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ABSTRACT 

Microorganisms in milk originate from the interior of teats, the farm environment and 

surfaces of the milking equipment. Food borne diseases are common in developing 

countries, including Ethiopia. Antimicrobial resistance is a major and increasing global 

healthcare problem. This Cross sectional study was conducted, to assess hygienic practice 

in farms and public awareness, estimate the prevalence of E.coli and S. aureus in raw 

milk, to obtain S. aureus and coliform lode in milk, to determine the antibiotic 

susceptibility patterns from December 2018 to February 2019. A total of 53 farm manager 

and 100 milk consumers were interviewed and 379 milk samples 60 bulk milk and 53 

swabs from different sources were collected for laboratory analysis to assess prevalence 

and bacterial load by using standard microbiological techniques. The antibiotic 

susceptibility profiles of the E. coli and S. aureus were also investigated. S.aureus and 

coliform contaminations in milk were evaluated based on risk factors. STATA version 14 

was use for data analysis. 56.6% of farms practiced poor milking hygiene, 28.3% 

satisfactory and only 15% practiced good milking hygiene. Workers educational status 

has significant value (p=<0.05) in relation to milking hygiene. Prevalence of E. coli 27% 

(CI= 22.26-31.40), Prevalence of S.aureus 75.73% (CI= 71.09-79.96) were obtained in 

raw milk. Whereas 69.2% S.aureus in hand swab and 100% E.coli in floor swab positive. 

Age, parity, separated use of milkers & cleaner & use of the same towel were significant 

difference (p=<0.05) in effect on the prevalence of E.coli. S. aureus lod in plastic 

container milk (5.7070 log10 cfu/ml) and metal container (6.0533 log10 cfu/ml), and 

coliform count in foremilk discarded source (5.27 log10 cfu/ml) and foremilk did not 

discarded source (5.7105 log10 cfu/ml) reveled. E. coli, were highly susceptible to 

Gentamicin (91.6%), but resistance to Penicillin-G (88.6%) while S.aureus were highly 

susceptible to Gentamicin (94.7%) but resistance to Polymyxins (96.2). 74% respondent 

have idea on hygienic practice in farm and 53% have idea on milk born disease due to 

raw milk consumption but, still 66% consumed raw milk and only 26% have idea on 

disease transmission from human to animal. Therefore at study area farm hygiene was 

unsanitary milk produced was low quality, most of antibiotics were resistance and 

consumers have low idea on milk consumption way and handling, training, supplely 

facility & materials, rational use of both vet. & medical drugs, E.coli serotypes 

surveillance of serotype char, good personal hygiene, CMT test in farm and udder fresh 

milk bacterial count should be performed.  

Key words: E. coli, S. aureus, raw milk, hygiene, anti-biotic susceptibility, bacterial load
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1. INTRODUCTION 

 

1.1. Background of the Study  

 

Food producers are responsible for the safety of their products, and to guarantee food 

safety of dairy products, the dairy industry has implemented hazard analysis of critical 

control points (HACCP) systems. This enables quality assurance of final products via a 

chain management approach (European Commission, 2004b). The quality and safety of 

raw milk is essential for the quality and safety of milk and dairy products (Marc and 

Frank, 2009). In developing countries production of milk and various dairy products take 

place under unsanitary conditions (Yilma et al., 2007). In Ethiopia, hygienic purities of 

milk and milk products are generally poor (Yilma et al., 2007). National Hygiene and 

Sanitation Strategy program (WHO, 2005) reported that about 60% of the disease burden 

is related to poor hygiene and sanitation in Ethiopia. 

 

Different parts of the country showed the poor sanitary conditions of catering 

establishments and presence of pathogenic organisms like S.aureus, E. coli, and others 

(Mekonnen et al., 2011). Microorganisms in bulk tank milk originate from the interior of 

teats, the farm environment and surfaces of the milking equipment (Chambers, 2002). 

Microorganisms are mainly transferred from the farm environment to milk via dirt (e.g. 

faeces, bedding and soil) attached to the exterior of teats; in addition, microorganisms 

attached to the exterior of the teats can enter the teat canal and cause mastitis (Makovec & 

Ruegg, 2003). Finally, contamination can originate from insufficiently cleaned milking 

equipment when, during milking, microorganisms adhered to surfaces of the milking 

equipment are released into the milk (Chambers, 2002).    

 

Escherichia coli strains Strains carry particularly virulent properties have emerged as a 

serious hazard, with the consumption even low number these organisms bearing the risk 

for life threatening illness (ICMSF, 2002). The infective dose of E. coli O157:H7 is 

estimated to be very low, in the range of 10-100 cells (Dulo et al 2017). The infective dose 

of other STEC serotypes is suspected to be slightly higher (FDA, 2012).  Shiga-toxin 

producing E. coli (STEC) and Enterotoxigenic E. coli (ETEC) were associated with 

several life-threatening food-borne outbreaks worldwide (Majowicz., 2014). STEC 
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produces cytotoxins encoded by stx1 and stx2 genes. These cytotoxins are associated with 

serious human illnesses as hemorrhagic colitis (HC) and hemolytic uremic syndrome 

(HUS) that usually end up with fatal consequences (Majowicz., 2014). STEC causes 

around 3 million cases of acute illness and over 200 deaths each year (Majowicz, 2014).  

 

Staphylococcus .aureus number in raw milk or other dairy products needs to be less than 

10
4
CFU g

-1
, according to the US FDA regulations (Yu et al., 2016). Staphylococcal 

enterotoxins are active even after boiling for 30 min and may remain stable at 121 °C for 

28 min (Necidova et al., 2016).  In relation to economic importance and public health 

concern surgical site infection (SSI) due to S. aureus complicates 2%–5% of all surgeries 

in the United States, resulting in a total of 300,000–500,000 infections each year (Martone 

and Nichols, 2001).  SSIs are associated with increased morbidity rates, mortality rates, 

and costs and they are responsible for additional annual hospital charges of ∼$1.6 billion 

in the United States alone (Martone and Nichols, 2001). Very small dose of SEs can cause 

Staphylococcal Food-Borne disease. For example, one report indicated that approximately 

0.5ng/mL concentration of SEs contaminated with chocolate milk caused a large outbreak 

(Murray, 2005). 

 

Concerning on public knowledge, practice and risk factors, food borne diseases are 

common in developing countries, because of the prevailing poor food handling and 

sanitation practices, inadequate food safety laws, weak regulatory systems, lack of 

financial resources to invest in safer equipment, and lack of education for food-handlers 

(Nigatu et al., 2017). Raw milk consumption by consumers may be attributed to the lack 

of awareness of foodborne pathogens in raw milk (Jayarao et al., 2006). An understanding 

of farmers’ knowledge on milking hygiene and cattle milk-borne zoonoses is very 

important to reduce risk of cattle milk-borne zoonoses transmission (Lencho and 

Seblewongel, 2018). Low awareness level of respondents on cattle and milk-borne 

zoonoses would be providing adequate extension services, training and education to the 

dairy producers on ways of controlling these diseases from infecting farm workers, dairy 

farming families and the public (Belay and Geert, 2016). 

 

 

The prevalence of E. coli on cattle farms has been examined extensively, with or without 

identification of risk factors associated with animals such as age (Kuhnert et al .,) or breed 
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(Vold et al .,2001) or of factors associated introduction of new animals Nielsen et al 

.,2002), and type of feed (Kuhnert et al.,2005). Different published study reported from 

different study area showed prevalence of E. coli and S. aureus among these Nigatu et al., 

(2017) reported E.coli (33.9%) in raw milk, Elmonir et al., (2018) reported 13.2% E. coli 

and 18.2% S. aureus, Sema et al., (2019) reported 15.3% from udder milk and 25%, 20%, 

and 10% from milkers’ hand, milking bucket, and drying towel swab, respectively,  

 

Antimicrobial resistance is a major and increasing global healthcare problem (WHO, 

2012).  Since the introduction of the penicillin, a large number of bacteria have responded 

to the use of antibiotics with their ability to evolve and transmit antimicrobial resistance to 

other species (Von Baum and Marre, 2005). Increased consumption of antimicrobial 

agents and their inappropriate use are among factors which further accelerated this 

phenomenon. Furthermore, the continuous migration of people between countries as well 

as international tourism and business travel play an important role in the acquisition and 

spread of multidrug resistant strains (Van der Bij and Pitout, 2012).  

 

Antimicrobial resistance was also observed in animals, where the antimicrobials are used 

for therapy and prophylaxis of infectious diseases. Considerable debate surrounds the 

relationship between antimicrobial use in animals and the resistance problem in people 

(Barza and Gorbach, 2002). Studies isolating S. aureus from bovine mastitic milk show 

high levels of resistance to ampicillin, penicillin, polymixin B, and streptomycin (Abera et 

al., 2010). E. coli bacteria have genes that function to protect itself from the influence of 

antibiotics derived from the plasmid. Plasmids carrying some drug resistance genes often 

detected in E.coli (Costa et al., 2010). 

 

Statement of the Problem 

 

Different parts of the country showed the poor sanitary conditions of catering 

establishments and presence of pathogenic organisms like S.aureus, E. coli, and others 

(Mekonnen et al., 2011). This poor condition of cows may influence the microbial quality 

of milk (Coorevits et al., 2008). The consumption of raw milk and its derivatives is 

common in Ethiopia reported that 31.8% of farmers consume raw milk (Makita et al., 

2012), which is not safe from a consumer health point of view as it may lead to the 
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transmission of various diseases (Shunda et al., 2013). At study area Antimicrobials are 

used frequently for treatment and prevention of mastitis (Wubshet et al., 2017). Lack of 

information on milking hygiene practices and farmers’ awareness on cattle milk-borne 

zoonoses could result in public health risks and economic losses affecting dairy producers 

(Lencho and Seblewongel, 2018). 

 

 Most of the milk consumed preference in study area is given to raw milk compared to 

pasteurized and boiled milk. However, no or limited studies on microbiological quality of 

raw milk has done (Ashenafi et al., 2016). Insite towards the possible sources of 

Escherichia coli and Staphylococcus aureus for effective control and prevention of the 

disease, as well as prevention of antibiotic resistant of the bacteria and in addition to 

maintain hygienic practice in farms and increase awareness creation to public health 

concern in relation to raw milk. 

Thus, this research was done with the following objectives: 

1. To assess hygienic practice in dairy cows farms and public awareness on pathogens 

preventions in raw cow milk in Wolaita soddo.  

2. To estimate the prevalence of E. coli and S.aureus in raw milk and environmental 

swabs from different sources at the study area. 

3. To obtained Enumeration and showed risk factor for S. aureus and coliform bacteria in 

raw milk collected from different source of dairy cows farm.    

4. To determine the antibiotic susceptibility patterns of E. coli and, S.aureus isolates 

against selected drugs used in Ethiopia. 
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2. REVIEW OF LITERATURE 

 

2.1. Escherichia coli 

 

2.1.1. Historical aspects 

 

Escherichia coli, originally known as Bacterium coli commune, were identified in 1885 by 

the German paediatrician, Theodor Escherichia (Peter et al., 2002).  Strains of Escherichia 

coli are a common part of normal microbial flora of animals, including humans.  Most 

strains are harmless, but some cause diarrhea. Strains carrying particularly virulent 

properties have emerged as a serious hazard, with the consumption of even low numbers 

of these organisms bearing the risk for life threatening illness (ICMSF, 2002).   

 

2.1.2. Phenotypic characteristics 

 

Escherichia coli classified under in the family Enterobacteriaceae. The organism is a 

Gram- negative, non-spore-forming, straight rod (1.1 µm x 2.0-6.0 µm) arranged in pairs 

or singly; it is motile by means of peritrichous flagella or may be non-motile and may 

have capsules or microcapsules. It is a facultative anaerobic micro-organism with an 

optimum growth temperature of 37
o
C. Escherichia coli is oxidase-negative, catalase- 

positive, fermentative (glucose, lactose, D-mannitol, D-sorbitol, arabinose, maltose), 

reduces nitrate and is β-galactosidase-positive. Approximately 95% of the strains are 

indole and methyl red positive (Fratamico and Smith, 2006).  All strains of E. coli are 

negative in the Voges-Proskauer test. Most strains do not hydrolyses urea or produce H2S 

in triple sugar iron (TSI) medium and are unable to use citrate as a sole carbon source 

(Simmon’s citrate negative) (Wilshaw, 2000). 

 

2.1.3 Epidemiology of  Escherichia coli  

 

Cattle are the major reservoirs of pathogenic E. coli followed by sheep and goats. The 

pathogen is carried in the intestinal tract and excreted in faeces (Battisti et al., 2006). The 

pathogenic E. coli strains isolated from aquatic environment or water body (Alam et al., 

2006).  
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2.1.4. Pathogenesis and Symptoms 

 

Enterohemorrhagic coli (EHEC) strain may produce one or more types of cytotoxins 

which are collectively referred as shiga-like toxins (SLTs) since they are antigenically and 

functionally similar to shiga toxin produced by shigelladysenterica. SLTs were previously 

known as verotoxin. The toxins provoke cell secretion and kill colonic epithelial cells (Jay, 

2000). Enterohemorrhagic coli are characterized by presence of SLTs genes, locus for 

enterocyte effacement (LEE) and higher molecular-weight plasmid that encodes for a 

hemolysin. These three virulence factors are present in most E. coli associated with bloody 

diarrhea and hemolytic uremic crisis in humans (Radostits et al., 2007). The most virulent 

factor of E. coli O157: H 7 is the production of cytotoxic SLT.  E. coli O157: H likely 

gained ability to produce the SLT1 and SLT2 as a result of ingestion with a bacteriophage 

carrying SLT1 and SLT2 genes (Robinson et al., 2000). The SLTs of E. coli O157: H 7 is 

cytotoxic to human colon and ileum cells. In animals, toxin has been shown to cause 

localized fluid accumulation and colonic lesion characterized by sloughing of surface and 

crypt epithelial cell (Jay, 2000).  

 

2.1.5. Antimicrobial Resistance of Escherichia coli 

 

Antimicrobial resistance is a major and increasing global healthcare problem (WHO, 

2012).  Since the introduction of the penicillin, a large number of bacteria have responded 

to the use of antibiotics with their ability to evolve and transmit antimicrobial resistance to 

other species (Von Baum and Marre, 2005). Increased consumption of antimicrobial 

agents and their inappropriate use are among factors which further accelerated this 

phenomenon. Furthermore, the continuous migration of people between countries as well 

as international tourism and business travel play an important role in the acquisition and 

spread of multidrug resistant strains (Van der and Pitout, 2012). Antimicrobial resistance 

was also observed in animals, where the antimicrobials are used for therapy and 

prophylaxis of infectious diseases. As in humans, the use of antimicrobials leads to an 

increased incidence of resistance in both pathogenic and endogenous bacteria (Szmolka 

and Nagy, 2013).  
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2.1.6. Economic Importance of Escherichia coli  

 

Regarding on Enormous economic important and contamination of food, particularly in 

developing countries, around one-third of the world population is affected by food-borne 

pathogens per year. Treatment of food-borne diseases results in loss of billions even in 

developed nation like the United States (US) and there are reports of more than 48 million 

illnesses due to such diseases making the food-borne illness a great public health concern 

(Dhama et al., 2013a). Hemorrhagic colitis alone is usually self–limiting, although deaths 

can occur. Complications and fatalities are particularly common among children, the 

elderly, and those who are immunosuppressed or have debilitating illnesses. EHEC-

associated HUS/ TTP are estimated to be fatal in 1-10% of children and up to 50% of the 

elderly. In European surveillance, the case fatality rate in all reported EHEC infections 

was < 0.5%. In the EAHEC O104:H4 outbreak, the case fatality rate was 1.4% in all 

patients with clinical signs, and approximately 6% in patients with HUS/ TTP (CDC, 

2016). STEC causes around 3 million cases of acute illness and over 200 deaths each year 

(Majowicz et al., 2014).  

 

Disease manifestations, epidemiology, transmission and spread, diagnosis, and prevention 

and control measures would help in reducing and eliminating avian colibacillosis from the 

poultry flocks, thereby reducing economic burden to poultry producers and the potential 

hazards posed to the public health (Dhama et al., 2013a).Different published articles 

showed different levels of prevalence of mastitis due to E.coli in both Clinical and Sub 

clinical mastitis therefore  economic losses associated with mastitis derive mainly from a 

decrease in milk production and to a lesser extent, from the culling of chronically infected 

cows, cost of veterinary treatment, and penalties on milk quality (Seegers et al., 2003).  

 

 

2.1.7. Control and prevention of Escherichia coli 

 

In general, strategies for the prevention and control of the spread of E. coli should include 

access to safe water; good handling practices to reduce the risk of food contamination, 

sanitation measures, public education and vaccination (Seibet al., 2012).Measures to 

prevent infections from food products include appropriate storage and cooking 

temperatures. Hospital measures that limit risk of the spread of multi resistant pathogens 
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include prevention of cross-contamination by implementing strict hygienic standard 

protocols as well as control over the use of antimicrobial drugs (Mielke, 2010).  

 

Antibiotics are essential for the control and treatment of E. coli infections in humans and 

animals. However, it is generally accepted that antimicrobial resistance is associated with 

the quantity of antibiotic consumption (Van Duijnet al., 2011). Probiotics could be an 

approach to the prophylaxis of several E. coli infections (De Vrese and Schrezenmeir, 

2008). Effective vaccine for Enterotoxigenic E. coli (ETEC) that may have a substantial 

impact on children’s health in developing countries as well as protect travelers when 

visiting at endemic areas (Tobias and Svennerholm , 2012). In some countries, a cholera 

vaccine was used against ETEC strains to stimulate anti-heat-labile toxin immunity for 

short term protection (Al-Abri et al., 2005).  

  

2.2. Staphylococcus aureus 

 

2.2.1. Historical aspect 

 

Staphylococcus aureus is a dynamic and versatile microscopic organism that has a 

momentous capacity to gain anti-infection protection rapidly. In the pre-anti-infection 

period, Staphylococcus aureus had for quite some time been related to high mortality. 

Penicillin, first presented in the mid-1940s, immediately brought down the death rates 

related to Staphylococcus aureus contaminations. Staphylococcus aureus resistance was 

commonplace for both community, and hospital strains demonstrated resistance to 

penicillin. The introduction of methicillin, penicillinase-resistant semisynthetic penicillin, 

quickly solved the problem of penicillin-resistant Staphylococcus aureus. Again in 1961, 

less than a year later, MRSA was reported (Corriere, et al 2008). The treatment of staph 

infection started in the 1940s, 60 years after the discovery of the organism. The overuse 

and misuse of the drugs, however, led to the adaptation (or resistance) to the penicillin 

drugs in the 1950s (Chambers, et al., 2009).  

 

2.2.2. phenotypic characteristics  

 

Staphylococcus aureus is gram positive cocci that occur in singles, short chains, tetrads 

and irregular grape like cluster. Only the strains that produce enterotoxin can cause food 
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poisoning. The Staphylococcus genus is subdivided into 32 species and subspecies. S. 

aureus produces staphylococcal enterotoxin (SE) and is responsible for almost all 

staphylococcal food poisoning (FDA 2012) The growth and survival of S. aureus is 

dependent on a number of environmental factors such as temperature, water activity (aw), 

and pH, the presence of oxygen and composition of the food. These physical growth 

parameters vary for different S. aureus strains (Stewart 2003). The temperature range for 

growth of S. aureus is 7–48°C, with an optimum of 37°C.  S. aureus is resistant to freezing 

and survives well in food stored below -20°C; however, viability is reduced at 

temperatures of -10 to 0°C. S. aureus is readily killed during pasteurization or cooking. 

Growth of S. aureus occurs over the pH range of 4.0–10.0, with an optimum of 6–7 

(Stewart 2003).  

 

S. aureus is uniquely resistant to adverse conditions such as low aw, high salt content and 

osmotic stress. As such, most S. aureus strains can grow over arrange of 0.83 to >0.99 

(FDA 2012).  S. aureus is a facultative anaerobe so can grow under both aerobic and 

anaerobic conditions. However, growth occurs at a much slower rate under anaerobic 

conditions (Stewart 2003). For a non-sporing mesophilic bacterium, S. aureus has a 

relatively high heat resistance (Stewart 2003). Two several chemical preservatives, 

including sorbets and benzoates, inhibit the growth of S. aureus. The effectiveness of these 

preservatives increases as the PH is reduced. Methyl and propyl parabens are also 

effective (Stewart 2003).  

 

2.2.3. Epidemiology of Staphylococcus aureus:  

 

The largest numbers tent to be found near opening of the body surface such as the anterior 

nares, inguinal and perineal areas both in human and animals, where in moist habitats, 

numbers per square centimeter may reach 1000-1000000 and in dry habitats 10-1000 

(Quinn et al., 2001) Its habitats include in humans the nasal membranes and skin of warm-

blooded animals, where it can cause a diverse range of infections from mild, such as skin 

infections and food poisoning, to life-threatening, such as pneumonia, sepsis, 

osteomyelitis, and infectious endocarditis (Kuroda, 2001). The 2006 Centre for Disease 

Control (CDC) annual report showed that Staphylococcus aureus enterotoxication was 

ranked third among bacterial food-borne outbreaks (CDC, 2009), while it was ranked as 

fourth in Europe (European Food Safety Authority, 2010). In China, a retrospective study 
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(1994 to 2005) revealed that S. aureus was the second most common food-borne agent in 

homes (Wang et al., 2007).  

 

2.2.4. Virulence factors and Pathogenesis 

 

S. aureus has more than 50 virulence factors, with a wide range of biological activities. 

They are responsible for a variety of toxin-mediated and suppurative diseases (Ferry et al., 

2005). Except for the toxin-mediated diseases such as toxic shock syndrome (TSS), the 

causation of staphylococcal infections is not due to a single virulence factor. The different 

virulence factors participate, in a stepwise manner, in the pathogenesis of the various 

diseases. In each step, one or more virulent factor may be involved (Ferry et al., 2005).  

 

First, a virulence determinant that aids the bacterium to adhere to the host surface or 

tissue, and virulence factors that avoid or invade the immune system of the host will be 

functional. For this purpose, the surface proteins such as protein A and collagen binding 

proteins will be expressed during the exponential growth phase. In the meantime, the 

second step that involves the secretion of exotoxins or proteins that cause a harmful toxic 

effect to the host will follow (Costa et al., 2013) However, more recently it has been 

reported that less than 1.0 µg of SE is sufficient to cause staphylococcal food poisoning 

(FDA 2012). In fact, evidence from outbreaks indicates that ingestion of less than 200 ng 

of enterotoxin A is sufficient to cause illness in susceptible individuals (Asao et al. 2003). 

 

2.2.5. Symptoms of Staphylococcus aureus 

 

S. aureus is one of the most common pathogens of food poisoning. S. aureus pathogens in 

milk, under favorable conditions, produce heat-stable enterotoxins which cause vomiting 

and abdominal cramping with or without diarrhea (Kadariya et al., 2014)  The disease is 

self-limiting; however, few cases especially in infants and elderly may suffer acute illness 

and death (Kadariya et al., 2014). Staphylococcal enterotoxins (SEs) are encoded by 

several genes; however, sea, seb, sec, sed and see were the most common genes 

implicated in cases of food poisoning worldwide (Kadariya et al., 2014).  Food poisoning 

by S. aureus is characterized by a short incubation period typically 2-4 hours. The onset is 

sudden and is characterized by vomiting and diarrhea but no fever. The illness lasts less 

than 12 hours. In severe cases dehydration, masked pallor and collapse may require 

treatment (intravenously) infusion. The short incubation periods are the characteristics of 



11 
 

intoxication where illness is the results of ingestion of the preformed toxin in the food 

(Adams and Moss 2008). 

 

Regarding on Clinical sign of mastitis Staphylococcus aureus are major causes of 

subclinical and clinical mastitis (Abebe et al., 2016). In subclinical mastitis, S. aureus are 

shed in milk without abnormalities in milk consistency or udder shape; hence, humans 

may impact their health by consuming or processing milk from these cases (Elmonir et al., 

2018).  

 

2.2.6. Antimicrobial Resistance of  Staphylococcus aureus 

 

 

 Antibiotics have been widely used in the treatment of infection caused by    S. aureus in 

farm animals (Waters et al., 2011) and their use has been linked to the spread of resistant 

bacteria to humans through the consumption of animal food products (Marshall and  Levy, 

2011). In addition, the extensive misuse of antibiotics in all settings has created strong 

selection pressure, which has resulted in the survival and persistence of resistant strains 

(Shryock and Richwine 2010). This poses a challenge to veterinarians, health 

professionals, and dairy cattle producers due to its negative impact on the response to 

antimicrobial therapy (Abera et al., 2010). As MRSA strains are frequently resistant to 

many different classes of antimicrobial drugs, second- and third-line antimicrobial 

resistance is a growing concern (Tenover et al., 2001) 

 

2.2.7. Control and prevention Staphylococcus aureus 

 

Food born bacterial illness by bacteria are most commonly prevented and controlled by 

proper cooking and preparing of food as well as storing. The control method or measures 

also includes; a) education of those who prepare the food at home and other food handlers, 

so that they have to take proper personal measures; b) prohibiting individuals with abscess 

or other skin lesions from handling food; c) placing of food in cold place at 4 degree 

centigrade or lower of all food in order to prevent bacterial multiplication and the 

formation of toxin. Foods must be kept at room temperature for as little time as possible 

(WHO, 2008)  
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2.3. Economic Importance of Staphylococcus aureus 

 

Although methicillin-resistant Staphylococcus aureus (MRSA) is an increasingly common 

pathogen, the independent contribution of methicillin resistance to the outcomes for 

patients with S. aureus infection is unclear because patients who develop MRSA 

infections are typically older and sicker than are patients who develop methicillin 

susceptible S. aureus (MSSA) infection. Surgical site infection (SSI) complicates 2%–5% 

of all received surgeries in the United States, resulting in a total of 300,000–500,000 

infections each year (Martone and Nichols, 2001). SSIs are associated with increased 

morbidity rates, mortality rates, and costs, and they are responsible for additional annual 

hospital charges of∼$1.6 billion in the United States alone (Martone and Nichols, 2001).  

 

Staphylococcus aureus in dairy products in different areas in Ethiopia causing mastitis 

especially in bovine leading to considerable economic losses in cattle farming, moreover, 

pathogen resistance to ampicillin, penicillin, Polymyxins B, and streptomycin. Due to 

large portion of the Ethiopian population that lives in close proximity to their livestock, 

transmission of resistant Staphylococcus aureus from livestock to humans through the 

consumption of milk is one of economic loss in relation to public health impacts (Abera et 

al., 2010). 

 

2.4. Public health importance of Staphylococcus aureus 

 

Staphylococcus aureus is among the most prevalent causes of clinical infections 

worldwide and has gained substantial public attention due to increased mortality, 

associated with multi-drug resistance (Waters et al., 2011). Most of the S. aureus 

foodborne illnesses result from contamination of food by handlers, while low levels of the 

S. aureus may exist in many types of food items (Le Loir et al ., 2003). Staphylococcal 

food poisoning, although generally self-limiting, is a major cause of illness worldwide 

(Chin, 2000).  Heat-stable enterotoxins produced by S. aureus cause vomiting, and 

abdominal cramping with or without diarrhea. The disease is self-limiting; however, few 

cases especially in infants and elderly may suffer acute illness and death (Kadariya et al., 

2014).  
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2. MATERIALS AND METHODS 

 

3.1. Description of the Study Area 

 

The study was conducted in Wolaita soddo Town, southern Ethiopia. It’s approximately 

380 Km away from Addis Ababa, capital city of Ethiopia. Geographically the study site 

located at 8°50°N latitude and 37°45°E longitudes on the way to Arba Minch town. The 

elevation of this area is about1500 meters to 3200 meters above sea level and its mean 

annual temperatures ranges from15
o
c to 30°c withthe relative humidity of 67%. The mean 

annual rain fall of the area ranges from 450-1200 mm with the lowest being in low land 

and highest in high land within a bimodal distribution of the season’s pattern peaking in 

mid- April and mid-August of the year (Wolaita Zone Agricul-tural Office, 2018). 

 

The livestock population in the study area is estimated to be 101,765 among these total 

estimated cattle population to be 33, 500, currently 53 semi intensive dairy cows farming 

management each confined minimum more than five dairy cows are practicing under 

privet and governmental office. Male 13857 and Female 443 totally 14300 farmers 

participated in livestock production extension, more than 26 milk shop located at study 

area. In the production farm management structure breeds of pure, crossed and pure 

jersey cattle are used for the purpose of milk and milk product distributed for consumers, 

milk shop and local market of the wolaita soddo and surrounding (Soddo Town District 

Agricultural Office, 2018). 
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Figure 1 Study Area Map (Ethiopian Mapping Agency, 2007) 

 

3.2. Study design 

 

A cross sectional type of study were conducted from December 2018 to January 2020 to 

determine hygienic practice condition in dairy cows farms considering dairy cattle 

managements operation and Public awareness on general sanitation and prevention of 

pathogens to isolate and estimate prevalence of Escherichia coli and staphylococcus 

aureus from raw cow’s milk, to obtained staphylococcus aureus and coliform bacteria 

count in raw milk, to determine antimicrobial susceptibility for the isolates at study area.  
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3.4. Sampling Technique and Sample Size Determination 

 

According to Wubshet et al., 2017, expected prevalence is 33.3% for both Escherichia coli 

and staphylococcus aureus in dairy cattle raw milk. Therefor total sample size were 

calculated following parameters of 95% level of confidence interval (CL), 5% desired 

level of precision. So, the sample sizes were determined using the formula given in 

Thrusfield (2005): 

 n = [1.96
2 
Pexp (1- Pexp)]/ d

2
 

Where:  n = required sample size;  Pexp = expected prevalence;   d = desired absolute 

precision 

Accordingly, a total of 342 sample size, but to increase result precocious sample size 

population increase to 379 and additional 53 environmental samples minimum one swab 

sample from each farm, that included swab samples from, floor, cow udder, milk 

equipment workers hand  and pen (barn ) and milk from milk container  from study farms 

collected randomly. The study was performed in semi intensive dairy cows’ farms which 

have minimum five dairy cows at study area. For raw milk collection first coding each 

lactating cows in each farms then Simple random sampling technique was done by lottery 

methods from each farm according to the numbers of lactating animals proportional to 

total sample size, then raw milk were collected from selected once. And additional 

environmental Swab samples from each farms contact surface collected purposively.   

 

3.5. Sample Collection and Transport 

 

Milk samples were collected in labeled sterile test tube from each of the four quarters to 

healthy carrier dairy cow teat as well as environmental swab sample aseptically by using 

sterile cotton swab (Mennane, 2007). To performed prevalence of pathogen shaded in 

lactating cows (from only udder milk sample) and facility contamination (swab from 

milkier hand, milk utensil, floor, teat and pen/barn) respectively. And additional bulk milk 

sample was collected from milk containers randomly considered as risk factors to 

determine populations of bacteria with in farm milk to estimate milk contamination lode. 

Samples of collected raw milk and environmental swab were individually placed into a 

sterile plastic container in an ice box and were transported to the Soddo Regional 

veterinary Laboratory of Microbiology department for laboratory test within few hours of 

collection. 
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3.6. Sample Processing and isolations of Escherichia coli and 

staphylococcus aureus  

 

The methods used in isolation and identification of both pathogens were according to the 

techniques recommended by (Fatine et al., 2012.) Milk samples were centrifuged for 4 

minutes then from sediment parts of centrifuged milk as well as from environmental swab 

a loop of primary culture were done on sterilized blood agar and incubated at 37oc for 24 

hours and colony characterized were done. After cloni characterization loop full pure 

coloni inoculum was transferred aseptically and inoculated in sterile Nutrient agar (Hi 

media, India) medium and incubated at 37 °C for 24 hours.   

 

Gram’s positively reactive colonies were tested for coagulase test and, then coagulase 

positive inoculum was further transferred on sterile Mannitol Salt agar (M. S. A) (Oxoid, 

UK) and were observed golden yellow color colonies of Staphylococcus aureus ,  then 

further suspected coloni from Nutrient agar for various biochemical tests (Catalase test, 

Coagulase test, Indol test, Christie-Atkins-Munch-Peterson test (CAMP) and sugars 

fermentation test (1% maltose) would be performed (Javed et al, 2014).  

 

 Grams negative bacterial colonies were cultured on MacConkey's agar and then incubate 

at 37
0
C for 18-24 h and were observed medium size, bright pink to red with flat or 

elevated surface (due to their ability to ferment lactose) and complete with edges colonies 

for the characteristic of Escherichia coli (Nigatu et al., 2017). Then further an inoculum 

was transferred on Eosin Methylene Blue agar (Oxoid, Hampshire, U.K.) (Elmonir et al., 

2018) and identified green metallic sheen Escherichia coli (Nigatu et al., 2017) and further 

the confirmed pure cultures considered as E. coli positive were transferred to nutrient agar 

to be used for additional confirmatory various biochemical tests (Catalase test, Coagulase 

test , Indol test,  and TSI fermentation test ) were performed and confirmed E. coli 

(Asmahan and Warda, 2011). 
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Table 1: Cultural and morphological characteristics Escherichia coli  

 

 

 

 

Cultural 

characteristics 

Blood  agar Non hemolytic, grey white moist, glistening, 

opaque, circular, convex colonies with entire 

edge. 

 Nutrient Agar  Colorless and yellowish white, circular, smooth 

colonies with entire edge.  

 Nutrient Broth  Organism showed uniform turbidity. 

MacConkey agar Smooth, circular pink colonies with spreading 

growth. 

Eosin Methylene blue 

Agar (EMB) 

Green Metallic Sheen (selective media) colonies 

 

 

Biochemical 

test 

Catalase  +ve 

Indol test  +ve   

Urease  -ve   

Methyl Red +ve 

Triple Sugar Iron Agar,  H2S 

             Glucose +ve 

             Lactose +ve 

            Sucrose +ve 

KOH  +ve 

Staining Gram's staining Gram – ve coccobacilli 

                            

(Asmahan and Warda, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

Table 2: Cultural and morphological characteristics Staphylococcus aureus 

 

 

 Blood  agar  Hemolytic, yellow, order  

Cultural 

characteristics 

Mannitol Salt Agar  Golden yellow color colonies  

Biochemical test Catalase  +ve 

Coagulase  +ve  

Indol test  -ve 

Urease  -ve   

Methyl Red +ve 

 Glucose +ve 

 Manitol  +ve 

Maltose  +ve 

 KOH  -ve 

 CAMP Test   +ve   

Staining Gram's staining Gram + ve  cocc                      

(Javed Khan et al, 2014)  
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3.7. Bacterial Load Determination 

 

For quantitative analysis of Staphylococcus aureus and coliform bacteria from raw milk 

seven sterile test tubes were prepared with 9 ml of sterilized Buffered Peptone water 

(BPW) and mixed toughly.  Seven -fold serial dilution of the inoculums from 10-
1 

to 10-
7
 

was done into sterile BPW solution using disposable aseptic pipettes tips and one ml was 

discarded from the last dilution (Kashifa, et al., 2001). After well mixed, to place 

appropriate dilutions on petridishes  the cover of petri-dishes was lifted just high enough 

to insert pipettes two plates inoculated per dilution. From each dilution one-milliliter 

sample suspension from mixed sample was hygienically transferred (inoculated) to MSA 

(Eur Pharm, Spain) by surface spread plate method. Each inoculum was then spread with 

the alcohol flamed bent glass rod. The incubation was done at a temperature of 37ºC for 

24 to 48 hours.  

 

 To Enumeration Staphylococcus aureus  after incubated at 37˚C for 48 hours culture 

media was characterized typical appearance of  golden yellow color colonies on Mannitol 

Salt Agar (selective media) taken as Staphylococcus aureus (Javed et al, 2014). Plates that 

contained 20-200 colonies were selected for S. aureus count (BAMO, 2001) by using help 

of colonies counter and total S. aureus colonies from  two consecutive plates of each 

sample were converted into colony forming units per milliliter (cfu/ml) using a formula 

given by PHE (Public Health England, 2016). 

ΣC 

N = ------------------------------ 

V (n1 + 0.1n2) d 

Where N= number of bacterial colonies counted, C= sum of colonies identified on two 

consecutive dilution steps, where at least one contained 20 colonies and less than 200 

colonies, V= volume of inoculums on each dish/plate, in milliliter and d= dilution rate 

corresponding to the first dilution selected (the initial suspension is a dilution). 

 

To performed  coliform count (CC) raw milk after incubation of the plate at 32˚C for 48 

hours purplish red colonies with bile precipitation around them were counted as coliforms 

from MacConkey’s agar results from only those plates (Oumer, et al., 2017) which 

contained between 15 and 150 colonies were recorded by using colonies counter. For 



20 
 

analysis aim only counts in the normal (15-150) were taken directly. When all plates 

counted less than 15, the nearest count to 15 was taken and when all plates counted greater 

than 150 colonies for all dilutions, the nearest colony count to 150 was taken by using 

(American Public Health Association (APHA) Standard method with similar interpretation 

to that of Staphylococcus aureus. 

 

3.8. Antibiotic Sensitivity testing  

 

Determination of antibiotic susceptibility were done on both positive S. aureus and 

Escherichia coli isolates from raw cow’s milk at study farms using disk diffusion method 

as described by Clinical Laboratory Standards Institute guidelines (CLSI, 2015). For 

inoculum preparation 3 to 5 pure and same morphology isolated colonies of S. aureus and 

Escherichia coli were selected from MSA and EMB medium respectively. Touching the 

top of each colony with a loop and transfering the growth into a tube containing 5 mL of 

broth medium (tryptose soy broth) was done. Then incubated at 37°C for 5 hr to achieve 

good active growth up to turbidity in the broth was observed. Inoculation of Mueller-

Hinton agar plate (Oxoid, England) was done within 15 minutes after preparing the 

turbidity of the inoculum suspension.  

 

In brief, a Mac Farland 0.5 standardized suspension of the bacteria in 0.8% sterile saline 

will be prepared and swabbed over the entire surface of Mueller Hinton agar (Oxoid) with 

a sterile cotton swab. A ring of disks of each containing single concentrations of each 

antimicrobial agent was then place onto the inoculated surface. The plates were incubated 

at 37°C for 24 hrs and observe for zone of inhibition. The clear or inhibition zone 

diameters were measured by a ruler and values obtained were interpreted using (Kirby-

Bauer Disk Diffusion Susceptibility Test Protocol 2019 CLSI, 2008) (appendix II) and 

given the appropriate status; susceptible (s), intermediate (i), or resistance (R). For both 

positive S. aureus and Escherichia coli susceptibility testing, penicillin (10µg), gentamicin 

(30µg), Polymyxins (150μg/disc) amoxicillin (10µg), ampicillin (10µg), tetracycline 

(30µg) drugs and concentrations were used. 

 

 



21 
 

 

3.9. Assessment of farm hygiene and Public Awareness  

 

Visual observation and interview were made to obtain information about over all hygienic 

practice in all study of the dairy farms at study area based on structured question. Also, the 

questionnaire was used to collect information on risk factors for bacterial. Data obtained 

from respondents were on demographic characteristics, dairy cow’s category and numbers 

from recorded sources, housing management, sources of farm water, milking hygienic 

practices. 

 

To assess public awareness creation on general sanitation and prevention of pathogens in 

raw cow milk consumptions in relation to public health importance interview was obtained  

from random survey of 100 customers who were frequently participate in participate in 

milk bought and use and consuming from dairy cows production farms which have milk 

bought customers. A list of milk bought customers from dairy farms was obtained from 

recorded sources in dairy cows farms (Sodo Reginald Dairy Production Farms, Sodo 

Agricultural Technical Vocational Educational Training College Dairy Productions Farms 

(WSUDPF and SATVETCDPF) which have milk selling shop. The sample size for 

collected the questionnaire data was determined by using formula as indicated by Bartlett 

et al. (2001). A list of 163 milk bought customers was considered as the sampling frame 

(N). 

 

Where, n = the sample size of the research; N = total number of milk bought customers in 

each farm; e = maximum variability or margin of error 5% (0.05); 1 = the probability of 

the event occurring. Therefore, a total of 116 milk bought customers were selected at 5% 

standard error with 95% confidence interval. But depending on willingness and 

availability of milk bought customers, 100  milk consumer’s customers  included dairy 

farm workers  (45), Governmental office / NGO or Private Project workers  (28),any others 

customers (27) were interviewed in this study. Data collected through face-to-face 

interviews using a structured and pretested questionnaire (before started face-to-face 

interviewed some respondents from adjacent farms only to check whether the interviews 

was easy or difficult to respond for respondents) using local language (Wolaytic) to 



22 
 

obtained demographic characteristics and factors which reduced milk quality that included 

personal milk consumption ways, milk handling, general sanitation and prevention of 

pathogens in raw milk and other directly or indirectly related factors in relations to raw 

milk. The questions were constructed in English, but during the interviews, the 

interviewers were translated into the preferred local (Wolaytic) language. 

 

 

Overall view of study methodology  
 

 

 

 

 

 

                                                                                                                                                   

 

 

 

 

 
 

 

 

 

 

Figure 2: 

  
3.10. Inclusion and exclusion criteria 

 

Inclusion criteria: The study dairy cows farm must have more than five dairy cows with at 

least 3 lactating cows during the study time, only physically health lactating cows are 

selected for sample collection, willing to participate in the study, ready to give the 
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required information through questionnaires and availability of milk during the survey, 

only lactating cows were included.   

Exclusion criteria: Farms which have less than fiver dairy cows have rejected /excluded in 

the study, lactating cows which have any physical health problems or signs have also 

excluded, dairy cows which have no recorded information or no information from owner 

or manager, unwilling to participate in the study, unable to give the required information, 

also those who had no time for questionnaires interviews were excluded.  

 

3.11. Data Management and Analysis 

 

Collected data were first entered into a Microsoft Excel spreadsheet and analyzed using 

STATA version 14 software for descriptive statistical analysis used to summarize and 

present the data collected. Descriptive statistics such as percentage and proportion were 

used to describe farm hygiene (floor of house, feeding and watering, dairy cows cleaning, 

health management, workers personal hygiene, and milk handling), milking hygiene 

(good, satisfactory and poor)  which is described in Food Standards Agency FSA, 2006 

England guide line), in relations to socio demographic characters (farm experience, sex, 

age, educational status, working experience, workers sex, and workers education status of 

managers) using the Pearson Chi-square (χ2) test and also to describe knowledge and 

practice on pathogens prevention in raw milk (consumption habitat, pathogen transmission 

and prevention, experience on milk born suffered).  

 

univariate logistic regression was used to summarize and present the data collected. The 

prevalence of both S. aureus and E.coli was calculated as the number of lactating dairy 

cows tested positive by isolations and different biochemical tests divided by the total 

number of tested lactating cows’ animals and ’multiplied by 100’’. The existence of 

degree/magnitude  of association between the risk factors (age, parity, breed, a grazing 

system, feeding method, floor types, water sources and milking hygiene) with  both 

pathogens /S aureus and E.coli were analyzed with univariate logistic regression and 

Significant values were considered at P<0.05. Both coliform and S.aureus count data were 

first transformed to logarithmic values (log10) before statistical analysis (Oumer, et al, 

2017). Then, colony count values were analyzed using the one sampling t-test procedure 

of Statistical Analysis System. 
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3.12. Ethical considerations 

 

Official letter was obtained from University of Haramay (Reference date December 7, 

2018 and additional letter from Wolaita zone Livestock and Fishery Department Reference 

LFD/W8/M11/585 date 25-01/2018) was addressed for each farm mangers and 

authorities, for sodo veterinary laboratory. Informed written consent was also obtained 

from all study participants and confidentiality was assured by the use of codes in records.   
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4. RESULTS AND DISCUSION 

 

4.1. Farm Hygienic Assessment in Relation to Public Health Concern 

 

4.1.1. Socio Demographic Characteristics in relation to Milking Hygiene 

 

A total of 53 semi intensive dairy cows farm manger were interviewed in this cross 

sectional study in all semi intensive dairy farms at Wolaita Soddo town. Among total 

interviewed 62.3% were male’s whiles the rests 37.7% was females of different age and 

educational levels. According to the study 39.6% were age group between 18-35 years; 

52.8% were between 36-50 years only 7.6% were age group above 50 years. Regarding 

the educational level 15% was illiterate 21 % attended primary education 17 % had 

attended secondary education, (15%) complete Secondary education 11 % college diploma 

and 20% were degree and above 1rst degree. Regarding on farm manager working 

experience < Five years (28.3), 6-10 years (41.5%), 11-15 years (17%), 16-20 years, 

(9.4%), and above twenty years’ experienced (4%) were showed.  

 

 The study also reported dairy cows workers educational level, that was from total of 337 

farm workers 14 (26.4%) farms have high numbers of illiterate workers (in 14 farms 

illiterate workers dominated), 23 (43.3%) farms have high numbers of non-complete 

workers (in 23 farms non-complete workers dominated), 10 (19%) farms have greater 

numbers of high school completed workers (in 10 farms high school completed workers 

dominated), only, 2 (4%) of farms have high numbers of college diploma holders workers 

(in 2 farms college diploma holders workers dominated) and 7.6% of farm have first 

degree and above graduated workers (in 4 farms first degree and above graduated workers 

dominated). 

 

 The study also showed farm workers sex that was from out total workers of 337 workers 

187(55.5%) and 150 (44.5) workers were male and females respectively. Among total 

workers in 24 (68%) farms numbers of male workers dominated, in 17 (32%) farms 

numbers of female worker dominated and in 12 (22.6%) male and female workers were 

equal.  Based on  present study socio demographic characteristics which included farm 

experience, manager’s sex and age, educational status, workers sex and manager working 

experience in years in relation to milking hygiene were insignificant (P>0.05 ) whereas 
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workers education status have significant P- value (P<0.05) in Pearson Chi-Square (X
2
) 

test  showed in Table 1.     

 

Present study reported most of dairy farm workers (55.5%) and respondents (62.3%) at the 

study area were males than female which was similar to study of reported in Addis Ababa 

(Belay and Geert, 2016) and in north west Ethiopia (Yitaye et al., 2008) there were more 

male-headed small-holder dairy production farm that dairying make grater job chance for 

males to be closely participated in the daily management than female.  In opposite the 

current result different from Lencho and Seblewongel (2018) in Bishoftu, and Bereda et 

al., (2012) reported in Ezha district of the Gurage zone, that dairying offers more 

opportunities for females to be closely participated in the daily cow’s productions than 

males. 

The current survey showed that in overall view most farm workers in study area were 

alliterated  (82%) which included  none complete  high school (36%), complete secondary 

school (25%), diploma and degree (20%). In agreement similar to reported in Commercial 

Dairy farms at Addis Ababa (Alebachew and Alemu, 2015) there were 54% of the farm 

workers or owners were alliterated to high school level while 12.5% were graduated up to 

University level; and 33.5% attended elementary schools. High level of alliterated workers 

makes good opportunity to trains workers in details in relations to farm hygiene and 

managements.  But the study dissimilar with reported in Illu Aba Bora Zone, Southwest 

Ethiopia where the educational level attained by majority of household heads dairy farm 

workers located between illiterate and primary school (Lencho and Seblewongel, 2018). 

Most of respondents (57%) at study farms were age between 36up to 50 years.   

 

According to food standard agency, 2006 England guideline (FSA, 2006 England), in most 

of dairy cows farms milking hygiene were Poor practiced (57%), in some farms moderate 

(32%) and low numbers of farm were good (15%).  Current study reports was similar with 

in poor hygiene practiced (52%), but lowered in good hygiene practiced (31.4%) and 

moderate hygiene practice (17%) reported by Biniam et al., 2017 in and around Wolaita 

Soddo. Milk from farms with poor milking hygiene standard are severely affected by 

pathogen than milk from good milking hygiene practices (Mulugeta, et al. 2013). 

Moreover improper cleaning of milking hand before milking, not applied antiseptics on 

udder after milking and not discarding foremilk may contribute high milk contamination, 
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therefor milking hygiene should be applied to keep good hygiene which makes milk 

quality and safety at study area.     

 

 

Table3: Milking hygiene in relation Socio Demographic Characteristics (N=53) 
 

 

Parameter Frequency  Poor 

(57) 

Moderate  

(32%) 

Good 

(15%) 

p value 

Farm Experience      

0.511 Up to 10 years  34  17 10 7 

10-20 years 17  12 4 1 

>   20 years  2  1 1 0 

Farm Managers sex       

0.722 Male 33  18 9 6 

Female 20  12 6 2 

Farm Managers age     0.064  

18-35 years  21 7 9 5 

36-50 years  28 25 5 2 

<50 year  4 2 1 1 

Manager  Educational  status             

 

 

0.565 

Illiterate 8  7 1 0 

Primary  11 7 3 1 

Attend 2
ndry 

 9  4 3 2 

Comp 2ndry 8  5 2 1 

Diploma 6  4 1 1 

Degree & > 11  3 5 3 

Farm Manager working Experience      

 

0.199 
< Five years   1 4 6 5 

6-10 years 22  15 5 2 

11-15 years  9  6 3 0 

16-20 years 5  3 1 1 

above 20 years 2  2 0 0 

Farm  Workers  sex       0.541 

Male dominate farms  24  13 8 3 

Female dominate farms 17  13 3 2 

Male and Female equal farms  12 5 4 3 

Farm Workers Education status               P<0.05 

(0.000) Dominate illiterate workers  14 12 2 0 

Dominate non-complete workers  23  13 8 2 

Dominate 12
th

 or 10
th

 complete workers  10  5 5 0 

Dominate diploma workers  2 0 0 2 

Dominate degree workers  4  0 0 4 

 

 

pp15.pptx
pp15.pptx
pp16.pptx
pp17.pptx
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4.1.2. Dairy cows’ structure and Breed category in farms 

 

According to dairy cows breed most of cows was cross (88%), 10% of the breed are pure 

jersey and only the rest, (2%) are local breed. From total of dairy herd in all studied farms 

(72 %) are lactating cows and (28 %) are none lactating which included dry and pregnant 

cows. (table4). 

 

Table 3: Dairy cows’ structure and Breed category in farms 

 

Parameter  Frequency Percentage Remark  

Breed    

Cross 812 88  

Pure breed/jersey  95 10  

Local breed 18 2  

Production status     

Lactating cows  669 72  

Non lactating  256 28  

 

4.1.3. Hygienic practice in relation to dairy cows farm house 

 

The study showed, almost half of the dairy cow’s farm house (49 %) floor made in 

concrete type which was washable and 51% were in muddy soil floor which is not 

washable and make favorable environment for microorganism’s multiplications. In 

agreement similar with study showed in Dire Dawa, Eastern Ethiopia that the major floor 

structure of cattle shed was hardened soil (Emebet and Zeleke, 2008), but the study was 

dissimilar with the study reported in Addis Ababa (Bruktawit, 2016), in Bishoftu (Lencho 

and Seblewongel, 2018) and in Jimma, eastern Ethiopia (Belay and Geert, 2016), where 

most cows were confined in concrete types floor.  

 

Regarding on dairy house cleaning  the majorities of farms  (62%) clean the floor once a 

day, (32%) clean twice a day, only (6%) clean thrice per day, all farms (100%) removed 

dung manually but removed fluid wastage disposables derange system and most (62%) 

dairy cow’s floor /Barn clean only one time per week. This was  dissimilar with the study 

at Addis Ababa, Ethiopia there were (74.3% ) of dairy farms washes floor /Barn daily and 

some farms (25.7%) were clean three times per week (Fufa et al., 2019). 
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As visually observed, because of  low size of total farm land, most  of the farms were 

confined in poor ventilated and crowded state, disposal of manure makes a difficult 

problem , all of the farms (100% ) were removed  manure  manually, no proper concrete 

drainage system which  resulted very difficult to clean well and further make good  

probability for  microbial contamination to dairy cows or  to milk.  This was similar with 

the study reported by Mesfin (2015) and requires enough farm land from governmental 

authorities, and  needed serious  awareness creation and management practice on wastage 

disposal (table 5). 

 

Table 4: Hygienic practice in relation to dairy cows farm house 

 

Parameter  Frequency Percentage remark 

Floor type     

Concrete /washable  26 49  

Muddy soil floor 27 51  

Floor Clean/day    

Once per day   33 62  

Two   per days 17 32  

Three & < per day 3 6  

Dung  disposal    

Manual. 53 100  

Deranges 0   

Fluid  disposal     

Manual. 0   

Deranges 53 100  

 

4.1.4. Feeding, watering, hygiene and health care of cows in the study area’ 

 

According to the study in relation to feeding systems, most of the farms (87%) practiced 

indoor feeding but low number of farms (13%) applied mixed feeding system, however 

none of all farms practice out-doors feeding system.  Even though most of the farms 

practice indoor feeding system, the majorities (77.3%) were feed on floor but only 

(22.6%) feed on feeder at study area. Feeds introduce a large variety of microorganisms to 

the farm environment, and subsequently to milk including E. coli (Marc and Frank, 2009). 

In opposite Oumer et al., 2017, study showed most of farms (63.3%) at study area practice 

outdoor grazing natural pasture, 30% practiced indoor feeding system and only 6.7% 

practice mixed feeding system. 
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Concerning on source water, the majority of dairy cows farms (64 %) had access to pipe 

water, but some (36%) were used river water for both cleaning purpose and to supplied   

dairy cows, and only (3.8%) farms use ground water. In similar way Alebachew and 

Alemu (2015) reported in Commercial Dairy farms at Addis Ababa tap water (91.7% ) 

was the primary source to clean teats and hands of the farms while a few (8.3%) use river 

water, whereas Bruktawit (2016) reported in Addis Ababa 98.9% of the respondents use 

pipe water and the rest 1.1% use well water,  Belay and Geert (2016), in Jimma 70.4% 

farms had access to clean treated water, in the same manner, Shewangizaw and Adisu 

(2014) reported that 80% of dairy farmers in Wolayta Soddo, Southern Ethiopia, had 

access to clean water. But in opposite Zelalem (2009) showed water from non-tape 

sources was used dairy farm purpose. 

 

 An adequate supply of fresh and clean water is an important pre-requisite for hygienic 

milk production and farm sanitation (Belay and Geert, 2016). Cross-contamination of 

water and soil with dung should be taken care to protect the raw milk from contamination 

(Vanitha et al., 2018). Hence, it is not advisable direct use of either river water or 

underground water to supplies for dairy cows, to clean milking utensils, and to clean 

milkier hand and cow’s udder without heat sterilized before used because the quality of 

water determines either the amount of bacterial infections to animals or contamination for 

equipment.  

 

According to the study the great number of respondents (58%) responded workers 

specially milkier use cold warm/ hot water only for udder and teat cleaning, even if the 

majority of farm milkier use only water for hand cleaning before milking also 36% uses 

cold or hot water with detergent/sops but small number of farm workers /milkers practice 

milking without cleaning their hands as duty rules. The study also reported 58.5% of the 

respondent’s use individual towels and 30% use common towels for drying udder after 

washing before milking, but, the rest 11.3% farms do not use towels for drying. Most of 

the farm (96%) did not practiced antiseptic for teat disinfects after milking and it was 

reported that only 4% practiced disinfecting udder teat after milking cows. 
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Because cow’s udder and teat could have direct contact with external environment which 

included manure, feed, water and floor when resting, so cleaning cow’s udder before 

lactating must be needed. Teat cleaning is performed to reduce the microbial load on the 

teats prior to milking (Marc and Frank, 2009). The present study showed (43.3%) 

respondents respond use hot or cold water only (56.6%) respond used hot or cold water 

with detergents and only  (9% ) respond not practice udder cleaning before milking the 

cows. This is similar with Lencho and Seblewongel (2018) in Bishoftu reported (49%) 

used warm water and (46%) used cold water for udder and teat washing, but in contrast 

their study showed 4% used cold water with detergent and only 1% wash udder with warm 

water with soap. 

 

Also the study report opposite to Oumer, et al., (2017) in Mersa Town, North Wollo, 

Ethiopia and Shija (2013) in the Tanga region of Tanzania, milking were done without 

washing of hands before milking and between milking of different small scaled dairy cows 

in the same barn. But in the same manner Haile et al., 2012 study showed in Hawassa city 

82.5% of the small size farms owning households practice udder washing before lactating.  

The current study also reported over all cleaning practice of lactating cows per week 

which rivaled (32%) responded clean one time per week, (30%) cleaned two times per 

week, and (23%) clean three and above times per week.  

 

Regarding on udder drying (58.5%) used separate towel (30%) used common towel and 

only (11.3%) not practiced towel used to dry lactating cow’s udder before milking. This is 

in agreement with the findings of Lencho and Seblewongel (2018) in Bishoftu, reported in 

their study 26% and 28% of the farmer used individual and common towels for drying 

udder after washing, respectively, Zelalem and Faye (2006) in central highlands of 

Ethiopia showed  small and large scale dairy producers used common towel for drying 

udder, Belay and Geert (2015) in Jimma town, southwestern Ethiopia,  reported only 13% 

of the farmers used individual towel, Alebachew and Alemu (2015) reported in 

Commercial Dairy farms at Addis Ababa there were 33.3% used individual towels, 41.7% 

communal towel and 25% did not use towel for drying of teats. The use of common towel 

may result in cross contamination of both contagious and environmental pathogen. The 

farm that used common towel and did not practice use of towel needed more awareness 

and training for further. 
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Concerning on practice of disinfecting, the current study showed only (4%) farms use 

antiseptic before and after milking, but most of farms (96%) have not practiced use of 

antiseptics applying on lactating cow’s udder. In contrast Alebachew and Alemu (2015) 

reported in their study (58.3%) of milkier disinfected their hands before proceeding to 

milk the next cow, while (41.4%) disinfected their hands only at the beginning of milking 

in Commercial dairy farms at Addis Ababa.  Post-milking teat disinfection is important to 

increase the hygienic defense against infection of the teats after milking is completed 

(Marc and Frank, 2009). 

 

Regarding on dairy cows health protection and disease preventions (89%) have got service 

from the nearest government veterinary structure,  (19%) have got service with in farm  by 

veterinary professions workers and only (2%) have got from privet veterinary structures .  

Contrary to the present study, Lencho and Seblewongel (2018), were reported  most of the 

respondent (67%)  have got veterinary professional service on phone call, while the rest 

33% do not have veterinary professionals that to follow their animal health in Bishoftu, 

Ethiopia. Animal health management is highly important for hygienic milk production 

(Marc and Frank, 2009).  

 

Moreover, regulations of the European Union require that raw milk comes from animals 

that do not show any symptoms of infectious diseases that are communicable to humans 

via milk, and are in a good state of health and do not have udder wounds likely to affect 

milk; separation of milk of animals treated with authorized treatment products is also 

required (European Commission, 2004b). Standing from this idea dairy cow’s farms 

should be needed veterinary professions to follow daily health monitoring lactating cows , 

moreover testing fresh milk  to check weather free from pathogen  or not  (table 6). 
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Table 5: Feeding, watering, hygiene and health care of cows in the study area 

 

Variables Frequency Percentage Remark 

Feeding system    

Outdoor 0   

In door 46 87  

Mixed 7 13  

Feeding    

On floor 41 77.3  

On feeder 12 22.6  

Water  Source    

Pipe 34 64  

River 19 36  

Well  2 3.8  

Watering  system    

Individually 29 54.7  

Commonly 24 45.3  

Udder washing    

water only 23 43.3  

water with detergents 30 56.6  

Not washes 5 9  

Use of towel     

Separate 31 58.5  

Common 16 30  

Not used 5 11.3  

Apply  antiseptic    

Yes 2 4  

No 51 96  

Frequency of cow washing    

1/week 17 32  

2  /week 16 30  

≥ 3  /week 12 23  

Not clean 8 15  

Veterinary service    

Government 47 89  

At farm by professional 5 19  

Private  1 2  

 

 

 

 

 



34 
 

4.1.5. Hygienic practices in relation to workers and milk handling  

 

In present study from out of total 53% were fulfilled personal protective clothes for 

workers but 47% did not practice wearing personal protective cloth when working in farm. 

The study reported that there was no practice of medical examination for farm workers 

whom have closed relationship with lactating cows, for prevention of contamination of 

milk by pathogen that they carried. This is similar with the study in Bishoftu, Ethiopia, 

(Lencho and Seblewongel (2018), reported no one practiced medical examination for farm 

workers.  

 

Current study showed 47.2% of farm workers were practiced only water to clean their 

hands and 52.8% were used water with soap or detergents to washes their hand. This 

practice was lowered in Lencho and Seblewongel (2018), in Bishoftu, Ethiopia there were 

76% washed their hands with water only and 24% used water and soap for washing their 

hands in their study. The  study also  showed  in 43.4%  farms  milkier and waste disposal 

cleaners were practice in the different  person but in 56.6% farms milkier and cleaners 

were the same, this promote milk contamination by pathogen during milking, so it needed 

awareness creation to separate them to minimize pathogen contaminations.  

 

The study revealed most of farms (94.3 %) practice plastic containers to collected milk 

and only 5.3% used metal or stainless steel for collecting and transporting milk at study 

area. This is agreement with Lencho and Seblewongel (2018), in Bishoftu, Ethiopia 

reported in their study 95% used plastic containers and only 5% use stainless steel, Belay 

and Geert (2015) reported about 92.6% and 3.7% of the farmers in Jimma collected milk 

using plastic buckets and stainless steel respectively, but disagreeably to the study 

Shewangizaw and Adisu (2014) and Sema et al,; 2019 revealed 72.1% and 27.9% , 37% 

and 16% plastic and stainless steel to collected milk respectively.  

 

Contamination of milk via the milking equipment occurs when (a) microorganisms adhere 

to surfaces of the milking equipment and (b) milk residues that remain in the equipment 

after the cleaning cycle (Marc and Frank, 2009). The use of plastic containers can be a 

potential source for the contamination of milk by bacteria when compere with metal 
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because this allows the multiplication of bacteria on milk contact surfaces during the 

interval between milking processes. There may be difficulty in removing all milk residues 

from traditional containers that are porous by nature with the common cleaning systems 

(Sema et al; 2019) due to this reasons metal container supplied should be needed to dairy 

cows farm at study area. 

The study showed from out of total farms 28.3% used only cold water, 54.7% used cold 

water with detergents, 7.5% used warm water only and 9.4% used warm water with 

detergents to clean milk equipment’s. Similarly, but within some difference Lencho and 

Seblewongel (2018), in Bishoftu, Ethiopia reported in their study 39% of farms cleaned 

utensils with cold water, 40% with soap and cold water and only 21% cleaned with hot 

water and soap. But dissimilar Belay and Geert (2016), study showed most of (85.19%) 

farmers used warm water with detergents to cleaned milk handling containers before 

milking.  

Present study also revealed 77.4% of dairy cows farms at study area did not remove 

foremilk, 17% of farms discarded in waste disposal and only 5.6% of farms supplied to 

their calves or pets. Similarly Lencho and Seblewongel (2018), in Bishoftu, Ethiopia, 

reported majority of the respondents (58%) do not remove foremilk during milking and 

41% of the respondents remove foremilk, but disagreeably to Alebachew and Alemu 

(2015) reported in Commercial dairy farms at Addis Ababa 75% farms strip the foremilk 

first while few undertake direct milking to the material used for milking. Concerning on 

milk filtration to transporting containers, the majority of the respondents (96.2%) practice 

filtration; but only 3.8% was did not practice filtration into containers before milk 

dispatch.  In contrast Lencho and Seblewongel (2018), in Bishoftu, Ethiopia reported most 

of dairy cows farms (75%) did not practice milk filtration; but only 25% practiced 

filtration into containers.  However it believed that filtration does not minimize bacterial 

lode in raw milk, it separate foreign bodies thereby it encourage good milking hygiene 

according to in Food standards agency (FSA, 2006) England. 

 

 

 

 

 

 



36 
 

Table 6: Hygienic practices in relation to workers and milk handling  

 

Parameter Frequency Percentage Remark 

Protective cloth    

Yes 28 53  

No 25 47  

Medical exam.    

Yes - -  

Not  practice 53 100  

Hand cleaning     

water only 25 47.2  

water with detergents 28 52.8  

Not  practice 0 -  

Milkers and cleaner    

 Different 23 43.4  

The same 30 56.6  

Milk equipment     

Plastic 50 94.3  

Metal 3 5.7  

Traditional 0 -  

Washing of milk containers    

cold water only 15 28.3  

cold water with detergents 29 54.7  

warm water only 4 7.5  

warm water with detergents 5 9.4  

Foremilk    

Do not remove 41 77.4  

Discards 9 17  

Give to calves 3 5.6  

Use after processing 0 -  

Milk filtering     

Practice milk 51 96.2  

Do not practice 2 3.8  
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4.2. Prevalence and risk factors for contamination of milk by E. coli and 

Staphylococcus aureus 

4.2.1. Overall prevalence of Escherichia coli and Staphylococcus aureus  

 

According to the study out of 379 cows’ raw milk 82.59% positive for both   S. aureus and 

E.coli among these high overall prevalence (85.18%) shaded in pure jersey breed, but 

comparatively low prevalence (82.39%) shaded in cross breed. This finding support 

Katsande et al., 2013 study who revealed pure dairy cows are 6.3 times and crossbred 

cows are 3.1 times more likely to be exposed to mastitis than the local zebu breed, more 

over the study showed that addition to poor farm management, breed might be one of the 

risk factor may be due to genetic resistance or anatomical structure. In overall view the 

study showed increasing age and parity increased over all prevalence of the pathogens in 

raw milk this may be due to enlarged anatomical structure of udder teat which makes good 

chance to infect the pathogen from different risk sources. Concerning on grazing system 

milk from cows were confined in mixed feeding system showed  higher  prevalence 

(83.64%) than indoor grazing system (82.41%), floor feeding system showed  higher  

prevalence ( 83.59%) than in feeder grazing system (80.34% ).  

 

But farms that practiced the same milkier and cleaner for cleaning and milking purpose 

showed lower prevalence (81.05%) than farms that practiced different  milkier & cleaner 

for cleaning and milking purpose  (84.13% ), this might  be due to good milking hygiene 

practice, cows that confined in farms that used water from river sources revealed higher 

overall prevalence (84.35) than cows that confined in farm that used water from 

underground  source (82.93%) and cows that confined in farm that used pipe water source 

(81.61%), cows that confined  in muddy soil floor type showed higher overall prevalence 

(84.85%) than cows confined in  concert floor house (80.84%), farms that practice hands 

cleaning with in  only water revealed higher overall prevalence (83.49) than farms practice 

hand cleaning with in water & soap  (81.21%), farms that practiced Separated towel 96 

(82.06) farms  that not  practiced  towel  to udder cleaning have great prevalence  (82.93 ) 

than  farms  that practiced  the same 1 towel for udder dry (82.78). In overall prevalence 

analysis all risk factors P- value have insignificant (p >0.005) (table 8). 
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Table 7 :  Overall prevalence and association with risk factors 

 

Risk factors No. 

examined  

No. positive 

(%) 

95% CI OR p-value 

Breed cross  352 290 (82.39) 78.00-86.22 Ref.  

Jersey  27 23 (85.18) 66.27-95.81 1.23 0.712 

Age in years <5 160 131 (81.87) 75.02-87.51 Ref.  

5.1-8 132 107 (81.06) 73.32-87.35 0.95 0.858 

>8 87 75 (86.21) 77.14-92.66 1.38 0.383 

Parity 0-5 194 155 (79.90) 73.56-85.30 Ref.  

5-8 132 111 (84.09) 76.72-89.87 1.33 0.338 

>8 53 47 (88.68) 76.97-95.73 1.97 0.148 

Grazing  

 

Indoor  324 267 (82.41) 77.82-86.39 Ref.  

Mixed  55 46 (83.64) 71.20-92.23 1.09 0.824 

Feeding on   

 

Floor  262 219 (83.59) 78.54-87.86 Ref.  

In feeder  117 94 (80.34) 71.98-87.11 0.80 0.442 

Milkers & 

cleaner  

the same 190 154 (81.05) 74.75-86.36 Ref.  

different  189 159 (84.13) 78.12-89.03 1.24 0.431 

Water 

sources  

River  115 97 (84.35) 76.39-90.45 Ref.  

pipe 223 182 (81.61) 75.90-86.45 0.82 0.531 

Underground  41 34 (82.93) 67.94-92.85 0.90 0.831 

Floor  Concert  214 173 (80.84) 74.92-85.89 Ref.  

Muddy  165 140 (84.85) 78.45-89.95 1.33 0.309 

Hands clean  Only water  230 192 (83.49) 78.03-88.03 Ref.  

Water & soap  149 121 (81.21) 74.00-87.13 0.86 0.569 

Towel   Separate  117 96 (82.06) 73.88-88.53 Ref.  

the same 180 149 (82.78) 76.45-87.99 1.05 0.872 

Not use  82 68 (82.93) 73.02-90.34 1.06  

Overall  379 313 (82.59) 78.38-86.27   

 

The study justified, among 379 lactating cows raw milk from different dairy cows farm 

examined 55.94%, 19.79%, and 6.86%, and lactating cows shaded only S. aureus, only 
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E.coli and mixed bacteria (both S. aureus, and E.coli) in their milk respectively.  

Staphylococcus aureus is the predominant cause of clinical and subclinical mastitis 

(Legesse et al., 2015). In similar manner current study showed high prevalence of 

Staphylococcus aureus shaded in lactating dairy cows’ raw milk but low number of 

lactating dairy cow’s milk shaded only Escherichia coli (Fig. 2). 

 

 
 

Figure 2 Percentage of E.coli and S. aureus isolates from the examined row milk sample. 

 

 4.2.2. Prevalence of Escherichia coli and Staphylococcus aureus.  

 

Present study was showed from out of the 379 raw cow milk samples collected 27% 

prevalence of E.coli in dairy cows raw milk at the study area. This is similar  with  study 

of  Nigatu et al. 2017 showed  E. coli 28.1 % in dairy cows raw milk in and around Asosa 

Town, Western Ethiopia, but in agreement when compared to study reports of Ashenafie 

et al., 2016, (55.2%) in cows raw milk Wolaita, Ethiopia, and Lingathurai and Vellathurai 

(2013) (70%) in  raw cow milk in Madurai (South India). 

 

 Regarding on the age, increasing age of the dairy cows increased prevalence of E.coli 

(age <5 years (21%), age 5.1-8 years (26.7%) and age >8 (35%)) this might be due to 

increasing age makes enlarging of teat and udder that makes good opportunity to inter 

bacteria through teat canal from environmental contaminations . Regarding to parity 

prevalence of E.coli was increased because when increasing the Parity of dairy cows also 

anatomical structure of udder and surrounding area increased but pathogen defense 

immunity may decrease which make favorable conditions for pathogen multiplications 

thereby increased prevalence.  
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Current study was revealed the prevalence of S. aureus 75.73% from raw milk. This is 

similar with Ashenafi  et al., 2016 reported in his study 73.5% positive for S. aureus but 

higher  than the findings of Abebe et al.2013 showed  15.5%  at Addis Ababa and  Biniam 

, et al., 2017 (15.1%)  in  raw milk in and around Wolaita Sodo, Southern Ethiopia. The 

prevalence difference between different studs might be revealed S. aureus was a 

transmitted from one cow to another by direct contact or by contact from other lactating 

animals during poor hygienic milking procedures. Contamination of milkier  hands from 

infected quarter has been reported to easily transmission (Massawe, 2019). In relation to 

age of the cows, increasing age increased the prevalence of S. aureus (age between 5.1- 8 

years (75. %) and age >8 (77.01%)) as showed in table (table 8).    

 

Since E. coli is environmental pathogens (Makovec & Ruegg, 2003), they are a natural 

part of the farm environment including faeces, bedding and mud thereby it infected udder 

teat in simply way. Measuring the prevalence of cattle shedding to E.coli, at the individual 

and at the group level, are insufficient to reflect their potential as reservoirs, if the extent 

of shedding is not incorporated as well (Ogden, et al., 2004). Therefore the study justified 

the prevalence of E.coli in relation to environmental risk factors that have direct 

relationship with lactating cows at farm.  

 

 From out of 324 raw milk samples collected from cows that confined in indoor feeding 

system and 55 raw milk samples collected from cows confined in mixed feeding system, 

25.31% and 36.36% was positive for E.coli whereas 76.54% and 69.10% were positive for 

S. aureus respectively. This revealed that E.coli have higher prevalence in milk collected 

from cows that confined in mixed feeding management system while S. aureus prevalence 

higher in raw milk collected from cows that confined indoor feeding system.  

  

Concerning dairy cows feeding types, from total of 262 raw milk that collected from 

cows feed on floor and 117  raw milk that collected from cows that feed on feeder, 

28.24% and  23.08% were positive for E.coli,  were as 77.48% and 71.79 % were 

positive for S. aureus respectively. This showed that the prevalence of both E. coli and S. 
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aureus higher in milk collected from cows that feed on floor than on feeder, therefore 

dairy cows feeding on feeder or feeding trough should be advisable.  Based on water 

source, from total of 115 cows raw milk 26.96% but from total of 223 cows raw milk  

26.46%   and  from total of 41 cows raw milk 26.83 were positive for E.coli  in raw milk 

collected from animals that watering from  river, underground water and pipe water 

respectively. But in case of S.aureus prevalence from total of 115 cows milk 76.52%, 

from 41 raw milk 65.85% and from 223 raw milk 77.13% positive from cows that was 

supplied the river, underground water and pipe water respectively.  

 

 

In relation to floor types, from total of 214 raw milk samples from cows confined in 

washable floor types (24.77%), and from total of 165 milk sample from non-washable 

floor type’s cow’s raw milk 29.09% were positive for E.coli.  Regarding to the S. aureus 

from total of 214 raw milk samples collected from cows confined in washable floor type 

house 74.77% and from 165 milk samples collected from cows confined in non-washable 

floor type’s house 76.97% were positive for S.aureus. This revealed both E.coli and 

S.aureus were higher prevalence in milk collected from cows confined in non-washable 

floor (muddy) types than washable one. According to the study dairy cows house should 

be make from concert type floor to minimize bacterial contaminations. 

 

  Concerning on personal hygiene 27.39% and 25.50%   positive for E.coli in raw milk 

that collected from a farm hand cleaned only by water and a farm practiced hand cleaned 

by water with detergents respectively. Whereas 78.26% and 71.81% positive for S.aureus 

in milk that collected from dairy cows from farm that practiced hand clean only with 

water and a farm that practice hand cleaned by water with detergents respectively. 

Therefore the current study showed that use of detergents to clean milkier hand with 

water before milking reduced both S.aureus and E.coli. 

 

Based on use of towel to dry udder, 31.67% and 18.80% positive for E.coli in raw milk 

sample collected from cows that practiced common towel to dry udder and cows that 

practiced separated towel respectively while 78.63%, 78.05% and 72.22% positive for 

S.aurus in raw milk collected from cows that practiced Separate towel to dry udder, not 

practiced towel and practiced common towel respectively. This reveled E.coli was more 

common in raw milk collected from cows that confined common towel to dry udder due 
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to cross contamination  Regarding on farm that not practice towel to udder dry 28.05% 

was positive for E.coli and 78.05% positive for S. aureus (table 10).  Unlike contagious 

pathogens (Makovec & Ruegg, 2003), environmental pathogens (Escherichia coli) 

common in the farm environment which  include feeds, faeces, bedding material and soil 

(Driehuis and Vissers, 2009) and water (Dulo et al., 2017) therefore  it is difficulty to 

eliminate it from dairy cows farm, so it needed frequent sanitation and hygiene. In 

overall view the present study reported grazing system, feeding system, water source, 

dairy house floor types, milkier with cleaner close relationship, use of towel to dry udder, 

and milkier hand hygiene practice, have their factor to contaminate raw milk with in 

E.coli and S.aureus in farm.  

 

The study reported from total of 379 cow’s raw milk 27% positive for E.coli and 75.73 % 

positive for S. aurous (table 9 and 10). This support the study reported Legesse et al., 

2015; S. aureus is the major causative agent of sub-clinical mastitis in dairy cows, as 

result a major source of raw milk contamination (Kadariya et al., 2014). Breed is one of 

the factors to the susceptibility of the lactating cow to mastitis (Govignon-Gion et al., 

2016). Therefor current study showed high prevalence of both S.aureus and E.coli in pure 

jersey breed raw milk than cross breed cows raw milk at study area. This is agreement 

with the study reported  Fagundes et al. 2012,  the prevalence of S. aureus was higher than  

in the milk (5.4%) than E. coli (1.3%), in Brazil. 

 

Among potential risk factors identified such as  increasing age and parity of lactating 

cows, separated  milkier with cleaner and  practiced the same towel to dry udder were 

significant difference (p=<0.05) in prevalence of E.coli (table 8), but prevalence in 

different parameters had in-significant level (p=>0.05)  of variation to S. aureus (table 10).  
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Table 8: Univariate Logistic Regression Analysis of E.coli with different risk factors.  

 

Risk factors N Positive (%) 95% CI OR p-

value 

Breed cross  352 93 (26.42) 21.89-31.35 Ref.  

Jersey  27 9 (33.33) 16.52-53.96 1.41 0.417 

Age   <5 160 36 (22.50) 16.28-29.76 Ref.  

5.1-8 132 35 (26.51)  19.21-34.60 1.24 0.426 

>8 87 31 (35.63) 25.65-46.62 1.91 0.028 

Parity 0-5 194 45 (23.20) 17.45-29.78 Ref.  

5-8 132 32 (24.24) 17.21-32.47 1.06 0.827 

>8 53 24 (45.28) 31.56-59.55 2.74 0.002 

Grazing  

 

Indoor  324 82 (25.31) 20.66-30.41 Ref.  

Mixed  55 19 (36.36) 23.81-50.44 1.68 0.090 

Feeding on   

 

Floor  262 74 (28.24) 22.88-34.11 Ref.  

In feeder  117 27 (23.08) 15.79-31.77 0.76 0.294 

Milkers 

&cleaner  

the same 190 41 (21.58) 15.95-28.11 Ref.  

different  189 60 (31.75) 25.18-38.90 1.69 0.026 

Water  

source  

 

River  115 31 (26.96) 19.11-36.03 Ref.  

pipe 223 59 (26.46) 20.79-32.76 0.97 0.922 

Underground  41 11 (26.83) 14.22-42.94 0.99 0.987 

Floor  

 

Concert  214 53 (24.77) 19.14-31.11 Ref.  

Muddy  165 48 (29.09) 22.29-36.66 1.25 0.346 

Hands clean          Only water  230 63 (27.39) 21.74-33.64 Ref.  

Water & soap  149 38 (25.50) 18.72-32.28 0.91 0.685 

Towel   

 

Separate  117 22 (18.80) 12.17-27.07 Ref.  

the same 180 57 (31.67) 24.95- 39.00 2.00 0.015 

Not use  82 23 (28.05) 18.68-39.06 1.68 0.127 

 Overall  379 101 (26.65)  22.26-31.40   
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Table 9: Univariate Logistic Regression Analysis of S. aureus with different risk factors 

 

Risk factors N  +ve (%) 95% CI OR p-value 

Breed cross  352 264 (75.00) 70.14-79.44 Ref.  

Jersey  27 23 (85.18) 66.27-95.81 1.92 0.242 

Age <5 160 120 (75.00) 67.55-81.50 Ref.  

5.1-8 132 99 (75.00) 66.72-82.12 1.00 1.000 

>8 87 67 (77.01) 66.75-85.36 1.12 0.725 

Parity 0-5 194 143 (73.71) 66.93-79.76 Ref.  

5-8 132 102 (77.27) 69.17-84.11 1.21 0.465 

>8 53 42 (79.24) 65.89-89.16 1.36 0.411 

Grazing  

 

Indoor  324 248 (76.54) 71.54-81.05 Ref.  

Mixed  55 38 (69.10) 55.19-80.85 0.68 0.237 

Feeding on   

 

Floor  262 203 (77.48) 71.94-82.39 Ref.  

In feeder  117 84 (71.79) 62.73-79.72 0.74 0.234 

Milkers 

&cleaner  

the same 190 144 (75.79) 69.06-81.70 Ref.  

different  189 143 (75.66) 68.90-81.60 0.99 0.977 

Water   

 

 

River  115 88 (76.52) 67.71-83.92 Ref.  

pipe 223 172 (77.13) 71.05-82.47 1.03 0.900 

Underground  41 27 (65.85) 49.40-79.92 0.59 0.185 

Floor  

 

Concert  214 160 (74.77) 68.39-80.44 Ref.  

Muddy  165 127 (76.97) 69.79-83.16 1.13 0.620 

Hands clean     Only water  230 180 (78.26) 72.36-83.41 Ref.  

Water & soap  149 107 (71.81) 63.86-78.87 0.71 0.154 

Towel   

 

 

Separate  117 92 (78.63) 70.10-85.67 Ref.  

the same 180 130 (72.22) 65.07-78.63 0.71 0.215 

Not use  82 64 (78.05) 67.54-86.44 0.97 0.922 

 Overall  379 287 (75.73) 71.09-79.96   
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4.3 Enumeration of Staphylococcus aureus and coliforms in raw milk 

 

4.3.1. Contamination lode of Staphylococcus aureus in raw milk 

 

From out of examined positive milk samples from three bulk milk from metal  containers 

had S.aureus count which is above the recommended level for human consumption 

(>20cfu/ml), one sample had levels of corresponding to 10
5
cfu/ml and two samples had 

levels of 10
6
cfu/ml. Also From out of examined positive milk samples from 27 bulk milk 

from plastic containers had S aureus count which is above the recommended level for 

human consumption (>20cfu/ml),twenty samples had levels of corresponding to 10
5
cfu/ml 

and seven samples had levels of 10
6
cfu/ml (table  11). 

  

Large number of S. aureus count in raw milk might show contamination from poor 

hygiene of milk container, improper cleaning of milkier hand, milkier health problem 

which was manifested by coughing and sneezing, missed usage of detergents to cleaning 

purpose and not used antiseptic or disinfectants before milking, between milking and after 

milking. According to a microbiological study in London which indicates S. aureus count 

from 10
2
- 10

4
cfu/g/ml was showed as not recommended level of bacterial quality in the 

foods (Gilbert et al., 2000). But in current study, the total S. aureus count in each positive 

raw milk sample from both plastic and metal container sources was above 10
4
cfu/ml. 

therefore standing from the standard level in general view the milk was unacceptable level 

and raw milk consumed is a highly hazardous to the health of consumers. The current 

study report dissimilar with the study of (Sema et al; 2019) that showed in study S. aureus 

count 10
4
cfu/ml-10

5
cfu/ml in raw milk, in selected dairy farms of Mukaturi and Sululta 

Town, Oromia Region, Ethiopia. 
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Table 10:.Enumeration of S.aureus colony count (Log10 CFU/ml) (N=30)  
 

Milk source   (cfu/ml) log10 cfu/ml Remark  

Milk from plastic container    

S 2.69X10
6
 6.43  

T 3.18 X10
5
 5.50  

W 3.02 X10
5 
 5.79  

Em 2.97 X10
5 
 5.78  

Da 3.24 X10
6
 6.51  

Ex 3.23 X10
6 
 6.51  

Er 2.82 X10
5 
 5.45  

Dm 2.32 X10
5 
 5.37  

Ed 2.69 X10
5 
 5.43  

Ds 2.74 X10
5
 5.44  

Et 2.80 X10
5 
 5.45  

Ym 2.69 X10
5
 5.43  

Ei 2.51 X10
6
 6.40  

Ea 2.56 X10
5
 5.41  

BB1 1.41 X10
5
 5.15  

Sw 1.93 X10
5
 5.29  

Dk 2.90 X10
5 
 5.46  

Mx 3.29 X10
5 
 5.52  

Ad 2.44 X10
6 
 6.39  

Gm 2.54 X10
5 
 5.24  

Ta 2.85 X10
5
 5.46  

Mm 3.11 X10
5 
 5.49  

Sy 2.88 X10
6
 6.46  

Bf 2.88 X10
5
 5.46  

Tg 2.80 X10
5 
 5.45  

Ba 2.90 X10
6
 6.46  

Tt 2.27 X10
5 
 5.36  

Milk from metal container      

SD 2.35 X10
6
 6.37  

SAC 2.23 X10
5 
 5.35  

WSU 2.75 X10
6 
 6.44  

S (Sigoneyo), T (Tsehay), W (Woyzedogiso), Em (Emawazsh), Da (Danial) Ex (Exodus), 

Er (Erekata) Dm (Damota) Ed (Eden) Ds (Destegnoch) Et (Ediget), Ym (Yemisrach), Ei 

(Eyasu Israel) Ea (Ediget - Adanch) BB1 (Bekel- Balcha) Sw, (Sidam w/yohans), Dk 
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(Demeke - kora), Mx (Matta-xusa), Ad (Arega-dima), Dm (Dicha -miza) Ta (Tagesech 

alambebo) Mm (Matta- miza) Sy (Sisay), Bf ( Berhanshe- fanta) Tg (Teshom-Gabura) Ba 

(Bushura-ayano), Tt (Teferi -Tayitu) WSU (wolaita Sodo University) SAC (sodo Agri. 

College), SD (sodo dairy). 

Even though, plastic containers increased the chance of contamination because in plastic 

containers scratch easily and provide hiding places for bacteria during cleaning and 

sanitization and plastic containers is poor conductor of heat and hence will hinder effective 

sanitization by heat (Oumer, et al, 2017), in present study the mean lode of 

Staphylococcus aureus count in metal container (6.0533log10cfu/ml) was higher than milk 

held in plastic container (5.7070log10 cfu/ml). This might be indicated, in farms that held 

raw milk in metal containers milkier hand or milk handelers  should have serious hygienic 

problems and/or it direct related with cows udder teat infected conditions, because 

Staphylococcus aureus contamination of milk either associated with milkers or milk 

handlers, especially those with poor hygienic habits as coughing or sneezing during 

milking or milk handling  (Kadariya et al., 2014), or with infected cows (subclinical 

mastitis) as reservoirs of S. aureus infection (Abebe et al., 2016). Therefore, if milkers or 

milk handlers’ personal hygiene was poor and/or cows udder teat was infected by S. 

aureus container variation alone did not matter the number of bacterial lode in milk. 

 

The difference the Staphylococcus aureu load between the milk samples from metal 

container and plastic container were analyzed using one sampling t-test. The mean 

Staphylococcus aureus colony count between two sources of mike were different despite 

the number of farm variation was higher; however the data were not statistically 

significant (P-value >0.05) (table12).  

 

Table 12: Mean values for Staphylococcus aureus colony count (Log10 CFU/ml) (N=30) 

 

Milk source  N Mean Std. Deviation P-value  

Metal container 3 6.0533 0.61011  

0.506 Plastic container 27 5.7070 0.46660 

 

4.3.2. Contamination lode of coliform in raw milk 
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In the Present study from out of positive 11 sample which collected from foremilk 

discarded bulk milk source, 8 sample had levels of corresponding to 10
5
cfu/ml and 

3 samples had levels of 10
6
cfu/ml and from out of 19 positive raw milk samples collected 

from foremilk not discarded source, 11 sample had levels of corresponding to10
5
cfu/ml 

and 8 samples had levels of 10
6
cfu/ml (Table 13). Present study showed the value of 

coliform counted obtained from all farms was much greater than the recommended value 

(10
2
cfu/ml) given by American Public Health Service, this showed the milk was 

unacceptable for human consumptions. Higher number of coliform count in raw milk 

might show improper udder teat cleaning before lactating,, common use of towel to dry 

udder, missed usage of detergents to cleaning purpose, subclinical mastitis due to coliform 

bacteria.  
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Table 11: Total coliform colony count (Log10 CFU/ml) (N=30)   

 

Milk source   (cfu/ml) log10 cfu/ml Remark   

Foremilk discarded    

Tk 2.24X10
6
 6.35  

Da  2.23 X10
5
 5.35  

Ed  1.87 X10
5 
 5.27  

Dk  2.35 X10
5 
 5.37  

 Et  2.20 X10
6
 6.34  

Ts 1.38 X10
5 
 5.14  

SD 2.17 X10
5 
 5.34  

SAC 2.03 X10
5 
 5.31  

WSU 1.76 X10
5
 5.25  

BB 1.52 X10
6
 5.18  

TL 2.27 X10
5
 6.36  

Foremilk not discarded    

Fs 2.18 X10
5
 5.34  

Wf 2.04X10
6
 6.31  

Eb 2.05 X10
5
 5.31  

Fe 2.10 X10
5
 5.32  

Hd 1.98 X10
5
 5.30  

Be 1.82 X10
5
 5.26  

Fe 1.47 X10
5
 5.17  

Yt 2.18 X10
6
 6.34  

Oe 1.96 X10
6
 6.29  

BB 1.60 X10
5
 5.21  

Wd 1.81 X10
5
 5.26  

MP 2.18 X10
6
 6.34  

As 1.40 X10
6
 6.15  

Gs 1.90 X10
5
 5.28  

Ta 1.40 X10
5
 5.15  

Mw 2.26 X10
6
 6.35  

Is  2.15 X10
6
 6.33  

Ab 2.51 X10
6
 6.40  

Rt 2.45 X10
5
 5.39  

Tk (Teshom-kanne), Da (Danial), Ed (Eden), Demeke - kora,   Et (Ediget)    Ts (Tsfay) S 

D (sodo dairy), WSU (wolaita Sodo University) SAC (sodo Agri. College), BB (Barata -

Basa), TL (Tadele-larena), Fs (Fares), Wf, (Wonaferawu), Eb (Edeget-befitent), Fe 

(Fanaye), Hd (Hidase) Be (Besteseb), Fe (Fullwuha-ediget), Yt (Yenegetesfa), Oe 

(Ottidilametana-ediget), BB (Bereket-bekele), Wd (Wodante), Mp (Mata -putwuwa), As 

(Asegedech), Gs (Gobane-sahano), Ta (Tekel- alaro), Mw (Mokone-waja), Is (inaso), Ab, 

(Ajuta -Beynch), Rt (Rohobot).   
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In comparative view the Present study indicated greater mean coliform counted obtained 

in milk that collected from foremilk not discarded (5.71 log10 cfu/ml) than  milk collected  

from  foremilk discarded (5.56 log10 cfu/ml). This  was lower than the result reported by 

Mesfin et al., 2015 (6.57 log10 cfu/ml) in Sidama zone, but the study result greater than 

the study reported from Wolayta sodo by Rahel (2008), who revealed (4.03 log 10 cfu/ml), 

and Bekele and Bayleyegn in Addis Ababa whom showed (4.11 to 4.85 log 10 cfu /ml). 

  

However it is not achievable just discarding milk from cows with visually abnormal 

foremilk even if consecutive milking is taken into account (Morten et al., 2004), foremilk 

discarded before milking is strongly advisable to minimalized bacterial lode. The 

difference the coliform load between the milk samples from foremilk discarded and 

foremilk not discarded source were analyzed using one sampling t-test. The mean colony 

count between two sources of mike was different (for milk discarded farms the mean 

count was 5.27 and for the milk not discarded was 5.7105), however, the number of 

bacteria between the two milk sources was not statistically significantly (P-value >0.05), 

this may be due to the difference in the number of farms (table14). 

 

Table 14: Mean values for coliform colony count (Log10 CFU/ml) (N=3) 

 

 

Milk source  N Mean Std. Deviation P- value  

Coliform count      

Foremilk discarded 11 5.27 0.467  

0.313 
Foremilk not discarded 19 5.7105 0.53325 

 

4.4. Isolation of Escherichia coli and Staphylococcus aureus from 

environmental surface contacts swab  

 

In present study, both E. coli & S. aureus were isolated from different environmental farm 

contact surface or sources included milkier hand, floor, milk equipment, udder teat as well 

as Pen /barn.  According to the study all floor swab sample were positive for E. coli, but 

none of floor swab revealed S.aureus pathogen. This were showed the farm environment 

which include feeds, faeces, bedding material soil and water  were mainly epidemiological  
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source for E.coli (Driehuis and Vissers, 2009 and Dulo et al.,2017) that makes high 

prevalence of  E.coli from environmental swab mainly floor swab.  

 

The use of microbiologically dirty hands to make milking was considered to have the 

potential to increase microbial concentrations in milk (Driehuis and Vissers, 2009). 

Regarding on milkier hand contamination current study showed higher (69.2%) positive 

swab sample for S.aureus than E.coli (30.1%), this revealed S. aureus highly contaminated 

in human hand skin than E.coli. Therefore cleaning dirty hand  by hot water with detergent 

before milking should be apply frequently in farms to reduce S aureus contamination. Out 

of 10 swab sample from Pen /barn only 20% positive for E.coli and none of sample 

positive for S.aureus but out of 10 examined udder (teat) swab sample 70% positive for 

S.aureus and 40% positive for E.coli the cleanliness of cows (e.g. udder and teats) and, 

thus, microbial contamination of milk via the exterior of teats are affected by measures 

related to facility hygiene (Ruegg, 2003b). According to present study most udder teat 

swab sample was positive for S.aureus than E. coli. Udder -teat cleaning might be 

decrease the pathogen load that contaminates the teats just before milking. 

 

 

In present study 60% of E. coli and 30% of S.aureus isolated from swab sample from milk 

equipment. This revealed higher lode of E. coli contaminated milk utensil than S.aureus 

contaminations. In milk container or equipment some cracked part which contained  milk 

residues may contribute high microbial contamination and multiplications with in 

container, therefor proper cleaning by warm water with detergents should be practice in 

dairy cows farm regularly. Even though higher prevalence of environmental pathogens 

(Escherichia coli) was revealed also contagious pathogen (S.aureus) was showed from 

equipment swab samples, this has been confirmed also on study reported from Zadoks et 

al., 2002.  

 

Isolation of S.aureus from milking utensils  swab sample was lower than  study reported 

from  Tadesse et al., 2014, where there were 46.2%  showed  but higher in case of E. coli 

isolation (15.4%) in Jimma town, south west Ethiopia. In overall view from out of 53 total 

swab sample from different contact surface sources were examined, E.coli isolation was 

higher (53%) than that of S. aureus (30.2%) isolation revealed. Higher prevalence of 

S.aureus bacteria resulted in milkier hand swab but higher prevalence of E.coli finding 
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showed in floor swab, in milk equipment’s swab, in udder teat swab and in pen/barn swab 

as shown in (table 11). 

 

Table 12: Isolation of E.coli and S.aurus from environmental swab (N =53) 

 

 

Swab   Sources 

 

No of sample  

                Bacterial isolated  Remark  

No (%)  

E. coli 

No (%)  

S. aureus 

 

 

Milkier hand  13 30 69.2  

Floor  10 100  -  

Milk equipment  10 60 30  

Udder teat  10 70 40  

Pen  /barn  10  20 -  

 

4.5 Antibiotic susceptibility patterns of E.coli and, S. aureus isolated 

from raw milk 

 

Among total 102 positive E.coli isolated 35 isolated randomly sleeted and were subjected 

to six antibiotic sensitivity tests and showed higher susceptibility to gentamicin (91.6%), 

Polymyxins (82%) and Tetracycline (80.8%) but higher resistance to Penicillin-G (88.6%). 

Even if E. coli were showed intermediate resistance in some extent to Ampicillin (37%) 

and Amoxicillin (31%) it also has showed greater (58%) and (52%) resistance to E. coli 

respectively. 

  

The current resulted similar with result study of Annal Selva Malar et al., 2018 showed 

that E.coli 100% susceptible to Tetracycline, 94.11% resistance to Penicillin-G, 82.35% 

resistance to Amoxicillin and 52.94% intermediate in Chennai.  India Mustafa et al., 2017 

study showed, E.coli 100% sensitive to gentamicin, 100% resistance to Ampicillin. 

Whereas Abike et al. (2015) reported that E. coli isolated from raw cow milk, were 

resistant to gentamicin (6.81%) and tetracycline (56.80%), which was higher than the 

present study result. 

 

Regarding on S.aureus from out of 286 S. aureus isolates  randomly 106 S. aureus isolates 

were subjected to antibiotic such as Penicillin-G, Gentamicin, Polymyxins, Tetracycline, 
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Ampicillin and Amoxicillin sensitivity tests were done and result were showed 

Gentamicin (94.7%,) flowed by Amoxicillin (48.6%) and Ampicillin (31.4) have seen 

Susceptible, whereas Polymyxins (96.2%), Penicillin-G (95.8%), Ampicillin (68.6%) has 

showed highly resistance. Tetracycline (11.3%), Gentamicin (5.3%) and Polymyxins B 

(3.8%) were showed intermediate resistance. But in different manner resistance level of 

Polymyxins (72.7%) was found Haftay et al., 2018 and tetracycline (81.8%) susceptible to 

S.aureus, in Mekelle, Tigray, Ethiopia, Penicillin G resistance to E.coli similar with the 

study reported by Biniam et al, 2017 in Wolaita Sodo, Southern Ethiopia revealed in the 

study the resistance level of penicillin was found to be 100%, Abebe, et al., 2013 around 

Addis Ababa reported resistance level of penicillin G to E.coli was found to be 100%. 

 

Current study in line with the resistance pattern of Tetracycline, Ampicillin and 

Amoxicillin was found to be 69.2% (Tetracycline) 61.5% (Amoxicillin) by Biniam et al, 

2017 in Wolaita Sodo, Southern Ethiopia, 90.9% (Ampicillin) by Haftay et al. 2018 in 

Mekelle, Tigray, Ethiopia, 73.8% (tetracycline) by Abebe, et al.,2013 around Addis 

Ababa.  The study was in accordance with the susceptible of pattern gentamicin the  was 

found to be the findings of  Haftay et al. 2018 , reported in his study gentamicin 100% 

susceptible to S.aureus in Mekelle, Tigray, Ethiopia, but Doss and Vijayasanthi (2016) 

study showed low percentage of S. aureus (33.87%) susceptible to gentamicin in 

Thoothukudi District, Tamilnadu.  

 

In general high percentage of resistance to Penicillin-G, Amoxicillin, and Amoxicillin’s to 

E.coli isolates whereas Polymyxins, Penicillin-G, Tetracycline, Ampicillin and 

Amoxicillin to S.aureus respectively, but susceptibility were showed on Gentamicin, 

Polymyxins and Tetracycline to E.coli isolates, while Gentamicin and to some extent 

Amoxicillin to S.aureus isolates from the study area (table 16). Polymyxins resistance 

organisms in the current study may indicated or ensured the pathogen that isolate was S. 

aureus. The resistance level of antibiotics to both E.coli and S.aureus due to the 

experience of frequent use of antibiotics and improper or indiscriminate practice (Jakee, et 

al., 2008). 
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Table 13: Antibiotic Susceptibility profile of S. aureus (n = 106) and E.coli (n = 35) 

 

Antibiotic  S. aureus (%) Escherichia coli 

 S  I  R S  I  R 

Penicillin-G  4. 2 - 95.8 11.4 - 88.6 

Gentamicin 94.7 5.3 - 91.6 8.4 - 

Polymyxins  - 3.8 96.2 82.9 11.4 5.7 

Tetracycline 9.4 11.3 79.3 80.8 17.4 1.8 

Ampicillin 31.4 - 68.6 5 37 58  

Amoxicillin 48.6 - 51.4 17 31 52  

S= Sensitive, I= Intermediate, R= Resistant 

 

4.6. Assessment on Respondents’ Knowledge towards public health 

aspect 

 

4.6.1. Socio demographic characteristics of the Respondents 

 

This was purposed to assess the participants about their knowledge on public health issues 

associated the hygienic milk handling practices, milk consumption ways and awareness on 

milk-borne disease and their history regarding whether they suffer from diseases 

associated with consumption of raw milk at the study area. In the study to asses’ public 

awareness 57% female and 43% respondents, a total of 100 respondents were interviewed 

were interviewed, in the study respondent’s age between 18-35 (69%), next 36-50 (25%), 

age above 50 (6%) were interviewed, educational levels showed 7%, 22%, 12%, 16%, 

26%, 17% were found illiterate, Primary school, Attend Secondary school, Complete 

Secondary school, Diploma and 1
st
 degree & above respectively, regarding on work  most 

of respondents (45%) were dairy farm workers,  (28%) Government office, NGO or any 

other Private Project workers and (27%) worked in any other job were interviewed when 

at time of milk selling from milk dispatch shop (Table 17). 
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Table 14:  Socio demographic characteristics of the Respondents 

Parameter  Frequency Percentage Remark  

Sex    

Male  43 43  

Female  57 57  

Age    

18-35 yrs. 69 69  

36-50 yrs. 25 25  

>50 yrs. 6 6  

Educational status    

Illiterate  7 7  

Primary education  22 22  

Attend Secondary  12 12  

Complete Secondary  16 16  

Diploma  26 26  

1
st
 degree & above 17 17  

Work  in     

Any dairy farm           45 45  

Gov. , NGO or  Private Project  28 28  

Any others  27 27  

4.6.2. Personal milk consumption habitat 

 

In present study regarding on Personal milk consumption ways 66% respondents consume 

raw milk 63% respond consume boiled 49% respond refrigerated milk and 100% 

respondents respond consumed processed milk (cheese, butter, milk with coffee). This was 

similar with the study of Sema et al 2019 showed, 60.5% of milk users had habit of raw 

milk consumption. But dissimilar with Lencho and Seblewongel (2018), in Bishoftu, 

Ethiopia, reported majority (57.5%) consume milk after boiling it, 23.4% consume raw 

milk as milked and 19.1% consume milk after processing (yogurt), and  Duguma and 

Geert (2015) reported that most (92.6%) of the farmers in Jimma boil milk before 

consumption, 3.7% consume raw milk. (Oumer et al 2017) study was reported 49.1% and 

50.9% people in Mersa Town, North Wollo, and Ethiopia consumed raw and boiled milk 

respectively.  

 

Different milk consuming habitat in different area may be depended on traditional 

experience, shortage of awareness creation or personal satisfaction or willingness. Practice 
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of consuming raw milk might be to consumer because it may cause milk borne disease. 

Pasteurization effectively kills raw milk pathogens without any significant impact on milk 

nutritional quality (Alebachew and Alemu, 2015). So at study area in future awareness 

creation must be needed to consumers to practice sterilized (pasteurized or refrigerated) 

milk before consuming.   

 

Table 15: Personal milk consumption habitat 

Parameter  Frequency Percentage remark 

Personal milk consumption habitat     

Raw  66 66  

Boiled 63 63  

Refrigerated 49 49  

Processed  100 100  

 

4.6.3. Respondents awareness on pathogen transmission and prevention   

 

Current study was revealed idea on pathogen transmission from raw milk and its 

prevention methods that were showed most of respondent 55%, 34%, 12%, and 3% 

(average 26%) have awareness beyond on milk boil, refrigerated, filtrated and other 

method but 32% have no awareness on pathogen transmission from raw milk and its 

prevention methods, this showed that respondents had low level of awareness on disease 

transmission from raw milk and its preventions at study area, this is due to inadequate 

training and low awareness creations concerning on the pathogen transmission and 

prevention from production farm up to milk consumption steps . 

 

 The similar study result with Belay et al. (2012) in Ethiopia, thus there were low 

awareness level of respondents on cattle and milk-borne zoonosis’, Oumer et al., 2017, 

study showed that 44% have Knowledge of risk associated with consumption of raw milk 

but high numbers of  people (52%) were have no idea on in Mersa Town, North Wollo, 

Ethiopia,  in contrast to present study, Lencho and Seblewongel (2018), in Bishoftu, 

Ethiopia, reported, most of respondent (39%) boil milk before use as disease prevention 

method. 
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The present study also reported idea on source of raw milk contamination and its 

prevention methods  that was 70%  respondent have respond  treat infected cows  88%  

responds  clean cow’s udder  78%  responds  clean milk equipment’s  77%  respond keep 

personal hygiene (Average 78.25%)  and no one have reported lack of  idea on source of 

raw milk contamination at study area. Regarding on awareness on pathogen transmission 

from human body to animal 19% responds air or inhalation, 22% respond direct contact, 

26% respond contaminated feed and water,  (Average 22.3% ),  but the majorities of the 

respondents (69%) respond  have no idea on pathogen transmission from human body to 

animal. 

 This was higher than  the study reported Lencho and Seblewongel (2018)  that  most 

respondents (93%) responded  that disease from human being are not transmitted to 

animals, only 7% stated that human disease can be transmitted to animals. Concerning on 

idea on pathogen prevention way in dairy cows at farm 91% responded farm house 

hygienic, 87% responded Prevent contamination of feed and water, 42% responded use 

protective close to handle animal, 71% responded prevent contact with diseased animal, 

79% responded treatment animals, (Average 74%), and no one had reported on lack of 

awareness on pathogen prevention way in dairy cows at farm.  In general view 50.1375% 

respondents have positive idea awareness on pathogen transmission and prevention in 

relation raw milk.   
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Table 16: Respondents awareness on pathogen transmission and prevention  

 

Parameter  Category Frequency% Remark 

Idea on  pathogen transmission& prevention    

Boiled  55 55 Average 

26% Refrigerated  34 34 

Filtrated  12 12 

Any other way  3 3 

No idea  32 32  

Idea on source of contamination& prevention    

Treat infected cows   70 70 Average 

78.25% Clean cow’s udder          88 88 

Clean equipment’s     78 78 

personal hygiene   77 77 

Any other method  0 - 

No  idea  0 -  

Disease transmission  from human to animal    

Air or inhalation  19 19 Average 22.3% 

Direct contact 22 22 

Contaminated feed  26 26 

Have no idea  69 69  

Idea on pathogen prevention at farm    

Farm house hygienic 91 91 Average 74% 

Prevent feed contamination  87 87 

Use protective close  42 42 

Prevent contact  71 71 

Treatment  79 79  

Overall idea average    50.1375% 

 

4.6.4. Experience on milk born suffered 

 

Milk can cause severe health hazards to people as they are highly susceptible to variety of 

microorganisms because of their high nutritive value (Soomro et al., 2013). The most 

common symptoms due to E. coli (usually take 3-4 days after swallowing) is diarrhea 



59 
 

(often bloody), severe stomach cramps, and vomiting, a fever (Some people) hemolytic 

uremic syndrome (in a small number of people, if E. coli O157:H7, symptoms usually go 

away by themselves after 5 to 7 days (BPHC, 2019). S. aureus food poisoning causes 

gastroenteritis symptoms like nausea, vomiting, abdominal cramps and diarrhea. 

(Scherrer,et al.,2014).  

 

 Present study reported out of 100 people interviewed 34% and 22% were experienced in 

GIT disturbance & other symptom respectively in the past years. This was lowered than  

the study reported by Sema et al; 2019, revealed 74.4% respondents experienced in GIT 

disturbance in the past years in Mukaturi and Sululta Town, Oromia Region, Ethiopia  also  

Oumer et al 2017, in Mersa Town, North Wollo, Ethiopia were  reported 44.1% and 

55.9% respondents  experienced from suffering milk borne infections due to consuming 

raw milk. But dissimilar with study revealed Lencho and Seblewongel (2018), in Bishoftu, 

Ethiopia, reported 91% have not suffered from any milk borne illness, whereas 9% of the 

respondents have suffered from milk borne illness in the past.  In general view the 

variation in milk born infection experience may showed, the difference in milk 

consumption habitat at different study area this might be due to lack of awareness and 

training, facilities shortage, therefore to promote milk hygiene and safety to prevent 

pathogens transmission trough milk consumptions, awareness creation and special training 

moreover facilities should be needed at study area. 

 

Regarding on time of duration to shows symptoms 11%, 9%, 11% and 5% reported  before 

24 hours, 1-2 days, 3-5 days and after 5 days respectively. The interview were revealed 

about respondents idea on public health issues associated with consumption of raw milk 

and their history regarding suffered from infections associated with consumption of raw 

milk. In the present study 64% respondent had not experienced from suffered in milk 

borne illness before; this may be due to ingestion of low infective dose of pathogen in 

milk.  Among the suffered due to milk borne infection the majorities were (74%) have 

experienced in medical treatment at past and low number of suffered (26%) were have no 

experience in medical treatment in past. Some suffered who have not treated may be self-

cured due to sufficient natural immune defense systems. 

 

 Current study also reported39% people whom have suffered from milk borne illness and 

have seen by respondents and most of the respondents (61%) have not seen any one whom 
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has suffered by consuming raw milk. As this survey study reported, 50%, 20.6%, 15%, 

9%, and 6% children/ infant ,young’s, elderly, medium age and youth were suffered 

respectively in milk borne illness and have seen by interview. In general view the present 

study similar with Sema et al; 2019, reported infants (62.8%), young children (32.6%) and 

adult (4.7%) have been experienced in milk born suffered. As study report Children are 

more suffered followed elderly so more precaution needed when consuming milk to 

children’s and Elderly than others. 

 

Current study lastly revealed trained respondents, that were only 14% of respondents have 

got special training , among the trained once 71.4%  were provided by NGO  64.3%  were 

provided by government, no one have trained by farm project program. Most of 

respondents 86% has not got special training in relation to milk handling and safety but 

they have over all general  idea (53%) on milking hygiene up to post milk handling.   

Mostly of positive respondents have got idea through Educational process (68 %,) some of 

others have got through reading, lessening (35%), others have got through Special training 

(26.4%) and 11% have got idea informally through working experience. 

 

 In similar ways Lencho and Seblewongel (2018) in Bishoftu, Ethiopia were reported half 

of the respondents (50%) were trained on hygienic milking and all (100%) did not acquire 

training on cattle milk borne zoonosis. Food borne diseases are common in developing 

countries, including Ethiopia, because of the prevailing poor food handling and sanitation 

practices, inadequate food safety laws, weak regulatory systems, lack of financial 

resources to invest in safer equipment, and lack of education for food-handlers (Nigatu et 

al., 2017). Therefore special training should be required in study area. Educational level, 

reading written once, lessening from different media and working experience should be 

encouraged to develop idea in relation to milk consumption, handling and related health 

care.  
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Table 17: Personal Experience on milk born suffered due to raw milk consumption  

Parameter  

 

Frequency %  Remark 

Experience on milk born infection    

No 64 64  

Yes  36 36  

GIT disturbance  34 34  

Others Symptoms  22 22  

symptoms < 24 hours                                 11 11  

symptoms 1-2 days             9 9  

symptoms 3-5 day                           11 11  

symptoms >5 days                      5 5  

Medical treatment Yes                                  26 74  

Medical treatment  No                10 26  

Information  on other  milk borne illness  

suffered persons  

   

No 39 39  

Yes  61 61  

Not known  age of  patient  66 66  

Child/ infant 17 50  

young 7 20.6  

Youth 2 6  

 Medium age                 3 9  

Elderly  5 15  

Training    

Not  trained  86 86  

Yes  trained 14 14  

By Government 9   64.3    

By NGO 10 71.4  

By  dairy cows farm 0 0  

Have idea  53 53  

No  idea  47 47  

Have  idea  53 53  

Special training  14 26.4  

Educational process         36 68  

Reading, lessening 35 35  

Working experience. 11 11  

 

4.7 Limitations of the study 

 

Finally, due to economical shortage among commonly use antibiotics low numbers have 

used to susceptibility test, , bacterial lode have not counted from direct udder milk, not all 

isolated bacteria were tested in antibiotic susceptibility test both pathogens prevalence 

didn’t showed in multivalent logistic regressions analysis serotype characterization 
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especially Escherichia coli serotypes which has public health importance and its drug 

resistance test have not confirmed were  limitations of the study. 

5. SUMMARY, CONCLUSSION AND RECOMMENDATIONS 

 

5.1. Summary 

 

The majorities of the dairy cow’s farm at study area were practicing poor hygiene with 

poor idea and skills on over all farm managements and much more problems identified 

either on aspects of public health or animal welfare. The hygienic practice was different in 

relation to farm house, feeding, watering hygiene and health care of cows, and in relation 

to workers and milk handling. In most of dairy cows farms milking hygiene were Poor 

practiced (57%), in some farms moderate (32%) and low numbers of farm were good 

(15%).Assessment on Respondents’ Knowledge towards public health aspect 66% 

respondents consume raw milk, in general view 50.1375% respondents have positive idea 

awareness on pathogen transmission and prevention in relation raw milk, 53% have 

experience on milk born suffered. 

 

The prevalence of Escherichia coli and Staphylococcus aureus from direct cow raw milk 

(75.73%, 27%) ,milkier hand swab (69.2%, 30.1%), floor swab (100%,  non), equipment’s 

swab (60%,  30%), udder teat swab (69.2%, 30.1%), Pen /barn swab (20%, none) 

respectively through detailed bacteriological tests, moreover, Among potential risk factors 

identified such as  increasing age and parity of lactating cows, separated milkier with 

cleaner and  practiced the same towel to dry udder were significant difference (p=<0.05) 

in prevalence of E.coli, whereas prevalence in different parameters had in-significant level 

(p=>0.05)  of variation to S. aureus. 

The mean Staphylococcus aureus colony count from plastic container milk (5.7070 log10   

cfu/ml) and metal container (6.0533 log10 cfu/ml), and coliform count from foremilk 

discarded source (5.27 log10 cfu/ml) and foremilk not discarded source (5.7105 log10 

cfu/ml) reveled that milk dispatched to the user in Wolaita Soddo from various dairy cows 

farms line have a high bacterial load which is serious issue and needed prefect solution in 

aspects of public health. 
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In antibiotic susceptibility test Escherichia coli resistance to Penicillin-G, Amoxicillin, and 

Amoxicillin’s but susceptible to Gentamicin, Polymyxins and Tetracycline while 

Staphylococcus aureus resistance to Polymyxins, Penicillin-G, Tetracycline, Ampicillin 

and Amoxicillin but susceptible to Gentamicin and to some extent Amoxicillin.  

 

5.2. Conclusion and Recommendations 

 

Both Escherichia Coli and Staphylococcus aureus are the most frequently occurring 

pathogens in dairy cows farm causes a large economic loss due to udder infections and 

causes public health problems specially in developing counters because of unpasteurized 

habit of milk and milk products. The results performed from current study indicate that 

farm management including milking practice was Poor hygiene and shortage of facilities, 

most of lactating dairy cows shaded both Escherichia coli and Staphylococcus aureus in 

their udder milk (sub clinical mastitis), bulk raw milk was unacceptable and hazardous to 

human health, both pathogens resistances to some antibiotics and Public awareness on 

pathogen transmission was low thereby milk consuming habit was unsafe in Wolayta 

Soddo Town, Southern Ethiopia. 

 

Based on the result of the current study the following recommendations are needed in 

order to safeguard lactating cows from pathogen infection and the milk production 

contamination from Escherichia coli and Staphylococcus aureus, and to reduce the drug 

resistance scoop in Wolayta Soddo. 

- Regular training and  awareness should be perform in farm hygiene  for  cows farms 

owners, managers, workers to upgrade knowledge and practice in overall farm 

management.  

- Different offices special livestock productions department and other non-governmental 

supporters (NGO) should be supplies and helps farm facility materials, 

- Promote idea on milk handling and consuming habit specially milk pasteurization and 

cooling with in fragile in proper temperature for milk use customers. 

- Choose appropriate rational use of veterinary drugs & medical drugs to treatments to 

prevent antibiotic resistance of Escherichia coli and Staphylococcus aureus.  

- Future efforts on surveillance of serotype characterization especially Escherichia Coli 

serotypes which has public health importance and its drug resistance will be need in 

study area.  
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- Good personal hygiene should be practiced in  dairy cows farms  

-  CMT test  to screen Subclinical mastitis  diagnosis should be perform  

- On further Bacterial count should be performed  from cows direct udder milk 
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7. APPENDICES 

APPENDICES 1: Questionnaire 

 

Part I: 

This questionnaire interview is aimed to examine or to assess hygienic practice in dairy 

cow’s farm at study area, in wolaita sodo town.  Interviews prepared to interview farm 

manager or workers who have full information on dairy cows farm.  

Please note that: 

 No need of writing your name  

1. Name of dairy cows farm: ------------------------------------------- kebele: -------------

village: ------Farm owners       A. Family.            B. Enterprise          C. Government  

2. Interviewer: (Manager) or (Representative)  

2.1    Full Name : ----------------------------------------------------------- 

2.2     Responsibility A. Manager   B. Workers  

2.3   Sex  of the interviewer   A. Male      B. Female 

2.4 Age of the interviewer   A. 18-25        B.26-35    C.      36-50       D. Above 50 

2.5  Education status of the interviewer     A. Illiterate                B.  Primary education        

C.  Attended secondary education.   D. complete secondary education.    E. Certificate         

F. diploma            G. first degree  and above  

2.6 Dairy farming Experience (in years):   A. 1-10        B.      11 -20    C. above   20 

2.7   Working Experience in dairy farm (in years):   A. >5           B.     6- 10                 C.         

11-15                D.  16-20           E   above   20  

3. Workers in farm:   

3.1.   Sex of  workers: Male------ Female --------total ---------------- 

3.2. Education status:  non educated  ---------  non-complete ---------complete 12/10----

certificate ---------diploma----------degree and above------------- 

4. Dairy herd structure Category: 

4.1. Cross breed------pure breed HF ------pure  jersey ------Local -----Others----Total 

4.2.    among  total   lactating  cows ----------non lactating caws -----------  

5. Feeding and Watering:  
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5.1.    Feeding system:         A. Grazing.            B. Indoor feeding         C. mixed  

5.2.   How give Feeding to dairy cows?    A. On floor.          B. In feeder  

5.3.   Water source:   A. River.        B. Underground water    C.    Pipe          D. others  

5.4.   How often do you give water to your dairy animals? A. Individual.    B. common    

6. Dairy cow house:  

6.1.   Which types of dairy cow house floor made?  A. concrete / washable     B.  non-  

washable muddy / wooden  

6.2.   Do you have wash dairy house floor? A. yes B.   No.     

6.3.   If yes frequency of washing dairy house floor      A. once a day       B. twice a day       

.  C. thrice a day         D.  more than thrice a day  

7. Wastage disposal system:  

7.1.   Dung wastage       A.    Manual.       B. deranges         C. Both manual. and  

deranges 

7.2.    Urine and other fluid wastage   A. manual. B. deranges C. Both manual. and  

deranges 

8. Milking hygiene      

8.1 Dairy cows cleaning:  

8.1.1    Do you have washes your dairy cows     A. yes   B. no. 

8.1.2 If yes frequency of washing   dairy cows:    A. once in week          B. twice in week   

.  C. thrice in week          D.  More than 3  in week 

8.1.3  Do you have a towel to dry udder?   A. yes    B. no 

8.1.4   If yes how use a towel?    A. individually          B. commonly  

8.1.5 What you use to clean udder?   A. cold water only   B. cold water with detergents   

C. warm water   D. warm water only    E. warm water with detergents 

8.2.  Concerning milk and milk equipment 

8.2.1. Do you have someone who follows up the milking process?     A. yes          B. no. 

8.2.2.   During milking, foremilk:    A. Do not removes          B. Discards on waste 

disposal        C. give to their pets’      D. use after processing it          E.   Gave to 

their calves   

8.2.3.  During milk storage to containers   A. practice milk filtering into containers       B.  

Do not practice milk filtering into containers milking vessel     A. plastic             B. 

metal                       C. traditional  
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8.2.4. What you use to clean milk equipment’s?     A. cold water only      B. cold water 

with detergents      C. warm water      D. warm water only       E. warm water 

with detergents 

8.2.5. What is your Milk storage?       A. Refrigerator                B.    As milked 

8.3.  Workers cleanness (hygiene): 

8.3.1   Milkier and cleaners         A. the same       B.    Separated/ different            

8.3.2    Do you have protective cloth for workers in the farm?   A. yes       B. no 

8.3.3   Do you have practice of medical examination for farm workers A. yes   B. NO  

8.3.4 Are milkier clean their hands before milking     A. yes            B. no  

8.3.5  If yes what they use to clean their hands?     A.  Cold water only       B. cold water 

with detergents    C. warm water   D. warm water only      E.   Warm water with 

detergent  

8.3.6  In general view milking hygiene     A. Good.       B. Moderate         C. Poor 

9 Veterinary service: 

9.3 Do you have access to veterinary service?  A    Yes                B. no 

9.4  If yes from where?   A.    at the farm      B.   Government office        C.     privet      

9.5 Do you have used antiseptic  for teat after milking  A. yes             B. no  

10 Training program based on milking and milk hygiene   :  

10.3 Did you have training program on clean milk production and milk handling?   

    A. Yes        B. No. 

10.4 If yes, who provided the training?   A. Government       B. NGO      C. 

Cooperative       D.   the farm it self  

10.5 Still how many workers were trained  from total  ------------------ in general view 

farm hygiene  

Part II: 

This questionnaire interview is aimed to examine or to assess public awareness in relation 

to milk born disease and its prevention method at study area, wolaita sodo town.  

1. Interviewer 

1.1.   Full Name : ----------------------------------------------------kebele-------------- 

1.2. Working in      A.   Dairy farm       B. Governmental office      C.  NGO   D.  privet    

1.3.  Sex  of the interviewer   A. male            B. female 

1.4.  Age of the interviewer   A. 18-25              B.26-35    C.      36-50       D. Above 50 
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1.5.  Education status of the interviewer     A. Illiterate                   B.  Primary 

education                 C.  Attended secondary education.           D. complete secondary 

education.    E. Certificate         F. diploma              G. first degree  and above    

2. From which dairy cow’s farm you use milk? ----------------------------------------------  

3. What is your milk consumption ways? A. Raw (direct raw, filtered, yogurt, skimmed)      

B. Boiled  (pasteurized )      E. Refrigerated   ( yogurt, normal)    C. Processed    F. 

other method  

4. Do you an idea on a disease transmitted from consuming raw milk?       A. yes     B. no            

5. Do you have an idea on disease prevention methods from consuming raw milk?                    

A. yes     B. no    if yes mentions the prevention method       A. Boiled          B.  

Filtered             C. Refrigerate            D. other method ------------------------------ 

6. Do you have an idea on source of milk contamination by any microorganism?                       

A. yes     B. no     if yes:  A. infected cows       B.  Unclean cows udder      C. unclean 

milk equipment’s        D. milkier/worker personal hygiene        E. ---------- 

7. Do you have an idea on preventions of milk contamination by any microorganism?               

A. yes B. no   if yes:  A. treat infected cows     B.  Clean cow’s udder b         C.  Clean 

milk equipment’s        D.  Keep milkier/worker personal hygiene  E ---------- 

8. Do you have awareness on disease that transmitted from human body to animal body?         

A. yes B. no.  If yes which is the transmission method?  A. Air/ inhalation    B. Direct 

body contact     C. with human urine or feces  contaminated feed and  water  D.--------- 

9. What you think a source for any animal disease/pathogen in dairy cow farm? 

A. Farm house Hygienic problem      B.  Contaminated feed and water     C. carrier 

human/worker in farm            D. other carrier animals       E. insect/vector                        

F.   --------------------------------------------------------------------             

10. Do you have an idea on preventive method of any pathogen that causes disease in 

animal?    A yes   B. no. If yes which method you know?      A. good  farm house 

hygienic practices      B. prevent contamination of feed and water     C. use protective 

close to handle animal         D. prevent contact with diseased animal          E. 

vaccination and treatment of dairy  animal                E.  --------------------------- 

11. Do you have suffered from any acute milk borne illness after consumed raw milk in 

your life?             A. Yes                         B. No.  11 

11.1 If yes, what do you know any health risk associated with raw milk consumption 

A. Gastrointestinal tract disturbance (watery diarrhea, vomiting, abdominal cramps, 

nausea, acute abdominal pain and bloody diarrhea with mucous)                                                                              
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B. Any others general systemic disturbance (Headache, Chills, Fever, in-appetence, 

weakness/fatigue, muscle aches, backache)  

11.2. If yes, how long a time to have showed clinical symptoms?   A.< 1 24 hours                

B.1-2 days             C.3-5 day        D.    Above 5 days          

11.1.   If yes, have you got medical treatment?   A.YES B       NO 

12. Do you have seen/information on any person whom suffered from milk borne illness 

after consumed raw milk?    A. Yes              B. No.  

12.1.  If yes what was the age of patient that   you have seen?    A. child             B young                   

C. Youth                  D.  Medium age                   E.   Elderly                                                                                   

13. Did you receive training on clean milk production and milk handling?  A. Yes   B. 

no. If yes, who provided the training?   A. Government     B. NGO      C. Cooperative                   

D. farm itself.  

14. Do you have idea on milking hygiene up to post milk handling?  If yes from where 

you have got this idea?   A. special training   B. Reading and lessening      C. 

Education process        D.   Working experience. 
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Appendix II: Laboratory Tests Employed and their Procedures 

 

 MacConkey agar: 

 

Principle: Gram-negative enteric bacteria that grow on MacConkey agar are differentiated 

by their ability to ferment lactose. If the lactose is fermented by the bacteria, the 

production of the acid drops the pH of the media. The drop in pH is indicated by the 

change of neutral red indicator to pink (Neutral read appears pink at pH’s below 6.8). 

Strongly lactose fermenting bacteria produce sufficient acid which causes precipitation of 

the bile salts around the growth. It appears as a pink halo surrounding individual colonies  

Expected Colony characteristics:   

- Typical strong lactose fermenters, such as species of Escherichia, Klebsiella, and 

Enterobacter produce red colonies surrounded by a zone of precipitated bile. 

- Slow or weak lactose fermenters such as, Citrobacter, Providencia, Serratia, and 

Hafnia, may appear colorless after 24 hour or slightly pink in 24-48 hours. 

- Non-lactose fermenters grow as colorless or transparent colonies e.g., species of 

Proteus, Edwardsiella, Salmonella, and Shigella. 

 

 Eosin Methylene Blue (or EMB) Agar: 

 

Principle: EMB agar is characterized by the presence of a combination of the two dyes 

eosin and methylene blue in the ratio of 6:1, Gram-negative bacteria that ferment the 

lactose produce acid which lowers the pH. This encourages dye absorption by the colonies 

and turns the colonies dark purple as the acid acts upon the dyes. In addition, certain 

lactose-fermenting bacteria produce flat, dark colonies with a green metallic sheen. Other 

lactose fermenters produce larger, mucoid colonies, often purple only in their center. In 

EMB agar, most of the strains of E. coli colonies have a characteristic green sheen.  

 

Rapid fermentation of lactose & production of strong acids, thus a rapid reduction in the 

pH of the EMB agar the critical factor in the formation of the green metallic sheen 



82 
 

observed with E. coli, rapid fermentation of lactose and formation of strong acids. Lactose 

non-fermenters, on the other hand, may increase the pH by deamination of proteins. This 

ensures that the dye is not absorbed. The colonies will be colorless. Lactose non-

fermenters are thus either colorless or light lavender. Peptic digest of animal tissue serves 

as a source of carbon, nitrogen, and other essential growth nutrients. Lactose and sucrose 

are the sources of energy by being fermentable carbohydrates. Eosin-Y and methylene 

blue serve as differential indicators. Phosphate buffers the medium. 

Uses of EMB agar:   

- EMB agar is used in water quality tests to distinguish coliforms and fecal coliforms 

that signal possible pathogenic microorganism contamination in water samples 

(presence of E.coli in the river/water sample indicates the possibility of fecal 

contamination of water so does the presence of other pathogenic enterics). 

- EMB agar is also used to differentiate the organisms in the colon-typhoid-dysentery 

group. For culture of Salmonella and Shigella, selective medium such as MacConkey 

agar and EMB agar is commonly used. Escherichia coli colonies grow with a metallic 

sheen with a dark center, Aerobacter aerogenes colonies have a brown center, and 

nonlactose-fermenting gram-negative bacteria appear pink. 

 

 Indole Test:  

 

Principle: Indole test is used to determine the ability of an organism to split amino acid 

tryptophan to form the compound indole. Tryptophan is hydrolyzed by tryptophanase 

to produce three possible end products – one of which is indole. Indole production is 

detected by Kovac’s or Ehrlich’s reagent which contains 4 (p)-dimethylamino 

benzaldehyde, this reacts with indole to produce a red-colored compound. Indole Test 

Reaction: Indole test is a commonly used biochemical test (e.g. in IMVIC test, SIM 

test, etc). Indole test helps to differentiate Enterobacteriaceae and other genera. 

Procedure of Conventional Tube method for Indole Test: 

- Inoculate the tryptophan broth with broth culture or emulsify isolated colony of the 

test organism in tryptophan broth. 

- Incubate at 37°C for 24-28 hours in ambient air. 

- Add 0.5 ml of Kovac’s reagent to the broth culture.  

Expected results:  Positive: Pink colored rink after the addition of an appropriate reagent 

https://microbeonline.com/imvic-tests-principle-procedure-and-results/
https://microbeonline.com/seven-common-characteristics-family-enterobacteriaceae/
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                     Negative: No color change even after the addition of an appropriate 

reagent.   E.g. Klebsiella pneumonia 

 

 

 

 The Triple Sugar Iron (TSI) Test  

 

Principle: The triple sugar- iron agar test employing Triple Sugar Iron Agar is designed to 

differentiate among organisms based on the differences in carbohydrate (sugar) 

fermentation patterns and hydrogen sulfide production. Carbohydrate fermentation is 

indicated by the production of gas and a change in the colour of the pH indicator from red 

to yellow. 

Method: 

- With a straight inoculation needle, touch the top of a well-isolated colony. 

- Inoculate TSI by first stabbing through the center of the medium to the bottom of the 

tube and then streaking the surface of the agar slant. 

- Leave the cap on loosely and incubate the tube at 35°-37°C in ambient air for 18 to 24 

hours. 

- Examine the reaction of medium. 

Expected Results: 

- An alkaline/acid (red slant/yellow butt) reaction: It is indicative of dextrose 

fermentation only. 

- An acid/acid (yellow slant/yellow butt) reaction: It indicates the fermentation of 

dextrose, lactose and/or sucrose. 

- An alkaline/alkaline (red slant, red butt) reaction: Absence of carbohydrate 

fermentation results. 

- Blackening of the medium: Occurs in the presence of H2  

- Gas production: Bubbles or cracks in the agar indicate the production of gas 

( formation of CO2and H2) 

 

 Mannitol Salt Agar 

 

Principle: Mannitol Salt Agar contains peptones and beef extract, which supply nitrogen, 

vitamins, minerals and amino acids essential for growth. The 7.5% concentration of 

sodium chloride results in the partial or complete inhibition of bacterial organisms other 
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than staphylococci. Sodium chloride also supplies essential electrolytes for transport and 

osmotic balance. Mannitol is the fermentable carbohydrate, fermentation of which leads to 

acid production, detected by phenol red indicator, aids in the differentiation of 

staphylococcal species. Coagulase positive staphylococci (e.g., Staphylococcus aureus) 

produce yellow colonies and a surrounding yellow medium while coagulase negative 

staphylococci produce red colonies and no color change of the phenol red indicator. Agar 

is the solidifying agent. Addition of 5% v/v Egg Yolk Emulsion enables the detection of 

lipase activity of staphylococci along with mannitol fermentation. The salt clears the egg 

yolk emulsion and lipase production is detected as yellow opaque zone around the 

colonies. 

Uses of MannitolSalt Agar:  

- It is used for the selective isolation and differentiation of Staphylococcus aureus from 

clinical samples. 

- It is also used for the enumeration of staphylococci in food and dairy products. 

- This medium is also included in the Bacteriological Analytical Manual for cosmetics 

testing. 

- It is also used in the bacteriological examination of swimming pool water, spas and 

drinking water using membrane filtration 

 

 Catalase test: 

Principle: The Catalase test differentiates between groups of microorganisms on the basis 

of catalase production. This test is consistently positive for staphylococci and negative for 

streptococci. Catalase is an enzyme that splits hydrogen peroxide into water and oxygen. 

The oxygen released is seen as tiny bubbles. 

Producer:  

- Pick up 1 or 2 isolated colonies with sterile loop and spread on a slide. Do not add 

saline. Do not include any agar; blood cells have catalase in them.  

- Add 1 drop of 3% hydrogen peroxide to the smear and look for vigorous release of 

bubbles. Bubbles indicate a positive (Staphylococcus) reaction for catalase. 

 

Coagulase test: 

 

Principle: The Coagulase test is the most reliable indicator of pathogenic, toxin-producing 

strains of Staphylococcus, i.e., for Staphylococcus aureus. Most pathogenic strains of 

https://www.medschool.lsuhsc.edu/Microbiology/DMIP/catalase.jpg
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Staphylococcus produce prostaphylocoagulase that reacts with an activator similar to 

prothrombin, to form the active clotting agent, coagulase. Coagulase in turn reacts with 

fibrinogen forming fibrin to produce the clotting of plasma. 

Producer:  

- Use a sterile inoculating loop to remove a heavy inoculum from your presumptive 

Staphylococcus unknown (determined by the Gram stain and Catalase test).  

- Emulsify this growth into 1 tube of Rabbit plasma, label with your name, and place in 

the 37°C incubator until the next lab period.  

- After incubation, look for clotting (Staphylococcus aureus) of the plasma by tilting the 

plasma tube and observe whether the liquid is solidified or not (do not spill).  

 CAMP test: 

 

Down the center of a blood agar plate (trypticase soy agar +5% sheep blood), make a 

single straight line streak of beta-hemolysin producing Staphylococcus aureus, taking care 

not to intersect the staphylococcal streak, inoculate a streak of the beta-hemolytic 

streptococcus to be identified perpendicular to the staphylococcal streak. 

Producer:   

- Make these streaks in such a way that, after incubation, the growth of the two 

organisms will not be touching. 

- The streptococcal streak should be 3 to 4 cm long. 

- Inoculate known group A and B streptococcal strains similarly on the same plate as 

negative and positive controls respectively. 

- Incubate the plate at 35°C in ambient air for 18-24 hours 

Results and interpretations:  

- The area of increased hemolysis occurs where the beta hemolysin secreted by the 

Staphylococcus and the CAMP factor (an arrow ended) secreted by the group B 

Streptococcus intersect.  

 Antibiotic susceptibility test  

Zone diameter for the antibiotics that were used in the study to test the antibiotic resistance 

of S. aureus and Escherichia coli isolates  

Antibiotic 

 

DISC 

CODE 

Resistant 

(< or = mm) 

Intermediate 

(mm) 

Susceptible 

(= or > mm) 

Remark  

 

Amoxicillin (other) AMC <13 14-17 >18  

Amoxicillin (Staph) AMC 19 - 20  

Ampicillin (other) AM 11 12-13  14  

Ampicillin (Staph) AM 28 - 29  

https://www.medschool.lsuhsc.edu/Microbiology/DMIP/coagulas.jpg
https://microbeonline.com/tryptic-soy-agar-tsa-composition-preparation-uses/
https://microbeonline.com/staphylococcus-aureusdisease-properties-pathogenesis-and-laboratory-diagnosis/
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Penicillin G (Enterococcus) P 14 - 15  

Penicillin G (Staph) P 28 - 29  

Gentamycin GM 12 13-14 15  

Tetracycline Te-30 14 15-18 19  

Polymixin B  P 10 >12 12-14 <11 CLSI (2008) 

Source: Kirby-Bauer testing measures sensitivity of bacteria, 2008, 2019 

Appendix III: Laboratory picture: 

  

Sample collection 

6 

 

Blood agar                                                               MacConkey agar: 
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Catalse test 

  

Coagulse test 
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s.aureus in MSA 

 

E.coli  in EMB                                        

  

Sugar fermentaion test 

 

Indole test  
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Antimicrobial susceptibility test 

 

S.aureus (left) and E.coli (right) and colony count 
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