS (1981) Comparative metabolism of
zearalenone and transmission into bovine milk. Food Cosmetic and
Toxicology 19, 25-30.
Muhammad, K, Tipu, MY, Abbas, M, Khan, AM, Anjum, AA (2010) Monitoring of
Aflatoxin M1 in Market Raw Milk in Lahore City, Pakistan. Pakistan
Journal of Zoology 42, 697-700.
Muhammad, ZU, Akhter, SN, Ullah, MK (2014) Dairy supply chain management
and critical investigations on dairy informal channel partners in Pakistan.
IOSR Journal of Business and Management 16, 81-87.
Munksgaard, L, Larsen, J, Werner, H, Andersen, P, Viuf, B (1987) Carry over of
aflatoxin from cows' feed to milk and milk products. Milchwissenschaft 42,
165-167.

133

Nabney, J, Burbage, MB, Allcroft, R, Lewis, G (1967) Metabolism of aflatoxin in
sheep: Excretion pattern in the lactating ewe. Food and Cosmetics
Toxicology 5, 11-17.
Noori, N, Karim, G, Raeesian, M, Abyaneh, HK, Bahonar, AR, Basti, AA, Ghadami,
F (2013) Antibiotic residues and aflatoxin M1 contamination in milk powder
used in Tehran dairy factories, Iran. Iranian Journal of Veterinary Medicine
7, 221-226.
Omata, M, Lesmana, LA, Tateishi, R, Chen, P, Lin, S, Yoshida, H, Kudo, M, Lee,
JM, Choi, BI, Poon, RTP, Shiina, S, Cheng, AL, Jia, J, Obi, S, jan, KH, Jafri,
W, Chow, P, Lim, SG, Chawla, YK, Budihusodo, U, Gani, RA, Lesmana,
CR, Putranto, TA, Liaw, YF, Sarin, SK (2010) Asian pacific association for
the study of the liver consensus recommendations on hepatocellular
carcinoma. Hepatology International 4, 439-474.
Ortatatli, M, Oğuz, H, Hatipoğlu, F, Karaman, M (2005) Evaluation of pathological
changes in broilers during chronic aflatoxin (50 and 100 ppb) and
clinoptilolite exposure. Research in Veterinary Science 78, 61-68.
Ozrenk, E, Inci, SS (2008) The effect of seasonal variation on the compostion of cow
milk in Van province. Pakistan Journal of Nutrition 7, 161-164.
Pace, J, Watts, M, Canterbury, W (1988) T-2 mycotoxin inhibits mitochondrial
protein synthesis. Toxicon 26, 77-85.
Papaioannou, D, Katsoulos, P, Panousis, N, Karatzias, H (2005) The role of natural
and synthetic zeolites as feed additives on the prevention and/or the treatment
of certain farm animal diseases: A review. Microporous and Mesoporous
Materials 84, 161-170.

134

Pappas, G, Akhtar, T, Gergen, PJ, Hadden, WC, Khan, AQ (2001) Health status of
Pakistani population: A health profile and comparison with the United States.
American Journal of Public Health 91, 93-98.
Paterson, RRM, Kelley, J, Gallagher, M (1997) Natural occurrence of aflatoxins and
Aspergillus flavus (Link) in water. Letters in Applied Microbiology 25, 435436.
Peraica, M, Radic, B, Lucic, A, Pavlovic, M (1999) Toxic effects of mycotoxins in
humans. Bulletin of the World health Organization 77, 754-766.
Pereyra, MLG, Carvalho, ECQ, Tissera, JL, Keller, KM, Magnoli, CE, Rosa, CAR,
Dalcero, AM, Cavaglieri, LR (2008) An outbreak of acute aflatoxicosis on a
chinchilla (Chinchilla lanigera) farm in Argentina. Journal of Veterinary
Diagnostic Investigations 20, 853-856.
Pestka, JJ (2007) Deoxynivalenol: Toxicity, mechanisms and animal health risks.
Animal Feed Science and Technology 137, 283-298.
Pestka, JJ, Smolinski, AT (2005) Deoxynivalenol: Toxicology and potential effects
on humans. Journal of Toxicology and Environmental Health, Part B 8, 3969.
Pettersson, H (2004) Controlling mycotoxins in animal feeds. In 'Mycotoxins in
Food.' (Eds N Magan, M Olsen.) (Woodhead Publishing: Cambridge)
Phillips, TD (1999) Dietary clay in the chemoprevention of aflatoxin-induced
disease. Toxicological Sciences 52, 118-126.
Pier, AC, Richard, JL, Cysewski, SJ (1980) Implications of mycotoxins in animal
disease. Journal of the American Veterinary Medical Association 176, 719724.

135

Pietri, A, Bertuzzi, T, Piva, G, Binder, EM, Schatzmayr, D, Rodrigues, I (2009)
Aflatoxin transfer from naturally contaminated feed to milk of dairy cows
and the efficacy of a mycotoxin deactivating product. Internation Journal of
Dairy Science 4, 34-42.
Pinheiro, JC, Bates, DM (1990) 'Mixed-effects models in S and S-Plus.' (Springer:
New York)
Pitt, JI (1987) Penicillium viridicatum, Penicillium cerrucosum, and production of
ochratoxin A. Applied and Environmental Microbiology 53, 266-269.
Pleadin, J, Perši, N, Mitak, M, Terzić, S, Milić, D, Vulić, A, Brstilo, M (2012)
Biochemical changes in pig serum after ochratoxin A exposure. Bulletin of
Environmental Contamination and Toxicology 88, 1043-1047.
Pohland, A, Nesheim, S, Friedman, L (1992) Ochratoxin A: a review (technical
report). Pure and Applied Chemistry 64, 1029-1046.
Prandini, A, Tansini, G, Sigolo, S, Filippi, L, Laporta, M, Piva, G (2009) On the
occurrence of aflatoxin M1 in milk and dairy products. Food and Chemical
Toxicology 47, 984-991.
Prelusky, DB, Scott, PM, Trenholm, HL, Lawrence, GA (1990) Minimal
transmission of zearalenone to milk of dairy cows. Journal of Environmental
Science and Health, Part B: Pesticides, Food Contaminants and Agricultural
Wastes 25, 87-103.
Prelusky, DB, Trenholm, HL (1993) The efficacy of various classes of anti-emetics
in preventing deoxynevalenol-induced vomiting in Swine. Natual Toxins 1,
296-302.

136

Prentice, AM, Gershwin, ME, Schaible, UE, Keusch, GT, Victora, CG, Gordon, JI
(2008) New challenges in studying nutrition-disease interactions in the
developing world. The Journal of Clinical Investigation 118, 1322-1329.
Qamar-uz-Zaman, C, Rasul, G (2004) Agro-climatic classification of Pakistan.
Pakistan Journal of Meteorology 9, 59-66.
Queiroz, OCM, Han, JH, Staples, CR, Adesogan, AT (2012) Effect of adding a
mycotoxin-sequestering agent on milk aflatoxin M1 concentration and the
performance and immune response of dairy cattle fed an aflatoxin B1
contaminated diet. Journal of Dairy Science 95, 5901–5908.
Raisuddin, S, Singh, KP, Zaidi, SIA, Ray, PK (1994) Immunostimulating effects of
protein A in immunosurpressed aflatoxin-intoxicated rats. International
Journal of Immunopharmacology 16, 977-984.
Rashid, N, Bajwa, M, Rafeeq, M, Khan, M, Ahmad, Z, Tariq, M, Wadood, A,
Abbas, F (2012) Prevalence of aflatoxin B1 in finished commercial broiler
feed from west central Pakistan. J Anim Plant Sci 22, 6-10.
Reddy, KRN, Salleh, B, Saad, B, Abbas, HK, Abel, CA, Shier, WT (2010) An
overview of mycotoxin contamination in foods and its implications for
human health. Toxin Reviews 29, 3-26.
Rensburg, SJV, Cook-Mozaffari, P, Schalkwyk, DJV, Watt, JJVD, Vincent, TJ,
Purchase, IF (1985) Hepatocellular carcinoma and dietary aflatoxin in
Mozambique and Transkei. British Journal Cancer 51,
Richard, JL, Bennett, GA, Ross, PF, Nelson, PE (1993) Analysis of naturally
occurring mycotoxins in feedstuffs and food. Journal of Animal Science 71,
2563-2574.

137

Rideout, TC, Liu, Q, Wood, P, Fan, MZ (2008) Nutrient utilisation and intestinal
fermentation are differentially affected by the consumption of resistant starch
varieties and conventional fibers in pigs. British Journal of Nutrition 99, 984992.
Ruby, DS, Masood, A, Fatmi, A (2014) Effect of aflatoxin contaminated feed on
energy reserves of fish Labeo Rohita (Hamilton). Current World
Environment 9, 1037-1040.
Sadia, A, Jabbar, MA, Deng, Y, Hussain, EA, Riffat, S, Naveed, S, Arif, M (2012) A
survey of Aflatoxin M1 in milk and sweets of Punjab, Pakistan. Food
Control 26, 235-240.
Sats, A, Mootse, H, Lepasalu, L, Poikalainen, V (2014) Use of Delvotest T for
quantitative estimation of beta lactam antibiotic residues in waste milk and
for evaluation of thermal treatment efficiency- a methodical pilot study.
Agronomy Research 12, 807-812.
Scott, PM (2012) Recent research on fumonisins: a review. Food Additives &
Contaminants 29, 242-248.
See, AS, Salleh, AB, Bakar, FA, Yusof, NA, Abdulamir, AS, Heng, LY (2010) Risk
and health effect of boric acid. American Journal of Applied Sciences 7, 620627.
Shetty, PH, Jespersen, L (2006) Saccharomyces cerevisiae and lactic acid bacteria as
potential mycotoxin decontaminating agents. Trends in Food Science &
Technology 17, 48-55.
Shuiep, ES, El-Zubeir, IEM, El-Owni, OAO, Musa, HH (2008) Influence of season
and management on composition of raw camel (Camelus dromedarius) milk

138

in Khartoum state, Sudan. Tropical and Subtropical Agroecosystems 8, 101106.
Singuluri, H, Sukumaran, MK (2014) Milk adulteration in Hyderabad, India-A
comparative study on the levels of different adulterants present in milk.
Journal of Chromatography Separation Techniques 5, 212.
Smela, ME, Currier, SS, Bailey, EA, Essigmann, JM (2001) The chemistry and
biology of aflatoxin B1: from mutational spectormetry to carcinogenesis.
Carcinogenesis 22, 535-545.
Speijers, GJA, Speijers, MHM (2004) Combined toxic effects of mycotoxins.
Toxicology Letters 153, 91-98.
Strosnider, H, Baumgartner, EA, Banziger, M, Bhat, RV, Breiman, R, Brune, MN,
DeCock, K, Dilley, A, Groopman, J, Hell, K, Henry, SH, Jeffers, D, Jolly, C,
Jolly, P, Kibata, GN, Lewis, L, Liu, X, Luber, G, McCoy, L, Mensah, P,
Miraglia, M, Misore, A, Njapau, H, Ong, CN, Onsongo, MTK, Page, SW,
Park, D, Patel, M, Phillips, T, Pineiro, M, Pronczuk, J, Rogers, HS, Rubin, C,
Sabino, M, Schaafsma, A, Shephard, G, Stroka, J, Wild, C, Williams, JT,
Wilson, D (2006) Workgroup report: Public health strategies for reducing
aflatoxin

exposure

in

developing

coutries.

Environmental

Health

Perspectives 114, 1898-1903.
Stubblefield, RD, Pier, AC, Richard, JL, Shotwell, OL (1983) Fate of aflatoxins in
tissues, fluids and excrements from cows dosed orally with aflatoxin B1.
American Journal of Veterinary Research 44, 1750-1752.
Stubblefield, RD, Shotwell, OL, Richard, JL, Pier, AC (1981) Transmission and
distribution of aflatoxin in contaminated beef liver and other tissues. Journal
of Association of Official Analytical Chemists 64, 964-968.

139

Sugiyama, K, Hiraoka, H, Sugita-Konishi, Y (2008) Aflatoxin M1 contamination in
raw bulk milk and the presence of aflatoxin B1 in corn supplied to dairy
cattle in Japan. Journal of Food Hygiene Society of Japan 49, 352-355.
Sultana, N, Hanif, NQ (2009) Mycotoxin contamination in cattle feed and feed
ingredients. Pakistan Veterinary Journal 29, 211-213.
Sydenham, EW, Thiel, PG, Marasas, WFO, Shephard, GS, Schalkwyk, DJV, Koch,
KR (1990) Natural occurrence of some Fusarium mycotoxins in corn from
low and high esophageal cancer prevalence areas of the Transkei, Southern
Africa. Journal of Agricultural & Food Chemistry 38, 1900-1903.
Tariq, M, Mustafa, MI, Iqbal, A, Nawaz, H (2008) Milk marketing and value chain
contraints. Pakistan Journal of Agricultural Sciences 45, 195-200.
Tasci, F (2011) Microbiological and chemical properties of raw milk consumed in
Burdur. Journal of Animal and Veterinary Advances 10, 635-641.
The World Bank (2013) World development indicators. Washington DC, USA.
Thompson, W, Wannemacher, R (1990) In vivo effects of T-2 mycotoxin on
synthesis of proteins and DNA in rat tissues. Toxicology and Applied
Pharmacology 105, 483-491.
Truckness, MW, Richard, JL, Stoloff, L, McDonald, JS, Brumley, WC (1983)
Absorption and distribution patterns of aflatoxicol and aflatoxin M1 and M1
in blood and milk of cows given aflatoxin B1. American Journal of
Veterinary Research 44, 1753-1756.
V. S. N. International, 2014. Genstat Reference Manual (Release 16), Part 1
Summary. VSN International, Hemel Hempstead, UK.
VanLeeuwen, JA, Mellish, T, Walton, C, Kaniaru, A, Gitau, R, Mellish, K, Maina,
B, Wichtel, J (2012) Management, productivity and livelihood effects on

140

Kenyan smallholder dairy farms from interventions addressing animal health
and nutrition and milk quality. Tropical Animal Health and Production 44,
231-238.
Vekiru, E, Fruhauf, S, Sahin, M, Ottner, F, Schatzmayr, G, Krska, R (2007)
Investigation of various adsorbents for their ability to bind Aflatoxin B1.
Mycotoxin Research 23, 27-33.
Veldman, A, Meijs, JAC, Borggreve, GJ, Tol, JJH (1992) Carry-over of aflatoxin
from cows' food to milk. Animal Production Science 55, 163-168.
Velusamy, R, Rani, N, Ponnudurai, G, Harikrishnan, T, Anna, T, Arunachalam, K,
Senthilvel, K, Anbarasi, P (2014) Influence of season, age and breed on
prevalence of haemoprotozoan diseases in cattle of Tamil Nadu, India.
Veterinary World 7, 574-578.
Volkel, I, Schroer-Merker, E, Czerny, C (2011) The carry-over of mycotoxins in
products of animal origin with special regard to its implications for the
European food safety legislation. Food and Nutrition Sciences 2, 852-867.
Walker, GP, Dunshea, FR, Doyle, PT (2004) Effects of nutrition and management on
the production and composition of milk fat and protein: a review. Australian
Journal of Agricutural Research 55, 1009-1028.
Weaver, G, Kurtz, H, Behrens, J, Robison, T, Seguin, B, Bates, F, Mirocha, C
(1986a) Effect of zearalenone on dairy cows. American Journal of Veterinary
Reaearch 47, 1826-1828.
Weaver, G, Kurtz, H, Behrens, J, Robison, T, Seguin, B, Bates, F, Mirocha, C
(1986b) Effect of zearalenone on the fertility of virgin dairy heifers.
American Journal of Veterinary Research 47, 1395-1397.

141

Whitlow, LW, Diaz, DE, Hopkins, BA, Hagler, WM TP Lyons, KA Jacques (Eds)
(2000) 'Mycotoxins and milk safety: the potential to block transfer to milk,
Proceedings of Alltech's 16th Annual Symposium.' Nottingham, UK.
(Nottingham

University

Press:

391-408.

Available

at

http://en.engormix.com/MA-mycotoxins/articles/mycotoxins-milk-safetypotential-t199/p0.htm
WHO (2013) Country cooperation strategy at a glance-Pakistan. Geneva,
Switzerland.
WHO, FAO (1974) Toxicological evaluation of certain food additives with a review
of general principles and of specifications., Switzerland.
Wild, C, Turner, P (2002) The toxicology of aflatoxins as a basis for public health
decisions. Mutagenesis 17, 471-481.
Williams, JH, Phillips, TD, Jolly, PE, Stiles, JK, Jolly, CM, Aggarwal, D (2004)
Human aflatoxicosis in developing countries: a review of toxicology,
exposure, potential health consequences, and interventions. American
Journal of Clinical Nutrition 80, 1106-1122.
Wu, F, Narrod, C, Tiongco, M, Liu, Y (2011) The health economics of aflatoxin:
Global burden of disease. Working paper 4 by International Food Policy
Research Institute 1-16.
Yasmin, FZN, Hassan, R, Naim, T, Qureshi, AA (2001) A study on the analysis of
ochratoxin-A in different poultry feed ingredients. Pakistan Journal of
Pharmaceutical Sciences 14, 5-7.
Yiannikouris, A, Jouany, J (2002) Mycotoxins in feeds and their fate in animals: a
review. Animal Research 51, 81–99.

142

Zhu, JQ, Zhang, LS, Hu, X, Wiao, Y, Chen, JS, Xu, YC, Fremy, J, Chu, FS (1987)
Correlation of dietary aflatoxin B1 levels with excretion of aflatoxin M1 in
human urine. Cancer Research 47, 1848-1852.
Zia, U (2007) Analysis of milk marketing chain-Pakistan. Italian Journal of Animal
Science 6, 1384-1386.

143

Chapter 9 Appendices

9.1 Appendix 1
Following graphs will show the abbreviation for districts Okara, Pakpattan and
Kasure as O, P and K respectively, and abbreviations for spring, winter, autumn,
summer and monsoon seasons as Sp, W, A, Su and M respectively.

Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.1: Milk composition and added water trend at different levels of milk
marketing chain in district Okara in autumn season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively

Figure 9.2: Milk composition and added water trend at different levels of milk
marketing chain in district Okara in monsoon season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.3:Milk composition and added water trend at different levels of milk
marketing chain in district Okara in spring season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.4:Milk composition and added water trend at different levels of milk
marketing chain in district Okara in summer season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.5:Milk composition and added water trend at different levels of milk
marketing chain in district Okara in winter season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.6:Milk composition and added water trend at different levels of milk
marketing chain in district Pakpattan in autumn season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.7: Milk composition and added water trend at different levels of milk
marketing chain in district Pakpattan in monsoon season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.8: Milk composition and added water trend at different levels of milk
marketing chain in district Pakpattan in spring season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.9: Milk composition and added water trend at different levels of milk
marketing chain in district Pakpattan in summer season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.10:Milk composition and added water trend at different levels of milk
marketing chain in district Pakpattan in winter season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.11:Milk composition and added water trend at different levels of milk
marketing chain in district Kasur in autumn season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.12:Milk composition and added water trend at different levels of milk
marketing chain in district Kasur in monsoon season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.13:Milk composition and added water trend at different levels of milk
marketing chain in district Kasur in spring season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.14:Milk composition and added water trend at different levels of milk
marketing chain in district Kasur in summer season
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Note: ο, +, ∆, x and ◊ describe the values of fat, protein, SNF, lactose and added
water respectively
Figure 9.15:Milk composition and added water trend at different levels of milk
marketing chain in district Kasur in winter season
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9.2 Appendix 2
Publication in Journal of Animal Production Science entitled: Pattern of partitioning
of aflatoxins from feed to urine and its effect on serum chemistry in Nili-Ravi
buffalo heifers
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9.3 Appendix 3
This paper entitled” transfer of aflatoxins from feed to milk and effect of mycotoxin
binder on its transfer in Nili-Ravi buffaloes has been submitted to journal of Animal
Production Science.
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9.4 Appendix 4
Abstract entitled “Effectiveness of a mycotoxin binder to minimize transfer of
aflatoxin from feed to milk in Nili-Ravi buffaloes” was presented at 2014 ADSAASAS-CSAS Joint Annual Meeting from 20-24 July, Kansas city Missouri, USA.
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9.5 Appendix 5
Transfer of aflatoxins from highly contaminated feed to milk and effect of
mycotoxin binder on transfer rate in Nili-Ravi buffaloes. One page paper published
in proceedings of Australian Society of Animal Production. Volume 30 page 135
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9.6 Appendix 6
This short review was presented as an oral presentation at 2nd International Food
Safety Conference. Food safety: Critical dimenstion of feed security in emerging
economics. December 2-3, 2013. Kuala Lumpur, Malaysia.
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