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ABSTRACT 

 

 

A cross-sectional study was conducted from November 2014 to April 2015 to assess 

the contamination of milk with Staphylococcus aureus, milk consumption habit and 

handling practices using microbiological technique and questionnaire survey in 

Sebeta town, central Ethiopia. Simple random sampling and purposive sampling 

technique were used to generate the desired data. The study involved 209 individual 

cow milk, 27 swab from milking buckets and 25 swab from hands of milkers, 20 milk 

samples from tank of milk collection centers, 10 pasteurized milk from processing 

plant and 23 farm owners, 19 milk collectors, 50 consumers, 17 hotel/cafeteria 

workers and 1 milk processing staff member were included. Bacteriological culture 

and antimicrobial susceptibility tests were performed following the recommended 

standard procedures. The study revealed a prevalence of 19.6% (95%CI: 14.5-25.6) 

at farm milk and contamination of 80% of Staphylococcus aureus at collection 

centers, and there was statistically significant variation between them with higher 

contamination at milk collection centers (χ²=35.599, df=1, p=0.000). There was also 

significant variation in the proportion of Staphylococcus aureus among collection 

centers (χ²= 60.000, df=3 p=0.000). The contamination of milker's hand and milking 

bucket with Staphylococcus aureus were 32% and 11.1%, respectively. Staphylococcu

s aureus was isolated from none of the pasteurized milk samples. The isolates were 

found to be resistant to cefoxitine (100%), penicillin G (98.5%), and streptomycin 

(77.9%). 35% of the farmers were consume raw milk, all didn't wash their hands 

using antiseptic solutions, never washed cow teats/udder and all had no knowledge of 

Staphylococcal food poisoning. In conclusion, the study showed poor handling 

practices of milk, raw milk consumption habit, resistance of Staphylococcus aureus to 

commonly used antibiotics and lack of awareness about staphylococcal food 

poisoning implicating for public health issue. Eventually, raising awareness on milk 

handling practices, milk borne staphylococcal poisoning and further study to estimate 

the risk of staphylococcal poising following consumption of milk contaminated with 

Staphylococcus aureus at each milk value chain in the study area were recommended.  

Key words: Antibiotics, Contamination, Milk, Sebeta, Staphylococcus aureus, Value 

chain.  
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1. INTRODUCTION 

 

 

Foodborne diseases (FBD) are diseases of infectious or toxic nature transmitted by the 

consumption of contaminated food or water. They are among the most widespread 

public health problems globally (Hubalek, 2003; Pal, 2001). Food normally becomes 

a potential source of human infection due to contamination that can be occurred 

during production, collection, transport and preparation or during processing. Feaces, 

feacally-contaminated soil or water, unhygienic handling and use of unhygienic 

equipments and utensils are potential sources of food contamination (Slifko et al., 

2000). The presence of foodborne pathogens in ready-to-eat foods, milk and milk 

products, meat, and meat products puts consumers at high risk and imposes grave 

economic losses to producers (Sofos, 2008; Syne et al., 2013).  

 

Among the bacteria predominantly incriminated in FBD, Staphylococcus aureus is a 

leading cause of gastroenteritis resulting from the consumption of contaminated food. 

Staphylococcal food poisoning is a FBD due to absorption of Staphylococcal 

enterotoxin (SE) preformed in the food (Loir et al., 2003).  S. aureus starts to produce 

SE when the population density in milk reaches about 10
6.5

cfu/ml and thereafter the 

amount of SE increase linearly with time (Fujikawa and Morozumi, 2006). A small 

amount of SE ranging from 100–200 ng can cause illness (Makita et al., 2012). 

Staphylococcal organisms alone have found to cause a hospitalization rate as high as 

14%. The fatality rate range from 0.03% in the general population to as high as 4.4%  

for highly sensitive persons such as immunocompromised persons, elderly persons 

and children (Aycicek et al., 2005; Kerouanton et al., 2007).  

 

Milk is very nutritional and nearly balanced food enriched with carbohydrate, 

proteins, fats, vitamins and minerals (Bradely, 2002; Pal, 2012).  As a matter of the 

fact, it is highly vulnerable to bacterial contamination and support the growth and 

multiplication of pathogenic organisms leading to food spoilage, food infection and 

poisoning (Soomro et al., 2003; Pal, 2012; Girma et al., 2014). Staphylococcus aureus 

find their way to raw milk and milk products from sub clinical mastitic cow, 

environment, milkers‟ hand and unhygienic equipments (Ismael et al., 2009). Milk of 

the infected animal is the main source of enterotoxigenic S. aureus of animal origin 
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and these toxins are known to cause nausea,  vomiting  and  abdominal  cramps  when  

ingested  by  human  and  are  responsible  for  staphylococcal  food poisoning 

outbreak (Kerouanton et al., 2007). 

   

S. aureus can become pathogenic when conditions  such  as  pH,  temperature  and  

nutrient availability  are  altered  and  become  favourable  for overgrowth (Mims et 

al., 2009). Milk Storage at temperatures of 37 to 42 ºC favours growth and 

multiplication of S. aureus (Presscott et al., 2002). The optimum temperature for toxin 

production is 35 to 40ºC (range 10 to 45ºC), pH is 5.3-7.0 (4.8- 9.0), aw is 0.90 (range 

0.86 to 0.99) and greatest toxin production is in the presence of oxygen (Morandi et 

al., 2007; Ash, 2008). 

 

Heating of milk at normal boiling and pasteurization temperature can kill the bacteria 

but the enterotoxins remains active (Presscott et al., 2002). Staphylococcal enterotoxn

s are highly heat resistant and are thought to be more heat resistant in foodstuffs than 

in a laboratory culture medium (Bergdoll, 1989). Enterotoxins producing S. aureus 

are most dangerous and harmful for the human health. About 50 % strain of this 

organism are able to produce enterotoxins that associated with food poisoning (Payne 

and Wood, 1974).  

  

Although pasteurization or boiling of milk is likely to destroy all pathogens including 

S. aureus, there is a great public health concern when either milk is consumed in raw 

form or pasteurization is not efficient (Bharathy et al., 2015). Majority of Ethiopian 

population consume raw milk and raw milk products including cheese, cream, butter 

and yoghurt (Ashenafi and Beyene, 1994). Moreover, production and consumption of 

raw milk and various dairy products often takes place under unsatisfactory hygiene 

conditions (Wubete, 2004). As a result, the possibility of incidence of SFP due to the 

consumption of dairy products is likely (Ashenafi and Beyene, 1994; Yilma et al., 

2007; Makita et al., 2012). Other studies conducted elsewhere substantiated the 

occurrence of S. aureus in milk at various points of milk value chain that might 

attributed to milk contamination from mastitic cow, cross contamination, poor 

handling practices and use of unhygienic equipments leading to Staphylococcal 

poisoning in humans following consumption prior to subjecting to adequate heating 

(Hundera et al., 2005; Desissa, 2010). There is only a report of S. aureus as one of the 
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major bacterial pathogens causing mastitis with no citable information regarding its 

occurrence in milk ready for consumption in and around Sebeta (Sori et al., 2005). 

 

Moreover, there is a paucity or lack of information regarding the prevalence of S. 

aureus, potential sources of contamination, milk consumption habit and handling 

practices of milk along the milk value chain in Sebeta town. Furthermore, 

antimicrobial susceptibility pattern of S. aureus isolates from different points along 

the milk value chain in the study area is not known. Therefore, this study was done to 

address the above aforementioned gaps with general objective of to asses 

contamination of  milk with Staphylococcus aureus, milk consumption habit and 

handling practices in Sebeta , central Ethiopia.  

 

Specific objectives were: 

 

 To identify the milk value chain in the study area 

 To estimate  the prevalence of Staphylococcus aureus along the milk value chain 

 To determine the antimicrobial susceptibility pattern of the isolates 

 To assess sources of  contamination of milk with Staphylococcus aureus 

 To assess the milk consumption habit and handling practices 
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2. LITRATURE REVIEW 

 

 

2.1. General Characteristics of Staphylococcus Organisms 

 

2. 1. 1. Etiology  

 

Staphylococcal food poisoning is a foodborne poisoning attributed to ingestion of 

contaminated food in which the enterotoxigenic strains of Staphylococcus can 

multiply reaching about 105 CFU/g of food. Staphylococcus aureus is a major cause 

of foodborne intoxication and outbreaks occur throughout the world because of its 

ubiquity and its ability to persist and grow under various conditions (Pal, 2001; 

Salandra et al., 2008). 

 

Staphylococcus aureus is a facultatively anaerobic, Gram-positive coccus, which 

appears as grapelike clusters when viewed through a microscope and has large, round, 

golden-yellow colonies, often with hemolysis, when grown on blood agar plates. The 

golden appearance is the etymological root of the bacteria's name; aureus means 

"golden" in Latin (Silva et al., 2000). The bacterium multiply by simple division into 

two, and under suitable conditions of environment and temperature, this occurs every 

15-30 minutes. Thus, one cell could become over 2 million in 7 hours and 7000 

million cells after 12 hours continuous growth (Jay, 2000). 

 

Staphylococcus aureus is catalase positive and able to convert hydrogen peroxide 

(H2O2) to water and oxygen, which makes the catalase test useful to distinguish from 

enterococci and streptococci. A small percentage of S. aureus can be differentiated 

from most other staphylococci by the coagulase test: S. aureus is primarily coagulase-

positive (meaning that it can produce "coagulase", a protein product, which is an 

enzyme) that causes clot formation while most other Staphylococcus species are 

coagulase-negative (Silva et al., 2000). The bacterium do not produce endospores but 

are highly resistant to high osmotic conditions and desiccation, especially when 

associated with organic matter such as blood, pus, and other tissue fluids. These 

properties facilitate its survival in the environment, growth in food, and 

communicability. However, usually it is readily killed at cooking, pasteurization 
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temperatures; but survives frozen storage. Heat resistance of S. aureus is increased in 

dry, high-fat and high-salt foods. On the other hand, SEs are extremely resistant to 

heat (Silva et al., 2000; Ash, 2008). 

 

Although S. aureus is commonly found on the skin of a wide variety of mammals and 

birds and on the environment, humans are thought to be the primary source of strains 

associated with food matrix staphylococcal intoxication (Sandel and McKillip, 2004). 

 

2. 1. 2. Taxonomy and classification 

 

Staphylococci are Gram-positive cocci, 0.5 to 1.5 µm in diameter, which occur either 

singly or in pairs or tetrads, but the prevalent form is grapelike clusters. The name 

Staphylococcus (staphyle= bunch of grapes) was introduced in 1883 by Ogston. One 

year later, Rosenbach used the term in a taxonomic sense and provided the first 

description of the genus Staphylococcus (Salyers and Whitt, 2002). The scientific 

classification of Staphylococcus according to and Todar, 2008 is as follows:  

 

Kingdom:   Bacteria                                                           Order:     Bacillales  

Phylum:      Firmicutes                                                       Family:   Staphylococcaceae 

Class:          Bacilli                                                             Genus:    Staphylococcus  

 

2. 1. 3. Morphology 

 

The organism has a Gram-positive cell composition, with a unique peptidoglycan 

structure that is highly cross linked with bridges of amino acids (Hein et al., 2005). 

The bacterium cells are spherical (cocci), which tend to be arranged in pairs, short 

chains, or typically occurring in bunched, grape-like irregular clusters when viewed 

through a microscope, owing to cell division in multiple planes (Shah, 2003). The 

most obvious morphological characteristic is its marked tendency to occur as masses 

of cells in grape like clusters. This happens because of the geometry (divide in two 

planes) (Freeman, 1985). In the genus Staphylococcus, S. aureus has large, round, 

golden-yellow colonies, often with haemolysis, when grown on blood agar plates.  

Some strains of S. aureus are capable of producing staphyloxanthin a carotenoid 

pigment that acts as a virulence factor. This pigment has an antioxidant action that 
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helps the microbe to evade killing with reactive oxygen used by the host immune 

system. It is thought that staphyloxantin is responsible for S. aureus characteristic 

golden colour (Tsegmed, 2006; Todar, 2008). 

 

2. 1. 4. Growth requirements 

 

Staphylococci are not highly fastidious in their nutritive requirements and grow 

readily on the usual meat extract peptone mediums. Growth of Staphylococcus is most 

profuse on sheep blood agar medium (Quinn et al., 2002). They are facultative 

anaerobes that grow best by aerobic respiration or fermentation that yields principally 

lactic acid (Silva et al., 2000). The optimum temperature for growth is 35
0
C to 37

0
C 

(they can grow at temperature ranging from 6 to 48
0
C) (Aycicek et al., 2005; Ash, 

2008). Foods with a pH around 7 are ideal for bacterial growth and most animal food 

products including meat, fish, poultry, eggs, and milk have a pH around 7 (Rho and 

Schaffner, 2007).  

 

The optimum pH for growth is 7 to 7.5 (minimum pH for growth is 4.2; maximum pH 

for growth is 9.3). The organisms are resistant to drying and may grow and produce 

enterotoxins in foods with water activity (aw) as low as 0.85. They can grow in foods 

with 25% NaCl but grows well in 7 to 10% NaCl. The optimum water activity for 

growth is 0.99. Its ability to grow at low aw means that it has a competitive advantage 

on low aw foods (Ash, 2008). The optimum temperature for toxin production is 35 to 

40
0
C (range 10 to 45

0
C), pH is 5.3-7.0 (4.8- 9.0), aw is 0.90 (range 0.86 to 0.99) and 

greatest toxin production is in the presence of oxygen (Morandi et al., 2007; Ash, 

2008). 

 

2. 2. Epidemiology 

 

Staphylococcus aureus is one of the most important bacterial foodborne pathogen 

globally. About a quarter of people among the world population carry one or other 

strain at any one time, and, if they develop an infection, their own colonizing strains 

are likely to be responsible for such an infection (Johnson et al., 2006).  
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The clinical significance of S. aureus is largely due to its ubiquity. It forms parts of 

the bacterial environment of animals and humans throughout the world and can exist 

as a persistent or a transient member of the normal flora of the skin and mucous 

membranes without causing any symptoms of diseases (Acco et al., 2003). In humans, 

most frequently it is present on the mucus membranes of the nose and throat and in 

the pores and hair follicles of normal skin, particularly in damp areas such as axillae 

and perineum. Breaks in skin and mucous membranes allow entrance of these 

organisms into the body where they may cause disease (Acco et al., 2003; Lourdes et 

al., 2004).  

 

In many outbreaks of SFP, a human food handler is implicated who contaminates the 

food and then, under favourable conditions, staphylococci will multiply and produce 

enterotoxins (Chiang et al., 2008). It is estimated that 30-80 % of the human 

population are carriers of S. aureus and of these 50 % carry food poisoning strains. 

Thus, unhygienic treatment of food has to be considered as a major risk of 

contamination (Atanassova et al., 2001). Approximately 30 % of the human 

populations have small number of S. aureus in the intestine. If the normal flora is 

disturbed, as can happen after antibiotic therapy, S. aureus may become a dominant 

organism for short periods in the intestine and excreted in very large numbers (Baron, 

2007).  

 

Washing the skin with soap and water usually eliminates many of the gram-negative 

bacteria but gram-positive cocci tend to rise to the surface of the skin from pores and 

can be present in even larger numbers on the surface after washing. Scrubbing 

disturbs the superficial layers of the skin and may further spread S. aureus. The salt 

tolerance of the S. aureus gives them a selective advantage on the skin, as the sweat 

has a high salt content (Quinn et al., 1999). 

 

Most commonly clinical isolates are from the respiratory tract and the skin (pimples, 

carbuncles, furuncles, suppurative wounds etc.) of humans and animals (Bania et al., 

2006). Because S. aureus is major cause of hospital acquired (nosocomial) infection 

of surgical wounds and community acquired infections, it is necessary to determine 

the relatedness of isolates collected during the investigation of an outbreak (Foster, 

1991).The sources of infection are mainly contaminated foods, water and environment 
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where the animals are crowded together. The two most important sources to foods and 

water contamination are nasal carries and individuals whose hands and arms are 

inflicted with boils and carbuncles and are permitted to handle foods (Smith, 2007). 

 

Staphylococcus aureus is most often transmitted by direct or indirect contact with a 

person who has a discharging wound (septic and non-septic lesions), a clinical 

infection of the respiratory or urinary tract, or one who is colonized with the 

organism. It can be carried on the hands of healthcare personnel and food preparers. 

Contaminated surfaces and medical equipment are also possible sources of 

staphylococci (Aycicek et al., 2005; Bania et al., 2006; Pal, 2007). Foods responsible 

for SFP outbreaks are often those that have been heated to destroy microorganisms, 

and then require some food handling and storage at room temperature (Chiang et al., 

2008). 

 

2. 3. Pathogenesis 

 

Pathogenicity  of  S. aureus  is due  to  the membrane active  substances  i.e. cytolytic  

toxins, consisting of  four haemilysins  and  a  leukocidin. This  genus may have  

alpha, beta, gamma and delta haemolysin and  the pathogenic members of species 

aureus display beta haemolysis (Presscott,  2002).  

 

The importance of Staphylococci  to both the clinical and food settings is associated 

to the wide variety of specific virulence determinants common to these groups of 

bacteria (Acco et al., 2003; Sandel and McKillip, 2004). They are important 

pathogens due to a combination of toxin mediated virulence, invasiveness, and 

antibiotic resistance (Loir  et al., 2003; Soejima et al., 2007).  

 

The major potential virulence factors of pathogenic staphylococci are  surface 

proteins that promote colonization of host tissues, invasions  that promote bacterial 

spread in tissues (leukocidin, kinases, hyaluronidase), surface  factors that inhibit 

phagocytic engulfment (capsule), biochemical properties that enhance their survival in 

phagocytes (catalase production), immunological disguises (protein A, coagulase, 

clotting factor), membrane-damaging toxins that lyse eukaryotic cell membranes 
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(hemolysins, leukotoxin, leukocidin), exotoxins that damage host tissues and inherent 

and acquired resistance to antimicrobial agents (Martın et al., 2004; Todar, 2008). 

 

2.3.1. Tissue invasion  

 

The event that leads to infection is initiated with carriage of the organism. Then the 

organism disseminated via hand carriage to body sites where infection may occur 

(either through overt breaks in dermal surfaces, such as vascular catheterization or 

operative incisions, or through less evident breakdown in barrier function, such as 

eczema or shaving associated trauma). The hallmark of staphylococcal infection is the 

abscess, which consists of a fibrin wall surrounded by inflamed tissues enclosing a 

central core of pus containing organisms and leukocytes. From this focus of infection, 

the organisms may be disseminated hematogenously, even from the smallest abscess 

(Loir et al., 2003; Smith, 2007). 

 

The ability to elaborate proteolytic enzymes facilitates the process. This may result in 

pneumonia, bone and joint infection, and infection of the heart valves. In 

immunocompromised hosts (e.g. patients with cancer who are neutropenic and have a 

central venous line), 20-30% develop serious complications or fatal sepsis following 

catheter related S aureus bacteremia. Persistent deep-seated infections have now been 

linked to small colony variants of the organism. This population is more resistant to 

antibiotics and grows slowly (Soejima et al., 2007; Todar, 2008). 

 

2.3.2. Toxin mediated diseases 

 

Staphylococcus aureus also elaborates toxins that can cause specific diseases or 

syndromes. Enterotoxin producing strains of S. aureus cause one of the most common 

foodborne illnesses by preformed toxin production with an incubation period of 1-6 

hours; as well as by infecting both local tissues and the systemic circulation with 

variable and indefinite incubation period, most commonly 4-10 days. Enterotoxins are 

low-molecular-weight extracellular, super antigenic chemicals that initiate nonspecific 

T-cell proliferation resulting in severe acute onset of watery diarrhea, nausea, 

vomiting, and abdominal pain (Baron, 2007; Chiang et al., 2008). A rare but well 

described disorder in neonates and young children is staphylococcal scalded skin 
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syndrome (Ritter disease). The organism produces an exfoliative toxin produced by 

strains belonging to phage group II. Initial features include fever, erythema, and 

blisters, which eventually rupture and leave a red base. Gentle shearing forces on 

intact skin cause the upper epidermis to slip at a plane of cleavage in the skin, which 

is known as the Nikolsky sign (Loir et al., 2003; Smith, 2007). 

 

The most feared manifestation of S aureus toxin production is toxic shock syndrome 

(TSS). Although first described in children, it was most frequently associated with 

women using tampons during menstruation. Since the early 1990s, at least half of the 

cases have not been associated with menstruation. The syndrome is associated with 

strains that produce the exotoxin TSST1, but strains that produce enterotoxin B and 

enterotoxin C may cause 50% of cases of non-menstrual TSS. These toxins are super 

antigens, T cell mitogens that bind directly to invariant regions of major 

histocompatibility complex class II molecules, causing an expansion of clonal T cells, 

followed by a massive release of cytokines. This cytokine release mediates the TSS 

(Salyers and Whitt, 2002; Loir et al., 2003). 

 

2. 4. The Role of Bacterial Virulence Factors in Staphylococcus aureus 

 

According to the narrowest definition, a virulence factor is a substance that when 

purified to homogeneity and introduced into a test animal, produces a pathogenic 

effect. By using this definition factors involved in attachment cannot be considered to 

be virulence factors. In the broadest sense, any factor produced out of the bacterial 

cytoplasm allowing survival within or on a host organism in a non-symbiotic manner 

can be regarded as a virulence factor (Projan and Novick, 1997). S. aureus can 

produce numerous putative virulence factors that allow the microbe to adhere to 

eukaryotic membranes, resist phagocytosis, lyse eukaryotic cells and trigger the 

production of a cascade of host immunomodulating molecules. Among bovine S. 

aureus isolated from mastitis, production of enterotoxins (Tollersrud et al., 2000) or 

genes encoding these toxins have been the most studied (Fueyo et al., 2005; 

Srinivasan et al., 2006). Many suggest that virulence of bovine S. aureus vary among 

strains (Sommerhauser et al., 2003), but the possible role of specific virulence factors 

in this phenomenon is poorly understood. 
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In general, S. aureus virulence factors can be divided into those involved in 

attachment and into those enabling evasion of the host immune system and tissue 

invasion (maintenance of infection) (Haveri, 2008). 

 

2. 5. Clinical Manifestation and Outcome 

 

Staphylococci are among the most significant pathogens causing a wide spectrum of 

diseases in both humans and animals (Pal, 2007). There are two kinds of pathogenic 

staphylococci: those that cause pyogenic infections and those responsible for food 

poisoning. The same organism may show both these apparently unrelated effects 

(Salandra et al., 2008).  

 

Clinical manifestation of bovine mastitis caused by S. aureus following IMI can vary 

from subclinical to a per acute, gangrenous form (Barkema et al., 2006). Subclinical 

mastitis is the most common and likely the most problematic. The only detectable 

response is an increased milk SCC but the pathological changes; reduced secretory 

cell and luminal areas, lead to lowered quality and quantity of milk production. 

Unfortunately, milk SCC may remain under threshold limits and infection is often 

chronic when detected. S. aureus mastitis generally responds poorly to treatment 

(Barkema et al., 2006), relapses are common, and the infection is easily transmitted to 

unaffected quarters of the same cow. Virulence of the infecting strain and host factors, 

including the efficacy of the immune response of the cow, which may be related to 

age and lactation stage, are assumed to affect the severity of the clinical signs and 

persistence of infection. Older cows are more often infected with S. aureus compared 

with primiparous cows and develop more severe inflammation (McDougall et al., 

2007). High SCC in the affected quarter and multiple infected quarters in the same 

cow impair the prognosis (Zadoks et al., 2001). 

 

2.5.1. Disease in food animals  

 

In food producing animal reservoirs, such as ruminants, staphylococci present on the 

skin and mucosae. In animals, Staphylococcus can cause pustular inflammation of the 

skin and other organs, mastitis being the most serious (Pal and Seid, 2013). They are 

frequently associated to subclinical mastitis becoming responsible of contamination of 
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milk and dairy products and great economic importance to the dairy industry 

(Salandra et al., 2008). 

 

Its large capsule protects the  organism from attack by the cow's immunological 

defences (Hein et al., 2005). From the species of organisms that were isolated from 

both clinical and subclinical mastitis staphylococci were the major pathogens out of 

which S. aureus contribute the major share accounting for  34 % and 49.43% from 

clinical and subclinical mastitis, respectively (Anderson and Pritchard, 2008). 

Washcloths, teat cup liners and flies mechanically transmit the infection from cow to 

cow. Cattle are often infected by humans and the infection is carried from one cow to 

another by the milkers' hands (Freeman, 1985). There are estimates that 80-100% of 

all herds have at least some staphylococcal mastitis, with 5 to 10% of cows infected 

(Anderson and Pritchard, 2008). Herds with excellent milking hygiene practices and 

management have lower levels of staphylococcal intramammary infections as 

compared to those herds with poor hygiene or management (Kaloreu et al., 2007). 

The bacteria produce toxins that destroy cell membranes and can directly damage 

milk-producing tissues (Jones, 1998). Staphylococcal infections  also develop into 

metritis, enteritis, ear infections and conjunctivitis (Anderson and Pritchard, 2008). 

 

2.5.2. Disease in man 

 

Nasal carriage of S. aureus is considered to be a key risk factor for development of 

staphylococcal infection (Von Eiff  et al., 2001). Three bacterial carriage patterns 

have been distinguished in the healthy adult population: about 20% of individuals are 

persistent S. aureus carriers; around 60% are intermittent carriers and 20% are 

persistent non-carriers (Moreillon et al., 2005). So far and based on currently 

available information, there are insufficient data to confirm or refute the existence of 

host-bacteria genotypes that predispose to carriage  (Cespedes et al., 2005). However, 

studies comparing carriage and infecting isolates of S. aureus have found that 

individuals are usually infected with their own carriage isolate. In fact, the temporary 

eradication of these carriage, has been shown to reduce nosocomial infection in 

immunocompromised patients (Kluytmans, and Wertheim, 2005). 
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Skin-related infections 

 

S. aureus is a leading cause of many skin-related infections including keratitis, atopic 

dermatitis, carbuncles, cellulites, impetigo, psoriasis, furuncles, follicles, mastitis, etc 

(Pal, 2007). In most cases, a minor rupture of the skin or mucosal barrier may allow 

the internalization of the bacteria forming an abscess enclosing a central core of pus 

containing not only the bacteria but also neutrophils and macrophages (Moreillon et 

al., 2005). 

 

Deep-seated infections 

 

Once the bacteria have broken down the natural skin barrier, they can disseminate into 

more profound sites or migrate directly into the blood. Thus any localized infection 

has the potential to become the seeding ground for a more severe spread (Moreillon et 

al., 2005). S. aureus is able to cause deep-seated related threatening systemic 

infections such as endocarditis, osteomyelitis, pneumonia, bacteremia and septic 

shock (Moreillon et al., 2005; Pal, 2007) in which intracellular foci are probably 

present.  

 

Osteomyelitis 

 

S. aureus is responsible for 70% of human osteomyelitis, 80% of cases of joint 

infections in patients with rheumatoid arthritis and is a common agent in other bone 

associated diseases  (Lew and Waldvogel, 1997). It can invade and persist within 

osteoblasts causing rapid tissue destruction via the production of toxins (Ellington et 

al., 1999). Antibiotic resistant strains and their intracellular localisation make 

successful treatment of osteomyelitis very difficult (Ellington et al., 2003; Ellington et 

al., 2006). 

 

Endocarditis 

 

S. aureus is a virulent pathogen with a unique capacity to cause difficult-to-eradicate 

endovascular infections. This facility relies in part on his affinity to colonize and 

invade endothelial cells and endovascular tissue and its ability to resist killing by 
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platelet microbicidal peptides  (Yeaman et al., 1998). A number of cellular changes 

result from these progression including the release of proinflammatory cytokines and 

the expression of Fc receptors and adhesion molecules. These cellular alterations may 

play a crucial role in initiating and amplifying the inflammatory response, which 

results in a magnified endothelial cell injury (Sinha et al., 1999). The bacteria are 

responsible for about 70% of cases of endocarditis in intravenous drug users and more 

than 30% cases of native valve endocarditis (Moreillon and Que, 2004). 

 

Pneumonia 

 

Once staphylococci are in the lung, they multiply and sometimes invade the 

epithelium of the bronchioles (Da Silva et al., 2004). The production and release of 

cytokines and chemokines, including IL-8, due to the presence of S. aureus elicit 

infiltration of polymorphonuclear cells and macrophages, leading to tissue damage 

and subsequent pneumonia. It has been found responsible for about 10% of 

community acquired pneumonia and about 30% of cases of hospital acquired-

pneumonia. Incidence is high especially in patient‟s over-75 years at nursing homes. 

A necrotizing pneumonia caused by PVL leukocidin-positive S. aureus in otherwise 

healthy children and young adults are now recognized as a new nightmare, since the 

lethality rate is very high. S. aureus is also a major pathogen in cystic fibrosis patients 

(Saiman and Siegel, 2003). 

 

Bacteremia and septic shock  

 

The frequency of the presence of bacteria in blood-stream has increased over the past 

decades. S. aureus bacteremia still carries a 20-25% mortality rate. Staphylococcal 

sepsis and septic shock result from the overproduction of inflammatory mediators as a 

consequence of the interaction of the host immune system with the bacteria and its 

wall constituents. The increasing frequency of S. aureus sepsis is vastly linked to the 

increased use of invasive equipment on persons with a weakened immune system and 

the ability of the bacteria to easily colonize intravascular catheters or surgically 

implanted materials (Van Amersfoort et al., 2003). The cellular events leading to 

septic shock are similar in staphylococcal infection and infections with gram-negative 
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bacteria. S. aureus and S. epidermidis are responsible for half of cases (Van 

Amersfoort et al., 2003). 

 

2. 6. Diagnosis 

 

The diagnosis of S. aureus infection depends upon the symptoms of patient and the 

healthcare advisor‟s evaluation. Obtaining an appropriate specimen is the first step of 

definitive diagnosis of S. aureus infection. Based on the type of infection presented, 

the specimen can be collected accordingly and sent to a laboratory for identification 

by biochemical, enzyme-based or molecular-based tests (Li, 2010). 

 

Under laboratory condition, a Gram stain can be performed as the first identification 

step. If Gram positive cocci are observed under microscope, further tests should be 

performed. Secondly, culturing the suspect specimen on selective medium, such as 

mannitol salt agar (MSA), blood  agar or other chromogenic agars to differentiate 

staphylococci or S. aureus from other bacteria, can be used to obtain the typical single 

colony. Typical S. aureus should show a big creamy yellow colony surrounded by 

yellow area on MSA or big glossy black colony surrounded by clear hole on blood 

agar. Under certain cases, selective medium that contain specific antimicrobials may 

used to identify the antimicrobial resistant ability of the isolates. Minimum Inhibitory 

Concentration test is also needed to determine the antimicrobial susceptibility (Li, 

2010). To differentiate on the species level, several biochemical tests can be 

performed, such as catalase test and coagulase test. A typical S. aureus isolate show a 

strange catalase positive and coagulase positive results (Li, 2010).  

 

Diagnostic microbiology laboratories and reference laboratories are of important for 

identifying outbreaks and new strains of S. aureus. Recent genetic advances have 

enabled reliable and rapid techniques for the identification and characterization of 

clinical isolates of S. aureus in real-time (Pal and Seid, 2013). These tools support 

infection control strategies to limit bacterial spread and ensure the appropriate use of 

antibiotics. These techniques include Real-time PCR and Quantitative PCR and are 

increasingly being employed in clinical laboratories (Omoe et al., 2005; Ash, 2008). 

A number of serological methods based on monoclonal antibodies (e.g. ELISA, 

ELFA, Reverse Passive Latex Agglutination) for determining the enterotoxigenicity 
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of Staphylococcus aureus isolated from foods as well as methods for the separation 

and detection of toxins in foods have been developed and used successfully to aid in 

the diagnosis of illness. These rapid methods can detect approximately 1.0 nanogram 

of toxin/g of food (Bania et al., 2006; Walderhaug, 2007; Ash, 2008). 

 

2. 7. Staphylococcal Food Poisoning   

 

Staphylococcus aureus  is an  important  foodborne pathogen of global significance 

(Pal and Seid, 2013).  It  is  a versatile pathogen of humans and animals and causes a 

wide variety of diseases  ranging  in  severity  from  slight skin  infection  to more  

severe  diseases  such  as  pneumonia  and septicemia (Pal, 2007). Of particular 

relevance to the food processing industry is the ability of some S. aureus strains to 

produce heat stable enterotoxins that cause staphylococcal food poisoning (SFP), 

which ranks as one of  the  most  prevalent  causes  of  gastroenteritis  worldwide  

(Dinges  et  al.,  2000).  The intoxication  is  characterized  by  enteric  responses  like  

diarrhea,  abdominal  cramps,  and vomiting within 1-6 h of consumption of 

contaminated  food  (Pal, 2001; Leenalitha and Peter, 2007). The toxins are heat 

stable proteins (Pal, 2001; Leenalitha and Peter, 2007). The bacterium is heat labile 

and does not compete well with other microorganisms and therefore, contamination 

usually occurs  after  the  food  has  been  processed  when  there  is  little  

competition  from  other microorganisms (Kilango, 2011). 

 

The organism usually gains access  to  foods  from  food handlers or other surfaces  

like  the processing  equipment.  Although  Staphylococci  are  commonly  found  on  

animal  skins, water, soil etc, bacteria from food handlers and other human sources 

are considered as  the  most important  contributing  factors  to  intoxications  

associated with  food  (Leenalitha  and Peter, 2007). Food poisoning is of great 

concern to food industries and regulatory agencies as  it  represents  massive  health  

and  economic  losses. The  foods  that  are  commonly contaminated  by  

staphylococcus  entrotoxins  (SEs)  are  baked  dessert  items  such  as  cream filled  

pastries,  cream  pies,  chocolate  éclairs,  meat  and  meat  products,  potatoes,  tuna, 

chicken, turkey, ready-to-eat salads, eggs, poultry, dairy and milk products 

(Leenalitha and Peter, 2007).  
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Staphylococcus aureus does not form spores. Thus, S. aureus contamination can be 

readily avoided  by  heat  treatment  of  food. Nevertheless,  it  remains  a major  

cause  of  foodborne diseases  because  it  can  contaminate  food  products  during  

preparation  and  processing. S. aureus  is  indeed  found  in  the nostrils, and on  the  

skin  and hair of warm-blooded animals. Up to 30-50% of the human populations are 

carriers (Le Loir et al., 2003). 

  

Staphylococcus aureus  is able  to grow  in a wide range of  temperatures (7°  to 

48.5°C with an optimum of 30 to 37°C; Schmitt et al., 1990),   pH (4.2 to 9.3, with an 

optimum of 7 to 7.5;  Bergdoll, 1989)  and  Sodium  chloride  concentrations  (up  to  

15%  NaCl). These characteristics  enable  S.  aureus  to  grow  in  a  wide  variety  of  

foods. This,  plus  their ecological niche, can easily explain  their  incidence  in  

foodstuffs  that  require manipulation during processing, including fermented food 

products, such as cheeses (Kilango, 2011). 

 

2. 8. Staphylococcus aureus in Milk  

 

2. 8. 1. Mastitis in cows as a source of S.aureus  

 

Mastitis  is  an  inflammation  of  the milk-producing  glands  causes  great  pain  to  

the  dairy cows  (Althaus, 2003).  In dairy cows, mastitis  is  frequently caused by 

bacterial  infections, and  less  frequently  by  agents  such  as  yeasts,  fungi  and  

algae  (Karimuribo  et  al.,  2008). Bacterial  pathogens  that  cause  mastitis  are  

generally  classified  as  either  contagious  or environmental based upon  their 

primary  reservoir and mode of  transmission. The primary reservoir of contagious 

mastitis pathogens is the udder of the cow, and they are commonly transmitted  

among  cows  by  contact  with  infected  milk.  The  most  common  mastitis 

pathogens previously reported in Tanzania are Gram-positive bacteria, with S. aureus 

being the most prevalent (Mdegela et al., 2004). 

 

Mastitis can occur  in either clinical or  subclinical  forms; clinical mastitis  is 

characterized by  changes  in  the  udder  and  milk  that  are  directly  observable,  

whereas  the  subclinical disease  is  characterized  by  an  increase  in  somatic  cells  

in  the milk,  and  the  absence  of clinical signs (Karimuribo et al., 2008). Although 
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mastitis occurs sporadically, it assumes a major  economic  importance  in  dairy  

cattle. Losses  attributed  to mastitis  include  reduced milk  yield, milk  discard,  

premature  culling,  treatment  costs,  and  increased  labour  (Fetrow, 2000).  The  use  

of  dry  cow  therapy,  post  milking  teat  disinfectants,  and  effective  pre-milking 

hygiene are effective control procedures for most contagious mastitis pathogens 

(Kilango, 2011). 

 

Exposure to environmental mastitis pathogens may occur continuously because the 

primary route  of  exposure  is  contact with moisture, mud,  and manure. Unlike 

mastitis  caused  by contagious  pathogens,  mastitis  caused  by  environmental  

pathogens  cannot  be  eradicated from  a  dairy  herd  (Smith  and Hogan,  1993). The 

most  important  environmental mastitis pathogens  include  gram-negative  bacteria  

(such  as  E.  coli  and  Klebsiella  spp.)  and Streptococcus  spp.  (such  as  Strep.  

uberis  and  Strep.  dysagalactia). Mastitis  caused  by environmental pathogens can 

be controlled by reducing exposure and by increasing immune resistance of the cow 

(Kilango, 2011). 

 

2. 9. Food Safety Along Dairy Value Chains 

  

There are different passages or outlets of dairy value chains  through which milk 

products flow from  the producer  to  the consumer. On  the way  to  the consumer,  

the product change ownership from time to time among the milk-marketing 

participants (Kohls and Uhl, 1990).  

 

This has  implications on quality of milk and  transaction costs as well as potential  

risk of contamination with pathogens. However, an understanding of functional 

market chains is an important first step towards understanding /dealing with food 

safety risks (Kilango, 2011). 

 

2. 10. Dairy Production System in Ethiopia 

 

In Ethiopia, milk production systems can be categorized into urban, peri-urban and 

rural, based on location (Redda, 2001). Located around Addis Ababa and regional 

towns, urban and peri-urban systems are market oriented and make use of the high 
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demand in urban areas. The rural system is part of the subsistence farming system and 

includes pastoralists, agro-pastoralists, and mixed crop-livestock producers mainly in 

the highlands. As this system is not market oriented, most of the milk produced is 

retained for home consumption. The surplus is mainly processed using traditional 

technologies into more shelf stable products such as Ergo (Ethiopian naturally 

fermented milk), butter, ghee and Ayib (Ethiopian cottage cheese) that are marketed 

through the informal channel (Redda, 2001).  

 

In Sub Saharan countries the traditional sector, which is characterized by small herd 

size dominated by indigenous zebu breeds of low milk production with very little or 

no specialized inputs, is the dominant type of  production system accounting to 70 - 

80% of Africa‟s cattle population (Ibrahim and Olaloku, 2000). In Ethiopia, around 

97% of the annual milk production is accounted by the traditional milk production 

system (Felleke, 2003), which is likewise dominated by indigenous breeds. Most of 

the milk produced in the country is accordingly processed on-farm using traditional 

technologies that are generally not well understood. Most of the very few enterprises 

currently operating in and around the capital entirely depend on the traditional sector 

for their milk intake, while others depend on it for the majority of their intake. These 

underscore the importance of understanding the traditional sector in order to make 

improvement interventions (Yilma, 2012). 

 

Cows contribute to about 95% of the total annual milk produced by cows and camels 

at national level (CSA, 2010). In 2010, the cattle population was estimated at about 

50.9 million (99.19% indigenous, 0.72% hybrid and 0.09%  pure exotic breeds). The 

female cattle population accounted for about 55% of the  total. The large livestock 

population; the favourable climate for improved, high-yielding animal breeds; and the 

relatively animal disease-free environment make Ethiopia to hold a substantial 

potential for dairy development (Yilma, 2012). In 2010, a total of 2940 million  litters 

of milk was produced from about 9.6 million cows at national level. During the same 

year, dairying has created an estimated 588,000 full-time on-farm jobs. However, 

Ethiopia is a net importer of dairy products with import values significantly exceeding 

export values. In five reference years, for instance, export values increased from about 

73000 USD in 2005 to 123000 USD in 2009, while import values increased from 
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about 5.6 million USD in 2005 to about 10.3 million USD in 2009 (4.7 million USD 

increment)  (Yilma, 2012). 

 

2. 11. Public Health and Economic Importance  

 

Staphylococcal infections are frequent but are usually contained by immune 

mechanisms to the site of entry. The highest incidence of disease usually occurs in 

people with poor personal hygiene, overcrowding and in children (Rho and Schaffner, 

2007). In developing countries, the surveillance system  of FBD hardly exists and it is 

therefore, difficult to estimate the real magnitude of the problem (Hocking and Doyle, 

1997). Even in countries where surveillance services are very efficient, the precise 

incidence of food poisoning is not known, as outbreaks are often not reported to 

public health authorities. Hence, the incidence of FBD caused by staphylococci is 

thought to be much higher than reported since many cases remain undeclared 

(Walderhaug, 2007).  

  

Milk, either raw or processed, is a well known vehicle of a number of human 

pathogens. Milk and milk products have, therefore, pose a health risk to consumers if 

it is contaminated by any pathogens  and  subjected  to  temperature  abuse where  

these  organisms  can multiply  to  high counts and may produce toxins (Radostits et 

al., 1994). In countries where foodborne illness are  investigated  and  documented,  

the  relative  importance  of pathogens  like S. aureus, E. coli, Salmonella species and 

Listeria species  is well known  (Godefay and Molla, 2000).  

  

Staphylococcus  aureus is  the  leading  cause  of  foodborne  illness  throughout  the 

world. Milk  and milk products  can became  contaminated unless good hygiene  

(including mastitis) control  occurs  on  farms,  the milk  is  adequately  pasteurized,  

and  precautions  are  taken  to prevent  contamination  and  subsequent  growth  of  

staphylococci  during  the  manufacturing process  and  the  finished  product.  The  

pathogenicity  of S. aureus  has  been recognized  for  many  years  and  it  may  cause  

mastitis  or  skin  disease  in  milk  producing animals or lead to foodborne 

intoxication in milk and milk products (Asperger, 1994). Human carriers can also 

contaminate milk. Five serologically distinct enterotoxin  (A, B, C, D, and E) are 
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recognized, with enterotoxin A most frequently involved in food poisoning outbreaks. 

The minimal intoxication dose is 100 nanogram and sometimes less (Asperger, 1994). 

 

The change in food supply, the identification  of new FBD, and the availability of new 

surveillance data have changed the morbidity and mortality figures (Loir  et al., 

2003). A study from the US Centres for Disease Control and Prevention (CDC) 

reports that FBD cause approximately 76 million illnesses, 325,000 hospitalizations, 

and 5000 deaths and costs annually 5-6 billion USD in the United States each year  

(Jay, 2000). Identified pathogens account for an estimated 14 million illnesses, 60,000 

hospitalizations, and 1800 deaths. Salmonella, Listeria, and SFP organisms are 

responsible for 1500 deaths. Unidentified pathogens account for the remaining 62 

million illnesses, 265,000 hospitalizations, and 3200 deaths. Overall, FBD appear to 

cause more illnesses but fewer deaths than previously estimated (Baron, 2007). 

 

Among FBD, SFP is of major concern in global public health programmes. 

Staphylococcal organisms alone have found to cause hospitalization rates as high as 

14%. Although not considered especially lethal, death can ensue if large amounts of 

SE are ingested: fatality rates range from 0.03% in the general population to as high 

as 4.4%  for highly sensitive persons such as immunocompromised persons, elderly 

persons and children (Aycicek et al., 2005; Kerouanton et al., 2007).  

 

The public health standard for milk ordinance provides chemical, bacterial and 

temperature standards as well as sanitation requirements for production and 

processing of grade “A” raw and pasteurized milk and milk products. Some 

processors may often monitory incentives for producers to meet more stringent 

standards to improve milk quality (Hagstad and Hubbert, 1986). 

 

The microorganisms present can originate from interior of the udder, its exterior and/ 

or milking equipment. High initial microbial count in milk of >10
5
 cfu/ml in evidence 

of serious faults in milk production hygiene, whereas production of milk having 

counts consistently below 10
5
 cfu/ml reflects good hygiene practices (Ombui et al., 

1995). A standard plate counts of 1x10
5
 cfu/ml has been widely adopted for good 

quality raw milk intended for treatment before liquid consumption. However, some 

other countries have adopted different standards suited to local conditions. For 
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example, the standard plate count for America is no more than 3x10
5
 cfu/ml, while the 

standard for Kenya is no more than 2x10
6
 cfu/ml (Ombui et al., 1995). The standard 

plate count for pasteurized milk should be less than 30,000 cfu/ml 

(Saskatchewan, 1997).  

 

Coliforms can rapidly build up in moist, milky residues in milking equipment, which 

then becomes the major source of contamination of milk produced. Coliform counts 

regularly in excess of 150 cfu/ml are considered generally as evidence of 

unsatisfactory production hygiene. However, relatively low coliform counts in milk 

don‟t necessarily indicate effectively cleaned and disinfected equipment (Ombui et 

al., 1995). 

 

2. 12. Antimicrobial Resistance  

 

Antibiotics have been broadly used  in  farm animals for the  purpose  of  

antimicrobial  therapy,  prophylaxis  and growth  promotion  (Mathew  et  al.,  2007; 

Waters  et  al., 2011).  This increasing handling of antibiotics has led to a worldwide  

problem  in  the  development  of  antibiotic resistance  among  bacterial  populations  

during  recent decades (Shryock and Richwine, 2010). The  improper antibacterial  

treatment  and  overuse  of  antibiotics  for agricultural  purposes  have  contributed  

to  the  increased incidence  of  multiple  antibiotic  resistances  in  farm animals  

(Ding  and  He, 2010; Shryock  and  Richwine,  2010 ). Introduction of antimicrobials 

such as tetracycline, aminoglycosides and macrolides into mastitis therapy has been 

accompanied by the emergence of corresponding resistance in bovine S. aureus 

strains (Myllys et al., 1998). Acquisition of modified penicillin-binding proteins 

(PBP) has made some S. aureus strains resistant to all β-lactams. This property, called 

methicillin resistance, has been uncommon among bovine S. aureus isolates to date 

(Monecke et al., 2007). The recent emergence of vancomycin resistant S. aureus 

strains in human medicine has made control of S. aureus infections increasingly 

difficult (Jones, 2008). 

  

Staphylococcus aureus exhibits resistance to a wide range of antimicrobial agents 

including disinfectants (Bjorland et al., 2001). Staphylococcal  infections  are  

frequently  treated  with antibiotics  and  consequently  resistance  to  it  and  or 
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acquired  resistance  develop  (Normand et  al.,  2000). Currently, medical  attention  

focuses  to  both  coagulase-positive  and  coagulase-negative  staphylococci  because 

they  represent a  serious  therapeutic problem. Moreover, they  may  develop  multi 

antimicrobial  resistance (Normand et al., 2000; Blahova et al., 2004; Authier et al., 

2006). In recent years, much  has been written about the emergence  of  methicillin-

resistant  S.  aureus  and methicillin-resistant  coagulase-negative  staphylococci 

(Normanno  et  al.,  2007;  Leonard  and  Markey, 2008; Springer et al., 2009; Weese, 

2010; Huber et al., 2011). 

 

2. 13. Management Strategies 

 

2. 13. 1. Treatment 

 

Many approaches have been taken to the treatment of S. aureus mastitis including 

intramammary antimicrobial therapy, systemic antimicrobial  therapy, and vaccination 

in conjunction with antimicrobial therapy. Cure rates have ranged from 3-74% 

depending treatment product, length of treatment and whether treatment was 

administered during lactation or during the dry period, or in the case of heifers, 

shortly before calving (Barkema et al., 2006). Barkema et al. (2006), in their review 

concluded that “the probability of cure depends on cow, pathogen, and treatment 

factors”.  Cure rates are impacted by increasing cow age, increasing SCC (Somtic cell 

count), increasing chronicity of infection, increasing bacteria counts, and increasing 

numbers of mammary quarters infected. They concluded that “the most important 

treatment factor affecting cure was treatment duration”. Further, they suggest 

“treatment of young animals with penicillin-sensitive S. aureus  infections is often 

justified based on bacteriological cure and economic outcome, whereas treatment of 

older animals, chronic infections, or penicillin-resistant isolates should be 

discouraged.”  Similarly, Roy and Keefe (2012) in a systematic review of  the 

literature on the treatment of  S. aureus mastitis during lactation concluded that 

extended intramammary therapy for 5-8 days was the  best therapeutic option. 

However, this recommendation should be tempered with the knowledge that extended 

therapy regimens can be associated with clinical mastitis with secondary organisms 

such as yeast and coliforms in some cases (Middleton and Luby, 2008; Roy and 

Keefe, 2012). Furthermore, overall long-term cure  rates in some herds even with 8 
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days of intramammary antibiotics can be quite poor. In one  study, Middleton and co-

workers, showed that while cure rates were quite high 4 days after  treatment (80%), 

by 28 days post-treatment most infections had recrudesced with the overall cure  rate 

dropping to 29% (Middleton et al., 2007). 

 

Pre-partum treatment of heifers with intramammary antibiotics has been extensively 

studied.  Generally heifers are treated with an intramammary antibiotic 2-4 weeks 

prior to parturition in an attempt to clear IMI caused primarily by coagulase negative 

staphylococci, but some efficacy has been noted against  S. aureus.  While cure rates 

can be quite promising, the impact of such  therapy on 1
st
 lactation performance 

including milk production and SCC over no treating varies from herd to herd with 

some herds showing no benefit (Middleton et al., 2005).  

 

2. 13. 2. Prevention and control 

 

Principles of control of staphylococcal mastitis should be focused on three areas:  

preventing new infections, elimination of existing  infections and monitoring progress 

after implementation (Kaloreu et al., 2007). The single most important step in 

preventing new infections is to dip each quarter of every cow after milking with an 

effective teat dip. Dry cow treatment is an essential step in eliminating existing 

infections, and is also a step, which can reduce new infections by 50-75% (Jones, 

1998). 

 

Control is both important and difficult as staphylococci can persist for months in dust, 

curtains and human carriage is often permanent. Reservoirs and routes  of spread 

differ, so different measures are appropriate in different circumstances. Prevention is 

much concerned with the destruction of the bacteria and with the inhibition of growth 

(Loir et al., 2003; Baron, 2007; Chiang et al., 2008).  

 

Effective methods for preventing SFP are aimed at eliminating food contamination 

through high standards of personal hygiene to prevent food contamination by food 

handlers. This is through public education in relation to hand washing, wearing gloves 

during food preparation and storing foods at proper temperature to inhibit growth or 

destroy the pathogen and minimize toxin production as heating food after toxin is 
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formed will not be an effective control measure. Moreover, persons with lesions 

containing purulent exudates should not be permitted to handle food until proper 

medical advice is sought. In general, measures such as serving hot meal immediately 

after cooking, reheating cooked foods thoroughly, rapid refrigeration of cooked foods, 

proper washing of hands before and after food preparation, avoiding food service 

worker with skin infections in food establishments and using clean utensils and 

equipments will certainly reduce the incidence of food poisoning outbreaks due to 

Staphylococcus (Jay, 2000; Acco et al., 2003; Baron, 2007). 
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3. MATERIALS  AND METHODS 

 

 

3. 1. The Study Area  

 

The  study  was  conducted  in  Sebeta town  from November 2014 to March 2015. 

Sebeta is a town and also separate district, located in the Oromia Special Zone 

surrounding Finfinne (Addis Ababa) of the Oromia Region. Sebeta town is located in 

Oromia regional state 24km south west of Addis Ababa at a geographical coordinate 

of  8
0
55'N 38

0
37'E latitude and 8.917

0
N 38.617

0
E longitude and an altitude of 

2780m.a.s.l. Sebeta has total area of 102,758km
2
 and the annual mean rainfall 

registered in area ranges from 860 to 1200 mm (CSA, 2013). The minimum and 

maximum mean temperature ranges from11.3 
0
C to  28 

0
C with  relative  humidity  of  

49.3%. The population and housing census of CSA of 2010 estimated the total 

population of Sebeta town to be 61,461.  Majority of the dairy farms in the area are 

kept under small holder intensive farms and animal products, especially dairy 

products, play a headstone role in household food security both by direct consumption 

and purchasing of other food items in the area (CSA, 2011).  

 

3. 2. Study Population 

 

The study population consisted of all dairy cows, farm owners, milk collectors, 

milkers' and staff member of processing plant found in  Sebeta town.  

 

3. 3. Study Design 

 

A cross-sectional study was conducted from November 2014 to April 2015 to asses to 

asses contamination of  milk with Staphylococcus aureus, milk consumption habit and 

handling practices in Sebeta town. 
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3. 4. Sample Size Determination and Sampling Technique  

  

Milk samples were taken from individual cow's, storage tanks and processing plant. 

Swab samples were taken from milking buckets and milkers for isolation and 

identification of S. aureus. To calculate the total sample size required at farm level, 

the following parameters were pre-determined: 95% level of confidence (CL), 5% 

desired level of precision, expected prevalence of 16.2% (Mekuria et al., 2013) 

reported in and around Addis Ababa, Ethiopia. The sample size was determined using 

the formula for recommended by Thrusfield (2005).  

 

n = 1.96
2
 ∗ Pexp (1-Pexp) 

                 d
2
 

n = required sample size, Pexp = expected prevalence, d=desired absolute precision 

Accordingly, the study involved 209 cow milk samples. A total of 52 swab samples 

were taken purposively from milking buckets and hands of milkers' each accounted 

for, 27 and 25 samples, respectively. Twenty tank milk samples were sampled based 

on the number of tanks per collection centers from four MCCs purposively from  a 

total of 19 MCCs (Table.1). The main reason for doing it was these centers supply 

milk both for the consumers and processing plants and the remaining centers directly 

supply to the processing plant. Similarly, 10 pasteurized milk samples from the 

processing plant were sampled purposively to assess pasteurization survival rate of S. 

aureus. 

 

Simple random sampling technique was used to select 23 small holder dairy farms 

and lactating cows and purposive sampling technique was used to sample from 

processing plant, milking buckets, milkers from the farms and milk collection center. 

A total of 110 individuals from the town were included in the study to assess the milk 

consumption habit and handling practices:  dairy farm owners (23), processing plant 

worker (1), milk collectors (19), hotel/Cafeteria workers (17) and consumers (50). 

Interview using pretested questionnaire was used to generate the data. 

 

 



28 

 

Table 1.  Number of milk samples collected from milk collection tanks at collection 

centers. 

 

Collection centers No  of tanks  No  of raw bulk milk 

Center 2 4 4 

Center 3 3 3 

Center 5 6 6 

Center 7 7 7 

Total 20 20 

 

3. 5. Sample Collection and Transportation  

 

Procedure for collection of milk was according to Quinn et al. (2002); strict aseptic 

procedures were adopted when collecting milk samples in order to prevent 

contamination with microorganisms present on the body of animal and from the barn 

environment. Cows udder were first cleaned with soap then dried with clean towels 

and teats were cleaned, disinfected with  70% alcohol before swabbing. Swabs from 

hands of the milking personnel and milking bucket were collected using sterile, 

cotton-tipped swabs. Samples were taken from the hands of  the milkers' by rotating 

the swab 360
o 

between the bases of the fingers of both hands. Swab samples were 

transported by sterilized universal bottles containing 9 ml of peptone water. The first  

stream of milk  from each quarter was discarded. Then, about 2 ml milk from each 

cow was taken into sterile universal bottles. Briefly, milk samples  in  the  bulk  

containers  were agitated  before  collection,  and samples  taken from the  top of  the 

bulk tank using a sanitized dipper from MCCs. Pasteurized  milk  samples  were  

purchased from the milk processing plant and immediately  transported  to  

laboratory. After  collection  of  the  milk  sample,  all samples  were  clearly  labeled  

with  the appropriate identification of samples were made by date of collection and 

sources of  the  milk, using permanent marker  on  the  test  tube. All samples  were  

transported with in an icebox containing ice packs and taken to the Laboratory of 

Microbiology at the College of Veterinary Medicine and Agriculture of Addis Ababa 

University, Bishoftu, without  delay for microbiological analysis. Upon  arrival,  the  

samples  were  stored  overnight  in  a  refrigerator  at +4°C  until  examined  the  next  
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day. The bacteriological media used  in different  stages were prepared  according  to   

the   manufacturer‟s recommendations. 

 

3. 6. Isolation and Identification 

 

Isolation and identification of S. aureus was conducted in the Microbiology 

Laboratory of the College of Veterinary Medicine and Agriculture of Addis Ababa 

University. The bacteriological culture was performed following the standard 

microbiological technique recommended by Quinn et al. (1999). A loopful of milk 

was streaked on sterile 5% sheep blood agar and swab samples were streaked on 

medias by using cotton applicator and the plates were incubated aerobically at 37
o
C 

and examined after 24-48 hrs of incubation for growth. The colonies were 

provisionally identified based on  morphology characteristics, hemolytic pattern and 

Gram's staining reaction. The representative colonies were sub cultured on nutrient 

agar plates and incubated at 37
o
C for 24 hrs. Pure colonies were preserved and 

maintained on nutrient slants for further characterizing the isolates.  

 

3. 6. 1. Catalase test  

 

Pure culture of the isolates were picked using a sterile loop from the agar slant and 

mixed with a drop of 3% H2O2 on a clean glass slide. If the organism was positive, 

bubbles of O2 were liberated within a few seconds and the catalase negative isolates 

did not produce bubbles. The catalase positive cocci were considered as staphylococci 

 

3. 6. 2. Coagulase test  

 

The tube coagulase test was performed in sterile tubes by adding 0.5 ml of selected 

isolates of Staphylococcus grown on tryptone soya broth (TSB) at 37
o
C for 24 hours 

to 0.5 ml of citrated rabbit plasma. After mixing by gentle rotation, the tubes were 

incubated at 37
o
C along with a negative control tube containing a mixture of 0.5 ml of 

sterile TSB and 0.5 ml of rabbit plasma. Clotting was evaluated at 30 minutes 

intervals for the first 4 hours of the test and then after 24 hours incubation. The 

reaction was considered positive, if any degree of clotting from a loose clot to a solid 
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clot that is immovable when the tube is inverted (tilted) was visible within the tube 

and no degree of clotting would be taken as negative. 

 

3. 6. 3. Mannitol salt agar 

 

The colonies that were identified by Gram-staining reaction and catalase test as 

Staphylococcus were streaked on MSA plates and incubated at 37
o
C and examined 

after 24- 48 hours for growth and change in the colour of the medium. The presence 

of growth and change of pH in the media (red to yellow colour) were regarded as 

confirmative identification of staphylococci. Phenol red pH indicator detected the 

acidic metabolic product of mannitol. Fermentation of mannitol by S. aureus causes 

yellow discoloration of the medium. Colonies that develop weak or delayed yellow 

colour after 24 hours of incubation were taken as S. intermedius and colonies that 

failed to produce any change on the medium were considered as S. hyicus and CNS. 

 

3. 6. 4. Purple agar base 

 

Purple agar base (PAB) with the addition of 1 % maltose was used to differentiate the 

pathogenic staphylococci, particularly the coagulase-positive isolates. The suspected 

culture was inoculated on PAB media plate with 1% of maltose and incubated at 37
o
C 

for 24-48 hours. The identification was based on the fact that S. aureus rapidly 

ferment maltose and the acid metabolic products cause the pH indicator (bromocresol 

purple) to change the medium and colonies to yellow. S. intermedius gives a weak or 

delayed reaction and S. hicus did not ferment maltose but attacks the peptone in the 

medium producing an alkaline reaction (deeper purple) around the colonies. 

 

3. 7. Antimicrobial Susceptibility Test 

 

Antimicrobial susceptibility testing of isolates was performed using disk diffusion 

method on Muller-Hinton agar plates as per the National Committee for Clinical 

Laboratory standards (NCCLS, 2002). Single colony was selected and emulsified in 

3ml sterile normal saline solution in a sterile test tube. The turbidity of the suspension 

was then adjusted to the density of a barium chloride standard (0.5 McFarland) in 

order to standardize the size of inoculums. A sterile cotton swab was dipped into the 



31 

 

standardized suspension of the bacterial culture, squeezed against the sides of the test 

tube to remove the excess fluid and inoculated onto Mueller-Hinton agar and allowed 

to dry the flood. Thereafter, antimicrobial discs were placed on the agar with forceps 

and gently pressed down to ensure contact. The plates were then allowed to stand for 

30 minutes for diffusion of active substance of the agents. Plates were inverted and 

incubated at 35-37
o
C for 24 hrs. An inhibition zone diameter of each antimicrobial 

was then measured and interpreted as „Resistant‟, „Intermediate‟ and „Sensitive‟ by 

comparing with recorded diameters of a control organism, ATCC25923 (CLSI, 2007). 

The antimicrobial agents tested were the following vancomycin (30μg), penicillin G 

(10IU), tetracycline (30μg), sulphamethoxazole (25μg), ciprofloxacin (5μg), nalidixic 

acid (30μg), amoxicillin (10μg), cefoxitin (30μg), erythromycin (15µg), and 

streptomycin (10µg).  

 

3. 8. Data Management and Analysis 

  

Data was entered into excel spread sheet and analyzed using SPSS statistical software 

version 20. Frequency tables  and graphs were used to present the  data. Chi-square 

test and descriptive statistics were used to analyze the data. The significance level was 

set at α=0.05. 
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4. RESULTS 

 

 

4. 1. Milk Value Chain 

 

The milk value chain in Sebeta town involves various routes in which  milk from 

farms reaches to the consumers. Actors in the milk value chain include farm owners, 

milk collectors and processing plant. Milk consumers can get access to raw milk from 

farm and milk collection centers. The following figure depicts the milk value chain, 

possible sources of contamination and handling practices of the milk at each steps 

leading to exposure to the consumers in the area (Figure 1). 

 

 

 

  

 

 

 

 

 

 

 

Figure 1. Milk value chain of sources of contamination in Sebeta Town. 
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4. 2. Prevalence of Staphylococcus aureus 

 

Attempt was made to isolate and identify S. aureus from 209 cow milk, 20 tank milk, 

10 pasteurized milk, 27 milk bucket and 25 milk handlers‟ hands. A total of 68 S. 

aureus isolates were identified from all the samples considered in this study. 

 

The frequency of isolation of S. aureus varied and ranged from 19.6% (41/209) and 

80% (16/20) from farm milk and tanks milk of MCCs, respectively. The prevalence of 

S. aureus from milk samples taken from individual cows was 19.6% (95% CI: 14.5-

25.6).  

 

Among the 20 raw milk samples taken from MCCs, 80% (16/20) (95%CI:56.3-94.3) 

of them were found to be contaminated with S. aureus. Among the four collection 

centers, high contamination rate (100%) was observed at milk collection center 3 and 

7. There was statistically a significant difference in the isolation among the milk 

collection centers (χ²= 60.00, df=3, p=0.000) (Table 2).  

 

Table 2. Proportion of S. aureus isolated among different milk collection centers 

 

Collection centres  Sample Positive Percentage (%)   χ² P-value 

Centre 2 4 2 50 60.000    0.000 

Centre 3 3 3 100   

Centre 5 6 4 66.7   

Centre 7 7 7 100   

Total 20 16 80   

 

The study showed a relatively higher contamination rate of S. aureus in milk samples 

taken from MCCs than that of the farms. There was statistically a significant variation 

in the isolation rate of S. aureus between farms and milk collection centers (χ²= 

35.599, df=1, p=0.000) (Table 3).  
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Table 3. Proportion of S. aureus isolated at farm and milk collection centers 

 

Source of samples Samples Positive Percentage (%)   χ² P-value 

Farm milk  209 41  19.6 35.599 0.000 

MCCs milk 20 16 80   

 

S. aureus was found in 32% (n=8) of the total 25 swab samples taken from the hands 

of milkers. Among the 27 milking bucket swab samples, 11.1% (n=3) yielded S. 

aureus (Table 4). S. aureus was isolated from none of the pasteurized milk samples 

taken from the Processing plant. 

 

Table 4. Proportion of Staphylococcus aureus isolated from the potential sources of 

contamination. 

 

Type of samples Samples Positive Percentage (%) 

Milker's hand  25 8 32.0 

Milking bucket 27 3 11.1 

 

4. 3. Antimicrobial susceptibility 

 

All the 68 isolates of S. aureus were tested for their susceptibility to 10 selected 

antibiotics. The highest sensitivity in ciproflaxin (82.4%), followed by SXT (67.6%) 

and naldixic acid (42.6%) was observed. The highest resistance was seen in cefoxitine 

(100%), penicillin G (98.5%), and streptomycin (77.9%), erythromycin(69.1%) and 

tetracycline (64.7%) (Table 5). 
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Table 5. The susceptibility pattern of S. aureus isolates 

 

Antimicrobials Susceptible No (%) Intermediate No (%)  Resistant No  (%) 

Ciproflaxin 56 (82.4) 5 (7.4) 7 (10.3) 

Naldixic acid  29(42.6) 27(39.7) 12(17.6) 

Vancomycin  24(35.3) 0(0.0) 44(64.7) 

Penicillin G 1(1.3) 0(0.0) 67(98.5) 

Amoxicillin 10(14.7) 11(16.2) 47(69.1) 

Cefoxitin 0(0.0) 0(0.0) 68(100) 

Streptomycin 11(16.2) 4(5.9) 53(77.9) 

Erythromycin 14(20.6) 7(10.3) 47(69.1) 

SXT 46(67.6) 0(0.0) 22(32.4) 

Tetracycline 24(35.3) 0(0.0) 44(64.7) 

SXT- Sulphamethoxazole-Trimethoprim  
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Table 6. Antimicrobial susceptibility pattern of S. aureus isolates according to the  types of samples 

 

Sulphamethoxazole-Trimethoprim (SXT)     R= Resistant            I=Intermediate          S=Susceptible 

 

Antimicrobia

l 

 

 

Unit 

 

                           Type of samples susceptible to different antimicrobial agents  

Farm milk No (%) n=41 Hand swabs of milker's 

No (%) n=8 

Milking bucket swab     No 

(%)   n=3 

MCCs   No (%)   n=16 

R I S R I S R I S R I S 

Ciproflaxin 5 µg 3(7.3) 5(12.2) 33(80.5) 4(50) 0(0.0) 4(50) 0(0.0) 0(0.0) 3(100) 0(0.0) 0(0.0) 16(100) 

Naldixic acid  30 µg 8(19.5) 23(56.1) 10(24.4) 2(25) 0(0.0) 6(75) 0(0.0) 2(66.7) 1(33.3) 2(12.5) 2(12.5) 12(75) 

Vancomycin  30 µg  26(63.4) 0(0.0) 15(36.6) 4(50) 0(0.0) 4(50) 2(66.7) 0(0.0) 1(33.3) 12(75) 0(0.0) 4(25) 

Penicillin 10 

units 

41(100) 0(0.0) 0(0.0) 8(100) 0(0.0) 0(0.0) 2(66.7) 0(0.0) 1(33.3) 16(100) 0(0.0) 0(0.0) 

Amoxicillin 30 µg 25(60.9) 8(19.5) 8(19.5) 8(100) 0(0.0) 0(0.0) 2(66.7) 1(33.3) 0(0.0) 12(75) 2(12.5) 2(12.5) 

Cefoxitin 30 µg 41(100) 0(0.0) 0(0.0) 8(100) 0(0.0) 0(0.0) 3(100) 0(0.0) 0(0.0) 16(100) 0(0.0) 0(0.0) 

Streptomycin 10 µg 36(87.8) 0(0.0) 5(12.2) 4(50) 4(50) 0(0.0) 3(100) 0(0.0) 0(0.0) 10(62.5) 0(0.0) 6(37.5) 

Erythromycin 15 µg 28(68.3) 5(12.2) 8(19.5) 4(50) 0(0.0) 4(50) 3(100) 0(0.0) 0(0.0) 12(75) 2(12.5) 2(12.5) 

SXT 25 µg 15(36.6) 0(0.0) 26(63.4) 4(50) 0(0.0) 4(50) 1(33.3) 0(0.0) 2(66.7) 2(12.5) 0(0.0) 14(12.5) 

Tetracycline 30 µg  28(68.3) 0(0.0) 13(31.7) 8(100) 0(0.0) 0(0.0) 2(66.7) 0(0.0) 1(33.3) 6(37.5) 0(0.0) 10(62.5) 
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4. 4. Questionnaire Interview Survey 

 

Among the total of 23 dairy farmers, 57% (n=13) were illiterate and among this, 

38.5% of them consume raw milk. About 35% of the farmers were found to consume 

raw milk (Table 7). (60.9 %), of the farmers were clean barn twice per day and 82.6% 

(n=19) didn't wash udder and teat and all of them didn't wash their hands using 

antiseptics but all were washed equipments with hot water and Ajax before milking 

(Figure 2 and Figure 3). 

 

Table 7. Raw milk consumption habit of the farmers according to their education 

status. 

 

Educational status                       Consumption of raw milk 

Yes  Total  Percentage %  

Illiterate    5 13 38.5  

read and write    1 5 20  

Secondary education    2 2 100  

collage and above    0 3  0  

Total    8 23 34.8  

 

 

 

Figure 2.The frequency of barn cleaning practices by the farmers 
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Figure 3.Udder and teats washing of practices of the farmers before milking 

 

All of the farms were  used plastic containers for both milking and storage. Only 13% 

(n=3) of the 23 dairy producers surveyed were aware of the occurrence of foodborne 

poisoning due to raw milk consumption and all the 23 producers had no knowledge of 

staphylococcal food poisoning associated with consumption of raw milk and milk 

products. Among 87 % (n=20) of farmers who had no awareness about food 

poisoning, 40 % (8/20) of them had habit of raw milk consumption (Table 8). 

 

Table 8. Raw milk consumption habit of the farmers according to their awareness of 

food poisoning 

 

Awareness of  food  

poisoning 

                       Consumption of raw milk 

Yes  No Total Percentage (%) 

Yes 0 3 3 0 

No 8 12 20 40 

Total 8 15 23 34.8 
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There were 19 milk collection centers in Sebeta town that collect milk from different 

dairy farms twice a day: morning time from 6:30-8:30 Am and evening time from 

2:00-6:30 pm. Among these, 79 % (n=15) collection centers were owned by Sebeta 

Agro Industry. Most of the centers were located near the main roads made of concrete 

asphalt whereas the others were located some distances away from the main roads. All 

the milk collectors check for the quality of the milk prior to receiving the milk using 

lactometer reading and Alcohol tests. Stainless metallic cans for long distance and 

plastic containers for short distance were used by the 15 collection centers and the 

cans were cleaned with soda ash and hot water at the processing plant and dispatched 

to the collection centers by vehicles used for transportation of milk to the plant. All 

the milk daily collected at each center directly utilized for further processing by the 

processing plant. The other four centers not owned by Sebeta Agro Industry used 

Ajax and hot water to wash milking tanks and they sold raw milk to any consumers 

and processing plants. 

 

 

The average daily quantity of milk bought by the consumers was1.5 liters. Among the 

consumers, 58% (n=29), 24% (n=12) and 18% (9) were buy milk from farms, 

cafeteria and from collection centers, respectively. Of the consumers, 66% (n=33) 

used plastic containers and 34% (n=17) metallic containers to transport milk to their 

homes. Ten percent were keep milk in a refrigerator while 90% (n=45) of them keep 

milk at room temperature. Of the consumers, 88 % (n= 44) consume boiled milk and 

the other 6% (n=12) consume milk in the form of raw milk and raw milk products like 

yogurt. Out of 50 consumers 54% (n=27) were don't have awareness about food 

poisoning associated with drinking of raw milk. 

 

All hotels/ cafeterias/ restaurants (n=17) were buy raw milk from farms about 15 to 

25L per day twice a day (morning and afternoon). Among them, 29% (n=5) use 

metallic container while 71% (n=12) use plastic containers for transportation. The 

respondents indicated that they use different methods of quality assessments like 

boiling (47%) and visualizing and smelling 5 (29.4%) before purchasing milk. The 

rest 23.6% (n=4) of them directly buy the milk without undertaking quality 

assessment. Milk was found to be kept in a refrigerator by all hotels until 
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consumption. Seventy seven percent of the respondents had awareness about the 

occurrence of food poisoning associated with drinking of raw milk.  

 

Sebeta Agro Industry processing plant is a modern milk processing plant located in 

Sebeta town. On average, 6300 L milk was collected and processed per day. Milk 

from collection centers were further subjected to lactometer reading and alcohol test 

prior to transportation to the plant. The arrival time of milk to the plant was 8:30 AM 

in the morning and 6:30 PM in the evening. Laboratory tests (Petri film paper test) 

were conducted immediately up on  arrival. Stainless metallic and plastic containers 

were used for long distance and short distance during transportation. All the milk 

tested and accepted were processed to produce pasteurized milk, cheese and butter per 

day. Milk that undergone fermentation due to long distance were used only for the 

production of cheese. Plastic and aluminum covered cartons were used for packaging 

of pasteurized milk.  
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5. DISCUSSION 

 

 

In this study, from 209 lactating caw milk samples subjected to bacteriological 

examination, 19.6% (41/209) were found to be positive for S. aureus. This finding is 

in agreement with the findings (21.13%) observed in Addis Ababa by Abunna et al. 

(2013). However, the present finding was similar with reported by Mekuria et al., 

(2013)  in which he reported 16.2%  in and around Addis Ababa, Ethiopia.  

 

In the present study, 80% (16/20) milk tank samples from  MCCs was found to be 

contaminated with S. aureus. The results showed a highly contaminated in tanks milk 

of MCCs with S. aureus than farm milk samples. There was statistically significance 

between them. This  might be attributed to cross contamination of milk while bulking 

and poor handling across the milk value chain. Also the number of personnel working 

at MCCs were higher which might have contributed to milk contamination (Addis et 

al., 2011). The contamination of S. aureus at collection centers was nearly in 

agreement with the previous work (Wubete, 2004) and (Desissa, 2010) where S. 

aureus was isolated at recovery rate of 75% and 72% respectively. This findings were 

disagree with (Addis, 2009) 46% of S. aureus were isolated from milk from tanks. 

 

The present study found absence S. aureus from pasteurized milk samples. This might 

show that S. aureus were inactivated during pasteurization process and absence of 

post pasteurization contamination. Staphylococcus species can indeed be easily 

eliminated from foods by heat treatment (in pasteurized foods) or by competition with 

other flora (in fermented foods) (Addis, 2009). 

 

The isolation of S. aureus from hand's of the milker's and  bucket milk were 32% and 

11.1%, respectively. These indicates that milk handlers and milk buckets were  the 

potential sources of contamination of milk with S. aureus. The isolation rate from 

mikers hand was relatively in agreement with the prevalence rate reported by 

Deandrade and Zelante (1989) and Tondo et al. (2000) whose results were 35.7% and 

35.2%, respectively. In contrary, lower percentages of 11.67 and 4.2 were previously 

recorded by Samaha et al. (2004) and El- Khawas and Amani (2008), respectively. 

This may be attributed to staphylococci are ubiquitous organisms and at least 50% of 
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individuals carry the organism in their nasal passages, throat and through coughing or 

sneezing they contaminate their hands (Gwida and EL-Gohary 2013) and also may be 

due to variation in milk handling and washing practices of hands, buckets and 

teats/udder before milking.  

 

Antibiotic therapy is an important tool in the treatment of S. aureus related infection 

and poisoning. However, the misuse or intensive use of antibiotics can lead to the 

development of resistance among different  bacterial strains (Radostits et al.,2000). 

The antimicrobial susceptibility tests carried out in this study indicated the existence 

of susceptibility and resistance of S. aureus to some of the antimicrobials. This study 

presents the sensitivity of the S. aureus isolates towards life saving drugs, ciproflaxin 

(82.4%), SXT (67.6 %) and naldixic acid (42.6%). However, these isolates were 

highly resistant to cefoxitin (100%) which was used in both dogs and cats to treat a 

variety of bacterial infections (Authier et al., 2006), Penicillin similarly, the present 

investigation indicated that the resistance pattern of penicillin was found to be 

(98.5%) which is similar to the finding (96.7%) made by Mekuria et al. (2013) and 

Tariku et al. (2011) (87.2%) in Ethiopia, Landin (2006) (80%) in Sweden, 

Gooraninejad et al. (2007) (57%) in Iran and Myllys et al. (1998) (50%) in Finland. 

This is in contrast to findings observed by Adesiyun (1994) who reported 23% of 

resistance to pencillin G in West India. Moreover, the present study showed the 

resistance of S. aureus to streptomycin (77.9%), erythromycin (69.1%), tetracycline 

(64.7%) followed by vancomycin (64.7%), but the present study disagree with the 

observation made by Abera et al. (2013) (72.4%) who said that vancomycine was 

sensitive for all gram positive and resistance for all gram negative. But agreed with 

Abera et al. (2013), tetracycline, penicillin and streptomycin were showed very poor 

efficacies on many isolates, where by only 20.6%, 51.7% and 44.8% respectively. 

Antibiotic resistance development among the bacteria poses a problem of concern. 

Effectiveness of current treatments and ability to control infectious diseases in both 

animals and humans may become hazardous. 

 

Result from interviewee questionnaire showed that in farm milk production practices 

majority of farmers did not employ good milking practices to minimize contamination 

of milk on the farm. All of them were did not wash their hands with antiseptic 

solutions which is agreed with (Hofi , 2011) many farmers did not sufficiently clean 
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their hands before milking and the udder before milking. This practice and the 

prevalence of S .aureus on milkers hand  might contribute to milk contamination. Yet 

pre milking udder preparation plays an important role in the contamination of milk 

during milking. Lack of potable water, antiseptic solutions and use of detergents was 

a major constrain to hygienic practices on the farms. Most of the farmers clean barn 

twice a day. 

 

In the present study all the farms used plastic containers both for milking and storage 

until sold. Plastic container have the characteristics that make them unsuitable for 

milk handling. Plastic containers scratch easily and provide hiding places for bacteria 

during cleaning and sanitization and plastic containers are poor conductor heat and 

hence will hinder effective sanitization by heat (Soomro et al., 2003). Plastic 

containers are not recommended for handling milk as they are known to be vulnerable 

to bacterial contamination. Milk handling problems coupled with lack of quality 

assurance of milk delivered to most of the retailers and household consumers pose 

potential sources of public health risks to consumers (Gratian, 2011). Omore et al. 

(2005) reported that the use of plastic containers was associated with high coliform 

counts in raw milk. This is likely due to the fact that plastic containers are difficult to 

clean and sterilize (Gratian, 2011).  

 

Among the farmers 34.8 % (n=8) have a habit of drinking of raw milk and  didn't 

have awareness about  diseases which can be transmitted by drinking of raw milk. A 

study in the USA also reported that 42.3% of dairy producers consumed raw milk 

(Jayarao et al., 2006). The remaining didn't drink raw milk 65.2%  of these 20% do 

have awareness of food poisoning and 80% don't have awareness. Though the result 

showed relatively a lower percentage of raw milk consumers, still these individuals 

are at a greater risk of contracting staphylococcal intoxication than those who do not 

consume raw milk. 

 

All the milk collectors check for the quality of the milk prior to receiving the milk 

using lactometer reading and alcohol test to test adulteration with water and  

freshness. Steeliness metal for long distance and plastic containers for short distance  

were used for collection of milk. The cans were cleaned with hot pipe water and soda 
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ash before starting of the collection and dispatched to the collection centers by 

vehicles used for transportation of milk to the plant.  

 

Consumers form the last group of the food chain i.e. farm to fork and therefore they 

are at risk of any malpractice occurring in the chain. In the current study among the 

consumers which were found in Sebeta town, 72 % n=36 consume boiled milk and 

other 28 % n=14 consume in the form of raw milk and raw milk products like yogurt. 

66% (n=33) used plastic containers and 34% (n=17) metallic containers to transport 

milk to their homes. 27 (54%) of the consumers were don't have  awareness and 23 

(46%)have awareness about FP/GIT disturbance associated with drinking of raw milk. 

Findings of this study showed that the level of knowledge and awareness of health 

risks associated with drinking milk was high when compared with results reported by 

Karimuribo and co-workers (2005) who found 20.6% out 96 people when doing a 

similar study. Most of them reported stomach problems/diarrhoea as major health risk 

one can encounter from drinking milk. This could be the reason why most of them 

prefer boiled milk served hot, as they believe boiling of milk kills most of pathogenic 

bacteria. 

 

All hotels and  cafeterias were check the  milk prior to purchase ; by boiling 47% 

(n=8) similar with (Gratian, 2011) 40.9% (n=9); other respondents said, they know 

whether it is pure milk or not just by seeing and smelling 17.6% (n=5) this finding 

was in agreement with other studies about 57.1% (n=7) of vendors used viscosity and 

color as main technique for assessing quality of milk before buying (Gratian, 2011); 

others purchased from honest customers they never test it 23.6% (n=4). This 

observation disagreed with the findings reported by Omore and others (2003), who 

found that 58% of milk traders in Tanzania did not do any quality control before 

purchasing of milk.76.5% (n=13) have awareness and 23.5% (n=4) don't have 

awareness about FP/GIT disturbance associated with drinking of raw milk, especially 

about staphylococcal poisoning in relation to unhygienic handling of milk and milk 

products in the studied area. 
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6. CONCLUSION  AND RECOMMENDATIONS 

 

 

The present study revealed the contamination of milk with S. aureus at farms and 

MCCs and on milker‟s hand and milk buckets. Lactating cows, milker‟s hand and 

milk buckets were found to be the potential sources of milk contamination with the 

agent. High contamination rate of the milk with S. aureus at MCCs indicated the 

possibility of an increase in contamination rate along the milk value chain in its way 

from farms to the processing plant. In nut shell, the study showed poor handling 

practices of milk, raw milk consumption habit, resistance of S. aureus to commonly 

used antibiotics in animals and humans, and lack of awareness about staphylococcal 

food poisoning implicating for public health issue in the Sebeta town. 

 

Based on the above conclusion, the following recommendations were forwarded: 

 

 Training on good animal husbandry, milk hygiene, and milk handling 

practices should be given to all actors in the milk value chain regularly by 

concerned body. 

 Collaborative awareness should be created about the occurrence of food borne 

diseases in general and staphylococcal food poisoning in particular that might 

associated with raw milk consumption. 

 Regular antimicrobial sensitivity testing ought to be done to reduce the 

development of  drug resistance towards commonly used antibiotics 

 Further study should be conducted to identify the toxigenic strains of S. 

aureus, production and concentration of eneterotoxins at each milk value 

chain, and  estimate the risk of consuming milk contaminated with S. aureus 

in the study area. 

 

 

 

 



46 

 

7. REFERENCES 

 

 

Abera B., Lemma D. and Iticha I. (2013): Study of bovine mastitis in Asella 

government dairy farm of Oromia Regional state, South Eastern Ethiopia, 1: 

134-145. 

Abunna F., Fufa G., Megersa B. and Regassa A. (2013): Bovine mastitis: prevalence, 

risk factors and bacterial isolation in small-holder dairy farms in Addis Ababa 

City, Ethiopia. Global Vet., 10 : 647-652. 

Acco M., Ferreira F., Henriques J. and Tondo E. (2003): Identification of multiple 

strains of Staphylococcus aureus colonizing nasal mucosa of food handlers. 

Food Microbiol., 20: 489–493.  

Addis M. T. (2009): Isolation and identification of Staphylococcus species from 

cottage cheese (ayib) and raw bovine milk in Debre Zeit, Ethiopia. A thesis 

submitted to the school of Graduate Studies of Addis Ababa University in 

partial fulfillment of the requirements for the degree of Master of Science in 

tropical public health, Pp 20-39. 

Addis M., Pal M. and Kyule M.N. (2011): Isolation and identification of 

Staphylococcus species from raw bovine milk in Debre zeit, Ethiopia. Vet 

Rese., 4: 45-49. 

Adesiyun A. (1994): Characteristics of Staphylococcus aureus strains isolated from 

bovine mastitic milk: Bacteriophage and antimicrobial agent susceptibility and 

enterotoxigenecity. J. Vet. Med., 42: 129-139. 

Althaus R. L., Torres A., Montero A.,  Balasch S. and Molina M. P. (2003): Detection 

limits of antimicrobials  in ewe milk by delvo test photometric measurements. 

J Dairy Sci., 86: 457-463.     

Anderson K. and Pritchard D. (2008): An Update on  Staphylococcus aureus Mastitis. 

4
th
  Edition, Benjamin/ Cummings Publishing Company, P 38. 

Ash M. (2008): Staphylococcus aureus and Staphylococcal Enterotoxins. In: 

Foodborne microorganisms of public health importance, 5 
th

ed, AIFST (NSW 

Branch), Sydney, Australia, Pp 313-332. 

Ashenafi  M. and Beyene F. (1994): Microbial load, microflora, and keeping quality 

of raw and pasteurized milk from a dairy farm. Bull Anim H Prod for Africa., 

42: 55-59. 



47 

 

Asperger  H.  (1994):  Stapylococcus  aureus.  In:  The  significance  of  pathogenic 

microorganisms in raw milk, international dairy federation. IDF, Brussels, 

Beljium. Pp. 24-42. 

Atanassova V., Meindl A. and Ring C. (2001): Prevalence of Staphylococcus aureus 

and staphylococcal enterotoxins in raw pork and uncooked smoked ham-a 

comparison of classical culturing detection and RFLP-PCR. Int J Food 

Microbiol., 68: 105–113. 

Authier S., Paquette D., Labrecque O. and Messier S. (2006): Comparison of 

susceptibility to antimicrobials of bacterial isolates from companion animals 

in a veterinary diagnostic laboratory in Canada between 2 time points 10 years 

apart. Can. Vet. J., 47: 774-778. 

Aycicek H., Cakiroglu S. and Stevenson T. (2005): Incidence of Staphylococcus 

aureus in ready to eat meals from military cafeterias in Ankara, Turkey. Food 

Contro., 16: 531–534 

Bania J., Dabrowska A., Bystron J., Korzekwa K., Chrzanowska J. and Molenda J. 

(2006): Distribution of newly described enterotoxin-like genes in 

Staphylococcus aureus from food. Int J Food Microbiol., 108: 36 – 41. 

Barkema H.W., Schukken Y.H. and Zadoks R.N. (2006): The role of cow, pathogen 

and treatment regimen in the therapeutic success of bovine  Staphylococcus 

aureus mastitis.  J  Dairy Sci.,  89: 1877-1895 

Baron F. (2007): Review on Staphylococcus aureus and food poisoning. Genetics 

Molecular Res., 2: 163-176. 

Bergdoll M.S. (1989): Staphylococcus aureus. In: Foodborne bacterial pathogens 

(Doyle, M.P., ed.). Marcel Dekker, Inc., New York, NY, USA. Pp 463-523. 

Bharathy S., Gunaseelan L., Porteen K, and Bojiraj, M. (2015): Prevalence of 

Staphylcoccus aureus in raw milk: can it be a potential public health threat? 

Int J Advanced Res, 3: 801-806. 

Bjorland J., Sunde M and Waage S. (2001): Plasmid-borne smr gene causes resistance 

to quaternary ammonium compounds in bovine Staphylococcus aureus. J. 

Clin. Microbiol., 39: 3999–4004. 

Blahova J., Kralikova K., Krcmery V.S.R., Babalova M., Menkyna R., Glosova L.,  

Knotkova  H.,  Liskova  A.,  Molokacoya  M. and Vaculikoya  A . (2004): 

Monitoring  of  antibiotic  resistance  in  bacterial  isolates  from bacteremic 

patients. J. Chemother., 16: 269-272. 



48 

 

Bradely  A.J  (2002).  Bovine mastitis  an  evolving  disease.  Vet.  J.  164: 116-128. 

Cespedes C., Said-Salim B., Miller M., Lo S. H., Kreiswirth B. N., Gordon R. J.,  

Vavagiakis P., Klein R. S. and Lowy F. D. (2005): The clonality of 

Staphylococcus aureus nasal carriage. J. Infect. Dis., 191: 444-452 

Chiang Y., Liao W., Fan C., Pai W., Chiou C. and Tsen H. (2008): PCR detection of 

staphylococcal enterotoxins (SE) and survey of SE types in Staphylococcus 

aureus isolates from food poisoning cases in Taiwan. Int J Food Microbiol., 

121: 66–73. 

CLSI (2007). Performance Standards for Antimicrobial Susceptibility Testing 

Standards M2-A9 and M7- A7. 27:1. 

CSA (2010). Agricultural Sample Survey. Livestock, Poultry and  Beehives 

population (private peasant holdings). Federal Democratic Republic of 

Ethiopia Central Statistical Authority (CSA), Addis Ababa, Ethiopia. 

CSA (2011). Federal Democratic Republic of Ethiopia. Central Statistical Agency, 

Agricultural Sample Survey Report on Livestock and Livestock 

Characteristics. Volume II, 2007/2008. Central Statistical Agency, Addis 

Ababa, Ethiopia. 

CSA (2013). Federal Dominance of Democratic Republic of Ethiopia Central 

Statistical Agency, Agricultural Sample Survey. Report on Livestock and 

Livestock Characteristics (Private peasant holdings) Vol.2. 

Da Silva M. C., Zahm J. M., Gras D., Bajolet O., Abely M., Hinnrasky J., Milliot M., 

de Assis M. C., Hologne C., Bonnet N., Merten M., Plotkowski M. C. and 

Puchelle E. (2004): Dynamic interaction between airway epithelial cells and 

Staphylococcus aureus. Am. J. Physiol Lung Cell Mol. Physiol., 287: 543-551. 

Deandrade G.P. and Zelante F. (1989): Simultaneous occurrence of enterotoxigenic 

Staphylococcus aureus on the hands, mouth and faeces of asymptomatic 

carriers. Rev Saude Publica., 23: 277-284. 

Desissa F. (2010). Quantitative risk assessment of consuming milk contaminated with 

Staphylococcus aureus in Debre-Zeit. A Thesis Submitted to the School of 

Veterinary Medicine, Addis Ababa University in Partial Fulfillment of the 

Requirement of the Degree of Master of Science in Tropical Public Health, Pp 

34-62. 

Ding  C. and He  J.  (2010).  Effect  of  antibiotics  in  the  environment  on microbial 

populations. Appl. Microbiol. Biotechnol., 87: 925-941. 



49 

 

Dinges M. M., Orwin P. M. and Schlievert P. M. (2000). Exotoxins of Staphylococcus  

aureus. Clini Micro Rev., 13: 16-34.  

El- Khawas K. M. and Amani L. F. A. (2008): Prevalence of some pathogens in some 

meat products and their contact surfaces in a meat product factory. Assiut Vet 

Med J., 54: 106-128. 

Ellington J. K., Reilly S. S., Ramp W. K., Smeltzer M. S., Kellam J. F. and Hudson 

M. C. (1999): Mechanisms of Staphylococcus aureus invasion of cultured 

osteoblasts. Microb. Pathol., 26: 317-323. 

Ellington J. K., Harris M., Webb L., Smith B. Smith T., Tan K. and Hudson M. 

(2003): Intracellular Staphylococcus aureus. A mechanism for the indolence 

of osteomyelitis. J. Bone  Joint Surg. Br., 85: 918-921. 

Ellington J. K., Harris M., Hudson M. C., Vishin S., Webb L. X. and Sherertz R. 

(2006): Intracellular Staphylococcus aureus and antibiotic resistance: 

Implications for treatment of staphylococcal osteomyelitis. J. Orthop. Res., 24: 

87-93. 

Felleke G. (2003): Milk and Dairy Products, Post-harvest Losses and Food Safety in 

Sub-Saharan Africa and the Near East.  A Review of the Small Scale Dairy  

Sector – Ethiopia. FAO Prevention of Food Losses Programme. FAO, Rome,  

Italy. 

Fetrow  J.  (2000) : Mastitis:  An  economic  consideration.  Proceedings  of  the  29
th

  

annual meeting of National Mastitis Council, Atlanta, Ga. National Mastitis 

Council, Madso, Pp 3-47.   

Foster T. (1991): Potential for vaccination against infections caused by 

Staphylococcus aureus. Vaccine., 9: 221. 

Freeman B. (l985) : Burrows Textbook of Microbiology. 21 
st
 Edition, W.B. Saunders 

Company, Philadelphia, Pp 429-443. 

Fueyo J. M., Mendoza M. C., Rodicio M. R., Muniz J., Alvarez M. A. and Martin M. 

C. (2005): Cytotoxin and pyrogenic toxin superantigen profiles of 

Staphylococcus aureus associated with subclinical mastitis in dairy cows and 

relationships with macrorestriction genomic profiles. J. Clin. Microbiol., 43: 

1278-1284. 

Fujikawa H.and Morozumi S. (2006): Modeling Staphylococcus aureus growth and 

enterotoxin production in milk. Food Microbiol, 23: 260–267. 



50 

 

Girma K. Tilahun Z. and Haimanot D. (2014): Review on milk safety with emphasis 

on its public health. World J Dairy and Food Sci 9 : 166-183. 

Godefay B. and Molla B. (2000): Bacteriological quality of raw milk from four dairy 

farms and  milk  collection  center  in  and  around  Addis  Ababa.  Berl.  

Munch.  Tierarztl. Wschr., 113:13. 

Gooraninejad S., Ghorbanpoor M. and Salati A.P (2007): Antibiotic Susceptibility of 

Staphylococci isolated from bovine sub-clinical mastitis. Pak. J. Biol Sci., 10: 

2781 -2783. 

Gratian K. K. (2011): Food safety in milk markets of smallholder farmers in 

Tanzania: a case of peri urban wards in Temeke municipality. A dissertation 

submitted in partial fulfillment of the Requirements for the degree of master of 

science in human nutrition of Sokoine University of Agriculture. Morogoro, 

Tanzania. Pp 41-45 

Gwida M. M. and EL-Gohary F. A. (2013): Zoonotic bacterial pathogens isolated f     

rom raw milk with special reference to Escherichia coli and Staphylococcus 

aureus in Dakahlia Governorate, Egypt. 2:705doi:10.4172/scientifireports.705. 

Hagstad H. V. and Hubbert W. T. (1986): Food quality control, foods of animal 

origin. 1
st
 Edition., The IWA State University Press/Ames., 52: 87-88. 

Haveri M. (2008): Staphylococcus aureus in bovine intramammary 

infection:molecular, clinical and epidemiological characteristics. Faculty of 

Veterinary Medicine, University of Helsinki, for public examination in Walter 

Hall, Agnes Sjobergin katu 2, Helsinki,on November 21
st
. 

Hein I., Jorgensen H., Loncarevic S. and Wagner M. (2005): Quantification of 

Staphylococcus aureus in unpasteurized bovine and caprine milk by real-time 

PCR. Res in Microbiol., 156: 554–563. 

Hocking A. and Doyle M. (1997): Foodborne Microorganisms of Public Health 

Significance. 5
th
 Edition, AIFST Branch Food Microbiology Group, North 

Sydney, Pp 156-180. 

Hofi M. (2011): Contamination in dairy chains and approaches to quality control in 

Egypt. Int J Food Safety., 13: 264-269. 

Hubalek Z. (2003): Emerging human infectious diseases: anthroponoses, zoonoses, 

and sapronoses. Emerg Infect. Dis., 9: 403–404. 



51 

 

Huber H., Ziegler D., Pfluger V., Vogel G., Zweifel C. and Stephan R. (2011): 

Prevalence  and  characteristics  of  methicillin-resistant  coagulase-negative  

staphylococci  from  livestock,  chicken  carcasses,  bulk  tank milk, minced 

meat, and contact persons. BMC Vet. Res., 7:1-7. 

Hundera S, Ademe Z. and Sintayehu A.  (2005). Dairy cattle mastitis  in and around 

Sebeta, Ethiopia. Intern. J. Appl. Vet. Med. 3: 1525-1530. 

Ibrahim H. and Olaluku E. (2000). Improving cattle for milk, meat and traction. ILRI 

Manual 4. International Livestock Research Institute (ILRI), Nairobi, Kenya, 

P 135. 

Ismael Z.S., Hosny W.I., El-Kholy W.I. and El-Dairouty R.K.(2009): Comparative  

investigations  for  detection  of foodborne microorganisms  in Egyptian hard 

cheese (Ras): Using conventional and fast biochemical test. Global Vet., 3: 

189-195. 

Jay J. (2000): Modern Food Microbiology. 6
th

 Edition, Aspen Food Science Text 

Series, Aspen Publishers (Inc), Gaithersburg, Maryland, Pp 441-456. 

Jayarao B. M., Donaldson S. C., Straley B. A, Sawant A. A., Hegde  N. V. and Brown 

J. L. (2006): A survey of foodborne pathogens in bulk tank milk and raw milk 

consumption among farm families in pennsylvania. J Dairy Sci, 89: 2451-

2458. 

Johnson P., Howden B. and Bennett C. (2006): Staphylococcus aureus: a guide for the 

perplexed. Medical J Australia., 184: 374-375.  

Jones G. (1998): Staphylococcus aureus mastitis: cause, detection, and control. J 

Dairy Sci., 67: 1823. 

Jones R. N. (2008): Key considerations in the treatment of complicated 

staphylococcal infections. Clin. Microbiol. Infect., 14 :3-9. 

Kaloreu D., Shanmugam Y., Kurkure N., Chousalkar K. and Barbuddhe S. (2007): 

PCR-based detection of genes encoding virulence determinants in  

Staphylococcus aureus from bovine subclinical mastitis cases. J Vet Science., 

8: 151-154. 

Karimuribo E.D., Kusiluka L.J., Mdegela R.H., Kapaga  A.H., Sindato C. and 

Kambarage D.M. (2005): Studies on mastitis, milk quality and health risks  

associated consumption of milk from pastoral herds in Dodoma and Morogoro 

regions Tanzania. J Vet Sci., 6:213-21. 



52 

 

Karimuribo  E.D.,  Fitzpatric  J.L.,  Swai  E.S.,  Bell  C.,  Bryant  M.J., Ogden  N.H., 

Kambarage  D.M. and French N.P. (2008): Prevalence of subclinical mastitis 

and associated risk  factors  in  smallholder  dairy  cows  in  Tanzania. Vete 

Record .,163: 16-21.  

Kerouanton A., Hennekinne J. A., Letertre C., Petit L., Chesneau O., Brisabois A. and 

De Buyser M. L. (2007): Characterization  of  Staphylococcus  aureus  strains  

associated  with  food  poisoning  outbreaks  in France. Int. J. Food 

Microbiol., 115: 369 -375. 

Kilango  K G.(2011): Food safety in milk markets of smallholder Farmers in tanzania:  

A case of peri urban wards in Temeke municipality. A dissertation submitted 

in partial fulfillment of the Requirements for the degree of master of science in 

human Nutrition of sokoine university of agriculture. Morogoro, Tanzania. Pp. 

10-15. 

Kluytmans J. A. and Wertheim. H. F. (2005): Nasal carriage of Staphylococcus 

aureus and prevention of nosocomial infections. Infection, 33: 3-8 

Kohls R. L and Uhl J. N. (1990): Marketing of Agricultural Products. Seventh 

Edition, MacMillan Publishing Company. P.196-197. 

Landin H (2006): Treatment of mastitis in Swedish dairy production (in Swedish with 

English summary). Svensk Veterina¨rtidning, 58: 19-25. 

Leenalitha P. and Peter M. (2007): Signal Amplification and Detection of 

Staphylococcus aureus  Enterotoxins in Foods.[http://www.ansi.okstate.edu/re

search/research reports 1/2007/panneerseelan_008.pdf]. site visited on 18/08/2

011.  

Leonard  F.C. and Markey B. K. (2008): Methicillin-resistant  Staphylococcus aureus 

in animals: A review. Vet. J., 175: 27-36. 

Lew D. P. and Waldvogel F. A. (1997): Osteomyelitis. N. Engl. J. Med., 336: 

999-1007. 

Li Y.(2010): Isolation and characterization of antimicrobial resistant Staphylococcus 

aureus in retail ground meats. Thesis Submitted to the Faculty of The 

Graduate School of The University of Maryland, College Park, In Partial 

Fulfillment of the Requirements for the Degree of Master of Science. Pp.12-

14. 

Loir Y.L., Baron F. and Gautier M. (2003): Staphylococcu aureus and food poisoning. 

Gen. Mol. Res., 2: 63-76. 



53 

 

Lourdes M., Cunha R., Sinzato Y. and Silveira L. (2004): The medical significance 

and identification of coagulase negative staphylococci. J Clin Microbiol., 99: 

855-860. 

Makita K., Desissa F., Teklu  A., Zewde,  G and  Grace D. (2012): Risk assessment of 

staphylococcal poisoning due to consumption ofinformally-marketed milk and 

home-made yoghurt in Debre Zeit, Ethiopia. Int J Food Microbiol 153: 135–

141 

Martın M., Fueyo J., Gonzalez M. and Mendoza M. (2004): Genetic procedures for 

identification of enterotoxigenic strains of Staphylococcus aureus from three 

food poisoning outbreaks. Int J Food Microbiol., 94: 279– 286. 

Mathew A. G., Cissell R.and Liamthong  S.  (2007):  Antibiotic  resistance  in 

bacteria associated with food animals: a United States perspective of livestock 

production. Foodborne Pathog. Dis., 4: 115-133.  

McDougall S., Agnew K. E., Cursons R., Hou X. X. and Compton C. R. W. (2007): 

Parenteral treatment of clinical mastitis with tylosin base or penethamate 

hydriodide in dairy cattle. J. Dairy Sci., 90: 779-789. 

Mdegela R.H., Kusiluka L.M.J., Kapaga A.M., Karimuribo E.D., Turuka F.M., 

Bundala A., Kivaria F., Kabula B., Manjurano A., Loken T. and  Kambarage 

D.M. (2004): Prevalence and determinants of mastitis and milk-borne 

zoonoses in smallholder dairy farming sector in Kibaha and Morogoro districts 

in eastern Tanzania. J Vet Med Series., 51: 123-128.   

Mekuria A., Asrat D., Woldeamanuel Y., and Tefera G. (2013): Identification and 

antimicrobial susceptibility of Staphylococcus aureus isolated from milk 

samples of dairy cows and nasal swabs of farm workers in selected dairy 

farms around Addis Ababa, Ethiopia, Afr. J. Microbiol. Res.,7: 3501 -3510. 

Middleton J. R., Timms L .L., Bader G.R., Lakritz J., Luby C. D. and Steevens  B.J. 

(2005): Effect of prepartum intramammary treatment with pirlimycin 

hydrochloride on prevalence of early first-lactation mastitis in dairy heifers.  J. 

Am. Vet. Med. Assoc.,  227: 1969-1974. 

Middleton J. R., Bader G. R. and Corbett  R. B. (2007):  Use of pulsed-field gel 

electrophoresis to evaluate the success  of treatment of  Staphylococcus aureus 

mastitis.  Proceedings of the 46
th

 Annual Meeting of the National Mastitis 

Council.  San Antonio, TX.  P. 202-203. 



54 

 

Middleton J. R. and Luby  C.D. (2008): Escherichia coli mastitis in cattle being 

treated for Staphylococcus aureus intramammary infection.  Vet.  Rec.,  162: 

156-157.   

Mims C., Dockrell H.M. and Goering R.V. (2009): Medical Microbiology.  3  edition.  

Elsevier  Mosby, Edinburgh, United Kingdom: Pp 585-586. 

Monecke S., Kuhnert P., Hotzel H., Slickers P. and Ehricht R. (2007): Microarray 

based study on virulence-associated genes and resistance determinants of 

Staphylococcus aureus isolates from cattle. Vet. Microbiol., 125: 128-140. 

Morandi S., Brasca M., Lodi R., Cremonesi P. and Castiglioni B. (2007): Detection of 

classical enterotoxins and identification of enterotoxin genes in Staphylococcus 

aureus from milk and dairy products. Vet Microbiol., 124: 66-72 

Moreillon P. and Que Y. A. (2004):  Infective endocarditis. Lancet, 363: 139-149 

Moreillon P., Que Y. A. and Glauser M. P. (2005): Staphylococcus aureus. In: G. E. 

Mandell, J. E. Bennett, and R. Dolin (eds.), Principles and practice of 

infectious diseases. Elsevier, Philadelphia, PA. Pp 2321-2351. 

Myllys V., Asplund K., Brofeld E., Hirevela-Koski V.and Honkanen-Buzalski T. 

(1998): Bovine Mastitis in Filand in 1988 and 1995. Changes in Prevalence 

and Antimicrobial resistance. Acta Vet Scand., 39:119- 126. 

NCCLS (2002). Performance Standards for antimicrobial susceptibility testing. 

8
th
Informational Supplement. M100S12. National Committee for Clinical 

Laboratory Standards.  

Normand E. H., Gibson N. R., Reid S.W., Carmichael S. and Taylor D.J . (2000): 

Antimicrobial-resistance  trends  in  bacterial  isolates  from  companion 

animal community practice in the UK. Prev. Vet. Med., 46: 267-278. 

Normanno G., Corrente M.,  La Salandra G., Dambrosio A., Quaglia N.C., Parisi  A.,  

Greco  G.,  Bellacicco  A.L.,  Virgilio  S. and Celano  G.V. (2007): 

Methicillin-resistant Staphyloco ccus  aureus  (MRSA)  in  foods  of animal 

origin produced in Italy. Int. J. Food Microbiol., 117: 219-222. 

Ombui J. N., Arimi S. M., Mcdermott J. J., Mbugua S. K., Githua A. A. and Muthoni 

J. (1995): Quality of raw milk collected and marketed by dairy cooperative 

societies in Kiambu District, Kenya. Bull. Anim. Hlth. Prod. Afr., 43: 277-284. 

Omoe K., Liang D., Omoe T., Nakane A. and Shinagawa K. (2005): Comprehensive 

analysis of classical and newly described staphylococcal super antigenic toxin 

genes in Staphylococcus aureus isolates. Microbiol Letters., 246: 191–198. 



55 

 

Omore A., Staal S. J., Osafo E. L.K., Kurwijila L., Barton D. Mdoe N., Nurah G. and 

Aning  G (2003): Market Mechanisms, Efficiency, Processing and Public 

Health Risks in Peri-Urban Daily Products markets: Synthesis of Findings 

from Ghana and Tanzania. International Livestock Research Institute. P. 131. 

Omore A., Loure T., Staal S., Kutwa J., Ouma R., Arimi S. and Kang E. (2005): 

Addressing the public health and quality concerns towards marketed milk in 

Kenya. SDP Research and Development Report No.3, Smallholder Dairy (R 

and D) Project, Nairobi (Kenya). Pp.1-45. 

Pal M. (2001): Epidemiology of staphylococcal food poisoning. Bev. Food World 28: 

11-13.  

Pal  M. (2007): Zoonoses.2
nd

 Edition, Satyam Puplishers, Jaipur, India, Pp 138-139. 

 Pal M. (2012): Public health hazards due to consumption of raw milk. The Ethiopian 

Herald, March 14, 2012. P.10. 

Pal M. and Seid H. (2013): Recent diagnostic approach for staphylococcal food 

poisoning. Bev. Food World, 40: 43-44.  

Payne  D.N.  and  Wood J.M.  (1974).  The  incidence  of enterotoxin production in 

strains of Staphylococcus aureus isolated from food. J. Appl. Bacteriol., 37: 

319-325. 

Presscott L. M., Harley  J. P.  and Klein D. A. (2002). Textbook of Microbiology. 

Brown Publishers. 5
th
 ed. Pp 441-442. 

Projan S. J. and Novick R. P. (1997): The molecular basis of pathogenesis. In: The 

staphylococci in human disease. Crossley, K. B. and G. L. Archer (Eds.). 

Churchill Livingstone, N. Y., Pp. 55-81. 

Quinn P., Carter M., Markey B. and Carter G. (1999): Clinical Veterinary 

Microbiology. Mosby International Limited, Spain, Pp. 96-344. 

Quinn P., Carter M., Markey B. and Carter G. (2002): Clinical Veterinary 

Microbiology. Mosby International Limited, Spain, Pp 96-344. 

Radiostitis O. M., Gay C.C., Blood D. C. and Hinchllif K.W. (2000): Mastitis in In: 

Veterinary Medicine.9
th

ed.,Harcourt Ltd, London, Pp. 603-700.  

Redda T. (2001): Small-scale milk marketing  and processing  in Ethiopia.  In: 

Proceedings of  the Seventh  Workshop  on  Smallholder  Dairy  Production  

and  Marketing-constraints  and Opportunities, Anand, India, March 12-16, 

2001. 



56 

 

Rho M. and Schaffner D. (2007): Microbial risk assessment of staphylococcal food 

poisoning. Int J Food Microbiol., 116: 332–338. 

Roy J. P. and Keefe. G. (2012): Systematic Review: What is the best  antibiotic 

treatment for Staphylococcus aureus intramammary infection of lactating 

cows in North America?  Vet. Clin. North Am. Food Anim. Pract.,  28: 39-50.  

Saiman L. and Siegel J. (2003): Infection control recommendations for patients with 

cystic fibrosis: Microbiology, important pathogens, and infection control 

practices to prevent patientto-patient transmission. Am. J. Infect. Control., 31: 

51-62. 

Salandra G., Goffredo E., Pedarra C., Nardella M., Parisi A., Dambrosio A., Quaglia 

N., Celano G. and Normanno G. (2008): Occurrence, characterization and 

antimicrobial resistance pattern of Staphylococcus species isolated from dairy 

products in southern Italy. Int J Food Microbiol., 9: 327-360. 

Salyers A. and Whitt D. (2002): Bacterial Pathogenesis. 2
nd

 Edition, American 

Society for Microbiology (ASM) press, Washington DC, USA, Pp. 216-229. 

Samaha H. A., Haggag Y. N., Draz A. A., Mohamed L. N. (2004): The role of poultry 

in transmitting some zoonotic bacterial and fungal diseases. Alex J Vet Sci., 

21: 1-13. 

Sandel M. and McKillip J. (2004): Virulence and recovery of Staphylococcus relevant 

to the food industry using improvements on traditional approaches. Food 

Control., 15: 5-10. 

Saskatchewan R. (1997): The Milk Pasteurization Regulations. The Queen Printer, 

Pp. 3-9. 

Schmitt M.,  Schuler-Schmid  U.  and  Scmidt-Lorenz W. (1990): Temperature  limits  

of   growth,  TNase,  and  enterotoxin  production  of  Staphylococcus  aureus  

strains isolated from foods. Int J Food Micro., 11: 1-19. 

Shah, M. (2003): Molecular pathogenesis of Staphylococcus aureus and other 

staphylococci. J App Bacteriol., 59: 207-221. 

Shryock T. R and Richwine A. (2010): The  interface between  veterinary  and human 

antibiotic use. Ann. N. Y. Acad. Sci., 1213: 92-105. 

Silva W., Destro M., Landgraf M. and Franco B. (2000): Biochemical characteristics 

of typical and atypical staphylococcus aureus in mastitic milk and 

environmental samples of Brazilian dairy farms. Brazilian J Microbiol., 31: 

103-106. 



57 

 

Sinha B., Francois P. P., Nusse O., Foti M., Hartford O. M., Vaudaux P., Foster T. J., 

Lew D. P., Herrmann M. and Krause K. H. (1999): Fibronectin-binding 

protein acts as Staphylococcus aureus invasin via fibronectin bridging to 

integrin alpha5beta1. Cell Microbiol., 1: 101-117. 

Slifko T. R., Smith H. and Rose J. B. (2000): Emerging parasite zoonoses associated 

with water and food. Intl. J. Parasitol., 30: 1379 – 1393. 

Smith K. L. and  Hogan J. S. (1993): Environmental mastitis. Vet Clin  North Am, 9: 

489–498.  

Smith K. (2007): Foodborne pathogenic microorganisms and natural toxins. Food and 

Drug Administration, Center for Food Safety and App Nutrit., 10: 119-150. 

Soejima T., Nagao E., Yano Y., Yamagata H., Kagi H. and Shinagawa K. (2007): 

Risk evaluation for staphylococcal food poisoning in processed milk produced 

with skim milk powder. Int J Food Microbiol., 115: 29-34. 

Sofos J. N. (2008): Challenges to meat safety in the 21
st
 century. Meat Sci.,78: 3–13. 

Sommerhauser J., Kloppert B., Wolter W. Zschöck M., Sobiraj A. and Failing K. 

(2003): The epidemiology of Staphylococcus aureus infections from 

subclinical mastitis in dairy cowsduring a control programme. Vet Microbiol., 

96: 91-102. 

Soomro A. H., Arain M. A., Khaskheli M. and Bhutto B. (2003): Isolation  of  

Staphylococcus  aureus  from  milk products sold at sweet meat shops of 

Hyderabad. Online J  Biol  Sci, 3: 91-94. 

Sori H., Zerihun A. and Abdicho S. (2005): Dairy cattle mastitis in and around 

Sebeta, Ethiopia. Intern J Appl Res Vet Med., 3: 336-337.  

Springer  B., Orendi U., Much  P., Hoger G., Ruppitsch W.,  Krziwanek  K., Metz-

Gercek  S.and Mittermayer  H.  (2009):  Methicillin-resistant Staphylococcus 

aureus:  a  new zoonotic agent. Middle Eur. J. Med., 121: 86-90. 

Srinivasan V., Gillespie B. E., Lewis M. J., Nguyen L. T., Headrick S. I., Schukken 

Y. H. and Oliver S. P. (2006): Prevalence of enterotoxin and toxic shock 

syndrome toxin genes in Staphylococcus aureus isolated from milk of cows 

with mastitis. Foodborne Pathog. Dis., 3: 274-283. 

Syne S. M., Ramsubhag A. and Adesiyun A. A. (2013): Microbiological hazard 

analysis of ready-to-eat meats processed at a food plant in Trinidad, West 

Indies. Infect Ecol Epidemio., 3:75-76 



58 

 

Tariku S., Jemal H. and Molalegne B. (2011): Prevalence and susceptibility assay of 

Staphyloco ccus  aureus isolated from bovine mastitis in dairy farms in Jimma 

town South West Ethiopia. J. Anim. Vet. Adv., 10:745- 749. 

Thrusfield M. (2005): Veterinary Epidemiology. 3
rd

 Edition, Black Well Science Ltd. 

Cambridge, USA. Pp 225-228. 

Todar K. (2008): Todar's Online Textbook of Bacteriology. Available online at 

http://www. textbookofbacteriology.net 

Tollersrud T., Kenny K., Caugant D. A. and Lund A. (2000): Characterization of 

isolates of Staphylococcus aureus from acute, chronic and subclinical mastitis 

in cows in Norway. APMIS, 108: 565-572. 

Tondo E. C., Guimaraes M. C.M., Henriques J. A. P.and Ayub M. A. Z. (2000): 

Assessing and analysing contamination of a dairy products processing plant by 

Staphylococcus aureus using antibiotic resistance and PFGE. Can J 

Microbiol., 46: 1108-1114. 

Tsegmed U. (2006): Staphylococci isolated from raw milk of yak and cattle in 

Mongolia. Studies on the occurrence, characterization, detection of 

enterotoxin and antimicrobial susceptibility profile of the isolates. Master's 

Thesis Swedish University of Agricultural Sciences, Uppsala Sweden. 

Van Amersfoort  E. S., Van Berkel T. J. and Kuiper J. (2003): Receptors, mediators, 

and mechanisms involved in bacterial sepsis and septic shock. Clin. Microbiol. 

Rev., 16: 379-414. 

Von Eiff, C., Becker K., Machka K., Stammer H. and Peters G.(2001): Nasal carriage 

as a source of Staphylococcus aureus bacteremia. Study Group. N. Engl. J. 

Med., 344: 11-16. 

Walderhaug M. (2007): Foodborne pathogenic microorganisms. Food and Drug 

Administration, Center for Food Safety and Applied Nutrition., 28: 48-65. 

Waters  A.E.,  Contente-Cuomo  T.,  Buchhagen  J.,  Liu  C.M.,  Watson  l., Pearce  

K.,  Foster  J.T.,  Bowers  J., Driebe  E.M.,  Engelthaler D.M.,  Keim P.S. and 

Price  L.B. (2011): Multidrug-resistant Staphylococcus aureus  in US meat 

and poultry. Clin. Infect. Dis., 52:1-4.    

Weese  J. S  (2010):  Methicillin-resistant  Staphylococcus  aureus  in animals. ILAR 

J., 51: 233-244. 

Wubete A. (2004): Bacteriological Quality of Bovine Milk in Small Holder Dairy 

Farms in DebreZeit, Ethiopia. Faculty of Veterinary Medicine, Addis Ababa 



59 

 

University, MSc thesis Submitted to the College of Veterinary Medicine and 

Agriculture, Addis Ababa University, P. 61. 

Yeaman  M. R., Bayer A. S., Koo S. P., Foss W. and Sullam P. M. (1998): Platelet 

microbicidal proteins and neutrophil defensin disrupt the Staphylococcus 

aureus cytoplasmic membrane by distinct mechanisms of action. J. Clin. 

Invest., 101 :178-187. 

Yilma Z., Loiseau G. and Faye B. (2007): Manufacturing efficiencies and microbial 

properties of butter and ayib, a traditional Ethiopian cottage cheese. Livestock 

Res Rural Devel, 19: 67. 

Yilma Z. (2012): Microbial properties of Ethiopian marketed milk and milk products 

and associated: An Epidemiological Perspective, Epidemiology Insights, ISB     

N: 978-953-51-0565-7, InTech, Available from: http://www.intechopen.com/ 

books/ epidemiology-insights/microbial-properties of-marketed-milk-and-

ethiopian-fermented-milk-products-and-associated-critical. 

Zadoks R. N.,. Allore H. G., Barkema H. W., Sampimon, O. C., Wellenberg, G. J.,  

Grohn, Y. T. and Schukken Y. H. (2001): Cow-and quarter-level risk factors 

for Streptococcus uberis and Staphylococcus aureus mastitis. J Dairy Sci., 84: 

2649–2663. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 

 

8. ANNEXES 

 

 

Annex  1. Flow chart of the ISO 6888-3 protocol  

 

 Isolation and identification of Staphylococcus  

 A loopful of the milk samples were streaked aseptically onto sterile blood agar 

media and incubated at 37
0
C for 24-48 hours under aerobic culture conditions. 

 Colonies were 0.5 to 1.5 µm in diameter, grey or grey-white to golden-yellow.  

 Gram-positive spherical bacteria that occur in microscopic clusters resembling 

grapes.  

 Biochemical tests for confirmation  

 Catalase test-3% H2O2 (positive)  

 Inoculate colonies on MSA and incubate at 37
0
C for 24-48 hours, growth and 

change in the PH of the medium is confirmative for Staphylococcus classified 

as highly fermentative (S. aureus), weakly fermentative (S. intermidius) and 

non fermentative (S. hicus and CNS). 

 Coagulase test to identify the most pathogenic CPS (S. aureus, S. intermidius 

and S. hicus) from CNS. 

Inoculate CPS isolates on PAB media plate with 1% of maltose and incubate at 37
o
C 

for 24-48 hours to differentiate the pathogenic staphylococci, particularly the 

coagulase-positive isolate. The identification was based on the fact that S. aureus 

rapidly ferment maltose to 49 change the medium and colonies to yellow. S. 

intermedius gives a weak or delayed reaction and S. hicus did not ferment maltose. 

 

Annex  2. Sample collecting sheet for bacteriological analysis 

 

S.N Date of 

collection  

 

Type of samples 

collected 

Source Number of 

samples examined 

Sample code 
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Annex  3. Laboratory data collecting sheet  

  

                                          Isolation and identification 

S.N Sample 

code 

Type of 

sample 

Gram stain Catalase 

test 

Mannitol 

Salt agar 

Coagulase 

test  

Purple 

agar 

        

        

 

Annex  4. Drug sensitivity test 

 

Drug Zone of inhibition (mm) Result Remark 

S. No  Name  S  R I  

1       

2       

S=Sensitive,   I= Intermediate,   R= Resistance 

 

Annex  5. Differential  tests  used  for  identification  of  S.  aureus  from  other 

Staphylococcus species  

 

SN Staphylococcus  

species 

Haemolysis Pigment  

production 

Coagulase 

test 

Fermentation of sugar  

MSA PAB 

 S. aureus       + + + + +     

 S. intermidius         + - + ±  ± 

 S. hicus        - - + - - 

 CNS   -   -   -   -   - 

 

+ = 90% or more strains are positive, + = 90% or more strains are weakly positive,  

-  =90% or more strains are negative. Source: (Quinn, et al., 1999). 
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Annex  6. Questionnaires used to assess the milk handling and consumption practices 

of actors in milk value chain  

Farm Questionnaire 

 

Date_________________ Sample number ____________ 

Owner name :______________________________  Kebele _______ 

1. Educational status         a) Illiterate             b) Read and write    c) Primary 

education                                d) Secondary education             e) College and above  

2. Occupation          a) Gov‟t employer            b) Merchant                          c) Farmer  

d) Student              e) Daily laborers                  f) House wife                        g) Others  

3. Barn cleaning frequency per day _________ Bedding condition _____________ 

4.Type of  barn you own?              a)Stanchion type                       b)Free 

5.  Do you wash  udder or teats before milking?   a)Yes                  b) No   

5.1. If yes, udder or teat cleaning material 

a) Warm water                              d) Cold tap water          d) if any specify________                                                 

6. Do milker‟s wash hands/milking equipments before milking?  a)Yes           b)No                      

6.1. If yes, hand cleaning mechanisms: 

a) Tap water            b) Detergent           c) Antiseptics   d) Other (specify) __________ 

7. Do have a habit of drinking milk?   a) Raw       b) Boiled     c) Both        d) none 

8. Do you know a milk can be source of disease/infection? a)Yes                  b)No  

 

Milk Collection Centers Questionnaire 

  

Date: ___________________                                    Name: ___________________                           

1. Where do you collect the milk? How many liters do you collect a day?  

2. How many days do you work/collect/week?  

3. Do you test milk when you  buy/collect? What kind of test? 

4. What kind of containers do you use to collect/store milk?  

5. Do you wash equipments?     a) Yes                     b) No 
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6 .Which cleaning agent do you use? 

a) Detergent              b) Disinfectant               c) Combination of the listed options 

d) Other (specify) _____________________________________________ 

7. How long the milk stay at centre? At what temperature?  

8. Time of milk collection (morning and evening)?  

9. How many liters of raw milk do you sell to individuals and others (e.g. hotels a 

day)? 

10. Do you consume raw milk?   

 

Milk consumers questionnaire   

 

Date___________________                                                                  

Name:___________________                           

1. Where do you get the milk?  How many liters do you use a day? 

2. What kind of containers do you use?  

3. How long the milk stay at home prior consumption? At what temperature?  

4. In what form do you consume (raw, boiled, others)? What is the rationale?   

5. Do you know any food poisoning/GIT disturbance associated with drinking of raw 

milk?  

 

Questionnaire for managers/coordinators of hotels and cafeterias  

  

Date:   _______________  

Name: ________________  

1. Where do you buy the milk?  

2. How many liters do you buy a day?  

3. What kind of containers do you use? When do you buy?  

4. How long the milk stay prior sale? At what temperature?  

Containers?  

5. What kind of tests used to buy milk?  

6. What form of milk consumption (raw, boiled, boil with coffee, yogurt etc)?  What 

is the rationale?   
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7. Do you know any food poisoning/ GIT disturbance associated with drinking of raw 

milk?  

 

Milk processor questionnaire (milk handling at processing plant)  

 

Date:   _______________                     

1. What are method of milk transportation from collection centers?  

2. How many liters do you collect from the centers? Quantity processed?  

3. Arrival time of milk (morning, evening)  

4. How long the milk stay prior processing? Storage tank and temperature?  

5. What kind of tests used up on arrival?  

6. What kind of packaging used for pasteurized milk? 

7. Of the milk collected and supplied to the plant, how many percent are processed to 

 produce pasteurized milk. 
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Annex  7. Composition and preparation of media used for the study  

 

Buffered peptone water (oxoid, england) 

 

Typical formula (g/l): Peptone …………...…….................10.0  

Sodium chloride…………………………………………….5.0  

Final PH 7.3 + 0.2 at 25
0
C  

Instructions for use: Dissolve 15.0 g in 1 liter of distilled water. Stir and dissolve 

completely. Sterilize by autoclaving at 121 
0
C for 15 minutes. Cool to room 

temperature before use. 

 

Blood agar (oxoid england)  

 

Typical formula (g/l):   

'Lab-Lemco'powder………………………………………....10.0  

Peptone……………………………………………………...10.0  

Sodium chloride……………………………………………..5.0  

Agar ………………………………………………. …….....15.0  

Final PH 7.3 + 0.2 at 25 
0
C  

Instructions:  

Suspend  40 g  in  1L  of  demineralized  (distilled) water. Bring  to  the  boil  to  

dissolve  completely. Sterilize  by  autoclaving  at  121 
0
C  for  15  minutes.  Cool  to  

45-50 
0
C  and  add  7%  sterile defibrinated blood. 

 

Nutrient agar (oxoid, england)  

 

Compositions:  

Typical formula (g/l):   

'Lab-Lemco'powder………………………………………....1.0  

Yeast extract ………………………………………………..2.0  

Peptone……………………………………………………...5.0  

Sodium chloride ………………………………………….....5.0  

Agar ………………………………………………………...15.0  

Final PH 7.4 + 0.2 at 25 
0
C  

Instructions:  

Suspend  28g  in  1L  of  distilled  water.  Bring  to  the  boil  to  dissolve  completely.  

Sterilize  by autoclaving at 121 
0
C for 15 minutes. 

  

Mannitol salt agar (oxoid, england)  

 

Compositions:  

Typical formula (g/l):   
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'Lab-Lemco'powder………………………………………....1.0 

Peptone……………………………………………………...10.0  

Mannitol…………………………………………………......10.0  

Sodium chloride ……………………………………….........75.0  

Phenol Red ……………………………………………….....0.025  

Agar……………………………………………………….....15.0  

Final PH 7.5 + 0.2 at 25 
0
C  

Instructions:  

Suspend111g  in  1L  distilled  water  and  bring  to  the  boil  to  dissolve  completely.  

Sterilize  by autoclaving at 121
0
C for15 minutes. Mix well before pouring into sterile 

Petri dishes.  

 

Purple agar base (difco, france)  

 

Compositions:  

Typical formula (g/l):   

Proteose peptone …………………………………………..10.0 

Beef extract……………………………………... ………...1.0  

Sodium chloride……………………………………………5.0  

Bromcresol Purple………………………………………….0.02 

Agar………………………………………………………...15.0  

Final PH 6.8 + 0.2 at 25 
0
C  

Instructions:  

Suspend 31g of the powder in 1L of purified water. Mix thoroughly. Heat with  

frequent agitation and boil for 1 minute to dissolve the powder. Autoclave at 121 
0
C 

for 15 minutes. When preparing 0.5-1% carbohydrate fermentation, dissolve 5-10g of 

the desired carbohydrate in the basal medium prior to sterilization by autoclaving. 

   

Tryptone soya broth (Oxoid, England) 

 

Typical formula (g/l): 

Pancreatic digest of casein…………………………………..17.0 

Papaic digest of soybean meal………………………………3.0 

Sodium chloride……………………………………………..5.0 

Di-basic potassium phosphate……………………………….3.5 

Glucose………………………………………………………2.5 

Final PH 7.3 + 0.2 at 25
0
C 

Instructions for use: 

Dissolve 30g in 1 liter of distilled water and distribute into final containers. Sterilize 

by autoclaving at 121 
0
C for 15 minutes 

 

 

 

 


