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Abstract

Milk being a suitable medium for bacterial growth can serve as a source of bacterial pathogens.
Pathogenic bacteria in milk pose a serious health threat to humans. Previous studies in Ethiopia
lacked molecular confirmation of bacterial isolates, been small in terms of scope (i.e., failing
to cover several high milk production areas), have not addressed all value-chains for milk and
cottage cheese. Therefore, this study was designed to fill these gaps. aimed to assess the
microbial quality, the prevalence of shiga-toxin producing Escherichia coli (STEC and E. coli
0157:H7), antimicrobial resistance profiles, and associated risk factors in milk and cottage
cheese sourced from the Oromia region of Ethiopia. First, a semi-structured questionnaire was
administered to capture relevant information from identified respondents (producers, collectors,
processors and retailers of milk and cottage cheese producers and retailers). Additionally, a total
of 480 samples milk and cottage cheese were collected and analyzed for the presence of STEC
and E. coli O157:H7. TCC and generic E. coli counts were completed utilizing 3M Petrifilm
count plates, typical colonies were later confirmed through molecular methods. The
antimicrobial resistance pattern of isolates was carried out using Kirby—Bauer method. The
mean TBC and TCC of raw milk, pasteurized milk, and cottage cheese were (7.17, 5.53; 5.93,
3.36; 6.1, 1.73) log cfu/ml or g, respectively. The prevalence of generic E. coli was 53.1%
(102/192), 35.9% (69/192) and 3.1% (3/48) in raw milk, pasteurized milk and cottage cheese
samples, respectively. From the total samples, 12 % were positive for STEC, among this 3.7%
were E.coli O157:H7. The highest prevalence of STEC and E. coli 0157:H7 were found in raw
milk samples 39 (20.31%) followed by pasteurized milk 17 (8.85%) and cottage cheese 2
(2.08%). Antimicrobial resistance analysis revealed that STEC and E. coli O157:H7 were
highly sensitive to chloramphenicol (72.4%) and ciprofloxacin (75.8%); but resistant to
ampicillin (56.8%), oxyteteracycline (44.8%) and tetracycline (84.4%). The significant
association of possible sources (P<0.05) with STEC positivity were cleanness of the drying
cloth , hygienic condition of the cattle barn and collection center, temperature during
transportation, time to transport pasteurized milk to retail shop and the quality of packaging
materials for cottage cheese. Hence, there is a need to identify preventive measures and direct
interventions for the production, transportation, storage and pasteurization of milk and cottage
cheese.

Keywords: Milk, cottage cheese, Shiga toxin-producing Escherichia coli (STEC)

, antimicrobial resistance, risk factors

xii



1. Introduction

1.1. Background of the study

Ethiopia has the largest livestock population in Africa estimated at about 59.9 million cattle, of
which 11.83 million are milking cows currently producing 3.1 billion liters of milk (CSA, 2017).
Ethiopia’s dairy cattle population is distributed across most areas of the country, but the four
regionswith the highest number of milking cows are Oromia (44%), SNNP (22%), Amhara
(17%) and Tigray (9%); from this the Oromia region is the leading milk producer in Ethiopia with
52 % of all milking cows in the country (CSA,2019).

Oromia region is characterized by diversified agro-climatic zones, topography, agricultural
potential and natural resources endowment (Mulat et al., 2004). The region is contributing for
63% of the nationalvolume of export of agriculture and share about 54% of grain production
and 45% of livestock production from the country (CSA, 2014). West and East Shewa in the
Oromia region have high market potential because of access to Addis Ababa (Gemeda et al.,
2018)

Ethiopia has a complex dairy value chain, with both formal and informal channels. Only 5% of
the milk produced in Ethiopia is sold in commercial markets (LMD, 2012). Formal milk
markets are particularly limited to peri-urban areas and Addis Ababa (Zegeye, 2003). The
formal market appears to be expanding during the last decade with the private sector entering
the dairy processing industry in Addis Ababa, DireDawa and Dessie towns (SNV, 2008). In
Ethiopia, 2% of the national milk reached tothe final consumers through formal value chain,
whereas 98% of the milk is unprocessed and marketed through informal channel (Tekelyesus,
2015). Input suppliers, milk producers, milk processors and consumers involved the formal
milk value chain. Milk provides a typical example with growing demand for milk value added
products in Ethiopia, whereas local supply is limited (Beyene, et al.,2015). In the informal
market, milk may pass from producers to consumers directly or it may pass through two or
more market agents. The informal system ischaracterized by no licensing requirement to
operate, low cost of operations, high producer price compared to formal market and no
regulation of operations, non-market oriented and most of the milk produced is retained for
home consumption (Dehinenet, 2014).

Formal milk marketing of pasteurized milk and milk products accounts for fewer than 30% of
total milk sales in Addis Ababa even though these products are hygienically prepared and



considered safe for human consumption (Tekliye, and Gizaw, 2017) However, inadequate or
faulty pasteurization will not destroy all food borne pathogens (Pal et al., 2012) and post-
pasteurization contamination of milk can occur when pathogens are not adequately controlled

in the food processing environment.

Foodborne diseases and food poisoning are a widespread and serious public health concern for
individuals and countries of the modern world (Carbas and Coelho, 2013). Particularly in
developing countries, the production of milk and various dairy products take place under
unhygienic conditions and poor production practices (Bereda et al.,2012). Milk-borne
pathogens cause human diseases ranging from gastrointestinal disturbances characterized by
diarrhea and vomiting to others, generalized, and even life threatening foodborne illnesses, they

are not only of public health importance but also economic importance (Quigley et al., 2013).

Microbial assessments of bacterial load within milk is a frequently used procedure to measure
the quality of milk. TheTotal plate count (TPC) and Total coliform count (TCC) methods are
universal methods to estimate the total aerobic and coliform bacterial numbers present in raw
milk (Fatine, 2012). With the procedures of the U.S. Food and Drug Administration (FDA
1978), the definition of a presumptive coliform is an organism that produces gas in lauryl sulfate
tryptose broth in 48 hr at 35°C. A confirmed coliform is a presumptive coliform that produces
gas in brilliant green lactose bile broth in 48 hr at 35°C. The coliform group includes
Escherichia coli, Citrobacter jreundii, Enterobacter aerogenes, Enterobacter cloacae, and
Klebsiella pneumoniae. There are a few strains of other species that ferment lactose and might

be included in a coliform determination (Banwart, 2012).

Escherichia coli (E. coli) is a subgroup of the faecal coliform and it can be distinguished from
most other coliforms by its ability to ferment lactose at 44°C in the fecal coliform test, and by
its growth and color reaction on certain types of culture media. When cultured on an eosin
methylene blue (EMB) plate, a positive result for E. coli is metallic green colonies on a dark
purple medium. Escherichia coli has an incubation period of 12-72 hours with the optimal
growth temperature being 37°C. Unlike the general coliform group, E. coliis almost
exclusively of fecal origin and their presence is thus an effective confirmation of fecal
contamination. Most E. coli strains harmless,but some can cause serious illness in humans.
Infection symptoms and signs include bloody diarrhea, stomach cramps, vomiting and
occasionally, fever. The bacteria can also cause pneumonia, other respiratory
illnesses and urinary tract infections (Donnenberg, 2002; CDC, 2014). They are among many

pathogenic microorganisms which can access to milk and other dairy products, and considered
2
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as a reliable indicator of contamination by manure, soil and contaminated water (Ekici and
Dumen, 2019).

E. coli is a normal inhabitant of the intestines of animals and humans; its recovery from food
may be of public health concern due to the possible presence of enteropathogenic and/or
toxigenic strains which lead to severe gastrointestinal disturbance (Quigley et al., 2013;WHO,
2004). Among the pathogenic E. coli trains Shiga toxin E. coli (STEC) is the most important
group of food-borne pathogens because a small number of people with STEC infection may
develop kidney failure and anaemia (due to destruction of the red blood cells that carry oxygen
around the body). This is called haemolytic uraemic syndrome (HUS) (FAO/WHO, 2018). E.
coli O157:H7, which is considered as a subtype of STEC, is known to cause human diseases as
food borne pathogen and is determined by production of virulence factors, also known as
verocytotoxins or Shiga toxins (Stx). This Shiga toxin is produced in the colon and damages
the tissue resulting in bloody and hemolytic uraemic syndrome that has become a serious health
problem in various countries (Esparza et al., 2011). Cattle are thought to be a reservoir for
STEC and many foodborne diseases have been associated with the consumption of raw milk
and dairy products (Dehkordi et al., 2014).

It has been estimated that most of the microbial contamination of raw milk occurs during the
time of collection, handling, processing and distribution (Diao et al., 2010). However, currently
there is a lack of datas on pathogenic E. coli (STEC) confirmed through petrifilm by using
molecular method and antimicrobial resistance test on milk and cottage cheese in the dairy
supply chain of Oromia region. To take a measurement knowing the potential value chain was
mandatory, so this work aimed to fill this gap. In the value chains like, producers, collectors,

processors and retailer’s quality and safety of both milk and cottage cheese were assessed.

1.2. Statement of the Problem

The handling and safety of milk and milk products is a great concern around the world and
particularly in developing countries. In addition there are challenges with continuous
maintenance of the cold chain with limited knowledge on the hygienic handling of milk and
milk products (Zelelem, 2010). In Ethiopia, the coliform counts of milk and cottage cheese
samplesreported by a number of workers (Zelalem et al., 2005; Ashenafi, 2006; Binyam, 2008;
Seifu et al., 2013) revealed the seriousness of the problem. Moreover,there are limited research
reports on the value chain analysis. Thus, study was conducted to bridge the information gap

on the microbial quality of raw milk, pasteurized milk and cottage cheese across the value chain

3
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in Oromia regional state.

In Ethiopia, research related to one of the Shiga toxin producing E. coli serotypes (E. coli
0157:H7) has been mostly focused on slaughter houses and animal abattoirs (Bekele, et al.,
2014; Abdissa et al., 2017; Abreham, et al., 2019). There were just a few studiesconducted to
determine the prevalence of STEC and specifically STEC O157:H7 in cow raw milk in
different areas of the country (Mersha, 2010; Ayano etal., 2013; Disassa et al., 2017; Zemenu,
2017; Bedasaetal., 2018). However, justa single study on pasteurized milk (Bedasa et al., 2018)
has been conducted to determine the prevalence of E. coli O157:H7 on milk and its products
in Ethiopia, and yet more is needed. The methods used for isolation and identification of E. coli
0157:H7 were variable across studies. One of these studies reported using the standardised
method established by (ISO, 2001) (Bedasa et al., 2018). Two studies isolated E. coli by
Enrichment in EC broth, transfer to EMB agar, and later transferred the colonies to sorbitol
McConkey agar to identify putative E. coliO157:H7 isolates, which were then confirmed via
agglutination test (Disassa et al., 2017;Abunna et al., 2018). Another study isolated colonies
on McConkey agar and later performed confirmation via sugar ferment- ation tests (including
sorbitol) and indole test (Adugna et al., 2013). Finally, one study used a Biolog Identification
System to characterise and confirm E. coli O157:H7 isolated using Biolog Universal Growth
medium (Mekuria and Beyene,2014), among these studies no one used molecular confirmation
techniques for STEC isolates. Therefore, this study aims at isolation and molecularly
characterization of STEC from raw milk,pasteurized milk, and cottage cheeses, and determining
the prevalence of STEC and other EC O157. This study is different in its kind by using
molecular technique, covering several highmilk potential areas of Oromia regional state and by

targeting all value chains of milk and cottage cheese in the study sites.

In Ethiopia, a number of studies have been done on the prevalence and antimicrobial resistance
patterns of E. coli from various clinical sources (Gebre-Sellassie, 2007; Disassa et al., 2017;
Zemenu, 2017), but there is limited research on food samples, so this study fill this gap to some
extent by testing antimicrobial resistance of the isolates obtained from raw milk pasteurized

milk and cottage cheese in Oromia regional state.



1.3. Objective

1.3.1. General objective

The study aims to determine the prevalence, antimicrobial resistance profiles and assessment of
the risk factors associated with microbial safety and Shiga toxin-producing Escherichia coli
(STEC) in milk and cottage cheese across the dairy value chain in Oromia regional state,

Ethiopia

1.3.2. Specific objective

» To enumerate the total bactrial, total coliform and E. coli count in raw, pasteurized
milk and cottage cheese samples collected across the dairy value chain in Oromia
region.

» To determine the prevalence of Shiga toxin-producing Escherichia coli (STEC) in raw
and pasteurized milk, and cottage cheeses samples in the region.

» To determine antimicrobial susceptibility profiles of STEC isolates in raw,
pasteurizedmilks and cottage cheeses across the dairy value chain in Oromia region.

> To assess the risk factors associated in raw and pasteurized milk, and cottage cheeses

samples across the dairy value chain in Oromia region.



2. Literature review

2.1.  Milk production in Ethiopia

Although Ethiopia has the largest cattle population in Africa, at 52 million, and of these 10.5
million dairy cattle, the yearly milk production is very low with low per capital annual milk
consumption (19 liters) which is by far below the African average (40 liters) as well as the
world average (105 liters) (FAO, 2011). Referring data from CSA, (AGP, 2013) described that
Ethiopian milk production has increased significantly since 2000 indicating that national milk
production was 1.2 billion liters in 2000, 3.2 billion litters in 2007, and 3.3 billion liters in
2012. The production and market system of milk in Ethiopia face severe constraints along with
complex milk value chain both in formal and informal market channels. Only 5% of the milk
produced in Ethiopia is sold in commercial markets while the rest of 95% is consumed and
processed at home (CSA, 2012). Dairy producers and the downstream actors in the milk value
chains face many challenges in getting milk to market. For the most part, milk collection,
chilling and transport are not well organized and there are few economies of scale. Transaction
costs are high and up to 20-35% of milk is spoiled or otherwise lost. Poor genetic makeup,
insufficient access to proper animal feed and poor management practices all contribute to the
low productivity levels (Felleke et al., 2010). Moreover, very high price of milk and milk
products also the major challenge to purchase by middle and low-income consumers (AGP,
2013).

2.2. Dairy value chain actors

The value chain describes the full range of activities which are required to bring a product or
service from conception, through the different phases of production (involving a combination
of physical transformation and the input of various producer services), delivery to final

consumer, and final disposal after use (Gereffi, 2014)

Value chain actors refer to those who involved in overwhelming of particular agricultural
commodities at various levels of input, production, processing and marketing activities. They
directly participate in the value chain (Sango, 2014). Value chain influencer’s influences the
activities of the value chain by as long as affects the regulators frame works, policies,
infrastructures and administrative conditions. It needs addition of value chains as it progresses
from producers to consumers. Therefore, it transforms and adds value at each stages of the

value chain (Tegegne et al., 2013).



2.2.1. Milk producers or farmers

Milk producers are dairy producers who are actively engaged in production and marketing of
dairy products and they are major actors and have performed many functions starting from
dairy cow selection, providing feedings, building shelter up to milking, processing the milk
traditionally and selling it to the market. They sell the surplus milk produced to the local
markets, either as liquid milk or in the form of butter or cheese (Betelhem, 2020).

2.2.2. Milk collectors /cooperatives

Village collectors are the local traders who collect milks from smallholder farmers. They sell
the outputs directly to the cooperatives, hotels and consumers in the district. Collecting the raw
milk from milk producer farmers in the study area is the major functions of village traders.
Most of milk produced is purchased from farmers by village traders (Betelhem, 2020). The
dairy cooperatives collect milk from village collectors and its members. In the process of milk
collection and bulking, lactometer test is applied to assure the quality of milk and it is one of
the guarantees to keep the market since consumers are relied on. They add a value like change
the raw milk in to yoghurt and butter (Abebaw and Haile, 2013). There are 180 cooperatives
engaged in milk production and marketing operating in different parts of Ethiopia (Abebaw and
Haile, 2013). By means of providing bulking and bargaining services, cooperatives may
enhance market access and help farmers avoid the hazards associated with a perishable product

with uncertainand variable demand dairy industries and retail (Betelhem, 2020).

2.2.3. Milk processing industries and retailers

Processors are any processing action taken to milk either for the purpose of adding value or for
safety purpose. Retailing is the distribution process in which all activities are involved in selling
to the final consumers. They can collect raw milk from farmers or milk collectors and finally,
they distribute to the final milk consumers. The scenario in cottage cheese, they buy the cottage
cheese from cottage cheese producers (farmers) and add the cost and finally sell to the
consumers at open market. Although farmers can produce cottage cheese and also act as

retailers, they differentiated from the retailers by low cost of selling (Keba et al., 2020).



2.3.  Milk consumption behavior and marketing systems in Ethiopia

Ethiopia has a low level of milk consumption compared to other countries in the region

(Kenya) = 90 It/cap; Uganda = 50 It/cap). Even though Ethiopia has the largest inventory of
milk producing animals (cattle, sheep, goats and camels), per capita consumption of milk is
low compared to Kenya with fewer livestock and Sudan. The national per capita consumption
of milk and milk products is estimated at 17 kg (Ahmed et al., 2009). The consumption of milk
and milk products varies geographically between the highlands and the lowlands and the level
of urbanization (Mugambi et al., 2015). In the lowlands, all segment of the population
consumes dairy products while in the highlands the major consumers primarily include children
and some vulnerable groups such as the elderly and women (Anteneh, 2010).

As is common in other African countries (e.g., Kenya and Uganda), dairy products in Ethiopia
are channeled to consumers through both formal and informal dairy marketing systems.
Recently, however, private businesses have begun collecting, processing, packing and
distributing milk and other dairy products. Still, the proportion of total production being
marketed through the formal markets remains small (Kosgey et al., 2011). In the formal system
milk is collected at cooperative or private milk collection centers and transported to processing
plants. In this system, there are some how milk quality tests (alcohol and clot-on-boiling tests
and density) up on delivery, and therefore the quality of milk is fairly secured. Producers
supplying milk in this system pay a due emphasis in the production, storage and transportation
of milk if their milk has to be accepted (Yilma et al., 2011). In Ethiopia, 95% of the national
milk is marketed through informal channels and is unprocessed. The traditional processing and
marketing of dairy products, especially traditional soured butter, dominate the Ethiopian dairy
sector (Haile, 2009).

2.4.  Risk factors for bacterial contamination in different value chain

Milk collected from healthy cows typically has low microbial load and is deemed free of
pathogenic microbial contamination (Muehlhoff et al., 2013; Kamanaet al., 2017). Microbial
contaminants are most commonly introduced into milk during the milking practice and/or at
subsequent milk processing steps (Assefa et al., 2019; Tassew and Seifu, 2011). Conditons for
contamination of raw milk at dfferent critical point are due to less hygienic practice in pre
milking udder preparation,sub-optimal hygine of milk handlers and poor sanitation practice
associated with milking and storage equipment’s (Garedew et al.,2012). Inadequate food safety
laws, weak regulatory systems, lack of financial resources to invest in safer equipment and

processing and lack of education for food-handlers also another reason for high burden of food
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born disease in developing countries (Lovell and Ford, 2012). These problems occur in
countries like Ethiopia wherethere are a number of challenges in acquiring appropriate milk
handling equipment and where there is limited access to clean water (Amentie, et al., 2016;
Yeserah et al., 2020; Lijalem and Zereu, 2015). This compounding effect deteriorates the
quality, safety, and quantity of milk produced in the country, ultimately jeopardizing food
security, public health, and agriculture development (Gemechu, 2015; SNV, 2008).
Equipment used for milk handling, storage, and transportation has an effect on the safety and
quality of milk and is a major source of microbial contamination (Ahmedsham, 2018; Kamana,
2017). Microbiological contamination can result from equipment surfaces, especially joints,
open seams, and dents that are difficult to clean properly and can harbor microorganisms such
as spore-forming bacteria and Listeria monocytogenes, and can lead to microbial persistence
within milk processing facilities (Muluken et al., 2020). Many collection centres, cooperatives,
and processing plants implement quality control measures through two different quality tests:
a lactometer reading and an alcohol test. The lactometer combined with a thermometer reading
determines the specific gravity of the milk to make sure there is no adulteration. The alcohol
test determines if the milk has undergone too much fermentation to undergo further heat
treatment. Unfortunately, neither of these tests can determine the presence of bacterial
pathogens of public health significance.Hence, prevalence of bacterial pathogens becomes
worrying from time to time across value chains including dairy cooperative and unions
(Blackmon, 2017).

Pasteurization of milk inactivates most pathogenic bacteria However, inadequate or faulty
pasteurization will not destroy all food borne pathogens (Pal et al., 2012), and post-
pasteurization contamination of milk can occur when pathogens are not adequately controlled
in the food processing environment. The same is true in Ethiopia that significant number of
pathogenic microorganisms was found in milk samples that have pasteurized (Tesfaye et al.,

2013). Hygienic control of milk and milk products in Ethiopia is not usually conducted on

routine basis. Apart from this, door-to door raw milk delivery in the urban and peri-urban areas
is commonly practiced with virtually no quality control at all levels (Tassew and Seifu, 2011).
In cases when milk was not adequately pasteurized or was re-contaminated post-pasteurization,
the temperature abuse during transportation to retail locations of during storage can result in
microbial growth that increases quality and safety concerns above the level of that at the

processing facility.



2.5.  Microbial properties of milk and cottage cheese

Dairy production, processing and utilization in Ethiopia are mostly traditional. Apart from
consumption of whole fresh milk, dairy products are widely used and are considered as
traditional recipe in the form of Butter, Ayib (cottage cheese) and Ergo to name the few (Abebe
Bereda, etal., 2014). According to (Seifu et al.,2012), in most households of Ethiopia no attempt
is made to control the fermentation process of milk and products manufactured under
traditional systems generally have poor qualities and do not meet the acceptable quality

requirements set by various regulatory agencies

2.5.1. Milk

Milk is used throughout the world as a human food at least one form or more like yoghurt and
cheese. It is virtually a sterile fluid when secreted into alveoli of udder. However, beyondthis
stage of production, microbial contamination might generally occur from different sources
(Tasci, 2011). Milk is largely made up of water, within which a wide range of nutrientsincluding
vitamins, proteins, fats and carbohydrates are suspended. These rich nutritional contents, the
production and processing procedures in commercial milk production render it susceptible to
contamination by a host of pathogenic microbes that could cause diseases in humans.
Therefore, milk is known to be an efficient vehicle for transmission of disease causing agents
to humans (Garedew et al., 2012).

Ethiopia milk is produced and marketed to consumer without being pasteurized or subjected to
and quality standard. About 98% of the annual milk produced by subsistence farmers who live
in rural areas where dairy processing in the country is basically limited to smallholder level and
hygienic qualities of products are generally poor (Muluye, 2016). Moreover, in the traditional
practice the status of the cleanliness of the milkers, the udder of the cow, the milkingenvironment
and the milking equipment’s could be the chief sources of the initial milk contamination (Haile
et al., 2012). The traditional milk equipment is reported to be often porous and therefore a
reservoir for many organisms and difficult to clean All these reasons might increase the

microbial load of milk produced in traditional practices of Ethiopia. (Beredaet al., 2014)
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2.5.2. Ayib (cottage cheese)

Among dairy products, cheese or cheese-related products have been mostly contaminated by
different microbes. According to (Suilaiman and Hsieh, 2017), between 1998 and 2014, several
dairy outbreaks in the United States resulted from the consumption of raw milk or cheese
contaminated with Shiga-like toxins producing E. coli. The presence of E. coli and total
coliform bacteria refers to poor hygiene conditions. Coliforms also widely found in many
cheeses (Brooks et al., 2012). However, in contrast to the presence of these microbes in raw
and pasteurized fluid milk, and even in some other cultured products (e.g. yogurt), the presence
of coliforms in cheese may not necessarily be negative. Cheese product characteristics,
including moisture content, pH, salt content, ripening conditions, age of product, and culture
all influence potential levels of and roles for coliforms and other microorganisms in the final
product (Wolfe et al., 2014; Trmci et al., 2016). A survey of raw milk cheeses by (Brooks et
al., 2012) found that 5 of 41 commercially available raw milk cheese samples had detectable
coliforms (i.e., >10 cfu/g). In a similar study, (Trmci et al., 2016) surveyed 273 raw and
pasteurized cheeses from the U.S. and other countries and found that 75 of those samples were
positive for coliforms in concentrations above 10 cfu/g. Finally, (Trmcic et al., 2016) reported
that pasteurization, pH, water activity, milk type (e.g., cow milk), and rind type were cheese
factors that significantly associated with coliforms in cheese. They also report that water

activity is significantly associated with the final concentration of coliforms in cheese

In Ethiopia the safety of cheese with respect to food borne diseases is a great concern where the
consumption of cottage cheese (Ayib) is typically manufactured in small dairy farms under poor
hygienic conditions (Bereda et al., 2014;Gemechu and Tola, 2017). Generally countries
produced soft cheeses including Ethiopian cottage cheese due to poor keeping quality and
hygienic conditions practiced during production, processing and handlinglead to public health

risk to the consumer (Mostert and Jooste, 2002).
2.6.  Indicator microorganisms in milk and dairy products

Indicator organisms indicate sanitary quality of foods and water. Coliforms can be found in
the aquatic environment, in soil and on vegetation and they are universally present in large
numbers in the feces of warm-blooded animals (Banwart, 2012). Coliforms themselves do not
normally the presence of serious illness and they are easy to culture. Their presence is used to
indicate other pathogenic organisms of fecal origin. Such pathogens include disease-

causing bacteria, viruses, or protozoa and many multicellular parasites(Banwart, 2012).
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A large number of people are suffering from diseases around the world which are directly
caused by various food pathogens such as Escherichia coli (E. coli), Campylobacter jejuni (C.
jejuni),Listeria monocytogenes (L. monocytogenes), Shigella spp and Salmonella spp which are
mostly found in dairy product (Zhao, 2014). There are approximately 1.4 million cases of ilIness
annually, resulting in 1000 deaths(Jasson, et al., 2010). For instance, a study conducted in Mali
found an increased risk of food-related intoxication characterized bydiarrhea or vomiting in
children consuming milk products (Millogo et al., 2010) Similarly, (Darapheak et al., 2013)
showed an increased risk of diarrhea in children consuming milk in Cambodia. The
consumption of raw milk and its derivatives is common in Ethiopia which is not safe from
consumer health point of view as it may lead to the transmission of various diseases. Prior to
the discovery and widespread adoption of pasteurization for instance, raw milk and its products
were responsible for serious bacterial infections such as diphtheria, scarlet fever and
tuberculosis (Sykora, 2003). In addition to hygiene concern lack of refrigeration facilities or
continuous cooling system at the household level in developing countries of tropical regions,
with high ambient temperature implies that raw milk will easily be spoiled during storage and
transportation (Tassew and Seifu, 2011).

2.6.1. Coliform and Escherichia coli (E. coli)

Coliform bacteria are Gram-negative, aerobic and facultatively anaerobic,rod-shaped bacteria
that ferment lactose to produce acid. They produce B—galactosidase within48 hours at 35 °C
(Clesceri et al., 1998). Among the genera Escherichia, Klebsiella, Enterobacter, Serratia, and
Citrobacter (collectively called the coliforms) and Proteus, some are opportunistic pathogens
responsible for a wide range of infections (usually not foodborne infections), but many species
are members of the normal intestinal flora (Flannigan, 2016). Coliforms are almost always
found in raw milk but with good methods of production number of coliforms can be kept very
low (EImoslemany et al., 2010). The presence of these organisms in milk and milk products is
an indication of unsanitary production and\or improper handling of either milk or milk
utensils (Salman and Hamad, 2011). (Montel et al., 2014) showed that in addition to faecal
contamination, other factors such as milking wet udders, inadequate cooling of milk and udder
infection are the main sources of colifom in bulk milk. (College of Agaric and life Sciences,
2001) asserted that coliforms are associated with faecal and environmental contamination.
Bulk milk Coliform bacteria are used as indicator of hygienic condition during handling and
processing of milk and milk products (College of Agaric and life Sciences, 2001).

Escherichia coli are considered a commensal of the large intestines of warm-blooded animals,
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including man. The majority of E. coli rods do not constitute a serious health hazard, but some
serotypes can cause food poisoning and alimentary intoxications. Some strains of E. coli are
associated with diseases and can be subdivided into several pathological groups. Escherichia
coli are serotyped based on the combination of O, H, and K antigens, although generally only
the O and H types are listed, for example, E. coli 0157:H7 (Italia et al., 2012).

A wide variety of food has been implicated as a vehicle of E. coli infection including milk.
Escherichia coli is an inhabitant of the intestinal tract of animals and humans (Wetzel, 2005).
Six different groups of pathogenic E. coli strains exist that harbour various virulence factors
which enable them to cause diarrheal disease; enterotoxigenic E. coli (ETEC),
Enteropathogenic E. coli (EPEC), Enterohemorrhagic E. coli (EHEC), Enteroaggregative E.
coli (EAEC), Enteroinvasive E. coli (EIEC), and Diffusely Adherent E. coli (DAEC) (Croxen
and Finlay, 2010).

2.7.  Shiga toxin producing E. coli (STEC)/E. coli O157:H7

STEC are a group of bacteria that produce one or more Shiga toxin (Stx). Stx is alternatively
known as verotoxin or VT, and the STEC as verotoxigenic E. coli or VTEC. The STEC are of
concern in human medicine because they cause food- or water-borne bloody diarrhea (also
called hemorrhagic colitis (HC), and in some patients a more serious disease, the hemolytic
uremic syndrome (HUS). The HUS is characterized by acute renal failure, thrombocytopenia
and microangiopathic hemolytic anemia and is more commonin children less than 5 years of
age and the elderly (Lim et al., 2010; Frank et al., 2011). STEC was described for the first
time in Canada by the end of the 1970s by (Gyles, 2007). All serotype O157:H7 have the same
morphology. They are Gram negative, facultative anaerobic bacteria that belong to the
Enterobacteriaceae family and the Escherichia genus (Xia, 2010; Farrokh et al., 2012). So far
over 400 STEC serotypes were identified, yet only a subset of these has been associated with
diarrheal illnesses (Wang et al., 2003; DebRoy et al., 2011). Among the various serotypes E.
coli O157:H7 is the most common and extremely pathogenic serotype indicated in diarrheal
outbreaks worldwide (Bettelheim and Goldwater, 2014). Predominantly cattle are implicated as
major reservoirs of STEC (Bolton et al., 2009; Croxen et al., 2013).
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In east Africa, isolation of the pathogen has been reported in Tanzania, Kenya and Ethiopia.
E.coli O157:H7 has been isolated from beef, mutton and chevron in Ethiopia at a prevalence
of 8, 2.5 and 2%, respectively. In Ethiopia a contamination frequency of E. coli O157:H7
reported by (Zemenu, 2017) was 3.27% from raw milk and milking equipment samples
collected from different dairy farms in Bishoftu town. In addition, an isolation frequency of
12% of the pathogen was reported from raw milk sample collected from open markets in
Bishoftu town by (Bedasa et al., 2018).

2.7.1.1. Epidemiology of Shiga toxin producing E. coli (STEC) and Escherichia coli
0O157:H7

It has been recognized for a number of years that STEC strains causing human disease belong
to a very broad range of O: H serotypes (Chizhikov et al.,2001). Serotype O157:H7 was the
first STEC type to be linked to outbreaks of HC and HUS (Chizhikov et al .,2001,) In the United
States,HUS occurs sporadically as well as in outbreaks half of STEC O157:H7 cases (43.4%)
required hospitalization. The mortality rate of STEC infection in the US was low and death
cases occurred exclusively in older age group (over 80 years) (CDC, 2011). During 2006 to
2010, the incidence of STEC infection in EU countries was on an increasing trend from 2006 to
2009and remained to stable in 2010. The 2011 outbreak of STEC O104:H4 in Europe was the
most significant one with higher rate of HUS caused by STEC non-O157:H7 and a major
proportion of middle-aged people being infected (CDC, 2011). Ireland reported the highest
incidence rate, 4.41 per 100,000 population, followed by Sweden and Denmark, whose
incidences were 3.58and 3.22 per 100,000 population respectively (Lim Esther etal., 2011). The
incidence of disease and systemic effects on the other hand by several virulence factors such
as Shiga toxins (Stx 1 and Stx 2), intimin (eaeA) and enterohemolysin (hlyA) (El-Seisy et al.,
2011). Besides Stx1 or Stx2, and additional factors that may play a role in colonization (in either
the animal or human host) or other steps in the pathogenic process. The clinical manifestation
of acute phase associated with this organism is named hemorrhagiccolitis in humans. Thus, the
symptoms characteristic to this disease are watery and/or bloody diarrhea, fever, nausea, severe

abdominal cramping and vomiting (Callaway et al., 2009; Walker et al., 2012).
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Furthermore, from the point of ingestion, the incubation period of the infection ranges from 8
hours to 16 days, but the typical incubation period is three to four daysand the illness usually
lasts 5-10 days (Robinson and McKillip, 2010). Additionally, life- threatening complications
on some victims, particularly the very young, the elderly and those who are immunosuppressed
or have debilitating illnesses, may develop haemolytic uraemic syndrome (HUS) and
thrombotic thrombocytopenic purpura (TTP) (Karmali, 2009; Martorelliet al., 2017). Thus,
haemolytic uraemic syndrome is characterized by three features, acute renalfailure, haemolytic
anemia (reduction in the number of red blood cells) and thrombocytopenia(a drop in the number
of blood platelets), sometimes preceded by a bloody diarrhea (Yeni et al.,2016) and occurs in
up to 15% of hemorrhagic colitis victims and can lead to permanent loss of kidney function
(FDA, 2012). In addition, thrombotic thrombocytopenic purpura is a less common
complication which is largely confined to adults. It is related to HUS but causes lesskidney
damage and includes fever and neurological symptoms resulting from blood clots in thebrain
(Chekabab et al., 2013;Yeni et al., 2016 ). Moreover, in clinical cases the mortality rate varies
with the syndrome in humans. Thus, hemorrhagic colitis alone is usually self- limiting,
although deaths can occur. The case fatality rate of the infection associated with HUSIis
estimated to be 1-10% and 50% in children and elderly, respectively. In European surveillance,
the case fatality rate in all reported EHEC O157: An H7 infection was < 0.5% (CFSPH, 2016).
STEC 0157:H7 has been isolated from beef, mutton and chevon in Ethiopia at a prevalence of
8, 2.5 and 2%, respectively (Hiko et al., 2008) as well as goat and sheep faeces (4.7%), skin
swabs (8.7%), carcass before washing (8.1%), carcass after washing (8.7%) and water samples
(4.2%) (Mersha et al., 2010)

2.7.1.2. Diagnosis of STEC

Infection with this agent is associated with a broad spectrum of illness ranging from mild
diarrhea and hemorrhagic colitis to the potentially fatal haemolytic uraemic syndrome (HUS).
Thus, these clinical symptoms are used as one diagnosis technique (Rahal et al., 2012). Besides,
clinical cases can be diagnosed by finding the organisms in faecal samples, food and
environmental samples may also be tested to determine the source of the infection (CFSPH,
2016). Therefore, the conventional samples are diarrheic faeces in animals, predictable food
item in both animal and human food (Elhadidy et al., 2015). Moreover, detection of E. coli
0157:H7 is based on phenotypic differences from most otherserotypes, its inability to ferment

sorbitol on Sorbitol MacConkey (SMAC) agar and absence of B-glucuronidase activity in most
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strains. A presumptive diagnosis of the strain from these tests must then be confirmed
serologically by E. coli O157:H7 latex agglutination test, by which the kit is commercially
available (Yeni et al., 2016). Also, immunoassays and polymerase chain reaction technology
have led to the more rapid detection of this E. coli strain in stools. Thus, techniques included
in this category are PCR and DNA-based techniques, immunomagnetic separation and enzyme-
linked immunosorbent assays (ELISAs)(Bavaro, 2009). Also, molecular based techniques are
distinctly advantageous because of their sensitivity, selectivity and their rapid results. However,
molecular-based methods are appreciably more expensive than traditional plating techniques
and are also more novel and unfamiliar. Therefore, the integration of molecular-based
approaches into quality control procedures depends on the overall needs and resources of the
food processing plant (Robinsonand McKillip, 2010).

2.7.1.3. Prevention and control of STEC

Effective surveillance and epidemiological investigation systems, together with food safety
control measures at all stages of the food chain are the basis for prevention and control for
foodborne diseases like STEC infection. In Hong Kong, there are established disease
surveillance and epidemiological investigation systems on human STEC infection, food
surveillance programme and food incidents surveillance (Thorpe, 2004). There are also various
statutory requirements and health promotional initiatives in safeguarding and promoting food
safety along all stages of food chain (WHO, 2019)

In human, since the infection primarily occurs via faecal-oral route, the preventive measures
include food hygiene measures like proper cooking of foods, consumption of pasteurized milk,
washing fruits and vegetables especially those to be eaten raw and drinking chlorine treated
water and personal hygiene measures like washing hands after toilet visits (Kiranmayi et al.,
2010). Moreover, the prevention of infection requires control measures at all stages of the food
chain from agricultural production on the farm to processing, manufacturing and preparation
of foods in both commercial establishments and the domestic environment (WHO, 2010). Thus,
the hazard analysis critical control point system continues to be the most effective means for
systematically developing food safety protocols that can reduce the risk of E. coli 0157 :H7
infections. Therefore, an important component of hazard analysis critical control point
application in animal production at farms is reducing the carriage of the pathogen in animals.
Furthermore, the two approaches that have the potential for prevention are competitive
exclusion and vaccination (Karmali et al., 2010)
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2.7.1.3. Public health and Economic importance of STEC

Shiga toxin producing Escherichia coli is an emerging public health concern in most countries
of the world. (Kiranmayi et al., 2010). The most common serotype of shiga toxin producing E.
coli E. coli O157:H7 is estimated to cause 2.8 million acute illnesses each year (Majowicz et al.,
2014). Meanwhile, an estimated 73,480 illnesses due to E. coli O157: H7 infection occur each
year in the United States, leading to an estimated 2,168 hospitalizations and 61 deaths annually
(Rangel et al., 2005; Scallan et al., 2011) resulting in an economic burden of 607 million US
dollars (Scharff, 2012), including 370 million US dollars for premature deaths, 30 million US
dollars for medical care and 5 million US dollars in lost productivity (Frenzen et al., 2005). In
addition, patients who develop HUS often require prolonged hospitalization, dialysis and long
term follow up, which are expensive in all directions (CFSPH, 2016). Furthermore, the
infection costs billions of US dollars as a result of recalls, destroyed food, control measures

and lost demand associated to loss of consumer confidence (Frenzen et al., 2005).

2.7.1.4. Treatment of STEC

Treating E. coli 0157 infection with antimicrobial agents are associated with an increased risk
of severe sequel such as HUS (Rahal et al., 2012; Goldwater and Bettelheim, 2012) and may
exacerbate the patient's condition by increasing either the release of preformed Shiga toxins
(Stx) upon cell lysis. However, early administration using some antimicrobials is effective
(Nassar et al., 2013). Moreover, in an epidemiology study conducted by the Centers for Disease
Control and Prevention, patients treated with antibiotics for STEC enteritis had a higher risk of
developing HUS. Additionally, antibiotics promote Shiga toxin production by enhancing the
replication and expression of Shiga toxin genes that are encoded within a chromosomally
integrated lambdoid prophage genome. Shiga toxin induction also promotes phage-mediated
lysis of the pathogen cell envelope, allowing for the release and disseminationof Shiga toxin
into the environment (Sperandio and Nguyen, 2012). Therefore, treatment of hemorrhagic
colitis is supportive and may include fluids and a bland diet (Xia, 2010). Thus, antibiotics are
controversial and are usually avoided, they do not seem to reduce symptoms, prevent

complications or decrease shedding, and as they may increase the risk of HUS (CFSPH,2016).
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2.7.1.5. Antimicrobial resistance

Conventional antimicrobial susceptibility testing methods require that pathogens are first
isolated from the samples. In separate assays, isolated microorganisms are then exposed to
various concentrations of antimicrobial agents under specified growth conditions, and the
ability of these antimicrobs to inhibit growth is determined (figure 1). Test measured and the
result is interpreted in accordance with criteria provided by (CLIS, 2012). Mueller-Hinton agar

is frequently used in this antibiotic susceptibility test.

Antibiotic disks

/

Inhibition

zone
‘Zone /

diameter

Figure 1. Kirby - Bauer antibiotic sensitivity tests Source: (CLIS, 2012)

Antimicrobial resistance in E. coli has been reported worldwide and increasing rates of
resistance among E. coli is a growing concern in both developed and developing countries.
Higher resistance of E. coli isolates has been reported this day for various antimicrobial agents.
The descending resistance level of streptomycin (98.25%), tetracycline (98.09%),
sulfonamides (90.31%), gentamycin (79.68%), chloramphenicol (73.8%), ampicillin (71.11%),
trimethoprim (62.22%) ciprofloxacin (60.31%) and lowest resistance for nitrofurantoin

(23.96%) was shown for E. coli isolates in Iran (Shahrani et al., 2014).

In Ethiopia, the research done by (Disassa et al., 2017) and (Zemenu, 2017) from raw cow milk
samples in and around Asosa and Bishoftu towns of Ethiopia, respectively showed the presence
of > 50% resistance of E. coli O157:H7 against tetracycline, streptomycin, kanamycin,
cefoxitin and chloramphenicol. On the other hand, 14.4% resistance isolates to drugs of

ampicillin, vancomycin, streptomycin and tetracycline have been reported from milk

and milk product samples collected from the open market and supermarket sources in Bishoftu
town (Bedasa et al., 2018).
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2.8. Methods of enumeration, detection and identification of Shiga toxin
producing E. coli (STEC)

2.8.1. Conventional Methods

Traditional culture methods are used for the enumeration of coliform/ E. coli and for the
detection of STEC. Standardized methods (e.g., ISO methods) are usually considered as the
reference methods for official controls (Jasson et al., 2010). Enumeration of the coliform and
E. Coli present in a sample is normally performed by colony count method or the most probable
number (MPN) method. The colony count method is based on culturing dilutions of sample
suspensions in the interior or on the surface of an agar layer in a Petri dish. Individual
microorganisms or small groups of microorganisms will grow to form individual colonies that
can be counted visually (ISO, 4832). The MPN method calculates the number of viable
microorganisms in a sample by preparing decimal dilutions of the sample, and transferring
subsamples of 3 serial dilutions to 9 or 15 tubes containing liquid culture medium, to carry out
the method on 3 or 5 tubes, respectively. The tubes are incubated, and those that show growth
(turbidity) are counted. Taking into account the dilution factor, the final result is compared to
a standard MPN table, which will indicate the MPN of bacteria in the product (Blodgett, 2010).

An International Organization for Standardization (ISO) method is available for the detection
of E. coli O157:H7 in food and animal feedstuffs (ISO, 2001). This method is based on an
enrichment procedure, followed by a separation and concentration step, and then an isolation
step on selective chromogenic media. It was shown to be sensitive, with a detection limit of 1
2 CFU/25 g, as well as effective and applicable to the examination of dairy products (Voitoux
et al., 2002). Methods for standardization of non-O157:H7 STEC are in the process of being
developed. One of the disadvantages with culture-based methods is that cells can enter a
dormancy state where they become non-culturable (viable but non-culturable); (Dinu and Bach,
2011). This can lead to an underestimation of numbers or a failure to isolate a viableculture,
although the cells may still retain pathogenicity, or be recoverable to a viable cell state.Recovery
of cells may be compromised by selective or chromogenic media and non-culturable viable
count shouldbe considered in using these media. STEC 0O157:H7 can usually be easily
distinguished from by their inability to ferment sorbitol within 24 hours on sorbitol-containing

agar isolation media.

19



To isolate O157:H7 STEC should beplated onto a selective and differential medium such as
sorbitol-MacConkey agar (SMAC), cefixime tellurite-sorbitol MacConkey agar (CT-SMAC),
or CHROMagar 0O157:H7 (Church et al.,2007). After incubation for 16-24 hours at 37°C
(99°F), the plate should be examined forpossible O157:H7 colonies, which are colorless on
SMAC or CT-SMAC and are mauve or pink on CHROMagar O157:H7. Both CT-SMAC and
CHROMagar 0O157:H7 are more selective than SMAC, which increases the sensitivity of
culture for detection of 0157 :H7 STEC (Church etal., 2007).

2.8.2. Rapid petrifilm test method

Dry plate culturing (e.g., 3M Petrifilm or similar) is yet another widely used means of assessing
microbiological quality of a wide range of foods for coliforms, E. coli aerobic mesophilic
bacteria, psychrotrophs, and staphylococci. This system consists of multiple layers of plastic
film encasing a dehydrated disk of the appropriate medium. Typically, a single sheet of plastic
is aseptically peeled back and 1 mL of inoculum is used to rehydrate the medium while the film
is reapplied and pressed flat. In some types of rehydratable films, gas production (e.g., from
Enterobacteriaceae) may be detected as bubbles in the film following incubation. Dry media
culture plates have been applied in settings ranging from predicting shelf life and monitoring
the microbiological quality of milk to assessing surface contamination of meat, poultry and
constitute an approved method in food micro- biology for quality control (Torlak et al., 2008).
Owing to their small size, Petrifilm plates are convenient for larger sample numbers common
in quality control laboratories and require less space in a typical incubator but possess the same
limitations as standard plate counting in terms of poor sensitivity and the likelihood of
encountering false-negative results from bacteria that may be sub lethally injured,precluding
accurate enumeration from suspect foods (Feng, 2000). 3M Petrifilm E. coli/coliform plates
were used to detect and enumerate E. coli and coliforms (figure 2). Isolation and
characterization of E. coli, coliforms, and other Enterobacteriaceae undertaken by selecting
five colonies from each E. coli/coliform Petrifilm plate based on color, size, and morphology.
Colonies were then streaked and purified on nutrient agar and then to Eosin methylene blue
and sorbitol MacConkey agar were used for further presumptive confirmation of E. coli and
coliforms (Ntulietal.,2016).
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" Blue colonies with gas bubbles

Red colonies with gas bubbles

Figure 2 E. coli (blue colonies with gas bubbles) and total coliform (red and blue

colonieswith gas bubbles) on Petrifilm Source: 3M Food Safety, 2017

2.8.3. Molecular methods of detection

Due to their limitations, conventional methods are now giving way to molecular methods based
on DNA analysis, such as polymerase chain reaction (PCR). It has been used to detect
foodborne bacterial pathogens such as viable Escherichia coli O157:H7 (Lee et al., 2014; Wang
etal., 2015). The suitability, time saving and relatively low cost of PCR techniques makes
possible to develop sensible and specific assay to detect E. coli O157:H7 and other STEC,
amenable to the requirements of most health surveillance and food control laboratories
(Beneduce et al.,2003).

2.8.3.1. DNA extraction

Good quality DNA is a prerequisite for all experiments of DNA manipulation. To study or
manipulate nucleic acids, the DNA must first be extracted from cells. Various techniques are
used to extract different types of DNA. Boiling Method in general, DNA extraction methods
involve three main steps: cell disruption,DNA extraction, and DNA purification. The boiling
procedure is one of the simplest protocols,and largely used for total DNA extraction from
microorganisms (Sepp et al., 1994; Reischl et al., 2000; De Medici et al., 2003). This simple
method has evolved through the simplification of previous approaches that include the use of
detergents as sodium dodecyl sulfate (SDS) orcetyltrimethylammonium bromide (CTAB),
enzymes like lysozyme and proteinase K, a phenol-chloroform purification and ethanol or
isopropanol precipitation (Wilson et al., 1990; Neumann et al., 1992; Cheng and Jiang, 2006).
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methods is that cells are lysed, cell components, such as lipids and proteins, are denatured in
the presence of a detergent (proteins may also be hydrolyzed using a protease), and are removed
by organic solvent extraction (figure 3). These protocols have the advantages of having low
cost, not requiring specific materials, and of being suitable for extracting DNA from many
types of microorganisms. Briefly, portions of individual bacterial colonies are suspended in a
lysis buffer containing a detergent, (e.g., 1% Triton X-100 and/or 0.1% Tween 20), and a buffer
solution (e.g., 10 mM Tris-HCI, 1 mM EDTA, pH 8). This cell suspension is incubated for 10—
15 min at 95-100°C in a heat block or boiling water bath. Then, the tubes are briefly centrifuged
to sediment the debris, and the supernatant is ready to be used. Nevertheless, it provides
reasonable amounts of DNA that are usually enough to be used in amplification-based
methodologies. It is also very easy and inexpensive. The major drawbacks are the low DNA
yield and purity that are the result of the detergent usage, and the remaining cell debris that can
contaminate. Microbial DNA extraction using the boiling method directly from food samples
is also possible, although sometimes it may become challenging. This is due to the possible
low numbers of microorganisms present in the sample and also due to PCR inhibitors present
in food matrices (e.g., fats, proteins, polysaccharides, and calcium). In other words, the
extraction might be affected by the physical, chemical, and biological characteristics of the
food material (Wilson, 1997; Giacomazzi et al., 2005).

Boiling method

\ \
— —_ =
Centrifuge Heat Centrifuge
g @

Sample Discard the DNA release Transfer
lysis supernatant, supernatant tc
resuspend in a new tube
lysis buffer

Figure 3 Schematic Representation of the Boiling Method Source: Barbosa et al., 2016
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2.8.3.2. Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction (PCR) is a rapid procedure for in vitro enzymatic amplification of
specific DNA sequences using two oligonucleotide primers that hybridize to opposite strands
and flank the region of interest in the target DNA (Bartlett and Stirling, 2003). Repetitive cycles
involving template denaturation, primer annealing and the extension of the annealed primers by
DNA polymerase,result in the exponential accumulation of a specific fragment whose termini
are defined by 5’ end of the primers (figure 4). The primer extension products synthesized in
one cycle can serve as a template in the next. Hence the number of target DNA copies

approximately doubles at every cycle. (Atawodi et al., 2010)
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Figure 4. Thermal cycler and Polymease chain reaction conditions Sourse: (Vanfleteren and
Vierstrate, 1999)

Conventional PCR has been used to detect stx genes for screening STEC in clinical specimens
as well as in food samples including ground beef and raw milk. The technique has proven to
be both sensitive and specific. Most PCR assays for detecting STEC employ two pairs of
primers (multiplex) specific for stx1 and stx2, respectively. STEC isolate culturing was done
by standard methods, including SMAC agar, and E. coli was identified by standard biochemical
tests screening of stxqy and stx. was performed using primers and amplification conditions as
described by (Nielsen and Andersen, 2003). PCR for eae was done using the AE13 and AE14
primers and amplification conditions were as described by (Brandal, et al., 2006) Confirmation
of stxy, stxz, and eae was done at the National Reference Laboratory for Enteropathogenic
Bacteria (NRL) (Brandal, et al., 2012).
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2.8.3.3. Agarose gel electrophoresis and Gel imaging

Agarose gel electrophoresis is one of the most common and widely used methods. It is a
powerful separation method frequently used to analyse DNA fragments generated by restriction
enzymes, and it is a convenient analytical method for determining the size of DNA molecules
in the range of 500 to 30,000 base pairs (Surzycki,2000). It can also be used to separate other
charged biomolecules such as dyes, RNA and proteins. Since DNA has a strong negative charge
at neutral pH, it migrates through the gel towards the positive electrode during electrophoresis
(Lee et al.,2012) (figure 5).

buffer =
wells

K Cathode (positive)
(negative) -

Figure 5. Agarose gel electrophoresis Sourse: (IMBB, 2013)

Gel imaging and nucleic acid binding dyes are widely used in today’s life science laboratories
to visualize DNA fragments in agarose gels (figure 6). GelRed™ and GelGreen™ dyes are a
new generation of fluorescent nucleic acid gel stains designed to replace the highly toxic
Ethidiumbromide EtBr (Gallagher and Wiley, 2010)

GelDoc-It Imaging System

Figure 6. GelDoc-It Imaging System Source : (Gallagher and Wiley, 2010)
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3. Materials and methods

3.1. Study area, design and study period

A cross sectional study was conducted in four selected areas in Oromia regional state namely
Wolmera, Deber-zeit, Asela and Selale (Figure 7) from December 2020 to May 2020. The study
districts were selected based on milk production potential according to (CSA, 2019). The study
areasare located within a radius of 175 km from the capital city, Addis Ababa in an altitude
range 0f1850 to 4130 meters above sea level. The mean annual rainfall varies from 866 to 1800
mm. The average annual temperature for Wolmera, Deberzeit ,Asela and Selale were 6 -
21°c,18. 7 °c, 22. 5°c and 21°c respectively.
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Figure 7. Sampling sites in Oromia maps Sourse: ENSURE E-Dairy project

3.2. Sample size and sampling technique

3.2.1. Sample size

A 480 representative samples (milk and cottage cheese) were determined based on previously
published prevalence of microbial load in milk and milk product. The sample size was

calculated using the statistical formula (Daniel, 1999)
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2
(Z%) 1-p
d2

N =

Where N, is the minimum sample size required

z=1.96 at 95% confidence interval

d, is margin of sampling error tolerated (5% marginal error was used)

p, is an estimate of the prevalence rate for the population, since the overall
prevalence of the study area was not known p was taken to be 50% for the calculation,
and a total of 384 samples were collected.

2 —
N = (L98°05(1-05) _ g,
0.0025

In addition, 96 cottage cheeses were also sampled for the microbial assessment and detection
of Shiga toxin producing E. coli. Purposive sampling was used to select kebeles and stake
holders or household based on their production. The total numbers of milks and cottage cheese

to be sampled aresummarized in the table 1.

Table 1. Number of raw milk and pasteurized milk samples collected across the value chains in

Oromia region

Sites Milk value chain Cottage cheese vale chain
producer® Collectors® Processor® Retail®  Producer Retail

Selale 24 24 24 24 12 12 120

Wolmera, 24 24 24 24 12 12 120

Deber-zeit 24 24 24 24 12 12 120

Asela 24 24 24 24 12 12 120

Total milk and cottage 96 96 96 96 48 48 480

cheese samples

4 Raw milk P Pasteurized milk
3.2.2. Sampling techniques followed for milk and cottage cheese value chain

3.2.2.1. Sampling of milk and cottage cheese producers

These techniques where designed to give everyone in the target population equal chance of

being sampled. When we took the sample which were collected from Oromia region the target
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populations (Farmers) are the milk or cottage cheese producers who play a significant role in
dairy value chain. The target population were identified using purposively method. In some
cases, the purposive design was followed by the random probability method sampling. First
the development experts in two identified woredas or kebeles were contacted and potential
household farmers listed then the farmers were selected randomly. The criteria for selection of
milk producers were willingness of milk producers (farmers) to participate and sign on the
consent form, milk production capacity of the farmers, convenience to closed to milk collection
center, practiced to process milk to milk products (cottage cheese) and farmer who provide or
distribute milk to collection center/factory/milk shop/retailer. Those criteria were used for
select farmers in the selected site their availability were beyond the required number. After,
getting the list of the farmers, either we got exact or beyond the required numbers. If the
numbers of the farmers match with required number of participants, all the farmers were
included, but random selection method was employed for those beyond of required farmers (at
each sites) to select the final participants. If milk producers produced cottage cheese, the
sampling method were addressed the same with raw milk sampling method or the cottage
cheese were collected from pre-identified market places

3.2.2.2. Sampling technique from milk collection sites or collectors

In Oromia region, there were more collection sites and most of them drive milk to milk factories
which are found in or around Addis Ababa, the capital city. The selection criteria for the milk
collection centers were that milk collectors should be collect milk from farmers and distribute
as raw primarily to processors, hotels and cafeterias, small millk processors (boiled and soled
to consumers) and sell raw of the milk to consumers directly, could be addressed at milk
collection centers or supermarkets who took raw milk from farm distributes to consumers. The
criteria for milk collector selection were willingness to participate in the research (interviewing,
giving raw milk) and sign the consent form, . In case of studied sites where they were limited
primary collection centers or points, individual milk collectors from the producer’s acts as milk
collectors of studied sites, the highest of milk collection capacity of milk collection center
should be prioritized, in case of large number of milk collection center. Those milk collection
centers or individual fitting the criteria were the target population, but the studied population
were identified by several statistical methods. Although, this research was fall in stratified
(categories in value chain), systematic random sampling method. Since this research had
different categories in terms of value chain (producers, collectors, processors and retailers,
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these chains were considered as strata. In some cases where limited milk collectors are
available for selection, purposive sampling was applied to cover all milk collectors.
3.2.2.3. Sampling technique at milk processors

Processors are any processing action takers on milk either for the purpose of adding value or
for safety purpose. Thus, pasteurized milk collected at the gate of milk pasteurization plants
were evaluated under processors or factory. Purposive design and purposive sampling were
employed. The criteria to be considered as milk processor were that the processing plant should
collect raw milk either from own farm or individual farmers, pasteurize, pack the processed
milk and distribute the products to retailers. Management system should be willing to be
interviewed, sign the consent form and provide pasteurized milk samples at the gate of the
factory. Milk processing plant should be located in selected studied sites Milk processing plant
should produced both pasteurized milk and cottage cheese. Milk processors should be
recognized by Ethiopian milk and meat institute. Milk processors should have pasteurizer
machines and facilities. The list of milk processors in the selected sites was obtained from
Ethiopian institute of meat and milk institute. Then, milk processors present in Oromia region
were identified together with an expert from Ethiopian meat and milk institute, However, due
to limited number of milk processors, all milk processing plants were included in the research.

3.2.2.4. Sampling technique at milk retailers

Milk produced in Oromia region (Selale, Wolmera, Debrezeit and Asella) is directly delivered
to milk factories which is found in or around Addis Ababa city. Number of milk shops or
supermarkets were considered for the study. Pasteurized milk which was found at country
districts was also considered. The selection criteria for retailers were; retailers should sell
either pasteurized milk or cottage cheese derived from processing plant or traditionally
processed cottage cheese which was derived from farmers to the final consumers. Retailers
should be from selected study sites as per the research aim. They were willing to sign the
consent form, to be interviewed and to sell their product (both pasteurized milk and cottage
cheese) for laboratory analysis. The retailers were registered in the office of income and
revenue as tax payer, retailers who sell pasteurized milk and cottage cheese at selling sites and
distribute to a number of consumers by their own transportation were preferable. With the help
of experts, the retailers were listed from each sub-city or kebele of the towns. To get
representative sample, multi-stage random sampling probability method was applied. This
means all listed numbers of retailers were clustered to their respective sub-cities (Addis Ababa)

and kebeles. Then, from each cluster, required numbers of retailers were selected in random
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sampling method. Retailers of cottage cheese sell cottage cheese either at local farm market or
local shops. If milk producers produced cottage cheese, the sampling method was addressed
the same with raw milk sampling method or the cottage cheese were collected as pre-identified

market places

3.3.  Survey data collection

Related literatures was reviewed to develop the questionere by identifying the most important
risk factors reported previously. The questionnaire was peer-reviewed and refined by ENSURE
E-Dairy Researchers and pre-tested in a preliminary survey and was conducted in selected
households. The main reason for the preliminary survey is to test the relevance of the questions.
This is an effort to ensure that only relevant and well phrased questions are to be posed to the
interviewees and also give an opportunity to rephrase some ofthe questions during the main

study.

3.4. Survey tool

The survey tool was an e-questionnaire data collecting platform called Kobo Toolbox
(https://www.kobotoolbox.org/) and all questions have been already uploaded into the tool.
Android phone was used for administrating the questions in field off-line and upon return the
respondent responses were uploaded online when a Wi-Fi internet was accessed. See the
developedsurvey questionnaires from annexes. The questionnaire was initially prepared in
English language and later translated into local language and then loaded to Kobotoolbox (field

data collection tool) then a face-to-face interview was conducted using semi-structured

questionnaire to collect information on the knowledge and practices of the milk handling,
storage and hygiene (Annex 2-7).
3.5.  Sample handling and transportation

Sample handling and transportation was implemented in accordance with milk and milk
products sampling guidance of ISO 707:2008 as adapted by Ethiopian Standard Agency (ESA).
Raw milk was collected from producers and collectors whereas pasteurized milk was collected
from processors and retailers. Cottage cheese was from producers (farmers) and retail market.
Briefly, sterile cotton soaked in 70 % ethanol was used for hand disinfection immediately prior
to sample collection to reduce cross contamination. Samples of raw milk (200 ml) and cottage
cheese (250 g) were collected in sterile screw-capped clean plastic bottles (250 mL capacities)

and zipper polyethylene plastic bag, which were then securely capped secured, labeled with

29


http://www.kobotoolbox.org/)

permanent markers, and transported in thermoelectric portable refrigerator freezer to Addis
Ababa University-Center for Food Science and nutrition laboratory within 24/48 hrs of

sampling. Samples were analyzed immediately or kept in freezer at -18°C until analysis.

3.6. Assessment of microbiological safety
3.6.1. Total bacterial count (TBC)

The TBC of milk and cottage cheese samples was determined as per the procedures given in the
(FDA, 2001) using pour plate method using plate count agar (Oxoid, UK). One ml of milk
sample was serially diluted in 9 ml of Butterfield's phosphate-buffered dilution water (ratio of
1:10) up to five and seven dilutions for pasteurized and raw milk, respectively. Sterile duplicate
glass petri dishes of 90 mm were labelled according to the dilution index. One ml of each
dilution was aseptically withdrawn using a sterile measuring pipette and added into the center
of sterile Petri dish, and then closed. The same was done for a duplicate Petri dish. This was
repeated till all the dilutions were pipetted into their corresponding plates up to 10~ dilution.
This was followed by pouring about 15-20 ml of standard plate count agar. The aliquot and the
medium were gently mixed by alternate clock and anti-clockwise rotations and left to solidify
on the bench for about 30 min. The plates were inverted and incubated at 32+/-1°C for48 hr.
After incubation, plates yielding between 25 and 250 colonies were counted. Colony counts
were made using colony counter and the number ofbacteria in millilitre milk was calculated

by the following formula given by (FDA, 2001).

T
N=pr115d

Where:

>C is the sum of the colonies counted on the two dishes retained from two successive

dilutions, at least one of which contains a minimum of 10 colonies

\ is the volume of inoculum placed in each dish, in milliliters;

d is the dilution corresponding to the first dilution retained [d = 1 when the undiluted
liquid product (test sample) is retained (ES ISO 7218, 2015)
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3.6.2. Coliform and E. coli count

The total coliforms and E. coli count of milk samples were done as per the procedures given in
the (Food Safety, 2015). Thus, 1 millilitre of milk sample was serially diluted in 9 ml of saline
up to five and third dilutions for raw and pasteurized milk, respectively. Then the prepared
dilution was added onto an E. coli coliform count plate Petri film after vortex the sample to
ensure that the sample was homogenized for quantification of coliforms (Food Safety, 2015).
Cottage cheese samples were suspended in saline in sample bags; 10 gram of the sample was
taken and mixed with 90 ml of saline by hand until homogenized. This homogeneity represents
the10? dilution. Then, the top film was lifted, and 1 ml of sample suspension was dispensed
ontothe inoculation area. The Petri film plates were incubated in a horizontal position at 35 °C
+ 1 °C for 24 hours = 2 hours. The plates were incubated for an additional 24 hours * 2 hours
(48 hours £ 4 hours total) until colonies of sufficient size to count are observed. The total
coliformcount consisted of both red, and blue colonies associated with gas and blue colonies
with a gas bubble was counted as E. coli (3M Food Safety, 2017).

N=YCxV x d

Where:

>C isthe sum of the colonies counted on the two petrifilms

V is the volume of culture Plates

d is the dilution corresponding to the first dilution retained [d = 1 when the undiluted
liquid product (test sample) is retained (3M Food Safety, 2017).

3.6.3. Isolation and identification of STEC and E coli O157:H7

The isolated E. coli (blue colonies with a gas bubble) were sub cultured on Eosin Methylene
Blue agar (EMB) (Oxoid, UK) using streak plating technique and then incubated at 37°C for
24 h the colonies with metallic sheen on EMB agar which is typical for E. coli. The red colonies
with gas were either coliform or suspected as E. coli O157:H7. Since most E. coli O157:H7
strains are atypical, they are glucuronidase negative; they did not produce a blue color, so Red
colonies with gas were transferred to sorbitol MacConkey agar supplemented with cefixime
andpotassium tellurite (CT-SMAC) and incubated at 37°C for 24 h to check the presence of
colorless colonies (inability to ferment sorbitol). Then the typical colonies on EMB and CT
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SMAC were transferred to nutrient broth and incubate at 37 °C overnight for further
confirmation by PCR (Figure 8)
3.6.4. Confirmation of Shiga toxin E. coli

3.6.4.1. DNA extraction

The culture was grown in nutrient broth at 37 °C overnight. Exactly 1.5 ml of the culture was
spunby centrifugation at 5000 rpm for 10 min. The bacterial pellet was lysed by adding 50 pl
of double distilled water and boiled in a water bath at 95 °C for 10 minutes. The lysate was
thencentrifuged again as before and 50 pl of the supernatant used directly as template for PCR
(De Medici et al., 2003).

3.6.4.2. Detection of virulent genes

After extraction of bacterial DNA, E. coli isolates were subject to PCR for the presence of
virulence genes stx1, stx2 and eae. According to the annealing temperatures of the different
primers described below (Table 2) the PCR experiments were carried out by optimizing the
protocols. In order to detect the presence of stx1 genes of STEC strains, a reaction was set up
in a 25ul mixture containing nuclease free water (8 pl), both forward and reverse primers (2
pl), Gotag master mix (Promega, USA ) (12ul), and template (3pl). The reaction
mixture was amplified with an initial denaturation of 1 cycle for 3 min. at 95°C; 35cycles each
consisting, 40 s at 95°C, 40 s at 55°C, 30 s at 72°C; and a final extension of 1cycle for 8 min.
at 72°C.

In order to detect the eae (intimin) gene of STEC strains, a reaction was set up in a 25ul mixture
containing nuclease free water (8 ul), both forward and reverse primers (2 pl), Gotaq master
mix (12ul), and template (3ul). The reaction mixture was amplified with an initial denaturation
of 1 cycle for 3 min. at 95°C; 35 cycles, each consisting of 40 s at 95°C, 60 s at 55°Cand 60 s at
72°C;and a final extension of 1cycle for 10 min. at 72°C.

Stx2 gene of STEC strain detection reactions were set up in a 25ul reaction tube in a PCR
master mix containing nuclease free water (8 pl), both forward and reverse primers (2 ul),
Gotagmaster mix (12ul), and template (3ul). The reaction mixture was amplified with
an initial denaturation of 1 cycle for 3 min. at 95°C; 30 cycles, each consisting of 60 s at 95°C,
60 s at 55°C and 60 s at 72°C; and a final extension of 1cycle for 8 min. at 72°% using by a
thermocycler(BIO-RAD T100™ Thermal cycler 621BR43010, Singapore).

32



Table 2: Primer gene sequence and PCR conditions

Targ Primer  Nucleotide sequence 5’ to 3’ Pathogenic E. Prod Reference

et coli strain uct

gene size

(Bp)

Eae EAEl1 F:AAACAGGTGAAACTGTTGCC EPEC/EHEC 490 (Khan et al.,2002)
EAE2 R:CTCTGCAGATTAACCTCTGC

Stx1 EVS1 F.ATCAGTCGTCACTCACTGGT STEC/EHEC 110 (Pal etal., 1999)
EVC2 R:CTGCTGTCACAGTGACAAA

Stx2  EVT1 F.CAACACTGGATGATCTCAG STEC/EHEC 350 (Khanetal., 2002)

EVT2 R:CCCCCTCAACTGCTAATA

3.6.4.3. Agarose gel electrophoresis

Amplified PCR products (5-7pl) were analyzed using agarose gel electrophoresis. The 1.5%
agarose gel in 1X TAE (Tris-acetic acid EDTA) running buffer was stained with 10ul of gel
red (B7025S, New England) for 40 minutes at 120V. A 100bp molecular weight ladder marker
(product no. N32315), positive and negative controls were also employed. The products were
visualized with ultraviolet illumination and imaged with gel documentation system (El-baz et
al., 2017). Band views of 490,110 and 350 base pairs (bps) were used to determine the virulent
genes of STEC and EC O157:H7 isolates as intimin (eae), shiga toxinl (stx 1) and shiga toxin2
(stx 2) respectively (Table 2).

3.6.4.4. Antimicrobial susceptibility testing

The antimicrobial susceptibility/resistance profiles of the bacterial isolates were determined
using Kirby — Bauer — disk diffusion method (Quinn et al., 2002). Disks impregnated with the
following antibiotics were used: Trimethoprim (5ug), chloramphenicol (30ug), ciprofloxacin

(5 pg), ampicillin (10 pg), neomycin (10 pg), tetracycline (30 pg), oxytetracycline (30 pg)

compound sulfonamides (30 ug), clindamycin (10 pg), Norfloxacin (10 pg) and streptomycin
(25 pg). Pure bacterial colonies grown in Tryptic soya agar were inoculated into 7 ml of
Tryptophan soya broth and incubated at 37 °C for 8 hours until turbidity was seen which was
compared to the 0.5 McFarland standards Mueller — Hinton Agar was used as plating medium.
A McFarland Standard is a chemical solution of barium chloride and sulfuric acid; the reaction
between these two chemicals results in the production of a fine precipitate, barium sulfate.

When shaken well, the turbidity of a McFarland Standard is visually comparable to a bacterial
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suspension of known concentration (McFarlan,1907). Fifteen minutes after inoculation of the
plates, the antibiotic impregnated disks wereapplied on the surface of inoculated plates with
sterile forceps. All the disks were gently presseddown onto the agar with forceps. The plates
were inverted and then incubated aerobically for 18 hours at 37 °C. The diameters of the zones
of inhibition were measured to the nearest wholemillimetre using the transparent ruler and were

interpreted as susceptible, intermediate and resistant

(CLSI, 2008).
) Survey
Sample collection
l Observation  Interview
Parameter: TBC Coliform /E. coli l
Media: PCA Petrifilm Analyse for Association
(6}
Incubation: 320C/48h 37°C/24 or 48h
Pink colony  Blue colony
CT-SMAC EMB
DNA extraction
Detection of main virulence genes
(stx1, stx2, eae)
! | |
stx and eae-Negative stx-Positive stx and eae Positive
Sample is STEC-negative Sample is STEC-positive Sample is E.coli O157:H7-positive
End of test End of test End of test
Report results Report results Report results

Figure 8. Detection of shiga toxin producing Escherichia coli
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3.7.  Data analysis and interpretation

The data obtained were classified, filtered and coded using Microsoft Excel® 2010. The data
were then exported to SPSS version 20.0 (SPSS IBM) software package for appropriate
statistical analysis. Logistic regression was used to analyze microbiological data. Odds ratio
(OR) was used to indicate the degree of association among different risk factors. In all

analyses, p values less than 0.05 were considered as statistically significant.

3.8. Data quality control

Laboratory data quality was maintained by using instruments, reagents, and chemicals from
reputable companies. Procedures for sample collection, microbiological analysis and PCR
confirmation were conducted using validated protocols and standard operational procedures
developed by the ENSUREproject. Interpretation and evaluation of test results and quality
controls were applied as recommended by the manufacturers. Reference strains of STEC
(NCCB100282, Netherlands) were periodically used for quality control during the
microbiological analysis. Moreover, DNA extract from standard Shiga toxin E. coli and

nuclease free water were used as positive and negative controls in each PCR run.

3.9. Ethical approval and informed consent

Ethical approval of the research was obtained from the College of Natural and Computational
Sciences Institutional Research Ethics Review Board (CNS-IRB), Addis Ababa University
(AAU) with reference no. SUA/ADM/R 1/29. Survey data was collected after explaining the
purpose of the study to each study participant and obtaining verbal informed consent. The
original information sheet developed in English language was translated into the two local
languages (Amharic and Afaan oromo) of the respondent. (Annex 1 for consent form).
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4. Results and Discussion

4.1. Microbiological quality of raw milk, pasteurized milk, and cottage cheese

4.1.1. Total bacteria counts (TBC) in raw and pasteurized milk

The total bacterial counts (TBC) of raw and pasteurized milk samples ranged from 5.61 log
cfu/ml to 9.73 log cfu/ml and 4.21 log cfu/ml to 8.61 log cfu/ml, respectively. The mean TBC
(7.17 £ 0.06 log cfu/ml) bacterial counts of raw milk was considerably higher as compared to
the mean of pasteurized milk samples (5.93 = 0.05 log cfu/ml) and the raw milk showed

statistically significant difference from pasteurized milk at (P < 0.05) (Table 3).

Table 3. Mean of TBC, TCC and E. coli (log10 cfu/ml) in raw and pasteurized milk

Bacteria Milk products

Raw milk Pasteurized milk
TBC 7.17 +0.06" 5.93 + 0.05°
TCC 5.53 +0.11° 3.36 £ 0.16°
E. coli 1.56 + 0.12° 0.97£0.112

Total bacterial count (TBC), Total coliform count (TCC)
Means followed by different superscript letters within a column are significantly
different from each other at (P<0.05).

In this study, the mean TBC result of raw milk was less than the report of (Asaminew, 2010)
which was 7.58 log cfu/ml in Bahir Dar Zuria and Mecha districts, Ethiopia. Another report by
(Worku et al., 2012) showed total bacterial counts of 7.36 -7.88 log cfu/ml of raw milk in Borana,
Ethiopia. The value of total aerobic bacterial count for present study revealed lower than that
reported by (Tola, 2002) in Eastern Wollega that reported average count of 7.4 x 10 cfu/ml of
milk. (Tassew and Seifu, 2011) reported an overall mean of 7.58 log cfu/ml in BahirDar. The
findings of the current study corroborate with those obtained by (Solomon et al., 2013) similarly
reported TBC of 7.07 log cfu/ml in milk samples obtained from Debre Zeit town; while, this
study had higher counts than (Godefay and Molla, 2000) reported 6.0 log cfu/ml of TBC in milk
samples collected from selected dairy farms in Addis Ababa. In Tanzania ( Ngasalaetal., 2015;
Karimuribo et al.,2015) showed a bacterial count of 5.4x 10° and 3.3x10° cfu/ml TBC values
which is lower compared to the current study; in addition, a study in Rwanda showed TBC mean
values of 1.5 x 10° CFU/ml in farmer’smilk.Similar results were found by (Doyle et al.,2015);
they also recorded TBC mean values of 1.5 x 10° CFU/ml.
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The mean TBC of the pasteurized milk samples in this study was lower than the report of
(CMSF,1998), which reported a TBC in pasteurized milk of 7.5 x 107 to 1.24x108 cfu/ml and
the result of (Tamirat, 2018) who found 2.42 log cfu/ml. Pasteurization hasthe advantage of
reducing the transmission of disease causing bacteria and improves the keeping quality of milk.
Pasteurized milk presents little health hazards. Nevertheless, several food-bornedisease outbreaks
have been linked to pasteurized milk and traced to inadequate pasteurization,post pasteurization
contamination or abuse of storage temperature (ICMSF, 1998). The TBC (total bacterial count)
of the pasteurized milk samples from different locations in Bangladesh was reported to range
from 1.1x10% to 1.8x10° cfu/ml, slightly lower than that recommended by the Bangladesh
Standards and Testing Institution (not exceeding 20,000 cfu/ml) According to (Sourav et al.,
2014) to there are several reasons for the occurrence of bacterial contamination in the pasteurized
milk samples such as defect in pasteurization machinery, to survive even afterpasteurization, and
contamination in the post-pasteurized process due to poor processing and handling conditions
and/or maintenance of substandard hygienic practices by working personnel.

4.1.2. Total coliforms counts (TCC) in raw and pasteurized milk

In this study, the mean total coliform count (TCC) of the raw and pasteurized milk was 5.53 +
0.11 log cfu/ml and 3.36 log cfu/ml respectively (Table 3). Total coliform count (TCC) of the
raw milk in this study was higher than that obtained by (Tamirat, 2018) who found TCC of 3.59
log cfu/ml and the result reported (mean coliform count of 1.82 log cfu/ml) by (Solomon, 2013)
in Debre zeit, Ethiopia. The result of the current study is also much greater than a report by
(Mesfine et al., 2015) a TCC of 1.24 log cfu/ml. Furthermore, these results were higher than
that reported those done in raw cows’ milk by (Hundie, 2015) where coliform counts in milk
from Aneno, Gulgula and Dongora districts of southern region of Djibouti was 3.8 log cfu/ ml
and and by (Kas et al., 2013) from the central part of Ivorycoast (2.7 log cfu/ ml). However,
the current result is lower than 8.58 log cfu/ ml of TCC reported in the central high lands of
Ethiopia (Gemechu, 2016). Another study showed mean coliform counts of 6.63 log cfu/ml of
raw milk in Hawassa (Korma et al.,2018). Moreover, the mean level of total coliform counts in
our study was lower than the findings reported by (Tankoano et al., 2016 ) at Ouagadougou
(Burkina Faso) (8.95 log cfu/ ml). The presence of high numbers of coliforms in milk, which is
mainly associated with unclean udder and teats arise from a variety of sourcessuch as manure,
soil, food, personnel and even water and thus associated with unclean udder and teats, provides
an index of hygienic standard used in the production of milk. Increased level of coliforms

suggests that the milk and cottage cheese was processed in unhygienic conditions, which
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increase risk for contamination with foodborne pathogens.

In this study, the mean TCC in the pasteurized milk was 3.36 log cfu/ml which was
comparatively lower than 6.20 log cfu/ml, 6.05 log cfu/ml and 5.38 log cfu/ml) in studies
conducted by (Korma et al., 2018) in Hawassa and (Asaminew and Eyasu, 2011) in Bahr Dar,
However, mean TCC of 3.1x10°cfu/ml reported by (Aberra, 2010) is lower than the result of the
recent study. The possible reasons for higher TCCmight be the mode of transport to reach the
market and managed by people with mostly unsatisfactory knowledge on the keeping quality of
milk and the sources of water for sanitationwere poor quality. All these conditions favour the
introduction and multiplication of bacteria in the milk. These bacteria will reach the consumer
through consumption of improperly boiled milk and improperly treated/prepared milk or cheese
since milk is also consumed through both of these forms. Coliform bacteria counts of
pasteurized milk showed high numbers than those reported by (Wanjala et al., 2017) 0.10 log
cfu/ml in Nairobi and 2.8 x 10* cfu/mL in South Africa( El-Diasty and El-Kaseh., 2008). The
lower coliform countsmight be due to hygienic quality of raw milk, proper pasteurization
process, good packaging and good storage conditions. This agreed with (SSMO, 2005) who
reported that the coliform counts standards for pasteurized milk should be not exceeding 10

cfu/ml.

The mean of TCC for the retailers’ pasteurized milk (4.31 + 0.24 log cfu/ml) was higher than
processors (2.42 £ 0.18 log cfu/ml) this may be due to poor quality. Producers (5.41 + 0.16 log
cfu/ml) and collectors (5.66 = 0.15 log cfu/ml) raw milk had no significant difference in the
TCC at (p<0.05) (Table 4). The TCC of milk samples obtained from producers in the present
study was less than the result reported by (Tadesse and Bacha, 2014), which showed the overall
mean counts of total coliforms of 5.85+0.483 and 5.91+0.19 log cfu/ml for smallholder and

dairy farms, respectively.
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The overall mean of coliform count from 30 milk samples collected from Shambu, Fincha and
Kombolchawas 5.6£0.38, 5.7+0.09 and 5.4+0.33 log cfu/ml,respectively (Demissu, 2014) which
was higher than the results of this study, but (Tesfay et al., 2013) reported an average coliform
and Escherichia coli counts from dairy farms 4.13+0.76 and 6.2+0.418 log cfu/ml, respectively
had lower than the current study. The mean coliform count of milk samples collected at 39
samples taken from farmers and 45 samples taken from dairy cooperatives in Bahir Dar Zuria
and Mecha district was 4.41+0.16 and 4.55+0.15 log cfu/ml, respectively which was also lower
than the current study. On the other hand, the total mean coliform counts of milk collected from
three producers was 6.57 logcfu ml-1 (Zelalem and Bernard, 2006) which was also higher than
the current study. Accordingto (Dehinenet et al., 2013), 60 milk samples from 6 districts
collected from Amhara and Oromia showed a mean total coliform count of 3.0x10%cfu/ml; the
study conducted in Debre Brhan, Selale and Holeta showed an average coliform count of 3.2 log
cfu/ml in whole milk whole milk samples (Ghilu et al., 2012) this was lower than the current
study.

4.1.3. Escherichia coli (E. coli) counts in raw and pasteurized milk

The presence of E. coli in raw milk, pasteurized milk and cottage cheese were (36.2%) which
was detected in 174 samples out of 480 samples of milk and cottage cheese samples. The
presence of Escherichia coli in milk and cottage cheese is a common indicator of faecal
contamination it was isolated from 102 out of 192 raw milk samples (53.1%). In this study, raw
milk samples showed significantly higher (1.56 £ 0.12log cfu/ml) E. coli counts than pasteurized
milk (0.97 £ 0.11 log cfu/ml) (Table 3). Samples didnot comply with the Ethiopian Standard
which recommended the E. coli to be nil in marketable dairy products. The sources of E. coli in
the raw cow milk may be from contaminated udders, contaminated sources of water, poor

sanitation practices, contaminated containers, and poor hygiene of milk handler.

This current finding was comparable with the finding of (Igbal et al., 2004) 40.7% and (Megersa,
et al., 2019) 42%. However, the current finding was much higher than the finding of (Demme
and Abegaz, 2015) which was 18.6% of E. coli detected from raw milk. Another report revealed
that 10% of raw milk samples under study were contaminated with E. coli (Tasci, 2011) in
Khartoum State and (Crump et al., 2002) reported that 13% of samples were contaminated with

E. coli.

In the current study from 192 pasteurized milk samples 69 samples (35.9%) were contaminated

by E. coli. This study is higher E. coli contamination on pasteurized milk rather than other
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studies, from 100 pasteurized milk samples 9 (9%) were positive for E. coli (Vahed, 2011) in
Sari city, Iran. Another study confirmed that E. coli were not found in pasteurized milk (Bedasa
et al., 2018).

E. coli counts showed significant difference along the value chain at (p<0.05).(Table 4) The raw
milk samples collected from producers and Pasteurized milk collected from retailers had means
(2.17 £ 0.15 log cfu/ml and 1.33 + 0.18 log cfu/ml) higher next to raw milk collectors with (1.96
+ 0.17 log cfu/ml). Pasteurized milk samples collected from processors had the lowest E. coli
count (0.60 £ 0.1 log cfu/ml). TBC, the results of TCC and E. coli of cottage cheese samples did
not show statistically significant difference between the producer and retailer.

Table 4. Mean of TBC, TCC and E. coli (log10 cfu/ml or g) in milk across the value Chain

Value chain Actors

Raw milk Pasteurized milk
Bacteria Producer Collector Processor Retailer
TBC 7.10+0.09°¢ 7.24+0.07° 5.71+ 0.06 2 6.16 £ 0.08°
TCC 541+0.16°¢ 566+0.15¢ 242 +0.18¢2 431+024"
E. coli 1.17+0.15° 1.96+0.17 ¢ 0.60+0.102 1.33+0.18°

Total bacterial count (TBC), Total coliform count (TCC)
Means followed by different superscript letters within a row are significantly different from each
other at (P<0.05).

There was significant difference among TBC along the milk value chainat P< 0.05. The study
indicated that there is high TBC count of raw milk samples at producers and collectors level with
mean counts of 7.1 + 0.09 log cfu/ml and 7.24 + 0.07 log cfu/ml, respectively (Table 4).

Pasteurized milk samples from retail shops had lower mean (6.16 = 0.08 log cfu/ml) and
pasteurized milk samples collected from processors had the lowest TBC (5.71 £ 0.06 log cfu/ml)
as compared to that of other value chain actors. There was significant difference between the
TBC of pasteurized milk samples collected from processors and retailers at P < 0.05, but there
was no significant difference between the TBC of raw milk samples collected from the producers

and collectors
In other studies, also producer’s milk showed higher TBC,For instance, from a total of 100 raw
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cow milk samples, 88 were from individual farmers and 12 were collected from dairy farms in
Jimma, the overall mean TBC was 8.7+1.34 and 8.27+0.98 log cfu/ml (Teshome and Ketema,
2014). The mean TBC of 39 milk samples collectedfrom producers and 45 samples from dairy
cooperatives in Bahir Dar Zuria and Mecha district,North-western Ethiopia, was 7.61+0.12 and
7.56£0.13 log cfu/ml, respectively, which was higher than that of the current study. (Tesfay et
al., 2013) reported an average TBC of 5.84+0.629 log cfu/ml in dairy farms in Dire Dawa town,
Eastern Ethiopia. This finding is loweer than done in Tanzania by previous workers
(Rwehumbiza et al.,2013; Fortunate, 2013; Kweka, 2002; Kivaria et al., 2006) and in Ghana
(Addo et al., 2011) and higher than the study done in Sudan (Adil and Iman, 2011).

In the present study on total baterial count (TBC) in raw and pasteurized milk as compared to
Ethiopian standard 92.7% of raw milk had higher counts than that recommended amount (not
exceeding 1000,000 log cfu/ml) (ESA, 2009) and Out of 192 raw milk samples, only 7.3 % of
the raw milk samples had less than 1,000,000 log cfu/ml of TBC. Out of 192 pasteurized milk
samples 83.4% had higher than that recommended by Ethiopian standard (not exceeding
100,000 log cfu/ml) (ESA, 2009), and East Africa standard (not exceeding 30,000 log cfu/ml)
(EAS, 2009). But only 16.6% of the pasteurized milk samples had less than 100,000 log cfu/ml
of TBC (Table 5).

Table 5. Total Baterial count (TBC) in raw and pasteurized milk as compared to ESA standards
Ethiopian standard (ESA 3460:2009)

Raw milk Pasteurized milk
Number Quality  Verygood  Good Bad Verybad  Very Good Shall not
of good be offered
samples for sale
Counts 0-200,000 200,000- 1,000,000- 2,000,000 <50,000 50.000- >100,000
per ml 1,000,000 2,000,000 and over 100,000
192 Total None 14(7.3) 37(19.3) 1 16(8.3)  16(8.3) 160(83.4)
bacterial 41(73.4)

count
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In the present study the TCC in the raw milk samples ranged from < 10 log cfu/ml to 10.17 log
cfu/ml. About 78.1% of raw milk samples was higher than that recommended by Ethiopian
standard (not exceeding 50,000)(ES, 2009) and East AfricanStandards (not exceeding 50,000)
(EAS, 2006). However, 21.9% of the raw milk samples had TCC of <50,000 log cfu/ml. In
pasteurized milk the count ranged from < 10 log cfu/ml to 9.33 log cfu/ml; 79.2% ofpasteurized
milk samples showed higher values than that recommended by Ethiopian standard (ES, 2009)
(not exceeding 10 cfu/ml) and East African Standards (EAS, 2006). Only 20.8% of the
pasteurized milk samples had <10 log cfu/ml (Table 6). In EAC, the recommended levels
are 5.0x10* Cfu/ml for TCC. Analyses performed in Tanzanian the levels of coliform count were
1.4x10° cfu/ml and 4.2x105cfu/ml (Ngasala et al., 2015; Karimuribo et al., 2015).

Table 6. Total coliform count (TCC) in raw and pasteurized milk as compared to ESA standards

Raw milk Pasteurized milk
Number  Quality Very good Good Bad Very bad Pass Fail
of Counts 0-1,000 1,000- 50,000 — 500,000 Not more than ~ Above 10
samples  per mi 50,000 500,000 and over 10 per ml
192 Total 5(2.6) 37(19.3) 66(34.4) 84(43.7)  40(20.8) 152(79.2)
coliform
count

Ethiopian standard (ESA 3460:2009)

4.1.4. Total bacteria counts in cottage cheese

The result of TBC of cottage cheese is presentedin (Table 7). There was no statistically significant

difference between producer and retailer cottage cheese on total bacterial count.

Table 7. Mean of TBC, TCC and E. coli (log10 cfu/g) in producer and retailer cottage cheese

Bacteria Cottage cheese
Producer Retail
TBC 6.11+ 0.08 6.1 £0.04
TCC 1.85+0.37 1.6 £0.37
E. coli 0.38 £0.22 ND
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The mean 6.11+0.08 and 6.1 + 0.04 collected from producer and retailer, respectively,was lower
than 8 log cfu/g that was reported by (Ashenafi, 2006) and (Zelalem et al., 2007) thatrevealed 7.9
log cfu/g and 8.8 log cfu/g, respectively. Whereas, the mean 5.38 log cfu/g reportedby (Ashenafi
et al., 2016) was lower than the current study.In this study the range of TBC counts for cottage
cheese was from 7.42 log cfu/g to 9.64 log cfu/g and 5.42 to 7.22 log cfu/gm for producer and
retailer, respectively.

4.1.5. Total coliforms counts in cottage cheese

The counts of total coliforms in cottage cheese ranged from < 10 log cfu/gm to 11.96 log cfu/gm.
Out of 96 cottage cheese samples 37.5 % was >10 which is above the recommended by East
African Standards (not exceeding 10 cfu/ml) (EAS, 2019) (Table 6). The mean TCC of cottage
cheese in the current study was 1.85 + 0.37 and 1.6 + 0.37 log cfu /gram for producer and
retailer cottage cheese respectively (Figure 4). Earlier works carried out in different parts of the
country showed high results than the present study (Yilma et al., 2005)

reported the mean 5.68 log cfu/gm which was much higherthan the present result. The report of
(Birhanu et al., 2013) also showed high mean count of 5.709 log cfu/gm of TCC in cottage
cheese and also (Zelalem et al., 2007) and (Ashenafi et al.,2016) show high total coliform in
cottage cheese by the mean of 4.4, log cfu/gm and 5.58 logcfu/gm respectively.

4.1.6. Level of Escherichia coli (E. coli) in cottage cheese

In this study from 96 cottage cheese samples 3 of them (3.1%) were positive for E. coli. A study
conducted in south western Nigeria (Ogunshe et al., 2008) showed (24.3%) E. coli in cottage
cheese. In another study, out of 200 bacteriologically examined samples the highest isolation
was from cheese (40%) (Bedasa et al., 2018). In Ethiopian cottage cheese, complete
inactivation of the organism occurred after 20 and 40 min of cooking at 70 °C, indicating that
if there is under treatment of heat, the cheese can act as source of Escherichia coli (Yilmaetal.,
2015).
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4.2. Prevalence of STEC and EHEC strains in milk and cheese

In the present study out of 480 samples of raw milk, pasteurized milk and cottage cheese that
cultured separately on selective media a total of 142 (29.8%) and 81(16.8%) isolates were
suspected as STECand E. coli 0157:H7 on EMB and SMAC Agar, respectively. The suspected
colonies of STEC were detected in all the three types of samples (i.e. raw milk, pasteurized
milk and cottage cheese). From the suspected isolates 58 (12%) were harboured stx1, stx2, and
eae genes confirmed in (20.31%) raw milk, 17(8.85%) pasteurized milk and 2(2.08%) cottage
cheese respectively (Table 8). The virulence genes of stx1 were detected in 1(0.7%) (Figure 9)
and stx2 in 39 (27.4 %) out of 142 isolates (Figure 10). Moreover, the gene eae + stx2 of E.
coli O157:H7 were detected in 18 (22.2%) out of 81 isolates (Figure 11).

Figure 9. Agarose gel electrophoresis of PCR products with stx1 (110bp) primers. Lane 1: 100
bp DNA Ladder, lane 2: positive for stx 1 genes, lane 3: Positive control, lane 4: Negative

Control.
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Figure 10. Agarose gel electrophoresis of PCR products with stx2 (350bp) primers. Lane 1:
100 bp DNA Ladder, lane 2-6: positive for stx 2 gene, lane 7: Positive control, lane 8: Negative
Control.

9 10 11 12 13 14 15 16 17 18 19 20

Figure 11. Agarose gel electrophoresis of PCR products with eae (490 bp) primers. Lane 1:
100 bp DNA Ladder, Lanel-18: positive for eae gene, line 19: Positive control, line 20:

Negative Control.
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4.3. Prevalence of STEC and E. coli O157:H7 across milk and cottage cheese value
chain

Among the four milk value chain different prevalence rate of STEC was found. The highest
contamination rate was recorded in collector (23.9%) followed by producer (16.6%) and retailer
(9.3%). Samples drawn from processor showed the lowest contamination rate (8.3%) (Table 8).
Table 8. Prevalence of STEC and E. coli O157:H7 across the value chain

location  Producttype  Value chain Total STEC E. coli OI57:H7 Prevalence %
samples positive positive

Oromia Raw milk Producer 96 9 7 16/96 (16.6%)
Collector 96 12 11 23/96 (23.9%)

Pasteurized Processor 96 8 0 8/96 (8.3%)

milk Retailer 96 9 0 9/96 (9.3%)

Cottage cheese Producer 48 2 0 2/96 (4.1%)

Retailer 48 0 0

The present study revealed that STEC and E. coli O157:H7 were confirmed from 12% (58/480)
of (milk and cottage cheese)(Table 8). The presence of E. coli in pasteurized milk didn’t reflect
the survival of the organism to the appropriate level of pasteurizing temperature.Rather, it might
be due to poor hygienic handling after the milk is pasteurized, whichcontributes to milk
contamination (Ali and Abdelgadir, 2011). In agreement with the present finding (Elhadidy
and Mohammed, 2013) have show that (11.29%) of the samples were positive for STEC in
Egypt. However, the prevalence is far lower when compared to the reports of (Shunda et al.,
2013) from Mekelle town (44%) and 23.7% by (Mekuria et al., 2014) and higherthan others
5.7% (Zweifel et al., 2010) in Egypt and 9.23% (Yakubu et al., 2018) in Nigeria. In thepresent
study, the isolation rate of E. coli 0157:H7 from raw milk was 22.2%, which is far higherthan
the prevalence report of 2.9% by (Disassa et al., 2017); 12% by (Bedasa, et al., 2018) and
4.08% by (Mesele and Abunna, 2019). In other study on raw milk contamination are
meaningful since even one STEC in a food sample may leadto gastrointestinal or urogenital
disorder due to their multiplication in the body. Therefore, strict hygiene and management
practices for dairy herd and milk processing must be adopted to avoid unwanted illness (Gyles,
2007).
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4.4. Antimicrobial resistance profiles of STEC

In this study the E. coli isolates were highly sensitive to chloramhinicol (72.4%) and
ciprofloxacin (75.8%). Furthermore, the majority of the isolates were resistant to ampicillin
(56.8%), oxyteteracycline (44.8%) and tetracycline (84.4%) (Table 9).

Table 9. Antimicrobial resistance profile of STEC isolated from milk and cottage cheese (n =
58)

Antibiotics Susceptible Intermediate (mm) Resistance (mm)
(mm)
Oxyteteracycline 19 (32.7%) 13 (22.4%) 26 (44.8%)
Compound 14 (24.1%) 26 (44.8%) 18 (31%)
Sulphonamide
Chloramhinicol 42 (72.4%) 9 (15.5%) 7 (12%)
Clpeofloxacin 44 (75.8%) 8 (13.7%) 6 (10.3%)
Teimethoprism 18 (31%) 21 (36.2%) 19 (32.7%)
Tetracycline 9 (15.5%) 0(0%) 49 (84.4%)
Clindamycin 18 (31%) 27 (46.5%) 13 (22.4%)
Ampicillin 16 (27.5%) 9 (15.5%) 33 (56.8%)

Source: (CLSI, 2008) mm = milimeter

The majority of the isolates were resistant to ampicillin, oxyteteracycline and tetracycline
similarto the prevous studies from Ethiopia (Hiko et al., 2008) and (Pal et al., 2012) and from
Botswana (Magwira et al., 2005).The study revealed that the resistance of E. coli does exist
mainly to ampicillin. Various authors reported that E. coli is resistant to tetracycline (Hiko et
al., 2008; Pal et al., 2012), which is in line with this study in other investigationsundertaken in
Iran where resistance to tetracycline, ampicillin and trimethoprim (Zafarane et al., 2017), as
well as oxytetracycline and ampicillin, (Tavakoli and Pourtaghi, 2017) was the highest among
STEC strains isolated from bovine with mastitis. (Zafarane et al., 2017) have also reported that

E. coli is resistant to chloramphenicol which is contrary to the results of the present study.
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4.5. Determination of Risk factors associated with contamination of milk

and cheese with STEC

4.5.1. Characteristics of the study respondents

Out of 96 milk farmers/producers in the study, majority 63(65.6%) were females. Thirty-one
(32.3%) of the respondents had no any background of formal education while 31(32.3%)
completed primary education. Milk production experience of the study subjects was above
ten years in 50(52.1%) and two to five years in 20. The residence of 69(71.9%) of milk

producers/farmers was situated in peri-urban settings (Table 11).

In the study a total of 9 milk collectors were recruited and 8 of the respondents were males. 5
of them had diploma/degree educational status while 4 had completed high school. Though
most of them 4 had above 10 years of milk collectingexperience 3 had 5-10 years. Moreover,
the production system of 6 of milkcollectors were situated in peri-urban areas (Table 11)

A total of 96 samples of pasteurized milk were collected from 7 milk processors. Out of seven
milk processors 6 were males. The educational statuses of all respondent 7 werediploma and
degree. Of these 5 and 1 had been engaged in milk processing forabove 10 years and 2-5 years,
respectively. The production system of 5 of the milk processors resided in urban dwellings
while 2 of them lived in peri-urban (Table 11).

Moreover, a total of 96 pasteurized milk samples and characteristics of the Retailers were also
collected from milk Retailers of Bishoftu 24,Fiche/Selale 24, Asela 24 andWolmera 24 towns.
Accordingly, 55(57.3%) were males. The educational status of 17 was diploma/degree. The
remaining 29, 36(37.5%) completed high school and primary school education, respectively
and 5(5.2%) respondents had no formal education. 49 (51.4%) of the retailers were in the milk
market for 1-5 years. The production system of all (100%) of the milk retailers resided in urban
dwellings (Table 11).
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Table 10. Demographic characteristics of study respondents from Bishoftu, Fiche/Selale, Wolmera, and Asela towns of Oromia regional state

Variables Raw Milk Pasteurized milk Cottage cheese
Producers/Farm Collectors n Processors n(%) Retailers n(%) Farmers Retailers n(%o)
ers n(%o) (%) n(%o)

M 33(34.4) 8(88.9) 6(85.7) 55(57.3) 1(2.1) 9(18.8)
Sex F 63(65.6) 1(11.1) 1(14.3) 41(42.7) 47(97.9) 39(81.3)
Total 96(100) 9(100) 7(100) 96(100) 48(100) 48(100)

Bishoftu 24(25) 2(22.2) 1(14.3) 24(25) 12(25) 12(25)

Fiche/Selale 24(25) 3(33.3) 1(14.3) 24(25) 12(25) 12(25)

Town Asela 24(25) 2(22.2) 3(42.9) 24(25) 12(25) 12(25)
Wolmera 24(25) 2(22.2) 2(28.6) 24(25) 12(25) 12(25)

Total 96(100) 9(100%) 7(100) 96(100) 48(100) 48(100)
Production  Urban 27(28.1) 3(33.3) 5(71.4) 96(100) 13(27.1) 42(87.5)
system Peri-urban 69(71.9) 6(66.7) 2(28.6) - 35(72.9) 6(12.5)
Total 96(100) 9(100) 7(100) 96(100) 48(100) 48(100)
Educational Diploma/Degree 9(9.4) 5(55.6) 7(100) 17(17.7) 0 30(62.5)
status High school 18(18.8) 4(44.4) 0 29(30.2) 9(18.8) 9(18.8)
No formal education 31(32.3) 0 0 5(5.2) 22(45.8) 2(4.2)

Preparatory school completed 7(7.3) 0 0 9(9.4) 0 3(6.3)

Primary school completed 31(32.3) 0 0 36(37.5) 17(35.4) 4(8.3)

Total 96(10%) 9(100%) 7(100%) 96(100%0) 48(100) 48(100)

49



<1 year
Experience  1-2 years
2-5 years
5-10 years
>10 years
Total

3(3.1)
4(4.2)
20(20.8)
19(19.8)
50(52.1)
96(100)

0

0
2(22.2)
3(33.3)
4(44.4)
9(100)

1(14.3)
0
1(14.3)
0
5(71.4)
7(100)

19(19.8)
28(29.2)
21(21.9)
13(13.5)
15(15.6)
96(100)

5(10.4)
9(18.8)
13(27.1)
7(14.6)
14(29.2)
48(100)

7(14.6)
9(18.8)
24(50)
5(10.4)
3(6.3)
48(100)

n- number of respondents
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A total of 48 cottage cheese samples and characteristics of the cottage cheese farmers/producers
were collected from farm market of Bishoftu 12, Fiche/Selale 12, Asela 12 and Wolmera 12
towns. Out of the total cottage cheese farmers, 47 respondents were females and 22 had no formal
education. Cottage cheese production experience ofthe study subjects was two to five years and
above ten years in 13 and 14 of the farmers, respectively. While 35(72.9%) of the cottage cheese

farmers were from peri-urban areas,the remaining were lived in urban areas, 13 (Table 11).

Finally, a total of 48 cottage cheese samples were collected and 48 Retailers were enrolled in the
study. Out of 48 Retailers of Bishoftu 12, Fiche/Selale 12, Asela 12 and Wolmera 12 towns
recruited in the study, 39(81.3) were females and 42(87.5%) were livedin urban areas. Of cottage
cheese retailers, 30(62.5%) had diploma/degree while 2 had noformal education. The cottage
cheese retailing experience of 24 of the retailers were two to five years. The retailing system of
42(87.5%) of the cottage cheese retailers were situated in urban settings (Table 11).

4.6. Risk factors associated with contamination of Shiga toxin E. coli

4.6.1. Risk Factors associated with Shiga toxin E. coli contamination at milk producers

According to the findings most of the milk producers, 93 (96.88 %), wash the udder and teats of
their cows. 51(53.13%) dry the washed udder, but the cleanness of the drying cloth were
somewhat dirt (some soil present) in 25 (26.04%). Most positive samples for STEC were obtained
from very dirty (heavily soiled) cloths 12 (12.5%) used to dry the teats and udder of the cow. 85
(88.54%) of the producers store/collect raw milk using plastic material; 57 (59.38%) of them wash
milk handling equipment using tap water, 79 (82.29%) of them wash their hands before milking.
The hygienic condition of the cattle barns were good in 46 (21.88) of the producers; but higher
rate of STEC positive samples wererecorded from barns with poor hygienic conditions which
constitute 21(47.92%) (Table 12). There is a significant relationship (p<0.05) with the cleanness
of the drying cloth and the hygienic conditionof the cattle barn with positivity rate of STEC. From
this the cleanness of the cattle barn was important to prevent coliform and E. coli in addition to
Shiga Toxin E. coli Since low dairy house cleaning practices as well as dirty environments, in
most smallholder dairy farmers, have implications on sources of pathogens (Olatuniji, et al.,2009;
Rahel, 2008). The finding of this study is in line with the previous reports by (Bukuku,2013;
Shija,2013; Zewdu,2015) in Arusha, Tanga and Sidama respectively. The use of individual towel
and following essential cleaning practices during milking is important for the production of

quality milk The current study is in agreement with the report of Zelalem (Zelalem, 2010).
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Cleaning the udder of cows before milking is

important since it could have direct contact with the ground, urine, dung and feed refusals while
resting (Zelalem, 2012). (Fufa et al., 2019) reported that udder washing before milkingis not
widely practiced by Ethiopian dairy farmers. Of the 70 participants surveyed in their study,26%
did not wash udders prior to milking and only 30% of them used separate drying towels orcloths
between milked cows to dry udders after washing. Other studies also revealed that amongthe
participants who practiced regular washing of cows’ udders, more than 80% failed to dry the
washed udder using a dry and clean towel or a cloth (Abebe et al., 2012; Amin et al., 2017
Bekele et al., 2015; Gezu et al., 2015). Ethiopian farmers may use a myriad of techniquesto
remove dirt from udders, including allowing a calf to suckle prior to milking or using a dry cloth
to remove dirt from the teats and udder of the animal. Failure to thoroughly clean and dry the
udder and teats isa common source of coliforms in milk (Bekele, 2000; Pandey and VVoskuil,2011;
Wubete et al., 2004). Hygienic milking practices include regular cleaning and washing ofanimal
udder and milk handling equipment before and after milking, use of separate and clean drying
towels between cows, the filtering of milk after milking and avoiding the feeding of cowsduring
milking (Muluken, et al.,2020).

Maintaining the sanitary condition of milking area is important prerequisite for clean milk
production (Zelalem, 2010). Unhygienic milking environments can facilitate the spread of
microorganisms (Fuentes et al., 2014; Zdanowicz et al., 2004). Exposure of cow’s udder to
environment contaminated with feces or debris is a major source of microbial contamination of
milk (Abunna et al., 2019; Vacheyrou et al., 2011). Additionally, irregular cleaning of the
milking areas and animal sheds contributes to cross-contamination of milk in household dairy
farms (Carloni et al., 2016). This is a major challenge in Ethiopia, as on-farm infrastructure is
commonly underdeveloped. And most of the cow sheds are built using trees while a few of them
are made of blocks and iron sheets (Shija, 2013). Milking is conducted inside a confined shed on
a majority of smallholder dairy farms in Ethiopia, where there is a high risk of contamination
through the dusty air and insects (Abebe et al., 2012). Lack of sufficient space, especially in
urban areas, and irregular cleaning of milking rooms and cowsheds can create suitable conditions

for the growth of insects like flies that can transmit pathogens (Pandey and Voskuil, 2011).
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Table 11. Factors associated with contamination of Producers raw milk by Shiga toxin E. coli

Conditions  Risk factors Animals Positives 95% OR X2 p-
examine % Cl Value
d

Washing the  Yes 94 16 17.0 7.2-16.2 - - 0310
udder and No 2 0 0 - -
Teats
Drying the Yes 51 9 176 9.4-30.6 1.2 0.08 0.723
washed No 45 7 156 3.0-52.7 1
udder
Cleanness of Visibly clean 13 2 154 3.9-45.1 1 11.22
the  drying Somewhat dirty 25 5 200 0.9-87.2 1.4 0.032*
cloth Very dirty 13 9 692 6.9-98.6 124
Milk Plastic 85 14 165 10.0-25.9 1 094 0544
Handling Aluminum cans 6 5 333 45842 25
Heing Mazzi plastic 5 0 0 0 -
Water source Ground water 9 2 222 5.6-57.9 20 233 0435
o Wash by water 23 6 261 12913 25
mill-<ing Rain water 1 1 100.0 il
equipment

River water 6 0 0.0 -

Tap water 57 7 123 0.5-79.7 1
Washing Yes 79 15 19.0 11.8-29.1 3.8 2.11 0.544
hands before N 17 1 59 0.4-47.2 1
milking
Hygienic Good 46 0 0 - - 13.85
Condition of Medium 28 3 107 1.2-54.9 12 0.045*
barn Poor 22 13 591 382772 1

n- Number of milk producers
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4.6.2. Risk factors associated with Shiga toxin E. coli contamination at milk
collectors

About 6 (66.67%) of the milk collectors have a cooling system to preserve their milk. (55.56) of
the hygiene conditions of the collection centers were medium (partially concrete floor, irregular
cleaning, insufficient ventilation, inadequate lighting), the floor in milk collection and/or storage
area was free of trash 6 (66.67%), but higher PCR positive samples were recorded. The floorin
milk collection and/or storage area wet with accumulated dirty water 5 (55.56%). There was
(faces, hair etc.) in the collection area 3 (33.33%). The collector milk was gathered using
aluminium cans 8(77.8%) of the cases (Table 13). There is a significant relationship with the
hygienic condition of the collection center and the presence of trash, faces, hair etc in the
collection area and PCR-positivity rate of STEC (P-value <0.05) (Table 13). Maintaining the
sanitary conditionof milking and collecting area is important for the production of good quality
milk (Zelalem, 2010). Dirty environment and lack of cold storage facilities were together
regarded as main riskfactors that contributed to the high bacterial contamination of the milk
Kivaria et al. (2006). These findings are in line with the current study. According to (Tigabu et
al., 2015) poor storageand transportation conditions can further facilitate the contamination of
milk from milk handingequipment. Since, Ninety percent of the milk produced by smallholders
is marketed in an informal marketing system; and only the remaining 10% is delivered to the
formal market (SNV, 2008). The hygienic conditions of the informal markets are not monitored
or sustainably maintained (SNV, 2008; Mohamed et al., 2004; Kebede et al., 2019; Tsehay, 2001,
Tsadkan and Gurja, 2018).
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Table 12. Factors associated with contamination of collection center raw milk by Shiga toxin

E.coli
Conditions Risk Animals Positives 95% OR X2 p-
factors  examine % Cl Value
d
Do you have acooling  Yes 79 15 19.0 11.8-29.1 3.8 2.11 0.077
system to preserve No 17 5 20.0 0.9-87.2 1.4
your milk?
Hygienic condition  Good 9 2 222 5.6-57.9 20 233 <0.01*
of thecollection Mediu 64 12 125 7.2-20.7 96
center m 23 6 261 1.2-91.3
poor
The floor in Yes 39 13 59.1 38.2-77.2 1 22 0.001*
milk collection No 57 7 123 0.5-79.7 1
and/or storage
area free of
trash
The floor in Yes 51 g 176 9.4-30.6 1.2 0.08 0.185
milkcollection No 45 11 115 6.5-19.5 11
and/or storage
area wet with
accumulated
dirty water
The present of (feces, Yes 28 3 107 1.2-54.9 12 28
hair etc.) in the g 68 6 261 1.2-91.3 25 0.047*
collection area
Milk collecting  Ajumin 79 15  19.0 11.8-29.1 38 211 0490
Equipment ium can
Plastic 17 5 200 09872 14

n- Number of milk collectors

*- Significant association
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4.6.3. Risk Factors associated with Shiga toxin E. coli contamination at milk processors

As observed during the current study, 5(71.4%) of the processors use four-wheel drive for
transportation of processed milk and their milk suppliers were individual farms 6(85.7%) big
farms 4(57.14%) and milk collectors 2 (28.57%). Mostly the processors don’t maintain the
temperature during transportation 4 (57.14%) in relation to this higher number of PCR positive
sample were detected. Most of them 5 (71.43%) use tap water for washing milk handling
equipment and they calibrate their system 6 (85.71%). In this study, significant associationswere
observed between STEC positive samples and milk suppliers and maintaining the temperature
during milk transportation with a p-value <0.05 (Table 14). Storage, handling and transportation
of milk underroom temperature increases bacteria multiplication, since the milk is managed at an
ambient temperature, high microbial populations can be reached within short period of time
(Zelalem, 2010). Temperature of storage is an important factor in determining milk quality as
this influences the rate at which the bacteria will increase in number (Lore et al., 2006). Raw
milkcan only be kept for hours without storage at an appropriate temperature (4°C) before it
deteriorates in both quality and safety (SNV, 2008). Therefore, it must be stored and kept cool
using proper refrigeration within two hours after milking, it maintains nearly its original quality
and remains fresh for a reasonably longer time until processing and consumption (Pauline and
Karin, 2006; SNV, 2008) However, such storage facilities are not readily available in Ethiopia,
particularly in rural areas and cooling systems are not feasible due to lack of the required dairy
infrastructure and unstable power supply (Eshetu et al., 2019; O’Connell et al., 2016). In
conclusion, milk should be cooled to a suitable temperature (4°C) and transported by means that
maintain its quality and safety (Muluken et al.,2020). In this study more STEC prevalence were
observed on the Individual farms, since most dairy farm owners in the present study do not
sufficiently perform cleaning of cow’s udder and teat with potable water and do not dry it
properly this may probably increase microbial contamination of milk. Similar reports were done

by (Swai and Schoonman, 2011) and (Shija,2013) in the Tanga region of Tanzania.
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Table 13. Factors associated with contamination of processors pasteurized milk by Shiga toxin

Eég(rJlI(;itions Risk factors ~ Animals  Positives 95% OR X2 p-
examined % Cl Value
Transportation Four-wheel 50 6 26.1 1.2-91.3 2.5 23
Mechanisms drive 0.302
Public 23 1 100.0 -
transport
Cool transport 23 1 100.0 -
Milk suppliers Individual 2 5 200 0.9-87.2 1.4 25
farms 5 0.05*
Big dairy 5 2 222 5.6-57.9 2.0
farms 4
Milk 1 1 5.9 0.4-47.2 1
collectors 7
Do you maintain Yes 73 2 9299 5.6-57.9 2.0 9
the Temperature g 23 6 261 1.2-91.3 25 0.002*
during
transportation
Source of water for Tap water 2 5 200 0.9-87.2 1.4 25 0.248
washing milk 5
handling Ground water 7 2 222 5.6-57.9 20
equipment Ves 1 6 264 1.2-91.3 25 25 0.131
Do you calibrate 69 0.9-87.2 1.4
yoursystem No . 5 200

n- Number of milk processors

*- Significant association
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4.6.4.Risk Factors associated with Shiga toxin E. coli contamination at milk retailer’s

Mostly the time to transport pasteurized milk to retail shops was less than 30 min7 (7.22%), but
higher number of STEC positive samples were recorded in the time over 1 hr 6 (6.19%) (Table
15). Majority of the retailers 78(80.41%) had no separate refrigerator for storing of the milk until
sell had no backup generator to be used in case when electric power fails77 (79.38%) and they
never took training related to good milking and personal hygiene practices for handling milk
92(94.85%) (Table 15). There were significant relationships with the time to transport
pasteurizedmilk to retail shop with the STEC positivity (P-value < 0.05). when the time of the
pasteurized milk transport to retail shop was delayed the count of bacteria was increased. The
time it takes to transport or deliver milk to different value chains has been reported as a factor
that affects its quality andsafety (Muluken et al.,2020) According to (Tigabu et al., 2015),
samples from dairy farmers thathad more than a 30 min travel time to the collection center
had a 5.6 times higher risk of contamination with Staphylococcus aureus when compared to

farmers that had less than 30 minof travel time to the collection centers.

Table 14. Factors associated with contamination of retailer’s pasteurized milk by Shiga toxin

E.coli
Conditions  Risk factors Sample Positives 95% OR X? p-
examined % Cl Value

Time to < 30 Min 47 3 6.4 2.1-18.0 1.6 10.37
transport Yohr—1hr 24 1 42 0.1-58.7 1 0.015*
pasteurized Over 1 hr 25 g 320 33865 108

refrigerator to  Yes 18 2 111 28-352 1 004 0178
store No 78 10 128 0.7-76.2 1.2

Backup Yes 19 2 105 2.6-33.7 1 0.09 0.346
generator No 77 10 13.0 0.7-76.3 1.3

Training to Yes 4 1 25.0 3.4-76.2 25 049 0.537
good milking 0 4 120 01832 10

n- Number of milk retailers *- Significant association N- STEC PCR positive samples
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4.6.5. Risk Factors associated with Shiga toxin E. coli contamination at cottage cheese
producers

In this study 40 (83.33%) of the cottage cheese producers used plastic buckets as a packing
materials to handle the cottage cheese, and about 40 (83.33%) of them were poor quality with a
significance relation with the PCR positive sample. Mostly they wash cottage cheese handling
equipment and utensils before and after use 47 (97.92%) by water with soap/ detergents, 31
(64.58%) most respondents never took training related to safety and quality of cottage cheese
handling 44 (91.67%) From 48 samples collected from the cottage cheese producers, STEC was
recorded, and there was a significant relationship with the quality of packaging materials and
STEC positivity (Table 16). Packaging materials of cottage cheese determine the quality of milk
products. Producers need therefore pay particular attention for the type as well as cleanliness of
the materials. (Zelalem, 2012). Informal marketing systems are widely observed in traditional
open markets and at the household level, in which limitations on infrastructure, proper packaging,
storage and transportation equipment are present (Asresie et al., 2018; Seifu and Tassew, 2014).
The hygienic conditions of the informal markets are not monitored or sustainably maintained
(SNV, 2008; Mohamed et al., 2004; Kebede et al., 2019; Tsehay, 2001; Tsadkan and Gurja, 2018).
According to the Central Statistics Agency (CSA), of the total urbanmilk production, 73% is
sold, 10% is left for household consumption, 9.4% goes to calves and 7.6% is processed into
butter and cheese (CSA, 2011).
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Table 15. Risk factors associated with producer cottage cheese and Shiga toxin E. coli

Conditions Risk factors Sample Positiv 95% OR X2 p-

examined es % Cl Value

Packaging material  House paint 15 0 0 - - 13.85 0.135

for Buckets

cottage cheese Metal can 14 0 0 - -

handling Plastic bucket 19 2 105 2.6-33.7 1 0.09

The quality of Good 29 0 0 - - 14 0.046*

packaging materials Poor 19 2 105 2.6-33.7 1

Washing Yes 34 2 105 2.6-33.7 1 19 0.248

cottage cheese No 14 0 0 - -

handling

equipment

and

utensils before and

after use
Packaging material ~ Water with 17 1 59 04472 1 0.368
for soap/detergent
cottage cheese S
handling Different herbs 14 0 0 - -
Cold water 17 1 59 04-47.2 1
only
Training relatedto  Yes 21 0 0 - - 19 0.248
safety andquality ) 27 , 105 26337 1

of cottage cheese

Handling

n- Number of cottage cheese producers *-Significant association N- STEC PCR positive samples
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4.6.6. Risk Factors associated with Shiga toxin E. coli contamination at cottage cheese
retailer’s

Out of 48 cottage cheese samples collected from retailers none of them had positive for Shiga
toxin E. coli STEC. Although cottage cheese (ayib), due to its low pH value, does not seem to play a
significant role in the transmission of food-borne diseases, its keeping quality may be reduced by its load

of acid-tolerant microorganisms (Ashenafi, 1990).
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5. Conclusions and Recommendation

The outcome of this study showed that, of raw milk, of pasturized milk and of cottage cheese
were higher than that recommended by Ethiopian and East African Standards which implies the
microbial qualities were poor, as judged from the high values of total bacterial count
(TBC), total coliform count (TCC) and E. coli count.

The counts of TBC, TCC and E. coli had significant differencealong the milk value chain. The raw
milk samples collected from producers and collectors had high TBC and TCC. However, E. coli
had high counts at producers and retailer’s value chain followed by collectors and processors that
can be related to the poor hygienic managements. In addition TBC, TCC and E. coli counts of
cottage cheese samples did not show statistically significant difference between the producer and
retail.

The findings of this study revealed that raw milk; pasteurized milk and cottage cheese
contamination with STEC in high milk producing areas of Ethiopia indicating a significant public
health hazard. The contamination status of the raw milk, pasteurized milk and cottage cheese
samples was considerably different with highest proportion of STEC in raw milk samples. Among the
value chains the largest contamination of STEC positivity was detected from collectors mainly
due to the hygienic condition of the collection center which was poor. Most STEC positive
producer cottage cheese samples comefrom the poor quality of packaging materials used for
handling.

In general, the presence of these pathogens could be attributed to the poor sanitary conditions of
person in contact with the milk and its products, poor storage and transportation
mechanisms/equipment, unclean milk and cheese storage equipment, poor handling mechanism
and failure in maintaining storage temperature, lack of cool transportation and distribution

systems also contributes to the spoilage of milk and milk products.

Most of the STEC and E coli O157:H7 isolates were subjected to antibiotic sensitivity test showed
different degrees of resistance against the antibiotic discs tested, including ampicillin, tetracycline
and oxyteteracycline. This is an indication that there is a need for extensive study on the
occurrence, risk factors and genetic back ground of antimicrobial resistance of STEC and E coli
O157:H7 in the study area.

62



As a number of people in Ethiopia consider raw milk as safe and consumed it without further
processing, there is a higher possibility that high risk group will consume contaminated milk and
milk products and may contract severe illness and hemolytic uremic syndrome. Particularly, the
highest presence of STEC and E. coli 0157 H7 in raw milk poses public health threat to
consumers especially for the very young children, the elder and immune-compromised

individuals.
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Based on the findings from this study the following recommendations are forwarded:

» Proper milking management methods such as pre milking udder preparation, proper
removal of the milk and post milking teat dipping should be introduced and promoted.

» Efficient milk cooling system at affordable prices is required along the value chain. Since
there is a long time interval between milking and delivery.

» Sustainable awareness should be created on the hygienic milk production and handling
practice along the value chain.

» Establishing milk processing plants around high milk producing areas, could contribute
towards reducing further contamination of milk due to time elapsed duringtransportation.

» Training should also be given to milk processors on Good Manufacturing Practices and
Hazard Analysis Critical Control Point (HACCP) so as to identify and avoid
contamination of milk and milk products.

» Actors in each critical point should perform basic laboratory tests for at least indicator
microorganisms.

» Regulatory bodies should conduct sustainable monitoring activities along the value
chain.

» Other diarheagenic pathogen and virulence genes of E. coli should be investigated.

» Further studies should be recommended to verify the uses of Petrifim for E. coliO157:
H7.

» Use active drugs like Chloramphenicol and Ciprofloxacin is recommended in controlling
E. coli infections in dairy cows. In addition, Regular antimicrobial susceptibility

surveillance should be accustomed.

64



6. References

Abebaw, D., & Haile, M. G. (2013). The impact of cooperatives on agricultural technology adoption: Empirical
evidence from Ethiopia. Food policy, 38, 82-91.

Abebe Bereda, Zelalem Yilma and Ajebu Nurfeta. (2012). Hygienic and microbial quality of raw whole cow milk

produced in Ezha district of the Gurage zone, Southern Ethiopia. Wudpecker Journal of Agricultural Research
1(11):459 — 465

Abebe Bereda, Mohammed Yesuf Kurtu and Zelalem Yilma , (2014). Handling, Processing and Utilization of
Milk and Milk Products in Ethiopia. World Journal of Dairy & Food Sciences 9 (2): 105-112

Abera M., Demie B., Aragaw K., Regassa F. and Regassa A. (2010): Isolation and identification
of Staphylococcus aureus from bovine mastitic milk and their drug resistance patterns in

Adama town, Ethiopia. Journal of Veterinary Medicine and Animal Health, 2: 29-34.

Abreham, S., Teklu, A., Cox, E., & Tessema, T. S. (2019). Escherichia coli O157: H7: distribution, molecular
characterization, antimicrobial resistance patterns and source of contamination of sheep and goat
carcasses at an export abattoir, Mojdo, Ethiopia. BMC microbiology, 19(1), 1-14.

Abunna, F., Worku, H., Gizaw, F., Ragassa, F., Ayana, D., & Amenu, K. (2018). Assessment of postharvest
handling practices, quality and safety of milk and antimicrobial susceptibility profies of Escherichia coli

0157: H7 isolated from milk in and around Asella town, Oromia, Ethiopia. Annals of Public Health and
Research, 5, 1072.

Adane, B. T., Getu, A. A., Akililu, Z., & Feleke, F. B. (2020). Value Chain Analysis of Smallholder Dairy
Production in Debark District, Ethiopia.

Adam, M. and Moss, M. (2008): Food microbiology. 3rd Edition. Cambridge, UK: Royal

Addo K, Mensah I, Anning G, Nartey N, Nipah K, et al. (2011) Microbiological quality and antibiotic residues

in informally marketed raw cow milk within the coastal savannah zone of Ghana. Tropical Medicine
and International Health 16(2): 227-232

Adil S, Iman H (2011) Enumeration and identification of coliform bacteria from raw milk in Khartoum State,
Sudan. Journal of Cell and Animal Biology 5(7): 121-128

Adugna, M., Seifu, E., Kebeded, A., & Doluschitz, R. (2013). Quality and safety of camel milk along the value
chain in Eastern Ethiopia. International Journal of Food Studies, 2(2).

65



AGP (Agricultural Growth Program), (2013). Livestock Market Development Project.
Ahmed, A. A., Moustafa, M. K., & Marth, E. H. (1983). Incidence of Bacillus cereus in milk and some milk
products. Journal of Food Protection, 46(2), 126-128.

Ahmed M. E. (2009). The association between bulk tank milk analysis for raw milk quality and on farm manage

practices. URL: udini.proquest.com/view/the-association-between-bulktankpqid:1855008811/

Ahmed sham, M., Amza, N., & Tamiru, M. (2018). Review on milk and milk product safety, quality assurance

and control. International Journal of Livestock Production, 9(4), 67-78.

Akhmedov AM, Safarova AM, Kravchenko TA, Allieva BN (1976). Hygiene and microbiological Quality of

milk from some state farmers in Azerbaidzhan. Doklady akademic. Nauk Azerbaidzhan. Skoi. SSR.

Alehegne Wubete, Bayleyegn Molla, and Kelay Belihu. (2004). Bacteriological quality of bovine milk in small
hollder dairy farms in Debre Zeit, Ethiopia (Master of Science in Tropical Veterinary Medicine), Addis
Ababa University, Addis Ababa, Ethiopia.

Aleme Asresie, Zelalem Yilma, Eyassu Seifu, Lemma Zemedu, Mitiku Eshetu, and Mohammed Kurtu. (2018).
Handling, Processing, Utilization and Marketing of Ayib (Ethiopian Traditional Cottage Cheese)
Varieties Produced in Selected Areas of Eastern Gojjam, Northwester Highlands of Ethiopia. Open
Journal of . Animal. Science., 8, 51-73. doi: 10.4236/0jas.2018.81005

Ali, A. A., & Abdelgadir, W. S. (2011). Incidence of Escherichia coli in raw cow’s milk in Khartoum state.
British J Dairy Sci, 2(1), 23-26.

Allos, B. M., lovine, N. M., & Blaser, M. J. (2014). Campylobacter jejuni and related species. In Mandell,

Douglas, and Bennett's principles and practice of infectious diseases (pp. 2485-2493). Elsevier Inc..

Altalhi, A. D., & Hassan, S. A. (2009). Bacterial quality of raw milk investigated by Escherichia coli and isolates

analysis for specific virulence-gene markers. Food control, 20(10), 913-917.

Amentie, T., Eshetu, M., Mekasha, Y., & Kebede, A. (2016). Milk postharvest handling practices across the
supply chain in Eastern Ethiopia. Journal of advanced veterinary and animal research, 3(2), 112-126

Amin, B. (2017). Bovine mastitis: Prevalence, risk factors and isolation of Streptoccocus Species from small
holders dairy farms in and around Haramaya Town, Eastern Ethiopia Asaminew T. and Eyassu S.
(2011). Microbial quality of raw cow’s milk collected from farmers and dairy cooperatives in Bahir Dar
Zuria and Mecha district, Ethiopia. Journal of . Agricalture. and Biology., 19: 21-27.

Angulo, F. J., LeJeune, J. T., & Rajala-Schultz, P. J. (2009). Unpasteurized milk: a continued public health
threat. Clinical Infectious Diseases, 48(1), 93-100.

Anonymous. (1990). A multiple state outbreak of Salmonella javiana and Salmonella oranienburg infections
66



due to consumption of contaminated Mozzarella cheese and shredded cheese products. Acute Dis.

Epidemiol. Sect., Minnesota Dep. Health, St. Paul

Anonymous. (1991). Salmonella enteritidis associated with home-made ice cream. Communicable Dis. Rep.
1:175.

Anteneh, B. (2010). Cattle milk and meat production and marketing systems and opportunities for market-
orientation in Fogera woreda, Amhara region, Ethiopia (Vol. 19). ILRI (aka ILCA and ILRAD).Society
of Chemistry. Pp. 216-224.

Apha, A. (1998). Wef. Standard methods for the examination of water and wastewater, 21, 1378.

Asao, T., Kumeda, Y., Kawali, T., Shibata, T., Oda, H., Haruki, K., ... & Kozaki, S. (2003). An extensive
outbreak of staphylococcal food poisoning due to low-fat milk in Japan: estimation of enterotoxin A in

the incriminated milk and powdered skim milk. Epidemiology and infection, 130(1), 33.

Ashenafi K, Alemu A, Naod T, Biniam T, Asefa A (2016). Tewodros A et al 223 Bacteriological Quality
Assessment of Raw Milk and Cheese in Selected Woreda of Wolaita Zone, Ethiopia. Global Journal
of Science Frontier Research: D Agriculture and Veterinary 16 (6).

Ashenafi, M. (1990). Microbiological quality of Ayib, a traditional Ethiopian cottage cheese. International
Journal of Food Microbiology, 10(3-4), 263-268.

Ashenafi, M. (2006). A review on the microbiology of indigenous fermented foods and beverages of
Ethiopia. Ethiopian Journal of Biological Sciences, 5(2), 189-245

Assefa, A., Regassa, F., Ayana, D., Amenu, K., & Abunna, F. (2019). Prevalence and antibiotic susceptibility
pattern of Escherichia coli O157: H7 isolated from harvested fish at Lake Hayq and Tekeze dam,
Northern Ethiopia. Heliyon, 5(12), e02996.

Atawodi, S. E., Atawodi, J. C., & Dzikwi, A. A. (2010). polymerase chain reaction: theory, practice and
application: A REVIEW.

Ayano, A. A., Hiriko, F., Simyalew, A. M., & Yohannes, A. (2013). Prevalence of subclinical mastitis in
lactating cows in selected commercial dairy farms of Holeta district. Journal of Veterinary Medicine
and Animal Health, 5(3), 67-72.

Banatvala, N., Griffin, P. M., Greene, K. D., Barrett, T. J., Bibb, W. F., Green, J. H., & Wells, J. G. (2001). The
United States national prospective hemolytic uremic syndrome study: microbiologic, serologic, clinical,

and epidemiologic findings. The Journal of infectious diseases, 183(7), 1063-1070.

Banik, S. K., Das, K. K., & Uddin, M. A. (2014). Microbiological quality analysis of raw, pasteurized, UHT
milk samples collected from different locations in Bangladesh. Stamford journal of microbiology, 4(1),

67



5-8.

Banwart, G. (2012). Basic food microbiology. Springer Science & Business Media.Becker, A., & Writer, S.
(2005). Alberta E. coli outbreak tied to milk shakes. Calgary Herald, 11-13.

Baron, S. (1996). Leptospira--Medical Microbiology. University of Texas Medical Branch at Galveston.

Bartlett, J. M., & Stirling, D. (2003). A short history of the polymerase chain reaction. In PCR protocols (pp.

3-6). Humana Press.

Bavaro, M. F. (2009). Escherichia coli O157: what every internist and gastroenterologist should know. Current

gastroenterology reports, 11(4), 301-306.

Bedasa, S., Shiferaw, D., Abraha, A., & Moges, T. (2018). Occurrence and antimicrobial susceptibility profile
of Escherichia coli 0157: H7 from food of animal origin in Bishoftu town, Central

Ethiopia. International Journal of Food Contamination, 5(1), 1-8.

Bekele Aysheshim, Fekadu Beyene, and Mitiku Eshetu. (2015). Handling , processing and marketing of cow
milk in urban and peri urban area of Dangila Town , Western Amhara Region , Ethiopia. Glob. J. Food
Sci. Technol., 3(3), 159-174.

Bekele Godefay, and Molla Bayelegn. (2000). Bacteriological qaulity of raw cow’s milk from four dairy farms
and a milk collection center in and around Addis Ababa. Berl. Munch Tierarzti. Wschr., 113, 276-278.

Bekele, T., Zewde, G., Tefera, G., Feleke, A. and Zerom, Z. (2014): Escherichia coli O157:H7 in Raw Meat in
Addis Ababa, Ethiopia: Prevalence at an Abattoir and Retailers and Antimicrobial Susceptibility.

International Journal of Food Contamination, 1:4

Beneduce, L., SPANO, G. and MASSA, S. (2003): Escherichia coli O157:H7 general characteristics, isolation
and identification techniques. Ann. Microbiol., 53 (4): 511-527

Bentancor, A. B., Ameal, L. A., Calvifio, M. F., Martinez, M. C., Miccio, L., & Degregorio, O. J. (2012). Risk
factors for Shiga toxin-producing Escherichia coli infections in preadolescent schoolchildren in Buenos
Aires, Argentina. The Journal of Infection in Developing Countries, 6(05), 378-386.

Bereda, A., Eshetu, M., & Yilma, Z. (2014). Microbial properties of Ethiopian dairy products: A review. African
Journal of Microbiology Research, 8(23), 2264-2271.

Bereda, A., Yilma, Z., & Nurfeta, A. (2012). Hygienic and microbial quality of raw whole cow’s milk produced
in Ezha district of the Gurage zone, Southern Ethiopia. Wudpecker Journal of Agricultural
Research, 1(11), 459-465.

Berhanu D, Jemaneh .S. (2007). Heading towards commercialization the case of live animal marketing in

68



Ethiopia.

Besser, T., Lejeune, J., Rice, D. and Hancock, D. (2003): Prevention and Control of E. coli O157:H7. In:
Torrence, M. and Isaacson, R. (eds). Microbial Food Safety in Animal Agriculture Current Topics, lowa
State Presses. A Blackwell Publishing Company, USA, Pp 155-166.

Bettelheim, K. A., & Goldwater, P. N. (2014). Serotypes of non-O157 Shigatoxigenic Escherichia coli
(STEC). Advances in Microbiology, 2014.

Betelnem, Adane, Abebaw Abibo Getu, Zework Akililu, Fikremariam Birara Feleke (2020) Value Chain

Analysis of Smallholder Dairy Production in Debark District, Ethiopia. research Square

Beyene, B. E. T. E. L. A. (2015). Review on value chain analysis of dairy products in Ethiopia College of
Agriculture and Veterinary Medicine. J. Econ. Sustain, 26-37.

Binyam K (2008). Cottage cheese production in Shashemene and the role of rue (Rutachalepensis) and garlic
(Allium sativum) on its quality and shelf life.[JHawassa, Ethiopia: Hawassa University, MSc Thesis.

Birhanu, S., Tolemariam, T., & Tolosa, T. (2013). Microbiological quality of Ayib, traditional Ethiopian cottage
cheese, in Jimma area, South-West Ethiopia. African Journal of Microbiology Research, 7(32), 4169-
4175.

Blanco, M., Blanco, J. E., Dahbi, G., Alonso, M. P., Mora, A., Coira, M. A., ... & Blanco, J. (2006).
Identification of two new intimin types in atypical enteropathogenic Escherichia coli. International
microbiology: the official journal of the Spanish Society for Microbiology, 9(2), 103-110.

Blackmon, J. R. (2017). An evaluation of environmental health threats associated with stream discharge from

Town Creek in Greenville, North Carolina

Blaser, M. (2000) Campylobacter jejuni and related species. In: Principles and Practices of Infectious Diseases.
(Mandell, G.L., Douglas, R.G., Bennett, J.E. and Dolin, R. eds.), Churchill Livingstone, Philadelphia.
USA. pp. 2276-2285

Blodgett, R., & Food and Drug Administration. (2010). Bacteriological Analytical Manual, Appendix 2 Most
Probable Number from Serial Dilutions. Food and Drug Administration. Disponivel em:< https://www.
fda. gov/Food/FoodScienseRese arch/LaboratoryMethods/ucm109656. htm# tab, 1.

Boisen, N., Scheutz, F., Rasko, D. A., Redman, J. C., Persson, S., Simon, J., ... & Nataro, J. P. (2012). Genomic
characterization of enteroaggregative Escherichia coli from children in Mali. Journal of Infectious
Diseases, 205(3), 431-444.

69



Bolton D. J., O’Neill C. J., Duffy G., Baylis C., Tozzoli R., Wasteson Y., et al. (2009): Ecology of pathogenic
Escherichia coli. ISBN 1841705357, Teagasc, Dublin.

Bolwig, S., Ponte, S., Du Toit, A., Riisgaard, L., & Halberg, N. (2010). Integrating poverty and environmental
concerns into value-chain analysis: a conceptual framework. Development policy review, 28(2), 173-
194.

Brandal, L. T., Lindstedt, B. A., Aas, L., Stavnes, T. L., Lassen, J., & Kapperud, G. (2007). Octaplex PCR and
fluorescence-based capillary electrophoresis for identification of human diarrheagenic Escherichia coli
and Shigella spp. Journal of microbiological methods, 68(2), 331-341.

Brandal, L. T., Sekse, C., Lindstedt, B. A., Sunde, M., Lgbersli, I., Urdahl, A. M., & Kapperud, G. (2012).
Norwegian sheep are an important reservoir for human-pathogenic Escherichia coli 026: H11. Applied
and environmental microbiology, 78(12), 4083-4091.

Brooks, J. C., Martinez, B., Stratton, J., Bianchini, A., Krokstrom, R., & Hutkins, R. (2012). Survey of raw milk
cheeses for microbiological quality and prevalence of foodborne pathogens. Food Microbiology, 31(2),
154-158.

Book, F. B. B., Microorganisms, F. P., & Handbook, N. T. (2009). Staphylococcus aureus. Center for Food
Safety and Applied Nutrition: College Park, MD, USA.

Browning, N. G., Botha, J. R., Sacho, H., & Moore, P. J. (1990). Escherichia coli O157: H7 haemorrhagic
colitis. Report of the first South African case. South African journal of surgery. Suid-Afrikaanse tydskrif
vir chirurgie, 28(1), 28-29.

Buchanan, R. and Doyle, M. (1997): Food born disease significance of Escherichia coli O157:H7 and other
Enterohemorrhagic E. coli. Food Technology, 51: 69-76.

Bukuku, J. N. (2013). Awareness of health risks as a result of consumption of raw milk in Arusha City and

Meru District, Tanzania (Doctoral dissertation, Sokoine University of Agriculture).

Buvens, G., Possé, B., De Schrijver, K., De Zutter, L., Lauwers, S., & Piérard, D. (2011). Virulence profiling
and quantification of verocytotoxin-producing Escherichia coli 0145: H28 and 026: H11 isolated
during an ice cream-related hemolytic uremic syndrome outbreak. Foodborne Pathogens and
Disease, 8(3), 421-426.

Callaway, T. R., Carr, M. A., Edrington, T. S., Anderson, R. C., & Nisbet, D. J. (2009). Diet, Escherichia coli
0157: H7, and cattle: a review after 10 years.

Cancino-Padilla, N., Fellenberg, M. A., Franco, W., Ibéfiez, R. A., & Vargas-Bello-Pérez, E. (2017). Foodborne
70



bacteria in dairy products: Detection by molecular techniques. International Journal of Agriculture and
Natural Resources, 44(3), 215-229.

Canizalez-Roman, A., Gonzalez-Nufiez, E., Vidal, J. E., Flores-Villasefior, H., & Leodn-Sicairos, N. (2013).
Prevalence and antibiotic resistance profiles of diarrheagenic Escherichia coli strains isolated from food

items in northwestern Mexico. International journal of food microbiology, 164(1), 36-45.

Carbas, B., Cardoso, L., & Coelho, A. C. (2013). Investigation on the knowledge associated with foodborne
diseases in consumers of northeastern Portugal. Food Control, 30(1), 54-57.

Carloni, E., Petruzzelli, A., Amagliani, G., Brandi, G., Caverni, F., Mangili, P. and Tonucci, F. (2016). Effect
of farm characteristics and practices on hygienic quality of ovine raw milk used for artisan cheese
production in central Italy. Anim. Sci. J., 87, 591-599. doi: doi: 10.1111/asj.12452

Centers for Disease Control and Prevention (CDC. (2003). Multistate outbreak of Salmonella serotypbue
Typhimurium infections associated with drinking unpasteurized milk--1llinois, Indiana, Ohio, and
Tennessee, 2002-2003. MMWR. Morbidity and mortality weekly report, 52(26), 613-615.

Centers for Disease Control and Prevention (CDC. (2004). Preliminary FoodNet data on the incidence of
infection with pathogens transmitted commonly through food--selected sites, United States,
2003. MMWR. Morbidity and mortality weekly report, 53(16), 338-343.

C. D. C. (2011). Estimates of foodborne illness in the United States. Atlanta: Center for Disease Control and
Prevention (CDC).

Centers for Disease Control and Prevention. (2014). National center for emerging and zoonotic infectious
diseases. Internet address: http://www.gov/nczved/divisions/dfomd/diseases/campylobacter/technical.

ht ml. Accessed Jan.

Chizhikov, V., Rasooly, A., Chumakov, K., & Levy, D. D. (2001). Microarray analysis of microbial virulence
factors. Applied and environmental microbiology, 67(7), 3258-3263.

Central Statistical Authority (2014) Ethiopia Sample survey Enumeration. Addis Ababa, Ethiopia

Central Statistical Agency (2017) Agricultural sample survey: Federal Democratic Republic of Ethiopia
statistical report on livestock and livestock characteristics

CFSPH (Center for Food Security and Public Health) (2016): Enterohemorhagic E. coli and other E. coli
causing HUS. lowa state University College of veterinary medicine, institution for international

cooperation in animal biologics, Ames, lowa. Pp. 1-15

71



Chekabab, S. M., Paquin-Veillette, J., Dozois, C. M., & Harel, J. (2013). The ecological habitat and
transmission of Escherichia coli 0157: H7. FEMS microbiology letters, 341(1), 1-12.

Cheng, H.-R., Jiang, N., (2006). Extremely rapid extraction of DNA from bacteria and yeasts. Biotechnol. Lett. 28, 55—
59.

Chinen, I., Tanaro, J. D., Miliwebsky, E., Lound, L. H., Chillemi, G., Ledri, S., ... & Rivas, M. (2001). Isolation
and characterization of Escherichia coli O157: H7 from retail meats in Argentina. Journal of food
protection, 64(9), 1346-1351.

Church, D. L., Emshey, D., Semeniuk, H., Lloyd, T., & Pitout, J. D. (2007). Evaluation of BBL 0157 in a
centralized regional clinical microbiology laboratory. Journal of clinical microbiology, 45(9), 3098-
3100.

Clinical Laboratory Standards Institute. (2012). Performance standards for antimicrobial disk susceptibility
tests; Approved standard— CLSI document M2-A9. 26:1. Clinical Laboratory Standards Institute,
Wayne, PA.

Clesceri, L.S., Greenberg, A.E., and Eaton, A.D., eds., (1998), Standard Methods for the Examination of Water
and Wastewater, 20th ed., APHA, Washington, D.C., 1325 p.

College of Agric and Life Science (CALS) (2001). Department of Food Science. Cornell University. Dairy
Science facts - Milk quality improvement program (1984 -2001).

Croxen, M. A., Law, R. J., Scholz, R., Keeney, K. M., Wlodarska, M., & Finlay, B. B. (2013). Recent advances
in understanding enteric pathogenic Escherichia coli. Clinical microbiology reviews, 26(4), 822-880.

Croxen, M. A., & Finlay, B. B. (2010). Molecular mechanisms of Escherichia coli pathogenicity. Nature
Reviews Microbiology, 8(1), 26-38.

Crump, J. A, Sulka, A. C., Langer, A. J., Schaben, C., Crielly, A. S., Gage, R., ... & Van Gilder, T. J. (2002).
An outbreak of Escherichia coli O157: H7 infections among visitors to a dairy farm. New England
Journal of Medicine, 347(8), 555-560.

CSA (Central Statistical Agency). (2010): Livestock and livestock characteristics. Agricultural sample survey.
Stat. Bull. 2(468):107

CSA. (2019). Agricultural Sample Survey.Report on Livestock and Livestock Characteristics (Private Peasant
Holdings) (pp. 9-26). Addis Ababa, Ethiopia: Central Statistics Agency (CSA)

CSA (Central Statistical Agency of Ethiopia), (2012). Crop and Livestock Product Utilization, Agricultural

72



Sample Survey: Livestock and Livestock Characteristics.
CSA (2019). Livestock Sample Survey (AgSSLV 2010-2011). Central Statistical Agency of Ethiopia (CSA).

Daigle, F., Harel, J., Fairbrother, J. M., & Lebel, P. (1994). Expression and detection of pap-, sfa-, and afa-
encoded fimbrial adhesin systems among uropathogenic Escherichia coli. Canadian journal of
microbiology, 40(4), 286-291.

Daniel WW (1999). Biostatistics: A Foundation for Analysis in the Health Sciences. 7th edition. New York:
John Wiley & Sons

Daniel, W. W., & Cross, C. L. (2018). Biostatistics: a foundation for analysis in the health sciences. Wiley.

D'aoust, J. Y., Warburton, D. W., & Sewell, A. M. (1985). Salmonella typhimurium phage-type 10 from cheddar
cheese implicated in a major Canadian foodborne outbreak. Journal of food protection, 48(12), 1062-
1066.

Darapheak, C., Takano, T., Kizuki, M., Nakamura, K., & Seino, K. (2013). Consumption of animal source
foods and dietary diversity reduce stunting in children in Cambodia. International archives of
medicine, 6(1), 1-11.

DebRoy, C., Roberts, E., & Fratamico, P. M. (2011). Detection of O antigens in Escherichia coli. Animal health

research reviews, 12(2), 169.

De Buyser, M. L., Dufour, B., Maire, M., & Lafarge, V. (2001). Implication of milk and milk products in food-
borne diseases in France and in different industrialised countries. International journal of food
microbiology, 67(1-2), 1-17.

Dehinenet, G., H. Mekonnen, M. Ashenafi and G. Emmanuelle. (2013). Determinants of raw milk quality under
a smallholder production system in selected areas of Amhara and Oromia National Regional States,
Ethiopia. Agric. Biol. J. N. Am. 4(1): 84-90

Dehinenet Gezie, (2014) Analyses of impact of improved dairy technology adoption on smallholder household
livelihoods and milk value chain in selected zones of oromia and amhara national regional states,

Ethiopia. College of Veterinary Medicine and Agriculture, Addis Ababa Ethiopia

Dehkordi, F. S., Yazdani, F., Mozafari, J., & Valizadeh, Y. (2014). Virulence factors, serogroups and
antimicrobial resistance properties of Escherichia coli strains in fermented dairy products. BMC
research notes, 7(1), 1-8.

De Medici, D., Croci, L., Delibato, E., Di Pasquale, S., Filetici, E., Toti, L., (2003). Evaluation of DNA

73



extraction methods for use in combination with SYBR Green | real-time PCR to detect Salmonella

enterica serotype Enteritidis in poultry. Appl. Environ. Microbiol. 69, 3456-3461.

Demissu Hundie. (2014). Assessment on Peri-Urban Dairy Production System and Evaluation of Quality of
Cows’ Raw Milk: A Case of Shambu, Fincha and Kombolcha Towns of Horro Guduru Wollega Zone,
Ethiopia. Sci. Technol. Arts Res. J. 3(3): 37-43

Demme, B., & Abegaz, S. (2015). Isolation and identification of major bacterial pathogen from clinical mastitis

cow raw milk in Addis Ababa, Ethiopia. Academic Journal of Animal Diseases, 4(1), 44-51.

De Schrijver, K., Buvens, G., Possé, B., VVan den Branden, D., Oosterlynck, C., De Zutter,
L., Eilers, K., Piérard, D., Dierick, K., Van Damme-Lombaerts, R., Lauwers, C., Jakobs, R.,
(2008). Outbreak of verocytotoxin-producing E. coli 0145 and O26 infections associated
with consumption of ice cream produced at a farm, Belgium, 2007. Eurosurveillance 13
(article 8041, 2008-02-14).

Dinu, L. D., & Bach, S. (2011). Induction of viable but nonculturable Escherichia coli O157: H7 in the
phyllosphere of lettuce: a food safety risk factor. Applied and environmental microbiology, 77(23),
8295.

Disassa, N., Sibhat, B., Mengistu, S., Muktar, Y., & Belina, D. (2017). Prevalence and antimicrobial
susceptibility pattern of E. coli O157: H7 isolated from traditionally marketed raw cow milk in and

around Asosa town, western Ethiopia. Veterinary medicine international, 2017.

Diao, X., Hazell, P., & Thurlow, J. (2010). The role of agriculture in African development. World
development, 38(10), 1375-1383.

Domah, C. G., Paul, V. K., Balaya, S., Agarwal, R., Mohapatra, L. N., & Ghai, O. P. (1985). Enteroinvasive
Escherichia coli (EIEC) in sporadic diarrhea in Delhi. The Indian Journal of Pediatrics, 52(5), 529-531.

Donnenberg, M. S. (Ed.). (2002). Escherichia coli: virulence mechanisms of a versatile pathogen (pp. Xxi-xxv).

London, UK:: Academic press.

Dorward, A., Kydd, J., Morrison, J., & Urey, 1. (2004). A policy agenda for pro-poor agricultural growth. World
development, 32(1), 73-89.

Doumith, M., Buchrieser, C., Glaser, P., Jacquet, C., & Martin, P. (2004). Differentiation of the major Listeria
monocytogenes serovars by multiplex PCR. Journal of clinical microbiology, 42(8), 3819-3822.

Dow MA, Téth I, Malik A, Herpay M, Nogrady N, Ghenghesh KS, Nagy B. 2006. Phenotypic and genetic

characterization of enteropathogenic Escherichia coli (EPEC) and entero-aggregative E. coli (EAEC)
74



from diarrhoeal and non-diarrhoeal children in Libya. Comparative journal of Immunology

Microbiology, and Infectious Diseases. 29:100-113

Doyle, M. M., Garcia, S., Bahati, E., Karamuzi, D., Cullor, J. S., & Nandi, S. (2015). Microbiological analysis

of raw milk in Rwanda. African Journal of Food Science and Technology, 6(5), 141-143.

Duquenne, M., Fleurot, 1., Aigle, M., Darrigo, C., Borezée-Durant, E., Derzelle, S., ... & Delacroix-Buchet, A.
(2010). Tool for guantification of staphylococcal enterotoxin gene expression in cheese. Applied and

environmental microbiology, 76(5), 1367-1374.

East African Community, (2006). East African Standard Pasteurized Milk Specification, EAS 69:2006, ICS
67.100.

El-Diasty, E. M., & El-Kaseh, R. M. (2009). Microbiological monitoring of raw milk and yoghurt samples
collected from El-Beida city. Arab journal of biotechnology, 12(1), 57-64.

Ekici, G., & Dumen, E. (2019). Escherichia coli and food safety. In The Universe of Escherichia coli.
IntechOpen.

Elhadidy, M., Elkhatib, W. F., Elfadl, E. A. A., Verstraete, K., Denayer, S., Barbau-Piednoir, E., ... &
Heyndrickx, M. (2015). Genetic diversity of Shiga toxin-producing Escherichia coli O157: H7

recovered from human and food sources. Microbiology, 161(1), 112-119.

El-Seisy, A. G., Khalil, S. A., Khadr, A. M., & Abdellrazeq, G. S. (2011). Serotypes and virulence genes of
Shiga Toxin producing Escherichia coli isolated from cattle. Alexandria Journal of Veterinary
Sciences, 32(1), 163-173.

Elmoslemany, A. M., Keefe, G. P., Dohoo, I. R., Wichtel, J. J., Stryhn, H., & Dingwell, R. T. (2010). The
association between bulk tank milk analysis for raw milk quality and on-farm management

practices. Preventive veterinary medicine, 95(1-2), 32-40.

El Zubeir, I. E., & Ahmed, M. 1. (2007). The hygienic quality of raw milk produced by some dairy farms in
Khartoum State, Sudan. Research Journal of Microbiology, 2(12), 988-991.

Emana, B. (2009). Cooperatives: a path to economic and social empowerment in Ethiopia. Dar es Salaam: ILO.

Erb, A., Sturmer, T., Marre, R., & Brenner, H. (2007). Prevalence of antibiotic resistance in Escherichia coli:
overview of geographical, temporal, and methodological variations. European Journal of Clinical
Microbiology & Infectious Diseases, 26(2), 83-90.

Escher, M., Scavia, G., Morabito, S., Tozzoli, R., Maugliani, A., Cantoni, S, ... & Caprioli, A. (2014). A severe

75



foodborne outbreak of diarrhoea linked to a canteen in Italy caused by enteroinvasive Escherichia coli,

an uncommon agent. Epidemiology & Infection, 142(12), 2559-2566.

Esparza-Gordillo, J., de Jorge, E. G., Garrido, C. A., Carreras, L., Lopez-Trascasa, M., Sdnchez-Corral, P., &
de Cérdoba, S. R. (2011). Insights into hemolytic uremic syndrome: segregation of three independent

predisposition factors in a large, multiple affected pedigree. Molecular immunology, 43(11), 1769

ES ISO 6579-1:2018 Ethiopian Standard. Second Edition. Microbiology of the food chain Horizontal method
for the detection and enumeration of Salmonella spp. Published by Ethiopian Standards Agency.

Ethiopian Standard (ES): Unprocessed Whole/Raw Cow Milk Specification. 2nd ed., 2009, ES: 3460:20009.

European Centre for Disease Prevention, & Control. (2012). Annual Epidemiological Report Reporting on 2010
Surveillance Data and 2011 Epidemic Intelligence Data. European Centre for Disease Prevention and

Control.

Eyassu Seifu, and Asaminew Tassew. (2014). Small-scale milk processing, utilization and marketing of
traditional dairy products in Bahir dar zuria and mecha districts, northwestern Ethiopia. J. Food Sci.
Technol. Res., 1(2), 122-132. doi: 10.18488/journal.58/2014.1.2/58.2.122.132

Eyasu Tigabu, Daniel Asrat, Tadesse Kassa, Thomas Sinmegn, Bayleyegn Molla, and Wondwossen Gebreyes.
(2015). Assessment of Risk Factors in Milk Contamination with Staphylococcus aureus in Urban and
Peri-Urban Small-Holder Dairy Farming in Central Ethiopia. Zoonoses Public HlIth, 62, 637-643. doi:
10.1111/zph.12199

FAO, Rome ltaly, (1990). The technology of traditional milk Z . products in developing countries. FAO Animal
production Health Paper, No. 85, 333 pp.

FAO (Food and Agriculture Organization of the United Nations), (2011). Livestock Assets, Livestock Income
and Rural Households Cross-Country Evidence from Household Surveys FAOSTAT

http://www.fao.org/corp/statistics/

FAO/WHO (2018). “Shiga toxin-producing Escherichia coli (STEC) andfood: attribution, characterization, and
monitoring,” in Microbiological Risk Assessment Series (FAO/WHO) (Rome: FAO)

Farrokh, C., Jordan, K., Auvray, F., Glass, K., Oppegaard, H., Raynaud, S., ... & Cerf, O. (2013). Review of
Shiga-toxin-producing Escherichia coli (STEC) and their significance in dairy production. International
journal of food microbiology, 162(2), 190-212.

Fatine H, Abdelmoula E, Doha B, Hinde H (2012). Bacterial Quality of Informally Marketed Raw Milk

in Kenitra City, Morocco. Pakistan Jornal of Nutrition 11(8): 662-669
76


http://www.fao.org/corp/statistics/

Farrokh, C., Jordan, K., Auvray, F., Glass, K., Oppegaard, H., Raynaud, S., ... & Cerf, O. (2013). Review of
Shiga-toxin-producing Escherichia coli (STEC) and their significance in dairy production. International
journal of food microbiology, 162(2), 190-212.

FDA. (1978). Bacteriological Analytical Manual for Foods. 5th ed. Washington, D.C.: Food and Drug

Administration.

FDA (Food and Drug Administration) (2012): Bad bug book: Foodborne pathogenic microorganisms and
natural toxins handbook. 2nd Edition. Silver Spring, USA: US Food and Drug Administration Press. Pp.
74-78.

Felleke, G., Woldearegay, M., & Haile, G. (2010). Inventory of Dairy Policy-Ethiopia. Target Business
Consultants Plc, Netherlands Development Organization (SNV), Addis Ababa, Ethiopia.

Feng, P., & Monday, S. R. (2000). Multiplex PCR for detection of trait and virulence factors in

enterohemorrhagic Escherichia coli serotypes. Molecular and cellular probes, 14(6), 333-337

Fetsch, A., Contzen, M., Hartelt, K., Kleiser, A., Maassen, S., Rau, J., ... & Strommenger, B. (2014).
Staphylococcus aureus food-poisoning outbreak associated with the consumption of ice-

cream. International journal of food microbiology, 187, 1-6.

Food, U. S. (2001). Drug Administration Center for Food Safety & Applied Nutrition Bacteriological Analytical

Manual online.

Fortunate Shija. (2013). Assessment of milk handling practices and bacterial contaminations along the dairy
value chain in Lushoto and Handeni districts, Tanzania. (Master of science in public health and food

safety ), Sokoine University of Agriculture Tanzania

Flannigan, B., Samson, R. A., & Miller, J. D. (Eds.). (2016). Microorganisms in home and indoor work

environments: diversity, health impacts, investigation and control. CRC press.

Frank, C., Werber, D., Cramer, J. P., Askar, M., Faber, M., an der Heiden, M., ... & Krause, G. (2011). Epidemic
profile of Shiga-toxin—producing Escherichia coli O104: H4 outbreak in Germany. New England
Journal of Medicine, 365(19), 1771-1780

Frenzen, P. D., Drake, A., & Angulo, F. J. (2005). Economic cost of illness due to Escherichia coli 0157
infections in the United States. Journal of food protection, 68(12), 2623-2630.

Fuentes, E., Bogue, J., Gomez, C., Vargas, J. and Le Gal, P. (2014). Effects of dairy husbandry practices and
farm types on raw milk quality collected by different categories of dairy processors in the Peruvian

Andes. Trop Anim Health Prod, 46, 1419-1426. doi: DOI 10.1007/s11250-014-0658-6
77



Fufa Abunna, Nigus Tasew, Fikru Ragassa, Dinka Ayana, and Kebede Amenu. (2019). Handling Practices,
Quality and Safety of Milk along the Dairy Value Chains in Selected Sub Cites of Addis Ababa,
Ethiopia. Biomed J Sci and Tech, 13(1), 1-14. doi: 10.26717/ BJSTR.2019.13.002330

Gallagher, S. R., & Wiley, E. A. (Eds.). (2010). Current protocols essential laboratory techniques. John Wiley
& Sons.

Garedew, L., Berhanu, A., Mengesha, D., & Tsegay, G. (2012). Identification of gram-negative bacteria from
critical control points of raw and pasteurized cow milk consumed at Gondar town and its suburbs,
Ethiopia. BMC public health, 12(1), 1-7.

Gebre-Sellassie, S. (2007): Antimicrobial resistance patterns of clinical bacterial isolates in southern Ethiopia.
Ethiopian Medical Journal. 2007; 45(4): 363-370.

Gebremedhin, B., Hoekstra, D., & Jemaneh, S. (2007). Heading towards commercialization? The case of live

animal marketing in Ethiopia.

Geimba, M. P., Tondo, E. C., de OLIVEIRA, F. A, Canal, C. W., & Brandelli, A. (2004). Serological
characterization and prevalence of spvR genes in Salmonella isolated from foods involved in outbreaks
in Brazil. Journal of food protection, 67(6), 1229-1233.

Gemechu, T., Beyene, F., & Eshetu, M. (2015). Physical and chemical quality of raw cows milk produced and
marketed in Shashemene Town, Southern Ethiopia. ISABB Journal of Food and Agricultural
Sciences, 5(2), 7-13.

Gemechu, A. T. (2016). Assessment of safety and quality of raw whole cow milk produced and marketed by

smallholders in Central highlands of Ethiopia. Assessment, 49.

Gemechu, A. T., & Tola, Y. B. (2017). Traditional butter and ghee production, processing and handling in
Ethiopia: A review. African Journal of Food Science, 11(4), 95-105.

Gemeda, D. I, Geleta, F. T., & Gesese, S. A. (2018). Determinants of Dairy Product Market Participation of
the Rural Households’ The Case of Adaberga District in West Shewa Zone of Oromia National Regional
State, Ethiopia. J Bus Fin Aff, 7(362), 2167-0234.Gereffi, G. (2014). Global value chains in a post-

Washington Consensus world. Review of international political economy, 21(1), 9-37.

Gezu Tadesse, Haftu Kebede and Sefa Salo. (2015). Production, processing and constraints of cow milk in and
around Hosanna Town, Hadya Zone, Southern, Ethiopia. Glob. J. Dairy Farm. Milk Prod., 3(3), 092-
098.

Ghilu, S., Yilma, Z., & Banerjee, S. (2012). Quality And Marketing Of Milk And Milk Products In Ethiopia:
78



Assessment of Quality and Marketing of Milk and Milk Products in the Central Highland of Ethiopia.
LAP LAMBERT Academic Publishing

Giangiacomo, R. (2001). Milk testing, quality control, hygiene and safety.

Giacomazzi, S., Leroi, F., Joffraud, J.-J., (2005). Comparison of three methods of DNA extraction from cold-
smoked salmon and impact of physical treatments. J. Appl. Microbiol. 98 (5), 1230-1238

Godefay, B., & Molla, B. (2000). Bacteriological quality of raw cow's milk from four dairy farms and a milk
collection centre in and around Addis Ababa. Berliner und Munchener Tierarztliche
Wochenschrift, 113(7-8), 276-278.

Goldwater, P. N., & Bettelheim, K. A. (2012). Treatment of enterohemorrhagic Escherichia coli (EHEC)
infection and hemolytic uremic syndrome (HUS). BMC medicine, 10(1), 1-8.

Gonfa, A., Foster, H. A., & Holzapfel, W. H. J. I. J. 0. F. M. (2001). Field survey and literature review on
traditional fermented milk products of Ethiopia. 68(3), 173-186.

Gonzalez, A. G., Rosa, A. C., Andrade, J. R., & Tibana, A. (2000). Enteropathogenicity markers in Escherichia
coli strains isolated from soft white cheese and poultry in Rio de Janeiro, Brazil. Food
Microbiology, 17(3), 321-328.

Gould, L. H., Demma, L., Jones, T. F., Hurd, S., Vugia, D. J., Smith, K., ... & Emerging Infections Program
FoodNet Working Group. (2009). Hemolytic uremic syndrome and death in persons with Escherichia
coli O157: H7 infection, foodborne diseases active surveillance network sites, 2000-2006. Clinical
Infectious Diseases, 49(10), 1480-1485.

Guerrant, R.L. (2000) Campylobacter enteritis. In: Textbook of Medicine. (Cecil, R.L. and Goldman, L. eds.),
W.B. Saunders company, Philadelphia, USA. pp. 1687-1690.

Guglielmotti, D. M., Mercanti, D. J., Reinheimer, J. A., & Quiberoni, A. D. L. (2012). Efficiency of physical

and chemical treatments on the inactivation of dairy bacteriophages. Frontiers in microbiology, 2, 282.

Gunzburg, S. T., Chang, B. J., Elliott, S. J., Burke, V., & Gracey, M. (1993). Diffuse and enteroaggregative
patterns of adherence of enteric Escherichia coli isolated from aboriginal children from the Kimberley

region of Western Australia. Journal of Infectious Diseases, 167(3), 755-758.

Gyles, C. L. (2007). Shiga toxin-producing Escherichia coli: an overview. Journal of animal
science, 85(suppl_13), E45-E62.
Korma, H., Nurfeta, A., & Negera, E. (2018). Microbiological quality and safety of milk production and
marketing in Hawassa district, Ethiopia. African Journal of Microbiology Research, 12(25), 587-594.
79



Haile, G. (2009, November). The impact of global economic and financial crises on the Ethiopian dairy industry.
In Impact of the global economic crisis on LDC’s productive capacities and trade prospects: threats and
opportunities. A case study: the dairy sector in Ethiopia, document prepared for the Least Developed

Countries Ministerial Conference, Vienna, Austria.

Haile Welearegay, Zelalem Yilma & Yosef Teklegiorgis (2012). Incidence of pathogenic and indicator
bacteria in raw and pasteurized milk in Hawassa city, rift valley of Southern Ethiopia. Africa Saleem,
M., Rahim, 1., Jalali, S., Rueff, H., Khan, M., Maselli, D., ... & Muhammad, S. (2013). Morphological
characterization of Achai cattle in sedentary and transhumant systems in Pakistan. Animal Genetic

Resources/Ressources génétiques animales/Recursos genéticos animales, 52, 83-90.

Haile, S. (2015). Quality assessment of cattle milk in adea berga and ejerie districts of west shoa zone,

Ethiopia (Doctoral dissertation, Haramaya University).

Hennekinne, J. A., De Buyser, M. L., & Dragacci, S. (2012). Staphylococcus aureus and its food poisoning

toxins: characterization and outbreak investigation. FEMS microbiology reviews, 36(4), 815-836.

Henson, S., Jaffee, S., Cranfield, J., Blandon, J., & Siegel, P. (2008). Linking African smallholders to high-

value markets: practitioner perspectives on benefits, constraints, and interventions. The World Bank.

Hernandes, R. T., Elias, W. P., Vieira, M. A., & Gomes, T. A. (2009). An overview of atypical enteropathogenic
Escherichia coli. FEMS microbiology letters, 297(2), 137-149.

Hetzel, M., Bonfoh, B., Farah, Z., Traoré, M., Simbé, C. F., Alfaroukh, I. O., ... & Zinsstag, J. (2004). Diarrhoea,
vomiting and the role of milk consumption: perceived and identified risk in Bamako (Mali). Tropical
Medicine & International Health, 9(10), 1132-1138.

Hill, W. E., & Wachsmuth, K. (1996). The polymerase chain reaction: applications for the detection of
foodborne pathogens. Critical Reviews in Food Science & Nutrition, 36(1-2), 123-173.

Hiko, A., Asrat, D. and Zewde, Z. (2008): Occurrence of E. coli O157:H7 in retail raw meat products in
Ethiopia. The Journal of Infection in Developing Countries, 2(5): 389-393.

Holloway, G., Nicholson, C., Delgado, C., Staal, S., & Ehui, S. (2000). How to make a milk market: A case
study from Ethiopian highlands. Socio-economics and Policy Research Working Paper. International

Livestock Research Institute, Nairobi, 28-38.

Hundie, D., Beyene, F., & Duguma, G. (2015). Dairy productive potential, challenges and production
opportunities of Horro and their F1 Jersey crossbred cows: A case of Guduru Livestock Production and
Research Center and its surroundings, West Oromia, Ethiopia. Science, Technology and Arts Research

80



Journal, 3(4), 79-84.

Hunt, J. M. (2001). Campylobacter. Bacteriological analytical manual, 7.

International Commission on Microbiological Specifications for Foods. (1998). Microbial ecology of food

commodities (Vol. 6). Aspen Publishers.

Igbal, M. A. L. I, Khan, M. A., Daraz, B., & Siddique, U. (2004). Bacteriology of mastitic milk and in vitro

antibiogram of the isolates.

ISO 7218: 2007. (International Standards Organization, (2015). Microbiology of food and animal feeding

stuffs- general requirements and guidance for microbiological examination. No.7218. pp. 8-15.

ISO, E. (2001). 16654 (2001) Microbiology of food and animalfeeding stuffs—Horizontal method for the
detection of Escherichia coli 0157. European Standard, 1st ed., BSI, London, UK

Italia, J. T., Rovira, H. G., Masangkay, J. S., Yoshikawa, Y., Perez, M. T. M., Reyes, A. W. B., & Baticados,
W. N. (2012). Conventional isolation and polymerase chain reaction assay for detection of Escherichia
coli O157: H7 from intestines of philippine bats. Veterinarski arhiv, 82(3), 283-294.Jasson, V.,
Jacxsens, L., Luning, P., Rajkovic, A., & Uyttendaele, M. (2010). Alternative microbial methods: An

overview and selection criteria. Food microbiology, 27(6), 710-730.
Johnson, K. M. 1984. Bacillus cereus foodborne illness-an update. Journal Food Protection. 47:145-153

Johnson, W. M., & Tyler, S. D. (1993). PCR detection of genes for enterotoxins, exfoliative toxins, and toxic
shock syndrome toxin-1 in Staphylococcus aureus. In D. H. Persing, T. F. Smith, F. C. Tenover, & T. J.
White (Eds.). Diagnostic molecular Microbiology. Principles and Applications (pp. 294-299).
Washington, D.C: American Society for Microbiology.

Kagkli DMM, Vancanneyt P, Vandamme CH, Cogan TM (2006). Contamination of milk by enterococci and

coliforms from bovine faeces. Journal Applied Microbiology, 1364-507.

Kamana, O., Jacxsens, L., Kimonyo, A., & Uyttendaele, M. (2017). A survey on hygienic practices and their
impact on the microbiological quality and safety in the Rwandan milk and dairy chain. International
Journal of Dairy Technology, 70(1), 52-67

Kaper, J. B., Nataro, J. P., & Mobley, H. L. (2004). Pathogenic escherichia coli. Nature reviews
microbiology, 2(2), 123-140.

Kaplinsky, R. and M. Morris, (2001). A handbook for value chain research, prepared for the IDRC in the

Bellagio workshop.

81



Karmali, M. A. (2009). Host and pathogen determinants of verocytotoxin-producing Escherichia coli-associated

hemolytic uremic syndrome. Kidney International, 75, S4-S7.

Karmali, M. A., Gannon, V., & Sargeant, J. M. (2010). Verocytotoxin-producing Escherichia coli
(VTEC). Veterinary microbiology, 140(3-4), 360-370. ril

Karimuribo, E. D., Gallet, P. L., Ng'umbi, N. H., Matiko, M. K., Massawe, L. B., Mpanduji, D. G., & Batamuzi,
E. K. (2015). Status and factors affecting milk quality along the milk value chain: a case of Kilosa
district, Tanzania. Livestock Research for Rural Development, 27(3).

Kas K, Mégnanou RM, Akpa EE, Assidjo NE, Niamké LS (2013) Evaluation of physico-chemical, nutritional
and microbiological quality of raw cow’s milk usually consumed in the central part of Ivory Coast.
Afr J Food Agric Nutr Dev 13: 7888-7904

Kawasaki, S., Fratamico, P. M., Horikoshi, N., Okada, Y., Takeshita, K., Sameshima, T., & Kawamoto, S.
(2009). Evaluation of a multiplex PCR system for simultaneous detection of Salmonella spp., Listeria
monocytogenes, and Escherichia coli O157: H7 in foods and in food subjected to freezing. Foodborne

pathogens and disease, 6(1), 81-89.

Keba, A., Rolon, M. L., Tamene, A., Dessie, K., Vipham, J., Kovac, J., & Zewdu, A. (2020). Review of the
prevalence of foodborne pathogens in milk and dairy products in Ethiopia. International dairy journal,
104762.

Kebede Amenu, Wieland, B., Szonyi, B. and Grace, D. (2019). Milk handling practices and consumption
behavior among Borana pastoralists in southern Ethiopia. J HEALTH POPUL NUTR, 38(6). doi:
https://doi.org/10.1186/s41043-019-0163-7

Khan, A., Yamasaki, S., Sato, T., Ramamurthy, T., Pal, A., Datta, S., ... & Nair, G. B. (2002). Prevalence and
genetic profiling of virulence determinants of non-O157 Shiga toxin-producing Escherichia coli isolated

from cattle, beef, and humans, Calcutta, India

Kiranmayi, C. B., Krishnaiah, N., & Mallika, E. N. (2010). Escherichia coli O157: H7-An emerging pathogen
in foods of animal origin. Veterinary World, 3(8), 382.

Kivaria, F. M., Noordhuizen, J. P. T. M., & Kapaga, A. M. (2006). Evaluation of the hygienic quality and
associated public health hazards of raw milk marketed by smallholder dairy producers in the Dar es

Salaam region, Tanzania. Tropical Animal Health and Production, 38(3), 185-194.

Kosgey, I. S., Mbuku, S. M., Okeyo, A. M., Amimo, J., Philipsson, J., & Ojango, J. M. (2011). Institutional and

organizational frameworks for dairy and beef cattle recording in Kenya: a review and opportunities for

82


https://doi.org/10.1186/s41043-019-0163-7

improvement. Animal Genetic Resources, 48, 1-11.

Kotloff, K. L., Nataro, J. P., Blackwelder, W. C., Nasrin, D., Farag, T. H., Panchalingam, S., ... & Levine, M.
M. (2013). Burden and aetiology of diarrhoeal disease in infants and young children in developing
countries (the Global Enteric Multicenter Study, GEMS): a prospective, case-control study. The
Lancet, 382(9888), 209-222.

Kweka A (2002) Quality and antibiotic residues in milk obtained in Tanga, Tanzania. Msc thesis, Sokoine

University of Agriculture, Morogoro, Tanzania.

Lee, P. Y., Costumbrado, J., Hsu, C. Y., & Kim, Y. H. (2012). Agarose gel electrophoresis for the separation
of DNA fragments. JOVE (Journal of Visualized Experiments), (62), e3923.

Lee, N., Kwon, K. Y., Oh, S. K., Chang, H. J., Chun, H. S., & Choi, S. W. (2014). A multiplex PCR assay for
simultaneous detection of Escherichia coli O157: H7, Bacillus cereus, Vibrio parahaemolyticus,
Salmonella spp., Listeria monocytogenes, and Staphylococcus aureus in Korean ready-to-eat
food. Foodborne pathogens and disease, 11(7), 574-580.

Lijalem, T., & Zereu, G. (2015). Hygienic Milk Handling and Processing at Farmer Level in Wolaita Zone,

Southern Ethiopia. Food Science and Quality Management www. iiste. org, 41.

Lim Esther LL, Borman Alison, Cressey Peter, Pirie Ruth, (2011). Foodborne disease in New Zealand,. In:

Institute of Environmental Science and Research Limited, ed2012

Lim, J. Y., Yoon, J. W., & Hovde, C. J. (2010). A brief overview of Escherichia coli 0157: H7 and its plasmid
0157. Journal of microbiology and biotechnology, 20(1), 5.

Lima Tribst, A. A., de Souza Sant’Ana, A., & de Massaguer, P. R. (2009). Microbiological quality and safety

of fruit juices—past, present and future perspectives. Critical reviews in microbiology, 35(4), 310-339.

LMD Research Interviews and Reports. (2010). Unpublished research documents from LMD Research, 2012-

13 Land O’Lakes Annual reports, several issues

Lore, T.A., Kurwijila, L.R. and Omore, A. (2006). Hygienic milk production: a training guide for farm-level
workers and milk handlers in Eastern Africa. Nairobi, Kenya: ILRI (International Livestock Research
Institute).

Lovell, R. M., & Ford, A. C. (2012). Global prevalence of and risk factors for irritable bowel syndrome: a meta-

analysis. Clinical gastroenterology and hepatology, 10(7), 712-721.

Magwira, C. A., Gashe, B. A., & Collison, E. K. (2005). Prevalence and antibiotic resistance profiles of

Escherichia coli O157: H7 in beef products from retail outlets in Gaborone, Botswana. Journal of food
83



protection, 68(2), 403-406.

Maher, M. M., Jordan, K. N., Upton, M. E., & Coffey, A. (2001). Growth and survival of E. coli O157: H7
during the manufacture and ripening of a smear-ripened cheese produced from raw milk. Journal of
Applied Microbiology, 90(2), 201-207.

Majowicz, S. E., Scallan, E., Jones-Bitton, A., Sargeant, J. M., Stapleton, J., Angulo, F. J., ... & Kirk, M. D.
(2014). Global incidence of human Shiga toxin—producing Escherichia coli infections and deaths: a

systematic review and knowledge synthesis. Foodborne pathogens and disease, 11(6), 447-455.

McFarland J. Nephelometer: an instrument for media used for estimating the number of bacteria in suspensions used for

calculating the opsonic index and for vaccines. J Am Med Assoc 1907; 14:1176-8

Martorelli, L., Albanese, A., Vilte, D., Cantet, R., Bentancor, A., Zolezzi, G., ... & Cataldi, A. (2017). Shiga
toxin-producing Escherichia coli (STEC) 022: H8 isolated from cattle reduces E. coli O157: H7
adherence in vitro and in vivo. Veterinary microbiology, 208, 8-17.

Mead, P. S., Dunne, E. F., Graves, L., Wiedmann, M., Patrick, M., Hunter, S., ... & Swaminathan, B. (2006).
Nationwide outbreak of listeriosis due to contaminated meat. Epidemiology & Infection, 134(4), 744

Megersa, R., Mathewos, M., & Fesseha, H. (2020). Isolation and identification of Escherichia coli from dairy
cow raw milk in Bishoftu town, Central Ethiopia. Archives of Veterinary and Animal Sciences, 1.

Mekuria, A., & Beyene, T. (2014). Zoonotic bacterial pathogens isolated from food of bovine in selected
Woredas of Tigray, Ethiopia. World Appl Sci J, 31(11), 1864-1868.

Mellmann, A., Bielaszewska, M., Kdéck, R., Friedrich, A. W., Fruth, A., Middendorf, B., ... & Karch, H. (2008).
Analysis of collection of hemolytic uremic syndrome-associated enterohemorrhagic Escherichia

coli. Emerging infectious diseases, 14(8), 1287.

Mennane, Z., Ouhssine, M., Khedid, K., & Elyachioui, M. (2007). Hygienic quality of raw cow’s milk feeding
from domestic waste in two regions in Morocco. International journal of agriculture and biology, 9(1),
46-48.

Mersha, G., Asrat, D., Zewde, B. M., & Kyule, M. (2010). Occurrence of Escherichia coli O157: H7 in faeces,

skin and carcasses from sheep and goats in Ethiopia. Letters in applied microbiology, 50(1), 71-76.

Mesele, F., & Abunna, F. (2019). Escherichia coli O157: H7 in Foods of Animal Origin and its Food Safety
Implications. Advances in Biological Research, 13(4), 134-145.

Mesfine, S., Feyera, T., & Mohammed, O. (2015). Microbiological quality of raw cow’s milk from four dairy
farms in Dire Dawa City, Eastern Ethiopia. World Journal of Dairy & Food Sciences, 10(1), 09-14.

84



Microbiology Research. 12(25):587-594
Millogo, V., Sjaunja, K. S., Ouédraogo, G. A., & Agenas, S. (2010). Raw milk hygiene at farms, processing
units and local markets in Burkina Faso. Food control, 21(7), 1070-1074.

Mitiku Eshetu, Mulu Mamo and Yesihak Yusuf. (2019). Milk Production, Marketing and Quality in Meta
District of Eastern Hararghe Zone, Ethiopia. J. Agric. Sci., 11(5), 535-546. doi: 10.5539/jas.v11n5p535

Montel, M. C., Buchin, S., Mallet, A., Delbes-Paus, C., Vuitton, D. A., Desmasures, N., & Berthier, F. (2014).
Traditional cheeses: rich and diverse microbiota with associated benefits. International journal of food
microbiology, 177, 136-154.

Mohammed, O., Shimelis, D., Admasu P.and Feyera, T. (2014): Prevalence and Antimicrobial Susceptibility
Pattern of E. coli isolates from raw meat samples obtained from Abattoirs in Dire Dawa City, Eastern
Ethiopia. International Journal of Microbiological Research 5 (1): 35-39.

Mohamed Ahmed, Simeon Ehui and Yemesrach Assefa. (2004). Dairy Development in Ethiopia. International

Food Policy Research Institute: EPTD Discussion Paper No. 123.

Montville, T. J., K. R. Matthews (2008): Food Microbiology: An Introduction. 2nd ed., American Society of
Microbiology Press, Washington, USA. pp. 124-131.

Mostert, J. F., & Jooste, P. J. (2002). Quality control in the dairy industry. Dairy microbiology handbook: The
microbiology of milk and milk products, (Ed. 3), 655-736.

M. Sango, D., Abela, D., McElhatton, A., & Valdramidis, V. P. (2014). Assisted ultrasound applications for the
production of safe foods. Journal of Applied Microbiology, 116(5), 1067-1083.

Muehlhoff, E., Bennett, A., & McMahon, D. (2013). Milk and dairy products in human nutrition. Food and
Agriculture Organization of the United Nations (FAO).

Mugambi, D. K., Mwangi, M., Wambugu, S. K., & Gitunu, A. M. M. (2015). Assessment of performance of
smallholder dairy farms in Kenya: an econometric approach. Journal of Applied Biosciences, 85, 7891-
7899.

Mulat, D., Fantu, G. and Tadele, F. (2004). Agricultural Development in Ethiopia: are there alternatives to food
aid?, Addis Ababa University, Addis Ababa, Ethiopia.

Muhammad, K., Altaf, 1., Hanif, A., Anjum, A. A., & Tipu, M. Y. (2009). Monitoring of hygienic status of raw
milk marketed in Lahore City, Pakistan. The Journal of Animal & Plant Sciences, 19(2), 74-77.

Muluken, K, Marie, B, Abdi, K, Jasna K, Jessie, V, and Ashagrie ,Z, (2020). Risk Factors and Possible
85



Strategies to Mitigate Microbiological Hazards in Milk and Dairy Products in Ethiopia: A Review Eth.
J. Anim. Prod. 20(1)-2020:65-84

Muluye, M. (2016). Milk production and reproductive performance of local and crossbreed dairy cows in
selected districts of west Gojam Zone, Amhara Region, Ethiopia (Doctoral dissertation, Bahir Dar

University).

Muniesa, M., Hammerl, J. A., Hertwig, S., Appel, B., & Brissow, H. (2012). Shiga toxin-producing Escherichia
coli O104: H4: a new challenge for microbiology. Applied and environmental microbiology, 78(12),
4065-4073.

Muriuki, H.G. and Thorpe, W. (2001). Smallholder Dairy Production and Marketing in Eastern and Southern
Africa. In the Proceedings of the South — South Workshop on Smallholder Dairy Production and
Marketing — Constraints and Opportunities. March 12th—-16th2001, Annand, India.

Nada, S., llija, D., Igor, T., Jelena, M., & Ruzica, G. (2012). Implication of food safety measures on
microbiological quality of raw and pasteurized milk. Food control, 25(2), 728-731.

Nassar, F. J., Rahal, E. A., Sabra, A., & Matar, G. M. (2013). Effects of subinhibitory concentrations of
antimicrobial agents on Escherichia coli O157: H7 Shiga toxin release and role of the SOS

response. Foodborne pathogens and disease, 10(9), 805-812.

Nataro, J. P., Kaper, J. B., Robins-Browne, R. O. Y., Prado, V., Vial, P., & Levine, M. M. (1987). Patterns of
adherence of diarrheagenic Escherichia coli to HEp-2 cells. The Pediatric infectious disease
journal, 6(9), 829-831.

Nebiyu, R., Kassa, F., Kassa, B., Yilma, Z., & Weldemichael, S. (2013). Hygienic Practices and Milk Quality
of Smallholder Dairy Farms in the Central Highlands of Ethiopia. Livestock Research, 141.

Netherlands Development Organization (2008) Study on Dairy Investment Opportunities in Ethiopia, Addis
Ababa, pp: 52.

Netherlands Development Organization, (2012). Inventory of dairy policy- Ethiopia. Target Business
Consultants Plc, www.targetethiopia.com, Getachew Feleke, Medhin Woldearegay

Neumann, B., Pospiech, A., Schairrer, H.U., (1992). Rapid isolation of genomic DNA from gram-negative
bacteria. Trends Genet. 8, 332—-333.

Newell, D. G., Koopmans, M., Verhoef, L., Duizer, E., Aidara-Kane, A., Sprong, H., ... & Kruse, H. (2010).
Food-borne diseases—the challenges of 20 years ago still persist while new ones continue to

emerge. International journal of food microbiology, 139, S3-S15.

86



Ngasala, J. U. B., Nonga, H. E., Madundo, M., & Mtambo, A. (2015). Assessment of raw milk quality and
stakeholders' awareness on milk-borne health risks in Arusha City and Meru District,
Tanzania. Tropical Animal Health and Production, 47(5), 927.

Nielsen EM, Andersen MT. 2003. Detection and characterization of verocytotoxin-producing Escherichia coli
by automated 5= nuclease PCR assay. Journal of Clinical Microbiology 41:2884 -2893.
http://dx.doi.org/10.1128/JCM .41.7.2884-2893.2003.

Njarui, D. M. G., Kabirizi, J. M., Itabari, J. K., Gatheru, M., Nakiganda, A., & Mugerwa, S. (2012). Production
characteristics and gender roles in dairy farming in peri-urban areas of Eastern and Central

Africa. Livestock Research for Rural Development, 24(7), 2012.
Novkovic, S. (2008). Defining the co-operative difference. The Journal of Socio-Economics, 37(6), 2168-2177.

Ntuli, V., Njage, P. M. K., & Buys, E. M. (2016). Characterization of Escherichia coli and other
Enterobacteriaceae in producer-distributor bulk milk. Journal of dairy science, 99(12), 9534-9549.

O’Connell, A., Ruegg, P. L., Jordan, K., O’Brien, B. and Gleeson, D. (2016). The effect of storage temperature
and duration on the microbial quality of bulk tank milk. J. Dairy Sci., 99, 3367-3374. doi:
10.3168/jds.2015-10495

O’Connor, C.B., Tripathi, B.R., (1992). Milk Processing Techniques—Sour Milk. ILCA, Addis Ababa,
Ethiopia, No. 2, 20 pp.

O’connor, C. B., Mezgebu, S., & Zewde, Z. (1993). Improving the efficiency of butter making in
Ethiopia. FAO World. Anim. Rev, 50-53.

Ogunshe, A. A., & Olasugba, K. O. (2008). Microbial loads and incidence of food-borne indicator bacteria in
most popular indigenous fermented food condiments from middle-belt and south western
Nigeria. African Journal of Microbiology Research, 2(12), 332-339.

Olatunji, E. A., Ahmed, I., & ljah, U. J. (2009, September). Evaluation of microbial qualities of skimmed
milk (nono) in Nasarawa State, Nigeria. In Proceeding of the 14th Annual Conf. of Ani. Sc. Asso. of
Nig.(ASAN) LAUTECH Ogbomoso.

Oliveira, S. D., Rodenbusch, C. R., Ce, M. C., Rocha, S. L. S., & Canal, C. W. (2003). Evaluation of selective
and non-selective enrichment PCR procedures for Salmonella detection. Letters in Applied
Microbiology, 36(4), 217-221.

Oliver, S. P., Boor, K. J., Murphy, S. C., & Murinda, S. E. (2009). Food safety hazards associated with

consumption of raw milk. Foodborne pathogens and disease, 6(7), 793-806.

Okeke, I. N., Wallace-Gadsden, F., Simons, H. R., Matthews, N., Labar, A. S., Hwang, J., & Wain, J. (2010).

87



Multi-locus sequence typing of enteroaggregative Escherichia coli isolates from Nigerian children

uncovers multiple lineages. PloS one, 5(11), e14093.

Okeke, 1. N. (2009). Diarrheagenic Escherichia coli in sub-Saharan Africa: status, uncertainties and

necessities. The journal of infection in developing countries, 3(11), 817-842.

Ombarak, R. A., Hinenoya, A., Awasthi, S. P., Iguchi, A., Shima, A., Elbagory, A. R. M., & Yamasaki, S.
(2016). Prevalence and pathogenic potential of Escherichia coli isolates from raw milk and raw milk

cheese in Egypt. International Journal of Food Microbiology, 221, 69-76.

Omore, A. O., Lore, T. A, Staal, S. J., Kutwa, J., Ouma, R., Arimi, S. M., & Kang'ethe, E. K. (2005). Addressing

the public health and quality concerns towards marketed milk in Kenya.

Pai, M., Kang, G., Ramakrishna, B. S., Venkataraman, A., & Muliyil, J. (1997). An epidemic of diarrhoea in
south India caused by enteroaggregative. Escherichia coli. Indian Journal of Medical Research, 106, 7-
12.

Pal, A., Ghosh, S., Ramamurthy, T., Yamasaki, S., Tsukamoto, T., Bhattacharya, S. K., ... & Takeda, Y.
(1999). Shiga-toxin producing Escherichia coli from healthy cattle in a semi-urban community in
Calcutta, India. Indian Journal of Medical Research, 110, 83.

Pal, M., Bekele, T., & Feleke, A. (2012). Public health significance of pasteurized milk. Beverage and Food
World, 39, 55-56.

Pandey, G. S. and VVoskuil, G.C.J. (2011). Manual on improved feeding of Dairy Cattle by Smallholder Farmers.
Lusaka Zambia: Golden Valley Agricultural Research Trust.

Park, Y. S., Lee, S. R., & Kim, Y. G. (2006). Detection of Escherichia coli O157: H7, Salmonella spp.,
Staphylococcus aureus and Listeria monocytogenes in kimchi by multiplex polymerase chain reaction
(mPCR). Journal of Microbiology, 44(1), 92-97.

Pauline, E. and Karin, R (2006). Preparation of dairy products: Agrodok-series No. 36 (T. v. d. Haven Ed. 6th
ed.). Digigrafi, Wageningen, the Netherlands.

Picozzi, C., Foschino, R., Heuvelink, A., & Beumer, R. (2005). Phenotypic and genotypic characterization of
sorbitol-negative or slow-fermenting (suspected O157) Escherichia coli isolated from milk samples in
Lombardy region. Letters in Applied Microbiology, 40(6), 491-496.

Podewils, L. J., Mintz, E. D., Nataro, J. P., & Parashar, U. D. (2004, July). Acute, infectious diarrhea among
children in developing countries. In Seminars in pediatric infectious diseases (\Vol. 15, No. 3, p. 155).

Elsevier.

88



Qadri, F., Svennerholm, A. M., Faruque, A. S. G., & Sack, R. B. (2005). Enterotoxigenic Escherichia coli in
developing countries: epidemiology, microbiology, clinical features, treatment, and prevention. Clinical
microbiology reviews, 18(3), 465-483.

Quinn, P., Carter, M., Markey, B. and Carter, G (2002). Clinical veterinary microbiology. Mosby International
Limited: Spain, Pp. 96 -344.

Quigley, L., O'Sullivan, O., Stanton, C., Beresford, T. P., Ross, R. P., Fitzgerald, G. F., & Cotter, P. D. (2013).
The complex microbiota of raw milk. FEMS microbiology reviews, 37(5), 664-698.

Quisumbing, A. R., Rubin, D., Manfre, C., Waithanji, E., Van den Bold, M., Olney, D., ... & Meinzen-Dick, R.
(2015). Gender, assets, and market-oriented agriculture: learning from high-value crop and livestock

projects in Africa and Asia. Agriculture and human values, 32(4), 705-725.

Rahel, N. (2008). Traditional and Improved Milk and Milk Products Handling Practices and Compositional and
Microbial Quality of Milk and Buttermilk in Delbo Watershed of Wolayta Zone (Doctoral dissertation,
M. Sc. Thesis. Department of Animal and Range Sciences, Hawassa College of Agriculture, School of

Graduate Studies, Hawassa University, Ethiopia).

Rahal, E. A., Kazzi, N., Nassar, F. J., & Matar, G. M. (2012). Escherichia coli 0157: H7—<Clinical aspects and

novel treatment approaches. Frontiers in cellular and infection microbiology, 2, 138.

Rangel, J. M., Sparling, P. H., Crowe, C., Griffin, P. M., & Swerdlow, D. L. (2005). Epidemiology of
Escherichia coli O157: H7 outbreaks, united states, 1982-2002. Emerging infectious diseases, 11(4)

Reda, T. (1998). Milk processing and marketing options for rural small scale producers.

Reischl, U., Linde, H.-J., Metz, M., Leppmeier, B., Lehn, N., 2000. Rapid identification ofmethicillin-resistant
Staphylococcus aureus and simultaneous species confirmation using real-time fluorescence PCR. J.
Clin. Microbiol. 38 (6), 2429-2433.

Rey, J., Sanchez, S., Blanco, J. E., De Mendoza, J. H., De Mendoza, M. H., Garcia, A., ... & Alonso, J. M.
(2006). Prevalence, serotypes and virulence genes of Shiga toxin-producing Escherichia coli isolated
from ovine and caprine milk and other dairy products in Spain. International journal of food
microbiology, 107(2), 212-217.

Riley, L. W., Remis, R. S., Helgerson, S. D., McGee, H. B., Wells, J. G., Davis, B. R, ... & Cohen, M. L.
(1983). Hemorrhagic colitis associated with a rare Escherichia coli serotype. New England Journal of
Medicine, 308(12), 681-685.

Rizal, A., Kumar, A., & Vidyarthi, A. S. (2010). Prevalence of pathogenic genes in Campylobacter jejuni

89



isolated from poultry and human. Internet Journal of Food Safety, 12, 29-34.

Robinson, A. L., & McKillip, J. L. (2010). Biology of Escherichia coli O157: H7 in human health and food
safety with emphasis on sublethal injury and detection. Current research, technology and education

topics in applied microbiology and microbial biotechnology, 2, 1096-1105.

Rosengren, A., Fabricius, A., Guss, B., Sylvén, S., & Lindqgvist, R. (2010). Occurrence of foodborne pathogens
and characterization of Staphylococcus aureus in cheese produced on farm-dairies. International journal
of food microbiology, 144(2), 263-269.

Roszak, D. B., Grimes, D. J., & Colwell, R. R. (1984). Viable but nonrecoverable stage of Salmonella enteritidis

in aquatic systems. Canadian journal of microbiology, 30(3), 334-338.
Rubin, D., Manfre, C., & Barrett, N. (2009). Promoting Gender Equitable in Agricultural value chain.

Rwehumbiza, J. M., Ryoba, R., & Karimuribo, E. D. (2013). Assessment of microbiological status and presence
of antibiotic residues in cow milk produced in Bagamoyo and Kisarawe districts, Tanzania. Tanzania
Veterinary Journal, 28, 60-69.

Salman, A. M., & Hamad, I. M. (2011). Enumeration and identification of coliform bacteria from raw milk in
Khartoum State, Sudan. Journal of cell and Animal Biology, 5(7), 121-128.

Sargeant, J. and Smith, D. (2003): The epidemiology of Escherichia coli O157:H7. In: Torrence, M. and
Isaacson, R. (Eds.): Microbial food safety in animals. lowa State, USA: Blackwell Science Ltd. Pp. 131-
174.

Scaletsky, I. C., Fabbricotti, S. H., Carvalho, R. L., Nunes, C. R., Maranhao, H. S., Morais, M. B., & Fagundes-
Neto, U. (2002). Diffusely adherent Escherichia coli as a cause of acute diarrhea in young children in
Northeast Brazil: a case-control study. Journal of clinical microbiology, 40(2), 645-648.

Scallan, E., Hoekstra, R. M., Angulo, F. J., Tauxe, R. V., Widdowson, M. A., Roy, S. L., ... & Griffin, P. M.
(2011). Foodborne illness acquired in the United States—major pathogens. Emerging infectious
diseases, 17(1), 7.

Scharff, R. L. (2012). Economic burden from health losses due to foodborne illness in the United States. Journal
of food protection, 75(1), 123-131.

Schmid, D., Fretz, R., Winter, P., Mann, M., Hoger, G., Stoger, A., ... & Allerberger, F. (2009). Outbreak of
staphylococcal food intoxication after consumption of pasteurized milk products, June 2007,
Austria. Wiener Klinische Wochenschrift, 121(3), 125-131.

90



Seifu, E., Abraham, A., Kurtu, M. Y., & Yilma, Y. (2012). Isolation and characterization of lactic acid bacteria
from Ititu: Ethiopian traditional fermented camel milk. Journal of Camelid Science, 5, 82-98.

Seifu B, Taye T, Tadele T (2013). Microbiological quality of Ayib, traditional Ethiopian cottage cheese, in
Jimma area, South-West Ethiopia. Afr. J. Microbiol. Res. 7(32):4169-4175.

Sepp, R., Szabo, I., Uda, H., Sakamoto, H., (1994). Rapid techniques for DNA extraction from routinely
processed archival tissue for use in PCR. J. Clin. Pathol. 47 (4), 318-323.

Shahrani, M., Dehkordi, F. and Momtaz, H. (2014). Characterization of Escherichia coli virulence genes,

pathotypes and antibiotic resistance properties in diarrheic calves in Iran. Biological research, 47, 1-3

Shija, F. (2013). Assessment of milk handling practices and bacterial contaminations along the dairy value chain

in Lushoto and Handeni districts, Tanzania (Doctoral dissertation, Sokoine University of Agriculture).

Shunda, D., Habtamu, T., & Endale, B. (2013). Assessment of bacteriological quality of raw cow milk at
different critical points in Mekelle, Ethiopia. International journal of livestock research, 3(4), 42-48.

Smith, J. L., Fratamico, P. M., & Gunther IV, N. W. (2014). Shiga toxin-producing Escherichia coli. Advances
in applied microbiology, 86, 145-197

Smith, D. R. (2015). Vaccination of cattle against Escherichia coli O157: H7. Enterohemorrhagic Escherichia
coli and Other Shiga Toxin-Producing E. coli, 487-501.

Solomon, M., Mulisa, M., Yibeltal, M., Desalegn, G., & Simenew, K. (2013). Bacteriological quality of bovine
raw milk at selected dairy farms in Debre Zeit town, Ethiopia. Journal of Food Sciences and Technology
Research, 1(1), 1-8

Soltani, B. M., Shah, H. M. H., Shahbazzadeh, D., Mirzahosseini, H., Mahboudi, F., Abachi, M.,& javadi, G.
R. (2005). Selective Amplification of prt, tyv and invA Genes by Multiplex PCR for Rapid Detection
of Salmonella typhi.

S. P. Oliver, K. J. Boor, S. C.( 2009).Murphy, and S. E. Murinda, “Food safety hazards associated with
consumption of raw milk,” Foodborne Pathogens and Disease, vol. 6, no. 7, pp. 793-806,

Sperandio, V., & Nguyen, Y. (2012). Enterohemorrhagic E. coli (EHEC) pathogenesis. Frontiers in cellular
and infection microbiology, 2, 90.

SPSS 2003 (Statistical Package for Social Sciences). SPSS version 12 application guide. SPSS Inc.

Sudanese Standards and Metrology Organization (2005).. Sudanese Microbiological Standards for Foods.
Khartoum, Sudan.

Staal, S. J., Nin Pratt, A., & Jabbar, M. A. (2008). Dairy development for the resource poor. Part 2: Kenya and

Ethiopia. Dairy development case studies.
91



Sulaiman, I. M., & Hsieh, Y. H. (2017). Foodborne pathogens in milk and dairy products: genetic
characterization and rapid diagnostic approach for food safety of public health importance. In Dairy in
Human Health and Disease Across the Lifespan (pp. 127-143). Academic Press.

Surzycki, S. (2000). Agarose Gel Electrophoresis of DNA. In Basic Techniques in Molecular Biology (pp. 163-
191). Springer, Berlin, Heidelberg.

Swali, E. S., & Schoonman, L. (2011). Microbial quality and associated health risks of raw milk marketed in the

Tanga region of Tanzania. Asian Pacific journal of tropical biomedicine, 1(3), 217-222.

Sykora, J., Yilma, S., Neely, W. C., & Vodyanoy, V. (2003). Amphotericin B and cholesterol in monolayers
and bilayers. Langmuir, 19(3), 858-864.

Tamime, A. Y. (2011). Processed cheese and analogues (Vol. 16). John Wiley & Sons. Journal of Animal and

Biomedical Sciences, 7 (2).

Tamirat, T. (2018). Microbiological quality analysis of raw and pasteurized milk samples collected from Addis
Ababa and its surrounding in Ethiopia. Approaches in Poultry, Dairy and Veterinary Sciences, 4(5),
374-381.

Tankoano A, Kabore D, Savadogo A, Soma A, Fanou-Fogny N, et al. (2016) Evaluation of microbiological
quality of raw milk, sour milk and artisanal yoghurt from Ouagadougou, Burkina Faso. Afr J Microbiol
Res 10: 535-541

Tasci, F. (2011). Microbiological and chemical properties of raw milk consumed in Burdur. J Anim Vet
Adyv, 10(5), 635-41.

Tassew, A., & Seifu, E. (2011). Microbial quality of raw cow’s milk collected from farmers and dairy
cooperatives in Bahir Dar Zuria and Mecha district, Ethiopia. Agriculture and Biology Journal of North
America, 2(1), 29-33.

Tavakoli, M., & Pourtaghi, H. (2017). Molecular detection of virulence genes and multi-drug resistance patterns
in Escherichia coli (STEC) in clinical bovine mastitis: Alborz province, Iran. Iranian journal of
veterinary research, 18(3), 208.

Taye, M., Tamiru, B., Yenehiwot, B., Firao, T. and Dechassa, T. (2013): Study on Carcass Contaminating
Escherichia coli in Apparently Healthy Slaughtered Cattle in Haramaya University Slaughter House
with Special Emphasis on Escherichia coli O157:H7, Ethiopia. J Veterinar Sci Technolo., 4:1.

Taylor, D. E., & Chang, N. (1991). In vitro susceptibilities of Campylobacter jejuni and Campylobacter coli to
azithromycin and erythromycin. Antimicrobial agents and chemotherapy, 35(9), 1917-1918.

92



Taylor, D. N., Echeverria, P., Sethabutr, O., Pitarangsi, C., Leksomboon, U., Blacklow, N. R., ... & Cross, J.
(1988). Clinical and microbiologic features of Shigella and enteroinvasive Escherichia coli infections
detected by DNA hybridization. Journal of clinical microbiology, 26(7), 1362-1366.

Tegegne, A., Gebremedhin, B., Hoekstra, D., Belay, B., & Mekasha, Y. (2013). Smallholder dairy production
and marketing systems in Ethiopia: IPMS experiences and opportunities for market-oriented
development.

Tekliye, M., & Gizaw, M. (2017). Handling practices, evaluation of adulteration and microbial quality of raw
cow milk around Bahir Dar, Ethiopia. Food Science and Quality Management, 61, 1-9.

Tekelyesus, H. (2015). Value chain analysis of dairy in Laelay Maychew and Adwa Districts in Central Zone

of Tigray, Ethiopia (Doctoral dissertation, Mekelle University).

Tesfaye, S., Pal, M & Dave, P. (2013). Zoonoses occupationally acquired by abattoir workers. Journal of
Environmental and Occupational Health, 2(3), 155-162.

Tesfay, T., Kebede, A., & Seifu, E. (2013). Quality and safety of cow milk produced and marketed in Dire
Dawa Town, Eastern Ethiopia. International Journal of Integrative Sciences, Innovation and
Technology, 2(6), 01-05.

Teshome, T., & Ketema, B. (2014). Microbiological quality and safety of raw milk collected from Kersa
District, Jimma Zone, South west Ethiopia. Journal of Biological and Chemical Research, 31, 546-

Thompson, N. E., Ketterhagen, M. J., Bergdoll, M. S., & Schantz, E. J. (1984). Isolation and some properties

of an enterotoxin produced by Bacillus cereus. Infection and immunity, 43(3), 887-894.

Thorpe, C. M. (2004). Shiga toxin—producing Escherichia coli infection. Clinical infectious diseases, 38(9),
1298-1303.

Tola, A. (2002). Traditional milk and milk products handling practices and raw milk quality in eastern
Wollega. Alemaya University, Alemaya, Ethiopia, 108.

Torlak, E., Akan, I. M., & Gokmen, M. (2008). Comparison of TEMPO® EC and TBX medium for the
enumeration of Escherichia coli in cheese. Letters in applied microbiology, 47(6), 566-570.

Trmci¢, A., Chauhan, K., Kent, D. J., Ralyea, R. D., Martin, N. H., Boor, K. J., & Wiedmann, M. (2016).
Coliform detection in cheese is associated with specific cheese characteristics, but no association was
found with pathogen detection. Journal of Dairy Science, 99(8), 6105-6120.

Tsadkan Zegeye, and Gurja Belay. (2018). Handling and utilization pattern of cattle milk and milk products in
Northern Ethiopia. Afr. J. Agric. Res., 13(34), 1771-1776. doi: 10.5897/AJAR2018.13115

Tsehay Reda. (1998). Milk processing and marketing options for rural small-scale producers. Proceedings of
93



the 6th National Conference of the Ethiopian Society of Animal Production (ESAP), May 14-15, 1997.
Addis Ababa, Ethiopia, pp. 61-67.
Tsehay Redda. (2001). Small-scale milk marketing and processing in Ethiopia. In: proceeding working paper

28. International Livestock Research Institute (ILRI), Nairobi, Kenya.

Vacheyrou, M., Normand, A., Guyot, P., Cassagne, C., Piarroux, R. and Bouton, Y. (2011). Cultivable
microbial communities in raw cow milk and potential transfers from stables of sixteen French farms. Int
J Food Microbiol, 146, 253-262. doi: 10.1016/j.ijfoodmicro.2011.02.033

Vahedi, M., Nasrolahei, M., Sharif, M., & Mirabi, A. M. (2013). Bacteriological study of raw and unexpired
pasteurized cow's milk collected at the dairy farms and super markets in Sari city in 2011. Journal of
preventive medicine and hygiene, 54(2), 120.

Valilis, E., Ramsey, A., Sidiq, S., & DuPont, H. L. (2018). Non-O157 Shiga toxin-producing Escherichia coli—
a poorly appreciated enteric pathogen: systematic review. International Journal of Infectious
Diseases, 76, 82-87.

Vally, H., Hall, G., Dyda, A., Raupach, J., Knope, K., Combs, B., & Desmarchelier, P. (2012). Epidemiology
of Shiga toxin producing Escherichia coli in Australia, 2000-2010. BMC public health, 12(1), 1-12.

Vanfleteren, J. R., & Vierstraete, A. R. (1999). Insertional RNA editing in metazoan mitochondria: the
cytochrome b gene in the nematode Teratocephalus lirellus. Rna, 5(5), 622-624.

Vargas, M., Gascon, J., Casals, C., Schellenberg, D., Urassa, H., Kahigwa, E., ... & Vila, J. (2004). Etiology of
diarrhea in children less than five years of age in Ifakara, Tanzania. The American journal of tropical
medicine and hygiene, 70(5), 536-539.

Verraes, C., Vlaemynck, G., Van Weyenberg, S., De Zutter, L., Daube, G., Sindic, M., ... & Herman, L. (2015).
A review of the microbiological hazards of dairy products made from raw milk. International Dairy
Journal, 50, 32-44.

Vieira, N., Bates, S. J., Solberg, O. D., Ponce, K., Howsmon, R., Cevallos, W., ... & Eisenberg, J. N. (2007).
High prevalence of enteroinvasive Escherichia coli isolated in a remote region of northern coastal

Ecuador. The American journal of tropical medicine and hygiene, 76(3), 528-533.

Walker, C. L. F., Perin, J., Aryee, M. J., Boschi-Pinto, C., & Black, R. E. (2012). Diarrhea incidence in low-
and middle-income countries in 1990 and 2010: a systematic review. BMC public health, 12(1), 1-7.

Wang, L. H., Fang, X. C., & Pan, G. Z. (2004). Bacillary dysentery as a causative factor of irritable bowel
syndrome and its pathogenesis. Gut, 53(8), 1096-1101.

94



Wang, L., Rothemund, D., Curd, H., & Reeves, P. R. (2003). Species-wide variation in the Escherichia coli
flagellin (H-antigen) gene. Journal of bacteriology, 185(9), 2936-2943.

Wang, J., X. Xie, J. Feng, J.C. Chen, X. Dua, J. Luo, X. Lu and S. Wang. (2015). Rapid detection of Listeria
monocytogenes in milk using confocalmicro-Raman spectroscopy and chemometric analysis. Int J Food
Microbiol. 204:66-74

Wanjala, G. W., Mathooko, F. M., Kutima, P. M., & Mathara, J. M. (2017). Microbiological quality and safety
of raw and pasteurized milk marketed in and around Nairobi region. African Journal of Food,
Agriculture, Nutrition and Development, 17(1), 11518-11532.

Wetzel, A. N. (2005). Studies in Shiga toxin-producing Escherichia coli O157: H7: determination of factors
contributing to the dissemination of Escherichia coli O157: H7 among dairy farms (Doctoral

dissertation, The Ohio State University).

Wilson, 1.G., (1997). Inhibition and facilitation of nucleic acid amplification. Appl. Environ.
Microbiol. 63 (10), 3741-3751.

Wilson, K.H., Blitchington, R.B., Greene, R.C., (1990). Amplification of bacterial 16S ribosomal DNA with
polymerase chain reaction. J. Clin. Microbiol. 28 (9), 1942-1946

Wolfe, B. E., Button, J. E., Santarelli, M., & Dutton, R. J. (2014). Cheese rind communities provide tractable
systems for in situ and in vitro studies of microbial diversity. Cell, 158(2), 422-433.

World Health Organization. (2004). A response to the need for comprehensive, consistent, and comparable

information on diseases and injuries at global and regional level. Retrieved from.

Worku, T., Negera, E., Nurfeta, A., & Welearegay, H. (2012). Microbiological quality and safety of raw milk
collected from Borana pastoral community, Oromia Regional State. African Journal of Food Science
and Technology, 3(9), 213-222.

WHO (World Health Organization) (2010): Guidelines for Drinking Water Quality. First Addendum to the 3rd
ed. Vol. 1. Geneva, Switzerland: WHO. Pp 143-150.

World Health Organization. (2019). Shiga Toxin-producing Escherichia Coli (STEC) and Food: Attribution
Characterization and Monitoring (Vol. 19). World Health Organization.

Williams, D., Consalvo, M., Caplan, S., & Yee, N. (2009). Looking for gender: Gender roles and behaviors

among online gamers. Journal of communication, 59(4), 700-725.

Wood, D. S., Collins-Thompson, D., Irvine, D. M., & Myhr, A. N. (1984). Source and persistence of Salmonella
muenster in naturally contaminated Cheddar cheese. Journal of food protection, 47(1), 20

95



Xia, X., Meng, J., McDermott, P. F., Ayers, S., Blickenstaff, K., Tran, T. T., ... & Zhao, S. (2010). Presence
and characterization of Shiga toxin-producing Escherichia coli and other potentially diarrheagenic E.
coli strains in retail meats. Applied and environmental microbiology, 76(6), 1709-1717.

Yakubu, Y., Shuaibu, A. B., Ibrahim, A. M., Hassan, U. L., & Nwachukwu, R. J. (2018). Risk of Shiga
Toxigenic Escherichia coli O157: H7 infection from raw and fermented milk in Sokoto Metropolis,
Nigeria. Journal of pathogens, 2018.

Yeni, F., Yavas, S., Alpas, H. A. M. L., & Soyer, Y. E. S. I. M. (2016). Most common foodborne pathogens and
mycotoxins on fresh produce: a review of recent outbreaks. Critical reviews in food science and
nutrition, 56(9), 1532-1544.

Yeserah, B., Tassew, T., & Mazengia, H. (2020). Handling Practices of Raw Cow’s Milk and Major Constraints
of Clean Milk Production in and around Bahir Dar City, Ethiopia. J Adv Dairy Res, 8, 234.

Yilma, Z., Gojjam, Y., & Shumye, M. (2006). Milk production level and calf-rearing system affecting Boran,

Ethiopian zebu cattle breed, cow-calf performance. Livestock Research for Rural Development, 18(5).

Yilma, Z., Loiseau, G., & Faye, B. (2007). Manufacturing efficiencies and microbial properties of butter and

Ayib-Ethiopian cottage cheese. Livestock Research for Rural Development, 19(7).

Yilma, Z. (2010). Quality factors that affect ethiopian formal milk business; experiences from selected dairy

potential areas. Addis Ababa, Ethiopia. Netherlands Development Organization (SNV).

Yilma, Z., Guernebleich, E., Sebsibe, A., & Fombad, R. (2011). A review of the Ethiopian dairy sector. Addis
Ababa, Ethiopia: FAO Sub Regional Office for Eastern Africa (FAO/SFE).

Yilma, Z. (2012). Microbial properties of Ethiopian marketed milk and milk products and associated critical
points of contamination: An epidemiological perspective. Epidemiology insights, 15, 298-322.

Yilma, Z., Loiseau, G., & Faye, B. (2015). Growth and survival of Escherichia coli O157: H7 during the
manufacturing of ergo and Ayib, Ethiopian traditional fermented milk products.

Yu, J., Zhang, Y., Li, H., Yang, H., & Wei, H. (2016). Sensitive and rapid detection of Staphylococcus aureus

in milk via cell binding domain of lysin. Biosensors and Bioelectronics, 77, 366-371.

Zafarane, S., Houri, H., Kazemian, H., Heidari, H., Amiri, P., & Tabarraei, B. (2017). Characterization of
virulence genes, serogroups and antimicrobial susceptibility of Shiga toxin producing Escherichia coli
isolated from bovine mastitic milk in Tehran, Iran. Tropical Biomedicine, 34(2), 295-304.

Zdanowicz, M., Shelford, J. A., Tucker, C. B., Weary, D. M., Keyserlingk, M. A. G. von. (2004). Bacterial
Populations on Teat Ends of Dairy Cows Housed in Free Stalls and Bedded with Either Sand or Sawdust.

J. Dairy Sci., 87(6), 1694-1701.
96



Zegeye Yigezu, (2003). Challenges and opportunities of livestock marketing in Ethiopia. In: Proceedings of
Thel0th annual conference of Ethiopian Society of Animal Production (ESAP), 22-24 August 2002 held
inAddis Ababa, Ethiopia, pp: 47-54.

Zelalem Y, Faye B, Loiseau G (2005). Microbial properties of butter and Ethiopian cottage cheese (Ayib).
Ethiop. Vet. J. 9 (1):43-57

Zemenu, G. (2017): Bacteriological quality of raw cows' milk: Prevalence and antimicrobial susceptibility
profile of Escherichia coli isolated from milk and milking equipment in Bishoftu, Ethiopia. DVM

Thesis, Addis Ababa University, College of Veterinary Medicine and Agriculture, Bishoftu, Ethiopia

Zewdu, M. (2015). Hygienic practices, bacteriological quality of cow milk and its public health importance
along the dairy value chain in Sidama High Lands of southern Ethiopia (Doctoral dissertation, Addis

Ababa University).

Zhao, X., Lin, C. W., Wang, J., & Oh, D. H. (2014). Advances in rapid detection methods for foodborne
pathogens. Journal of microbiology and biotechnology, 24(3), 297-312.

Zweifel, C., Giezendanner, N., Corti, S., Krause, G., Beutin, L., Danuser, J.,, & Stephan, R. (2010).
Characteristics of Shiga toxin—producing Escherichia coli isolated from Swiss raw milk cheese within
a 3-year monitoring program. Journal of food protection, 73(1), 88-91.

3M Food Safety. 2015. 3M Petrifilm E. coli / Coliform Count Plate Product Instructions. 3M
Food Safety United States. https://multimedia.3m.com/mws/media/7019510/product-instructions-3m-

petrifilm-e-colicoliform-count-plate.pdf

3M Food Safety. 2017. Petrifilm E. coli / Coliform Count Plate Interpretation Guide. 3M Food Safety United
States.

97


https://multimedia.3m.com/mws/media/701951O/product-instructions-3m-petrifilm-e-colicoliform-count-plate.pdf
https://multimedia.3m.com/mws/media/701951O/product-instructions-3m-petrifilm-e-colicoliform-count-plate.pdf

7. Annexes

Annexes 1: Consent form

Dear respondent, good morning/good afternoon. Thank you for your interest in talking with me
today. | am Betelhnem Mengstu from Addis Ababa University. | am conducting a study on The
Prevalence, Antimicrobial Resistance Profiles and Assessment of the risk factors Associated with
Shiga Toxin Producing Escherichia coli (STEC) in milk and cottage cheese across the dairy value
chain in Oromia regional state, Ethiopia. The purpose of my visit today is to collect information
from you on the aforementioned issue. This study will be conducted in selected towns
(Fiche/Selale, Wolmera, Deber-zeit (Bishoftu) and Asela) of Oromia Regional State of Ethiopia.
If you are willing to participate in the study, | will ask you few questions for 20-30 minutes. Your
name will be confidential and the data will never be used in disclosing your information. You do
not have to answer any question that you are not comfortable with, and you may end this task
any time you want to. However, your honest answers to these questions will help us in better
understanding of the safety of milk and dairy products and will eventually help in designing and
implementing appropriate interventions to alleviate related problems. Hence, I greatly appreciate
your participation in the study.

Annexes 2: Questionnaire to be filled by Milk producers/ farmers

Are you willing to participate in the study?

A. Yes B. No

Section A: Preliminary Information
1. Name of Interviewer ---------------------- date ----------- Time------ Respondent code no. ------
2. Geography and location
» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-
Urban (Peri-urban: areas that are located near to cities or large urban areas but retain
rural characteristics such as substantial reliance on agriculture)
» current location Latitude (X.y °) -------------------- Longitude (X.y °)---------------------
Altitude(m)
Section B: Milk handling knowledge gap assessment of the respondent
4. How long have you been engaged in milk production? In case of farm/ union/
cooperatives: How long it’s been the farm engaged in milk production? A. Less
than one year B. 1-2 years C. 2-5 years
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» 5-10 years E. Over 10 years
4. Farm conditions (infrastructure, hygiene and animal Health)
5. Observational: What does the milking house look like? ~ A. Kraal  B. Cattle shed
C. Concrete floor barn D. Soil floor barn E. Other, specify

5. Observational: what is the hygienic condition of the cattle barn look like?
A. Poor (soil and dirt floor, irregular cleaning, no feeding stand,)
B. Medium (partially concrete floor, irregular cleaning, old and wood feeding stand,)
C. Good (concrete/cement floor, daily cleaning, separate concrete feeding stand,)
6. Observational: Is there animal manure (remnant of dung/feces) of the animal present
in milking area?
1. Yes B. No

7. Observational: Are there live pests (rodents or insects) or any sign of it (feces, hairetc.)

present in the milking area? A. Yes B. No

8. What is your major source of water for washing milk and cottage cheese handling

equipment?
A. Ground water B. Pump water C. River water D. Rain water E. Tap
water
. Milking Conditions (gender role, personal hygiene, milking equipment and milking

time)
5.1: Gender role in milking and milking time
1) Who does the milking?  A. Mostly male adult task (Husband) B. Mostly female adult
task (Wife)
C. Mostly male child task (Son) D. Mostly female child task (Daughter) E. Employees
F. Members of the union/cooperative G. Relatives
5.2: Personal hygiene and sanitation
4. Observational: Is the milker wearing a head cover or a hairnet during milk
handling? (Ask the respondent if you did not got the chance to observe) A.Yes
B. No
5. Observational: Does the milker wash their hands before milking and milk handling?
(Ask the respondent if you did not got the chance to observe) A.Yes B.No
6. Observational: Does the milker wash their hands after touching their face, clothing
and cows? (Ask the respondent if you did not got the chance to observe) A. Yes B.No

7. Do you cut your nails regularly? (at least twice a week) (Ask the respondent if you did
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not got the chance to observe) A.Yes B.No

5.3. The Cow
1. Do you wash the udder and teats of the cows before milking?  A. Yes B. No
2. Do you dry the washed udder and teats by using dry cloth? A. Yes B. No

3. Observational: What does the cleanliness of the drying cloth looks like? A. Yes B. No
5.4: Milking Equipment
1. What type of milk handling equipment or container do you use?
A. Mazzi plastic container B. Plastic containers C. Aluminum cans D. Others
2. Do you wash the milking equipment and utensils before and after milking?
A.Yes B.No
3. Observational: How is the milking equipment stored after milking?
A. Upright and open B. Upright but covered
C. Upside down in contact with the ground D. Upside down on shelf
6. Post Milking Conditions (Storage, Cooling, Transportation, Marketing and
Consumption)
6.1: Storage and Cooling of milk

1. Observational: Do you have a refrigerator as a cooling mechanism to store or preserve
milk at household level until sale or consumption? A. Yes (if yes Ask to show you) B. No
2. Do you use other preserving mechanism other than cooling in a refrigerator to store or
preserve milk at household until sale or consumption? A.Yes B.No
. What do you use as a preserving mechanism other than cooling in a refrigerator to
store or preserve milk at household until sale or consumption?

4. Using artificial chemicals (such as formalin farmer call it milk medicine)

5. Using natural herbs or chemicals

6. Concentrating it to powder

7. Fermentation or processing to other milk products (Yogurt, cheese or butter) E. Other

6.2. Transportation and marketing of milk

1. Do you sell milk to others? A.Yes B.No
2. What do they use as a means of transportation for delivering milk to the consumer/
other?

. Motor bicycles B. Three wheel drive "Bajaj" C. Animal drawn cart

6.3. Consumption of milk at household level
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1. Do you or anyone from your family consume raw milk at home? A.Yes B. No
2. Do you have the awareness about bacteria that might get you sick if you consume raw milk?
A.Yes B.No

3. Have you or anyone from your family ever faced any illness associated with raw milk
consumption? A.Yes B.No

4. Do you boil milk before consumption? A.Yes B.No

5. Have you or anyone from your family ever faced any illness associated with boiled milk
consumption? A.Yes B.No

Additional comments from the respondent about milk production job.

Put any comment the respondent gives here about what kind of support the farmer need or any
other things related to milk production job
Thank You for your time!!!

Annexes 3: Questionnaire to be filled by Milk collectors

Are you willing to participate in the study?

A. Yes B. No

Section A: Preliminary Information
1. Name of Interviewer ----------------- date ----------- Time------ Collection center code. ------
2. Geography and location
» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-
Urban (Peri-urban: areas that are located near to cities or large urban areas but retain
rural characteristics such as substantial reliance on agriculture)
» current location Latitude (X.y ©) ----------=---=----- Longitude (X.y °©)----------=--==------
Altitude (m)

Section B: Personal details of the respondent representing the retail shop

1. Gender of the respondent A. Male B. Female

2. Position of the respondent in the shop: A. Owner B. Employee C. Relative Other
3. Educational status of the respondent

A. No formal education B. 1-8 B.9-10 C. Preparatory school D. Diploma/Degree
Section C: Transportation of milk from farm to collection center (milk collection and

transportation system, milk cooling and storage)
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1. What do they use as a means of transportation for delivering milk to the center?
A. Trekking on foot B. Three wheel drive "Bajaj" C. Animal drawn cart D. Refrigerated
vehicles/ cold chain  E. Own transport vehicle F. Public transport G. Other, specify
2. Observational: What does the Personnel hygiene of milk transporters (drivers) look like?

(Ask the respondent if you did not got the chance to observe)

A. Poor (Very dirty) B. Medium (Dirty) C. Good (Clean)
3. Do you filter milk up on reception? A.Yes B. No
4) What do you use for filtration? A. Piece of cloth B. Plastic filter

Section C-2: Milk cooling and storage conditions at the centre

1) Do you have a cooling system to preserve your milk? A. Yes B. No

5) What do you use as a cooling system to preserve milk?

A. Refrigerator set at 4°C B. Deep freezer/s C. Bulk tankers

Section D: Collection center conditions (infrastructure, milk handling equipment and

personal hygiene)
» Section D-1: Infrastructure and milk handling equipment

1) Observational: What does the storage and/or collection house look like?

A. Soil floor storage room B. Concrete floor storage room

2) Observational: What is the hygiene condition of the collection center look like?
A. Poor (soil and dirt floor, irregular cleaning, no ventilation, in adequate lighting,...)
B. Medium (partially concrete floor, irregular cleaning, insufficient ventilation, ,...)
C. Good (concrete/cement floor, regular cleaning, sufficient ventilation, adequate lighting,..)

3) Observational: Is the floor in milk collection and/or storage area wet with accumulated
dirty water (washing/cleaning water)? A. Yes B. No

4. Observational: Are there live pests (rodents or insects) or any sign of it (feces, hair etc.)
in the collection/storage room? A. Yes B. No

5. Observational: Is the floor in milk collection and/or storage area free of trash? A. Yes
B. No

6) What is the major source of water for washing milk handling equipment?

A. Ground water B. Pump water C .River water D. Rain water

7) What type of milk handling equipment or container do you use?

A. Plastic containers B. Aluminum cans C. Mazzi cans

Section D-2: Personal Hygiene
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1) Observational: Is the milk handler wearing a head cover or a hairnet during milk
handling? (Ask the respondent if you did not got the chance to observe) A. Yes B. No

2) Observational: Does the milk handler wear any gloves to handle milk? (Ask the
respondent if you did not got the chance to observe) A.Yes B.No

Section E: Marketing and transportation to the consumers

1) Do you transport milk to the buyers by using your own transportation? A. Yes B. No
2) What do you use as a means of transportation for delivering milk to buyers?

A. Insulated bulk tanks/cold chain B. Hoarse carts C.Three wheel drive "Bajaj" D. Four wheel
drive without insulated bulk tankers E. Trekking on foot F. Public transport

Thank you for your time!!!
Annexes 4: Questionnaire to be filled by Milk processors

Are you willing to participate in the study?
A.Yes B. No

Section A: Preliminary Information
1. Name of Interviewer --------------- date ------ Time------- Processing factory code no. ------
2. Geography and location
» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-
Urban (Peri-urban: areas that are located near to cities or large urban areas but retain
rural characteristics such as substantial reliance on agriculture)
» current location Latitude (X.y °) --------==-==-=--=-- Longitude (X.y ©)------==-==n=mmnmn--
Altitude (m)

Section B: Personal details of the respondent representing the retail shop

1. Name of Milk processor Respondent name (Confidential)

2. Gender of the respondent  A. Male B. Female
3. Position of the respondent in the shop: A. Owner B. Employee C. Relative Other
4. Educational status of the respondent

» A.Noformal education B.1-8 B.9-10 C. Preparatory school D. Diploma/Degree
Section C: Milk collection and transportation conditions to the processing plant
1. Who are your milk suppliers? A. Individual farms B. Big dairy farms C. Milk collectors

2. What do you use as a means of transportation for delivering milk to the processing plant?

A. Motor bicycles B. Three wheel drive "Bajaj" C. Four wheel drive
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D. Trekking on foot E. Public transport

Section D: Milk reception and pre-pasteurization conditions at the processing plant (milk
quality test at reception point, hygienic condition of the processing facility and personnel)
» Section D-1: Milk quality test at the reception point

1. Do you check the quality of milk during reception? A. Yes B. No

2. How often do you check or test the quality of milk? A. Regularly B. Sometimes

3. Do you filter milk before processing? A. Yes B. No

Section D-2: Hygienic condition of the processing facility, milk handling equipment and
personnel)

1. Observational: What is the hygiene condition of the processing plant look like?
A. Poor (soil and dirt floor, irregular cleaning, no ventilation, in adequate lighting,...)

B. Good (concrete/cement floor, regular cleaning, sufficient ventilation, adequate lighting,..)

2. Observational: What is the source of water for washing milk handling equipment?

A. Tap water B. Ground water C. Pump water D. River water

Section E: Pasteurization processing technology and hygienic conditions of the
pasteurization process

1. What is the holding time and temperature combination you used for pasteurization?

A. LTLT (low temperature long time) (63 °C for 30 minutes)

B. HTST (High temperature short time) (72 °C for 15 seconds)

C. UHT (Ultra high temperature) (135°C for 2-4°C)

D. Flash Pasteurization

2. Do you calibrate your system to assure that appropriate temperature and time is
maintained in the process line during pasteurization? A. Yes B. No
Section F: Post pasteurization conditions (storage, packaging and storage conditions)

1. Do you have cold storage to store the pasteurized milk before dispatch? A. Yes B. No
2. Do you have a cold chain transportation system to maintain the temperature of the
pasteurized milk? A. Yes B. No

3. What is the temperature of the cold storage? A.4°C  B. -8°C

4. Observational: What is the packaging material in which pasteurized milk is packed?

A. Paper board packages B. Plastic pouches C. Plastic bottles C. Plastic pouches

5. What do you label on the packaging material?

A. Expiration date B. Batch number C. Brand name
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Additional comments from the respondent about milk processing job

Put any comment the respondent gives here about what kind of support the processor need

or any other things related to milk processing job

Thank you for your time!!!

Annexes 5: Questionnaire to be filled by Milk Retailers

Are you willing to participate in the study?

A. Yes B. No
Section A: Preliminary Information
1. Name of Interviewer --------------- date ------ Time------- Retail shop code No . -----------
2. Geography and location
» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-

Urban (Peri-urban: areas that are located near to cities or large urban areas but retain
rural characteristics such as substantial reliance on agriculture)

» current location Latitude (X.y °) --------==-==-=-m=-- Longitude (X.y °)-------=-==n=-mmnmn--
Altitude (m)

Section B: Personal details of the respondent representing the retail shop

1. Respondent name (Confidential)

2. Gender of the respondent  A. Male B. Female
3. Position of the respondent in the shop: A. Owner B. Employee C. Relative Other
4. Educational status of the respondent
» A.No formal education B. 1-8 B.9-10 C. Preparatory school D. Diploma/Degree
3. Have you or anyone from the shop attended any training related to safety and quality
of milk handling?  A. Yes B. No

Section c: packaging material and quality test of pasteurized milk

1. What do they use as a means of transportation for delivering milk to the retail shop?
. Motor bicycles B. Three wheel drive "Bajaj" C. Animal drawn cart
2. Observational: What is the packaging material in which pasteurized milk is received

from processors? A. Paper board packages B. Plastic bottles C. Plastic pouches
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Section D: Storage conditions at the retail level

1. Observational: What do you use to maintain the temperature of the pasteurized milk
until sell?

A. Refrigerator B. Deep freezer/s C. Bulk tankers D. Cold water

2. Observational: Is your refrigerator temperature set at 4 -8°C to store pasteurized milk
until sell? (please check the temperature of the refrigerator by using thermometer if they allow
you to do that) A. Yes B. No

3. Observational: Do you have backup generator to be used in case when electric power is
out? A. Yes B. No

4. Observational: Do you have a separate refrigerator to store pasteurized milk until sell?

A. Yes B. No

5. How long does it take to transport pasteurized milk from processing facility to retail
shop?

A. Less than 30 min B. Over 1 hr C.%hr—1hr

Section E: Storage conditions at the retail level

1. Did you ever faced rejection of your pasteurized milk by buyers? A. Yes B. No

2. How often do you face? A. Rarely B. Mostly C. Sometimes

3. Do you know their reason for rejection? A. Yes B. No

4. What is their reason for rejection? A. Expiration of milk B. Color

Additional comments from the respondent about milk production job

Put any comment the respondent gives here about what kind of support the farmer need
or any other things related to milk production job

Thank you for your time!!!

Annexes 6: Questionnaire to be filled by Questionnaire for Cottage cheese producers

Are you willing to participate in the study?
A.Yes B.No

Section A: Preliminary Information

1. Name of Interviewer --------------------—- date ----------- Time------ Respondent code no.------

2. Geography and location
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» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-
Urban (Peri-urban: areas that are located near to cities or large urban areas but retainrural
characteristics such as substantial reliance on agriculture)

» current location Latitude (X.y ©) -------------------- Longitude (X.y °) ------------m---m----
Altitude (m)

3. Processing and Storage of cottage cheese

. Do you make cottage cheese at home? A. Yes B. No
. Observational: How do you preserve cottage cheese in a household until sale or
consumption?
A. Placing underground  B. Placing under water ~ C. Refrigerator ~ D. Other, Specify
B. Have you ever attended any training related to cottage cheese handling
practices? A. Yes B. No
4. Observational: Is there a refrigerator to store /preserve cottage cheese at household level
until sale or consumption?
A.Yes B. No
Section B: Hygienic condition of cottage cheese handling equipment and packaging
material: A. Good B. Poor
6. Do you regularly wash cottage cheese handling equipment and utensils before and after
use? A.YesB. No
7. What kind of cleaning chemical do you use for washing and cleaning of cottage cheese
handling equipment and utensils? A. Soap and detergents B. Cold water only Other, Specify

8. Observational: What type of packaging material do you use to handle cottage cheese?
A. Plastic cans B. Polyethylene bags "festal

9. Transporting, sells and marketing of cottage cheese

1. How is cottage cheese transported to the farm markets/ retail shops/hotels?

1. Trekkingon foot B. Three-wheel drive "Bajaj”  C. Animal drawn cart
i.  Refrigerated vehicles/ cold chain E. Own transport vehicle F. Public transport
2. How long does it take to transport cottage cheese to farm market/retail shop/hotels?
A. Lessthan 30 min  B.% hr.—1 hr. C. Over 1 hr.
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10. Consumption of Cottage Cheese at Household Level

3. Do you or anyone from your family consume cottage cheese at home? A. Yes

B. No
4. Do/did you ever face any illness associated with consumption of cottage cheese? A.
Yes B. No

5. What type of illness is/was that? A. Diarrhea B. Abdominal pain
C.Typhoid D. Vomiting

11. Additional comments from the respondent about milk production job

_Put any comment the respondent gives here about what kind of support the farmer/producer

need or any other things related to cottage cheese production job
Thank you for your time!!!

Annexes 7: Questionnaire to be filled by Cottage Cheese Retailers

Are you willing to participate in the study?

A. Yes B. No

Section A: Preliminary Information

1. Name of Interviewer ---------------- - date ----------- Time------ Retailer's code no. ------
2. Geography and location
» Town/District/ Zone ------------- Woreda/ Kebele ----------- Status: A. Urban B. Peri-
Urban (Peri-urban: areas that are located near to cities or large urban areas but retainrural
characteristics such as substantial reliance on agriculture)
» current location Latitude (X.y °) -------------------- Longitude (x.y °) ---------------------
Altitude (m)

Section B: Personal details of the respondent representing the retail shop

1. Name of retail shop Respondent name (Confidential)

2. Gender of the respondent  A. Male B. Female
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4. Position of the respondent in the shop: A. Owner B. Employee C. Relative Other
5. Educational status of the respondent

A. No formal education B. 1-8 B. 9-10 C. Preparatory school D. Diploma/Degree
Section C: Reception, transportation, packaging condition and cottage cheese quality test
1) From whom do you receive or buy cottage cheese?

A. Farm market B. Household producers  C. Factories or processors  D. Other, specify
2) How is cottage cheese transported from processor to retail point?

A. Trekking on foot B. Three-wheel drive "Bajaj" C. Animal drawn cart D. Refrigerated
vehicles/ cold chain  E. Own transport vehicle F. Public transport G. Other, specify

3) Observational: What is the packaging material in which cottage cheese is received by
Retailer from farm market or processor?

A. Plastic bucket B. Plastic bottles C. Poly ethylene plastic container "festal” D. Other, specify
4. Observational: What does the quality of packaging materials looks like? A. Good B. Poor

Section D: Storage conditions of cottage cheese

. Do you keep cottage cheese in a refrigerator until sell? A. Yes B. No
. Do you have a separate refrigerator for cottage cheese (dairy product)? A. Yes B. No
3. What is the temperature of the refrigerator? check using thermometer r in °C

4. Do you have backup generator to be used in case when electric power is out? A. Yes B. No
Section E: Additional comments from the respondent about milk retail job
Any comment the respondent gives here about what kind of support the retail shop needs or any

other things related to cottage cheese retail job

Thank you for your time!!!
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Annex 8: Pictures of coliform and E. coli on petrifilm

Total coliforms (Red colonies with gas) and E. coli (blue colonies with gas)

Annex 9: Pictures for the isolation of STEC and O157:H7
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Characteristics of pathogenic Escherichia coli on Sorbitol MacConkey Agar supplemented with
cefixime and potassium tellurite (CT-SMAC). Note the whitish colonial appearance (non-
sorbitol fermenters) of E. coli O157:H7

Annex10: Pictures for the Antimicrobial test

Annex 11: Standard Operating Procedure for Enumeration of Aerobic plate counts

Method reference

U.S. Food & Drug Administration Center for Food Safety & Applied Nutrition;
Bacteriological Analytical Manual, 2001
Method principle
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The aerobic colony count estimates the number of viable aerobic bacteria per gm or ml

of products. A portion of the diluted sample mixed with a specified agar medium and

incubated under specific temperature for 48 hr. It is assumed that each viable aerobic

bacterium will multiply under these conditions and give raise to colonies.

Equipment and materials

1.

10.
11.

12.
13.
14.
15.

Procedure:

Work area, level table with ample surface in room that is clean, well-lighted (100
foot-candles at working surface) and well-ventilated, and reasonably free of dust
and drafts. The microbial density of air in working area, measured in fallout pour
plates taken during plating, should not exceed 15 colonies/plate during 15 min
exposure.

Storage space, free of dust and insects and adequate for protection of equipment
and supplies

Petri dishes, glass or plastic (at least 15 x 90 mm)

Pipets with pipet aids (no mouth pipetting) or pipettors, 1, 5, and 10 ml, graduated
in 0.1 ml units

Dilution bottles, 6 oz (160 ml), borosilicate-resistant glass, with rubber stoppers
or plastic screw caps

Pipet and petri dish containers, adequate for protection

Circulating water bath, for tempering agar, thermostatically controlled to 45 +
1°C

Incubator, 35 £ 1°C; milk, 32 + 1°C

Colony counter, dark-field, Quebec, or equivalent, with suitable light source and
grid plate

Tally register

Dilution blanks, 90 = 1 ml Butterfield's phosphate-buffered dilution water; milk,
99 £ 2 mi

Plate count agar (standard methods)

Refrigerator, to cool and maintain samples at 0-5°C; milk, 0-4.4°C

Freezer, to maintain frozen samples from -15 to -20°C

Thermometers (mercury) appropriate range; accuracy checked with a
thermometer certified by the National Institute of Standards

Sample preparation

112



o Weigh 10g or 10ml of the sample into a sterile250ml Erlenmeyer flask; marked
to indicate 100ml volume.

. Add sterile normal saline to 100ml mark.

o Dissolve and shake thoroughly with 90ml of normal saline or appropriate diluents.
Inoculation:

o Pipette 1ml of the food homogenate of each dilution into each of the appropriately

marked duplicate dishes.
o Pour 15-20ml of the molten PCA kept at 45+1 °C of water bath into each duplicate

Petri dishes.

Dilutions: 1:10, 1:100, 1:1000, etc

Dilution factor: 1 x 10%, 1x10?, 1x 10%etc

o Mix homogenate by shaking then pipette 1ml into a tube (labled10?) containing
9ml of normal saline.

o Mix carefully by aspirating 10 times with a pipette.

o From the 107 dilution, transfer with the same pipette 1ml to the tube (labled10)
containing  9ml of the diluents, Mix with a fresh pipette

o Repeat the above procedure until the required numbers of dilutions are made.

Incubation

o Incubate the dishes, inverted, at 35 +£1°C or for dairy products at 32+1°C for 48+2

hr.

NB: Avoid excessive humidity in the incubator to reduce the tendency for spreader
formation, but prevent excessive drying of the medium by controlling ventilation and air
circulation. Agar in plates should not lose weight by more than 15% during 4842 hours
of incubation.

Computing and recording counts

To avoid creating a fictitious impression of precision and accuracy when computing APC,
report only the first two significant digits. Round off to two significant figures only at the
time of conversion to SPC. For milk samples, when plates for all dilutions have no
colonies, report APC as less than 25 colonies estimated count. Round by raising the
second digit to the next highest number when the third digit is 6, 7, 8, or 9 and use zeros
for each successive digit toward the right from the second digit. Round down when the
third digit is 1, 2, 3, or 4. When the third digit is 5, round up when the second digit is odd

and round down when the second digit is even.

113



Example:

Calculated count APC
12,700 13,000
12,400 12,000
15,500 16,000
14,500 14,000
1. Plates with 25-250
N= ___¥c¢

[n14n2(0.1)]d

a. Calculate the APC as follows
N=__2Xc

[n1+n2(0.1)]d
Where: C = is the sum of colonies on all plates counted
V = is the volume applied to each plate
n:= is the number of plates counted at first dilution.
n2= is the number of plates counted at second dilution,
d = is the dilution from which first count was obtained.
N=is the average plate count.
31+31 colonies/0.0015ml = 4.1*10*
b. When counts of duplicate plates fall within and without the 25-250
colony range, use only those counts that fall within this range.
2. All plates with fewer than 25 CFU. When plates from both dilutions yield fewer
than 25 CFU each, record actual plate count but record the count as less than
25 x 1/d when d is the dilution factor for the dilution from which the first counts

were obtained

Example
Colonies
1:100 1:1000 EAPC/mI (g)
18 2 <2,500
0 0 <2,500

3. All plates with more than 250 CFU. When plates from both 2 dilutions yield
more than 250 CFU each (but fewer than 100/cm?), estimate the aerobic counts
from the plates (EAPC) nearest 250 and multiply by the dilution.

Example
Colonies
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1:100 1:1000 EAPC/mI (g)
TNTC 640 640,000

TNTC, too numerous to count.
EAPC, estimated aerobic plate count.

4. All plates with spreaders and/or laboratory accident. Report respectively as
Spreader (SPR), or Laboratory Accident (LA).

5. All plates with more than an average of 100 CFU per sq cm. Estimate the APC
as greater than 100 times the highest dilution plated, times the area of the plate.
The examples below have an average count of 110 per sq cm.

Example

Colonies/Dilution

1:100 1:1000 EAPC/mI (g)
TNTC 7,150@ >6,500,000 EAPC®)
TNTC 6,490 >5,900,000 EAPC

2 Based on plate area of 65 cm?
b EAPC, estimated APC
¢ Based on plate area of 59 cm?

Verification: If there is growth on the blank control and /or no growth on the positive
control the test should be repeated with the corrected media

Expression of results: Express the result in cfu per g or ml (if a liquid sample)

Method of calculation: general case (counting of total colonies or typical colonies)

For a result to be valid, it is generally considered necessary to count the colonies on at least one
dish containing at least 10 colonies (total colonies, typical colonies or colonies complying with
identification criteria (ES 1SO 7218, 2015)

Calculate the number N of microorganisms present in the test sample as a weighted mean from

two successive dilutions using Equation (1):

Lo
VIllxd

N=
Where:

>C is the sum of the colonies counted on the two dishes retained from two successive

dilutions, at least one of which contains a minimum of 10 colonies

\/ is the volume of inoculum placed in each dish, in milliliters;
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d is the dilution corresponding to the first dilution retained [d = 1 when the undiluted
liquid product (test sample) is retained (ES 1SO 7218, 2015)

Round off the calculated result to two significant figures. When doing this, if the third figure is
less than 5 do not modify the preceding figure; if the third figure is greater than or equal to 5,
increase the preceding figure by one unit.

Express the result preferably as a number between 1, 0 and 9, 9 multiplied by the appropriate
power of 10, or a whole number with two significant figures.

Report the result as the number N of microorganisms per millilitre (liquid products) or per gram
(other products).

EXAMPLE Counting has produced the following results:

— at the first dilution retained (10-2): 168 colonies;

— at the second dilution retained (10-3): 14 colonies.

) >.C _1e8+14 182

N= = =16 545
VxLlxd 1x11x10 0,011

Rounding off the result as specified above, the number of microorganisms is 17 000 or 1,7 x
104 per milliliter or per gram of product.

Annex 12: Standard Operating Procedure for Enumeration of E. coli/coliforms

E. coli and coliforms quantification using Petrifilm Methods

Introduction: This Standard Operating Procedure (SOP) was created based upon FDA BAM
(Hunt, Abeyta, and Tran, 2001), 3M™ Petrifilm™ Product Instructions, and 3M™ E. coli/
coliform Petrifilm Interpretation guide (3M™ Food Safety), for the detection and enumeration
of Escherichia coli and coliforms in milk and other dairy products. The E. coli/coliform Petrifilm
Count Plate contains modified violet red bile (VRB) nutrients and a tetrazolium indicator to
facilitate in counting, also contains a B-glucuronidase indicator for E. coli. The plate can yield
results in 24-48 hours of incubation after inoculation. The following outlines the procedures for
trained personnel working within approved laboratories associated with these project teams.

Safety precautions

Escherichia coli and coliforms are generally categorized as Biosafety Level 2 pathogens and
Biosafety Level 1 non-pathogenic indicators, respectively. Nevertheless, CDC guidelines for
handling Biosafety Level 1 pathogens should be followed whenever samples are tested for E.
coli and coliforms. A Class Il laminar flow biosafety cabinet is recommended for procedures in
which infectious aerosols or splashes may be created. The Safety Data Sheet (SDS) must be
obtained from the manufacturer for the media, chemicals, reagents and microorganisms used in
the analysis. The personnel who will handle the material should read the SDS prior to startup.
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***DO NOT use this plate for the detection of E. coli O157. Because most E. coli 0157 strains
are atypical, for example they are glucuronidase negative, they will not produce a blue color, and
will not be detected on E. coli/coliform Petrifilm. ***

Responsibilities

e The study coordinator is responsible for ensuring all equipment required to follow this
SOP is available, safe, and in good working order.

e The field coordinator is responsible for ensuring all relevant meta-data on the samples is
recorded when collected, the delivery of samples and sample information to the
laboratory, and temporary storage of samples in the project freezer or fridge as
appropriate.

e Each study laboratory technician and student is responsible for documenting receipt of
samples and ensuring that they are appropriately stored before samples are tested.

e Each study laboratory technician and student is responsible for documenting appropriate
information in regards to testing for each sample and recording of test results in the format
decided on by the project.

Equipment and materials

Autoclave or sterilization equipment
Biosafety tip autoclave bags

Biosafety autoclave bags

Autoclave tape

E. coli/coliform Petrifilm Count Plate
Incubators capable of operating at 35 + 1 °C
Pipettor 100-1000 pl

Sterile pipette tips 1000 pl

Sterile serological pipettes 10 ml
Serological pipette controller or silicone pipette filler
PBS or 0.85% saline

Glass or conical tubes 15 ml

Refrigerator (8 £ 3 °C)

Sample labeling tape or marker

Procedure:

Below-described is a procedure for analysis of dairy samples with expected high level of
background microbial contamination.

Ensure that the pH of the saline is between 6.6 — 7.2.

The below-outlined dilution and plating schemes are recommended based on preliminary tests
of Ethiopian raw and pasteurized milk, and cottage cheese by the ENSURE project.

Milk samples
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Sample preparation: Liquid samples (such as milk) can be readily used for serial dilutions. Pipette
up and down or gently vortex the sample to ensure that the sample is homogenized.

1. Prepare serial dilutions by transferring 1 ml of the sample to a sterile tube with 9 ml of
sterile PBS or 0.85% saline. VVortex to homogenize.

2. Transfer 1 ml from the tube into the next tube and repeat the process 7 more times for
raw milk samples (see Fig. 1) and 5 more times for pasteurized milk samples (Fig. 2).

3. Plate 1 ml of dilutions 1072, 10, 10°%, and 10 for raw milk (Fig. 1) and 10, 102, 10, 10°
® for pasteurized milk samples (see Fig. 2) onto pre-labeled 3M™ E.coli/ coliform
Petrifilm™, in duplicates.

- Lift the top film, hold the pipette perpendicular to the inoculation area and
dispense 1 ml of sample suspension.

- To prevent trapping air bubbles, carefully roll the top film down.

- Optional: Place the Petrifilm spreader with the flat side down on the center of
the plate. Press gently on the center of the petrifilm spreader to distribute the
sample evenly. Spread the inoculum over the entire growth area before the gel
is formed. Do not slide or twist the petrifilm spreader across the film, as this
will result in sample overflow.

- Remove the spreader and leave the E. coli/coliform Petrifilm undisturbed for
at least one minute to allow for the gel to form.

. . If there is 0 CFU an the 107
Analysis of raw milk dilution Petrifilm, report it as
<100 CFU/ml milk.

1ml
NANNANNAN
) D D D D D D

Record these

101 10 103 10 10° | 1p® 107 10 dilutions and
the
corresponding
CFUs into a
spreadsheet

Example CFU/ml calculation; .mﬂnber of CFU on a Petrifilm x dilution factor
5 CFU x 100 = 50 CFU/ml of milk

Fig. 1: Dilution and plating scheme for raw milk samples.
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. . . If there is 0 CFU on the 10
Analysis of pasteurized milk dilution Petrifilm, report it as
1ml <10CFU/ml milk.

O ATATAYAYAL

U 00000t

103 10% l Record these dilutions and the

corresponding CFUs into a

. ‘ ‘ ‘ spreadsheet

Example CFU/ml calculatiori: number of CFU on a Petrifilm x dilution factor
5 CFU x 10 = 50 CFU/ml of milk

Fig. 2: Dilution and plating scheme for raw milk samples.

Cottage cheese samples

Sample preparation: Homogenize 10 g of cottage cheese in 90 ml of PBS or 0.85% saline. This
homogenate represents 1:10 dilution (see Fig. 3).

1. Prepare serial dilutions by transferring 1 ml of the homogenate to a sterile tube with 9 ml
of sterile PBS or 0.85% saline. Vortex to homogenize.

2. Transfer 1 ml from the tube into the next tube and repeat the process 5 more times (see
Fig. 3)

3. Plate 1 ml of dilutions 107, 102, 104, 10® (see Fig. 3) onto pre-labeled 3M™ E.coli/
coliform Petrifilm™. in duplicates.

- Lift the top film, hold the pipette perpendicular to the inoculation area and
dispense 1 ml of sample suspension.

- To prevent trapping air bubbles, carefully roll the top film down.

- Optional: Place the Petrifilm spreader with the flat side down on the center of
the plate. Press gently on the center of the petrifilm spreader to distribute the
sample evenly. Spread the inoculum over the entire growth area before the gel
is formed. Do not slide or twist the petrifilm spreader across the film, as this
will result in sample overflow.

- Remove the spreader and leave the E. coli/coliform Petrifilm undisturbed for
at least one minute to allow for the gel to form.
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If there is 0 CFU on the 10!

Analysis of cheese
1ml <100 CFU/g cheese.

AYAYATAL

JUUDUL

10g
cheese +
90 ml
saline

This represents a
1:10 dilution — take
this into

dilution Petrifilm, report it as

consideration when 103 10° I Record these dilutions and the

calculating CFU

‘ ‘ ‘ ‘ spreadsheet

Example CFU/g calculation:inumber of CFU on a Petrifilm x dilution factor x 10
5 CFU x 10 x 10 = 500 CFU/g of cheese

Fig. 3: Dilution and plating scheme for cottage cheese samples.

*Refer to the 3M Petrifilm Interpretation Guide for a diagram of the procedures (3M Food
Safety, 2017).

Incubation:

Incubate the petrifilm plates in a horizontal position with the clear side up in stacks of no more
than 20 plates at 35°C £ 1°C for 24 hours £ 2 hours. Count coliform colonies after 24-hour
incubation (based on a recommendation of a 3M technical specialist). Incubate for additional 24
h £ 2 hours (48 hours + 4 hours total) at 35°C + 1°C and count E. coli colonies (E. coli colonies
may need up to 48 h to grow large enough to detect blue color of colonies).

Interpretation:

Repeat the following steps for all dilutions plated.

1. The interpretation of colonies on the E. coli/coliform Petrifilm according to the AOAC
Official Methods (998.08 and 991.14) is as follows:
Blue or purple colonies associated with entrapped gas- confirmed E. coli colony (See
Figure 2).
Red colonies associated with entrapped gas- conformed coliform colony (See Figure 2).
Colony with no associated entrapped gas are not counted as E. coli or coliforms.
The total coliform count is the number of both red and blue colonies associated with gas
at 24 hours. Refer to Figure 3 for examples of associated entrapped gas.
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Figure 2: E. coli count is 49 (blue
colonies with gas bubbles) and
total coliform count is 87 (red AND
blue colonies with gas bubbles).

Taken from 3M™ Petrifilm E. coli/
Coliform Count Plate Interpretation
Guide.

Do not count colonies on the foam dam (See Figure 4) as they are outside the selective
influence of the media in the growth area. Take care to not count artifact bubbles (not
associated with a colony).

2.

The circular growth area is approximately 20 cm?. If there are more than 150 colonies,
you can estimate the number of colonies by counting the number of colonies in one or
more representative squares and calculating the average number of colonies. Multiply the
average number by 20 to determine the estimated count per plate.

High bacterial load can result in a deepening of the gel color and several, small indistinct
colonies and many gas bubbles. A high concentration of coliforms can turn the gel a dark
red color. A high concentration of E. coli can turn the gel a dark blue color. If this occurs,
record results as “too numerous to count” (TNTC) and look at or prepare additional plates
with a higher dilution. A high concentration of non-coliform organisms can turn the gel
yellow.

If colonies are need for further testing and identification, lift the film cover and pick a
colony form the gel.

If the plates cannot be counted within 1 hour of removal from the incubator, they may be
stored for later by freezing in a sealable container at temperatures < -15°C for no longer
than one week.

O On
o oe .
(] 00 @) Figure 3: Examples of entrapped gas
0 Oe 0 3 & bubbles associated with colonies. All should

4 be included in enumeration.

O
Q 9 @ Taken from 3M™ Petrifilm E. coli/ Coliform

6 1 Count Plate Interpretation Guide.
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Figure 4: Examples of a E.
coli/coliform Petrifilm

with no colonies. Artifact
bubble (A), foam dam (B),
growth area (C), and
square (D) are labeled,

*Refer to the 3M™ Petrifilm E. coli / Coliform Count Plate Interpretation Guide for
additional help.

3M™ Petriform EC Plate Storage and Maintenance:

Store unopened E. coli/coliform Petrifilm pouches in a refrigerator or frozen at temperatures <
8°C. Just prior to use, allow for the unopened pouches to reach room temperature before opening.
Return unused E. coli/coliform Petrifilm to pouch. Seal the pouch by folding the end of the pouch
over and using adhesive tape. To prevent exposure to moisture, do not refrigerate opened
pouches, instead store resealed pouches in a cool dry place for no longer than four weeks.

122



Annex 13: DNA extraction, PCR, gel electrophoresis and gel imaging
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Anenx 14. Ethical approval and clearance for this study was obtained from Addis Ababa
University (AAU)

PHLPCT heLEATA “1L30 hAE
A0 A0Q RZACAL

COLLEGE OF NATURAL & COMPUTATIONAL SCIENCES 400D

Addis Ababa University

OFFICE OF THE DEAN Ref. No.
L7 &/0T wre CNSDO/296/12/2020
Date:
% January 23, 2020

To Whom It May Concern

The College of Natural & Computational Sciences Institutional Review Board (CNS-IRB)
Committee in its meeting held on 20/12/2019 Minute No. IRB/42/2019 has examined the project
proposal entitled “Assessment of Risk Factors for Microbial and Chemical Contamination
of Milk and Cottage Cheese Across the Dairy Value in Ethiopia™ by Dr. Ashagrie Zewdu,

from the Addis Ababa University.

The proposal is approved for implementation.

With regards,

./l’ ). &
athun/BhD' < xmi §
Doan's O .
& Complitdgonpl Sciences
W

Addisalenm™

Dean, College of Natura.
&

o

ﬁ"z\h jl el.+251-11123-94-72 7"M1.%/P.0.Box 1176 Addis Ababa, Ethiopia
+h/Fax: +251-11-123-94-69 7 A9 /Email: dean cns@aau.edu.et
Please Quote our reference number in you correspondence
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