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B TRACT 

A eross- eetional study wa undertaken from October 2010 to April 20 11 in urban and 

periurban dairy farms in Dire Dawa areas to i olatc Staphylococcl/s spp. from ra\\ milk at 

potential points of contamination \.ith the organism. In the pre cnt slUd). surve) u ing 

interview methods using struclUred questionnaire wa made. (n addition. bacteriological 

investigation of Staphylococcl/s species and determination of their prevalencc and distribution 

was carried out. In th is slUdy. it was ob erved that 20(83.3%) of the farms ha good h)gienic 

status of bedding area. (n 95.8% of all the farm the udder and teat of lactating cows was 

washed before milking: 33.3% of dairy e tablishment u e separate towel, while 8.3 % use 

common towcl for washing more than one or all of thc lactating cows in thc farm . (n addition. 

87.5% clcaned their hand before milking, ho\\ever. on ly 58.3% conducted cleaning bet\.ccn 

milking; 79.1% of the dairy farms wa hed milking utensil . In 45.83% of the farm detcrgent 

or soap were routinely practiced ; dipping was practiced in 20.8% dairy farms: 45.8% were not 

3\ are of milk contamination and food-borne disea e. A total of827 samplcs werc cultured for 

isolation and idclllification of Staphylococcl/s species and know possib le route of 

contamination. About 384 raw milk samples from bovine udder milk . Bovine raw milk 

revealed 184 (47.91%) iso lates of Staphylococcus spccie. There werc grouped into 

109(28.4%) i olates of CN . 42( I 0.93%) isolates of S. aureus. 18(4.7%) isolates of S. 

intermedius and 15(3.9%) isolates of S. hyicl/s. A tota l of 384 lactating cow skin swabs (192 

udder swab samplcs and 192 teat s\ ab samples) were collected from selccted farms . Result 

showed that 85(44 .3%) on pooled teat swab sample and 72(37.5%) from udder s\ ab positivc 

isolates of Staphylococcus species. They were groupcd in S aureus with 26( 13 .5%) isolatc . 

S. intermedius with 6(3 .1 %) isolates. S. hyiclIs with I (0.52%) isolates and 52(27.1 %) i<;olates 

yiclded C . Uddcr swab samplcs yielded. S. aureus with 13(6.8%) isolates. S. intermedlllol 

with 7(3 .6%); S. hyicl/s with 2( 1.04 %) isolates and CN \.ith 50(26.04%) were identified . In 

addition. Staphylococcl/s species \\ ere detected at rate of 15% C, S and 10% S aurel/.\ on 

the milking buckets, and 20% C IS specie and 15% S. (II/reus. on bulk milk collecting 

containers. Five (26 .3%) milkers ' hands skin s\\abs \\-ere carriers of eoagula~e-negative 

Staphylococci. In conclusion. proper hygienic measures should bc practiced to control 

staphylococcal contam ination of ra\\ milk and thc LIb equcnt public hcalth h37ard . 

\' iii 
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I. I TRODUCTION 

Prevention of food hazards. the first part of the food chain. is essential for the protcction of 

human health and for improving the quality of life in all countries. Food safety has been 

indicated to playa significant rolc in the national economic and health development by safe 

guarding the health of the nation. enhancing tourism. national and international trade. 

production. distribution and consumption of safe food. preventing avoidable loss and 

conserving natural resources (Anonymous. 2007). 

Worldwidc, millions of people suffer from communicable and non communicable disease 

caused by contaminated foods . Food or water contaminated with infectious organisms or 

toxins secreted by such organisms act as a source of food poisoning. Food-borne disease 

(FBD) is the major public health concern. worldwide (Pa l, 200 I). Bacteria are the leading 

calise of food-borne disease and appear to be the causative agents of more than two thirds of 

the recorded food-borne disease outbreaks. The pathogenesis of the bacteria causing 

food borne poisoning depends on thcir capacity to produce toxin after ingestion (in the 

digestive tract) or before (toxins preformed in foodstuff) (Haeghebaert el al., 2003). 

This disease takes a heavy toll in human life and do suffer more and many fatalities occur. 

particularly among infants. children, elderly. immunocompromised and other susceptible 

persons. They also create an enormolls social. cultural and economic burden on communities 

and their health system (Le loir el aI, 2003). 

They are many organisms. which calise food-borne discase in human beings. umOl,g ~\ hich 

Salmonella species, Lislerla lIlonocylOgens. CIO,I'lridiulIl perfringens and Slaphylococcus 

species arc of important. S. aureus Gram positive bacteria are commonly carried on thc skin 

or in the nasal passages of healthy people and animals (Pal. 200 I) . A person (or animal) that 

carries the bacteria on their body but does not exhibit signs of disease is considcred to be 

"co lonized". Approximately. 25 to 40% or human population is colonized by S. awel/I·. 

mainly in thc nasal passages (Choi el a/. , 2006). 



taphylococcal food poisoning ( FP) is one of the most prevalent cause of gastroenteritis. 

due to ingestion of contaminatcd food with thcrmostable staphylococcal enterotoxins ( E). 

The hazard to public health is particularly linked to the ability of 50% of . aurell.\· strain to 

produce thermostable enterotoxins associated with food poisoning (Yves el al., 2003). 

Although their contamination can be readily avoided b) heating of milk. nevertheless. it 

remains the most common food borne di ease worldwide \\ ith high occurrence econd to 

Salmonello is (Aycicek elal .. 2005). 

S. aureus is a major pathogen in both no oeomial (hospital-acquired) and communit)­

acquired infections. due to a combination of toxin-mediated virulence. inva iveness. and 

antibiotic resistance. Clinical signs range from minor ski n conditions (e.g .. pimple. boils and 

impetigo) to more severe disease such as eelluliti and postoperative wound infection (Pa l. 

2007). It can also cau e pneumonia. endocarditis, osteomyeli tis, septicemia, meningitis. 

sepsis. and toxic hock yndrome (Pal. 2007). On the other hand. some infection. ueh as 

taphylococca l food poioning. rely on one single type of virulencc factor. the staphylococcal 

enterotoxins (SEs) (Larkin elal .. 2009). 

Milk, which is a major constituent of the diet. is considered essential to the health and well 

being of the community (Prejit- anu and Latha. 2007). The componen ts of milk and its 

physical and chemical properties provide a very favorable media for the multiplication of 

microorganisms. The presence of many growth factors within this aliment will satisfy many 

of demanding microbial species. which arc so difficult to grow in a les complete media 

(Guiraud. 1998). 

Milk may con tain some varieties of microorganism at the exit of the udder: thus. milk can 

also be contaminated at various levels, either at cow it elf. at milking time (whether it be 

manual or automated). milking equipment. food handler and dirt or by the middle of the 

impure water (Hayes el 01 .• 200 I : Chye el 01 .• 2004). Detection of coliform bacteria and other 

pathogens in milk indicate about the possibi lity of contamination of the milk via the udder. by 

the milking equipment or via the water used (Bonfoh el al .. 2003). 

Milk and milk products arc common vehicles for ~taphy l ococca l food poisoning. The 

organism can get access to raw milk and milk product either by direct excretion from the 

udders having clinical or subclinical staphylococcal mastitis or by contamination from food 
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handlers' (Yilma et 01.. 2007: alandra et 01 .. 2008). Contamination of milk nla) also 0 cur 

due to fraudulent practice during milking. storage. transport and proce sing ( mith.2007) . 

FP is a common disease whose real incidence i probably underestimated for a number of 

reasons. which include misdiagnosis, lack of urveillance or unreported minor outbreaks. 

improper sample collection and improper laborator) examination (Le loir et al .. 200 ). The 

control of thi disea e is of ocial and economic importance. In fact. it represents a 

considerable burden in tenn of loss of working days and productivity. ho pital expen. e and 

economical 10 se in food industrie and catering companies (Ro ec and Gigaud 2002: Chiang 
el al., 2008). 

The safety of milk with respect to FP is great concern around the world . Thi i e pecially 

true in developing countries like Ethiopia. where production of milk often take place under 

poor unsanitary condition. inadequate refrigcration and heat processing. poor personal 

hygiene during food preparation and; consumption of raw milk which is typically produced in 

small dairy farm under un atisfactory hygienic conditions is common practice (Wubete, 

2004). In spite of the aforementioned prevailing situation and the presence of number of 

public health hazard duc to consumption of raw milk and milk product in Ethiopia. howevcr 

there is paucity of information and difficulty to estimate the amount of SFP cases. which is 

due to absence of surveillance system and specific concerned body to monitor and evaluate 

the incidence ( enait, 2007). 

As to our comprehension, studies on the isolation and identification of StaphylococclIs species 

in bovine raw milk and assessment of the possible contamination source in Dire Dawa urban 

dairy farms have not yet been conducted. Therefore. this study was designed to fulfill the 

following main objective: 

• To establish the prevalence of StaphylococclIs species in bovine udder milk and other 

possible contamination sources of bovine ra~\ milk in urban and peri urban dair} farms 

of Dire Dawa town. 
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2. LITERATURE REVIEW 

2. 1. Milk and milk products conta mina ti on 

Milk is a complex biological Ouid containing a wide variety of constituent and pc c sing 

unique physical and chem ical propertie (Huth el 01. . 2006). It is considered as a complete 

food which contains proteins. fat. carbohydrate, minerals, vitamins and watcr (Prejit- anu 

and Latha, 2007). In addition. inclusion of these products in the diet aids in the prevention of 

certain diseases, such as obesity. hypertension and diabctcs. Also it is rich source of ca lcium. 

which is important for growing bones and the prevention of osteoporosis (McCarron and 

Ilcaney 2004: Jayarao el al. . 2006; Le Jeune and Rajala- chultz. 2009). 

Hcalth risk to consumers can be associated with milk. due to the pre ence of zoonoti 

pathogens and antimicrobial drug residues (Bradcly. 2002: Pal, 2007). poilage of milk 

occurs when microorganisms or their enzymes degrade the carbohydrates. proteins, fats and 

produce noxious end products (ilayes el al., 200 I) . Moreover. the rich nutrient composition 

and neutral pH make milk a good medium for the survival and growth of bacteria (Morgan el 

aI. , 200 I) . 

Raw milk ofa good sanitary quality ifallowed to stand under condition that permits bacterial 

growth will rapidly undergo a series of chcmical changes. The principal change is lacto e 

fermentation to lactic acid by acidic lactic organism (Iluth el 01.. 2006). 

Mi lki ng perfo rmed under hygienic conditions with strict attention to sanitary practices wi ll 

reduce the entry of microorganisms into the milk (Chye el 01., 2004; Oliver el aI., 2009). 

2.1. 1. Sources of microbial contamination in Milk 

Mi lk can be contam inated at any lage in production-to-consumption continuum. Thc mi lk 

secreted into an uninfected cow's udder is sterile (Oliver et al.. 2009). Contamination of raw 

milk can be deri ved from the environment or the human hand. during and after milking and 

from the cow itse l f. due to the presence of udder or systemic in fec tions (Bradel). 2002: Fsron 

et aI. , 2005). 

-l 



Contamination via the exterior ojteats 

The dairy farm environment i an important re ervoir for many food-borne pathogen .• (Oli\ er 

et al., 2005). The most common sources of microorganism in the farm environment are feed. 

feces, bedding material. soil. and producing animal body itself. Bacteria from these sources 

are transferred to milk in a number of steps (Vissers and Driehuis. 2007). 

Producing animal body. its flank and tail hair of all animals harbors organi ms and dust orten 

fall from these areas into the milking pails can cause marked deterioration ofra\\ milk (E ron 

et 01., 2005). Bacteria that live as commensal mieroflora on the teat skin or on the epithelial 

lining of the teat canal, the duct that conveys the milk from the mammary gland to thc teat 

orifice can be a source of considerable contamination (Baazize, 2005). The first few streams 

of milk from each teat hould be collected separately and discarded. Thi flu hes out the 

organisms that have entered the teat through the teat opening (Wilson et aI. , 1997). 

Basically two overlapping routes or contamination pathways for bacteria can be distinguished. 

The first contamination pathway start with feed . The presence of pathogen in milk depends 

on ingestion of contaminated feed such as silages followed by amplification in bovine hosts 

and fecal dissemination in the farm environment (Baazi7e, 2005). Contamination of bedding 

material is high due to absorption of fcces and urine. During milking, feces. bedding material 

and microorganism on the surface of teats are transmitted to farm tank milk (Te Giffe/. 2003). 

Teat cleaning prior to milking only partly reduces attached dirt and pores (Vi er and 

Driehuis,2007). 

The second contamination pathway starts with soil. Especially during graLing. oil can 

contaminate the exterior of teats and. as in the first pathway: bacteria originating from soil arc 

transmitted to milk during milking (Wilson et 01. . 1997). The mixture of feee . bedding 

material and/or soil attached to the teats is referred to as dirt. Dried dirt and filth is picked up 

by all movements and carried about as dust with organisms such as StreplOcoccliS. 

Staphylococcus and Rickel/sia in the atmosphere. For thi reason. dust may be the source of 

almost every kind of co ntaminati 011 (Bonfoh et al .. 2003). 



Contamination via the interior of teats: 

Contamination via the interior of teats i a sociated with ma litis. Ma titi is ne of the most 

complex diseases of dairy cows. that are generally involves interplay between management 

practices and infectiou agent, having different cau es. degree of inten it). ariations in 

duration , residual effects and rcspon es between animal (Wallenberg et al.. 2002: Dohoo et 

01. . 2003). 

Mastitis is defined a innammation of the mammary gland, clinical (gro s ly evident changes 

to milk, the gland or the whole animal) or a ubclinical (d iagnosed using ancillary te t such 

as the omatic cell count). in respon e to tissue injury for the purpose of de troyi ng or 

neutralizing intramammary bacterial infection (lMI) and to prepare the way for healing and 

return to normal function (Compton et 01 .. 2007: McDougall et 01 .• 2007) . 

Among the several causes of ma titis, microbial infection is important: usually bacteria. that 

invade the udder, multiply in the milk-producing ti sue, and produce toxins that are cause 

immediate injury. Milk from a ~ow with an infected uddcr i likely to contain a large number 

of bacteria of the genera Staphylococcus. Streptococcus. Bacillus. Micrococcus. and 

Corynebacterium and, occas ionall y. coliforms colonize thi s location (Le Jeune and Rajala­

Schultz, 2009). These pathogens are mostly found either in the udder (contagious pathogens) 

or the cow's surroundings (environmental pathogcns), such as bedding, manure, and so il 

(McDougall et 01 .• 2007) . 

Contagious mastitis pathogens (s. aureus and Str. agalacliae) were the most commonl y 

iso lated bacteria (Tenhagen et 01. . 2009). The primary sites of these bacteria are the milk of 

infected quarters and therefore, they are spread from infected udders to clean udders during 

the milking process through. milkers' hands. cloth towels used to wash or dry more than one 

cow. contaminated teat cup liners and possibly by nies (Roberson et al. . 1994). 

Recently published work has shown that 3 percent of all animals are infected with S (lure us 

(Schukken et al.. 2009). S. aureu.I' causes one of the mo, t common types of chronic mastitis 

(Carter and Kerr, 2003). Infection is usually subclinical, causing elevated somatic cell counts 

( CC) but no detectable changes in milk or the udder (Piepers el 01. . 2007). The bacteria 

persist in mammary glands, teat canals. and teat lesions of infected cow and arc cOoltagiou '. 
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Once established. S. aI/reus infections do not re pond well to antibiotic therapy and infected 

cows must be segregatcd or culled from the herd (Tcnhagcn e/ al.. 2009). 

This type of mastitis is an important threat affecting the world' dairy indu try. it impairs 

alveolar function and reduccs milk yield. and ha a dclctcriou effect on milk compo ilion duc 

to increased milk somatic cell count ( cc) and antibiotic rc idue in milk. al 0 it have direct 

cconomic cost due to higher culling rate and occa ional fatalitie and vcterinary and antibiotic 

costs (Ruegg, 2003). Further public hcalth concern includcs the potential for spread of 

antibiotic resistant S. aureus from cattle to human populations via milk (Juhasz-Kaszanyitzk) 

e/ al .. 2007; Tenhagen e / al . 2009). 

Con/amina/ion via surfaces of/he milking equipmen/ 

lligh rate of milk contamination by exogcnous ources (milking utensils and cquipment). 

occurs when microorgani m and milk residue adhered to surfaces in the milking cquipment 

(such as pails. strainers, milking machines, can, pipes. bottles. and other equipment u ed for 

handling) are not rcmoved completely during cleaning (McKinnon e/ al .. 1990). 

In general, S. aureus arc more resistant to cleaning proccdures and hardly the organi m rcsists 

dcsiccation ( aran, 1995). During milking adhcrcd microorganisms are rcleascd into passing 

milk and increase the microbial contamination of tank milk. Especially crackcd and decayed 

rubber parts are sensitive to accumulation ormicroorganism (Te Giffel. 2003). 

Low total bacteria counts or raw milk may renect a good sanitation practice applicd during 

milking, good hygienic environmcnt in milking prcmises. dairy cow's health and hygiene and 

method or cleaning and sanitation or milking machine and storage technique applicd. Thc 

essential requirements are, to use milking equipment with smooth milk contact surfaces with 

minimal joints and crevices. an uncontaminated watcr supply. detergents to remove deposits 

and milk residues and method of disinfection to kill bacteria (Vissers and Drichui .2007). 

7 



2.2. Staphylococci species 

2.2.1. Microbiology. pathogcncsis and epidemiolog} 

Taxonomically, the genus Staphylococclis i in the Bacterial famil" Stophylococcaceae. 

which includes three lesser known genera. Galllella. MacrococcliS and Salinicoccus. Over 30 

species of StaphylococclIs are knO\ n. thc most pathogenic speeie for human is .. (llireus 

which ean be differentiated from other StaphylococclIs species colon ising humans (e.g .•. 

epiderlllidis, S. haemolyticlis. S. hOlllinis, S. saprophyticlis. S. capitis) in the diagnostic 

laboratory by a positive coagulase reaction (Kcnneth. 2004). 

Bacteria of the genus Staphylococcus arc Gram-positive cocci that are microscopically 

observed as individual organisms. in pairs. and in irregular grapelike cluster. which is abollt 

I /1m in diameter. The term Staphylococclis is derived from the Greek term staphyle, meaning 

"a bunch of grapes" COrwin et aI. , 200 I: Ryan and Ray. 2004). Staphylococci are facultativc 

anaerobes that grow by aerobic re piration or by fermentation of glucose. mannose. ga lacto e. 

maltose. inositol, xylose, dulcitol and mannitol sugars that yields principally lactie acid. but 

do not utilized creatinin (Khan and Rind, 200 I) . S. aureu.\· is non-motilc. non-sporc :orming. 

non-capsulated, oxidase-negative, catalase and coagula e positive; they u ually reduce nitratc 

to nit rite (Pal, 2007; Leonard and Markey. 2008). The biochemical charactcristics of 

Staphylococcus species are summarized in (Table I). 

Colon ies characteristic of mo t strains of Staphylococclis are pigmented. ranging from cream­

ye llow to orange color, smooth, translucent, slightly raised. gli stening, circular and entire 

margin. S. aurells forms a fairly large colony usually attain 4-6 /1m in diameter. It produced ~ 

haemolysis on 5% sheep blood agar. However, many strains may appear dirty white and 

nonhemolytic ( tewarl. 2005). It also gives a positive mannitol fermentation and 

deoxyribonuclease test. It produced uniform turbidity in nutrient broth. \\hereas it did not 

grow on MacConkey's agar medium (Kluytmans. and Wertheim. 2005). 

The major criterion for identification is the organism' ability to clot plasma. There are three 

coagu lase-posit ive Staphy lococcus species: S. aureus in humans and animal. and S 

interllledius. and S. hyicus in animals. The presence of the en7}me coagulase epa rates the 

virulent pathogen, S. allreus, from the less virulent coagulase-negative taphyloeoeci species 

(Matthews et aI. , 1997) . 
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S. aureus strains display a selective affinity for particular animal species strain can be 

classified into biotypes according to their human or animal origin. Biotype schema, includes 

six difFerent biotypes (human. non-p-hemolytic human, avian. bovine. ovine. and 

nonspecific), based on biochemical characteristics (Quinn et 01. . 2002) . 

Table 1: The main di fferentiating characteri tics of the gram-positive cocci 

Species Coagulase Catala e Oxidase O-F test 

Pathogenic Staphylococci + + F 

Non-pathogenic Staphylococci + F 

Enterococci F 

Streptococci F 

Micrococci +1- 0 

+ = positive, - = negative, F= fermentative, 0 = Oxidative, +1- =Positive or negative 

Source: Quinn el al. . (2002) 

S. aureus consists of cytosol, a single cytoplasmic mcmbrane, and the surrounding cell wall. 

The cell wall of S. aureus is resistant to lysozyme and sensitive to lysostaphin, which is 

mainly peptidoglycan. composed of repeating disaccharide N-acetylglucosamine- -

acetylmuramic acid (GlcNAc-MurNAc) units with attached teichoic acids ( avarre and 

Schneewind, 1999). The main function of peptidoglycan is to provide a rigid envelope for the 

cell content and increased resistance to physical and chemical stress (Larkin el al .. 2009). In 

addition it has endotoxic properties (Matthews el al.. 1997: Holtfreter and Broker. 2005). 

Slaphylococcus is ubiquitous in nature living alongside humans and animals as an 

opportunistic pathogen as well as on most food surfaces, it can be found as commensals on 

the skin, mucous membranes of the upper respiratory tract (Pal, 2007) and lower urogenital 

tract and as transients in the digestive tract of all warm-blooded animals (. alandra el aI., 

2008). Bacterio logica l cu lture of anterior narcs and skin of normal individuals irvariably 

yields Staphylococci (Choi el al .. 2006). Up to 20% of healthy humans persisten tly carry S. 

aureus in their nose, with no symptoms, and are considered to be colonised, and another 60% 

are intermittent carriers wi th no symptoms (Peacock. el al .. 200 I: Choi el al .. 2006). 
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Slaphylococcus spccies is intrinsically. physically and chemically robu t: it can bc urvlve In 

a variety of environments and desiccation (drying). It is able to gro\\ in a wide range of 

temperatures (70 to 48.5°C wi th an optimum of 30 to 37°C, pH (4.2 to 9.3. with an optimum 

of 7 to 7.5) and sodium chloride concentrations (up to 15% NaCI) (Bcrgdoll. 1989: chmitl £'1 

al .. 1990). Resistance to heat and desiccation is dependent upon surface and surrounding 

matrices. S. alireliS uspended in 0.9% aCI i rapidly inactivated at 46° . hm\ever. when 

protected by proteins (such as in milk or in pu ) it can urvive for more than 50 min at 60°C 

(Clements, and Foster, 1999). The e characteristics pili their ecological niche can easily 

explain their incidence in food tuffs that require manipulation during pro e sing. including 

fermen ted food product (Kenncth. 2004). 

S. allreus can acquire genes conferring resistance to pecific classes of disinfectants such as 

cationic substances (e.g. quaternary aminc . triclosan) by an eFnux mechanism. However, the 

recommended application concentrations of the corresponding disinfectants. overcomes this 

rcsistance under ideal conditions (Russell, 2002). 

S. allreus growth and toxin production would be powcrful tools for microbial risk asse ment 

in food industries. Up to now, in most countries. microbial risk as essment for 51. aureus rclies 

on the identification and the quantification of coagulasc positive isolate in end products. 

As S. aureus is widely spread in raw ingredients and since 10, contamination leve l do not 

induce FBO, the microbial norms in most countries tolerate S. aureus contamination (Le loir 

el al . 2003). 

S. aureus is one of the commonest and mo t important Gram-positive ho pita l-acqui rcd 

organisms, which are transmitted th rough aerosol or direct contact with fomitcs. infected 

animals, or infected people (Pal. 2007). Moreovcr. it is an extreme ly versatile pathogen that 

causes superficia l Ie ions (boil. furonculosis), deep-seated and systemic infections 

(endocardit is, meningitis. osteomyelit is, pncumonia) (Pal, 2007). and toxcmic S) ,ld romes 

(Kluytmans, and Werthei m. 2005). 

2.2.2. Requirement for growth and tox in production 

S. aureus is considered an exigent bacterium in terms of nutritional requ irements. Valine i ' 

necessary for growth and arginine and cystine are necessary fo r both gro\-\lh and to\in 

production in five strain of S. aI/reus that produce SFA. EB or SEC. The ncce si tics for 
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other amino acids vary with thc strains (Onoue and Mori. 1997). Glucose has been shown to 

have an inhibitory effect on E production . This inhibitory effect has becn attributed to a drop 

in pH, as a consequence of glucose metabolism (Bergdoll, 1989; Schneewind et al .. 1995). 

E production is optimal in neutral pH and decrease in acidic pH. Usually. E production i 

inhibited in pH below 5. At a given pH. substances used to acidify the medium may have 

more or less effects. High concentrations of odium chloride increase the inhibitory "ffect of 

acidic pH, with no E production at salt concentrations above 12%, independent of thc pI r 

( otermans and Heuvelman. 1983). On the other hand. alkaline pH also decrea e the 

production of entrotoxin via decreased expres ion of agr (Regassa and Betley, 1992). 

S. at/reus is quite sensitive to microbial competition. This feature has been particularly well 

studied in fermented food products. Genigeorgis (1989) demonstrated that the higher the 

concentration of compcting microorgani m in milk. the lower the rate of S. allrells gro\\ th 

and SE production. Competition with lactic acid bacteria has been reported in other re earch 

on cheese (Vernozy-Rozand et aI. , 1998) and fermented sausage production ( ameshima et 

aI., 1998). The effect of lactic acid starter is mainly due to lactic acid production, lowercd pH. 

oxygen peroxide production, compctition for nutrients and duc to the synthesi of 

antimicrobial substances, such as bacteriocins (Maria-Angeles et al., 20 I 0). 

2.2.3. Virulence factors 

S. aureus is an important pathogen due to a combination of toxin-mcdiatcd virulence, 

invasiveness, and antibiotic resistance. This bacterium is a significant cau e of no ocomial 

infections, as well as community-acquired discases (Larkin et aI., 2009). The spectrum of 

staphylococcal infections ranges from pimples and furuncles to toxic shock yndromc and 

sepsis, most of which depend on numerous virulencc factors (Stewart, 2005). 

On the other hand, the most common types of some infections. such as Staphylococcal food 

poisoning, rely on one single type of virulence factor. the SEs. Es belong to a family ofthc 

so-called pyrogenic toxins which include Es, T ST. Exfoliatins A and B and Streptococcus 

pyrogenic toxins originating from Staphylococcus and Streptococcus pecies (Balaban and 

Rasooly, 2000). 
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The S. aurells genome can also carry multiple mobile genetic elements (MGE) that cncode a 

wide range of virulence and resistance determinants which are capable of horizontal 

transmission between strains (Lindsay. and Holden. 2004). . (flireliS trains have bcen sho\\ n 

to express several virulence factors. lIch a lipase. protease. coagula e. hacmolysins and 

DNase. which could contribute to virulence. even if the role of some enzymes on the 

pathogenesis still remains unclear (Larkin el 01.. 2009). 

Prospective virulence factors including toxins of S. aI/reus and their pathogenic effect 

according to (Jay, 2000; Kenneth . 2004) includes: 

• Surface proteins which binds Fc portion of IgG and inhibits opsonization that promote 

colonization of host tissues (Protein A). 

• Invasins and cytolytic destruction of phagocytes that promote bacterial sprcad in tissues 

(leukocidin, kinases, hyaluronidasc): 

• Biochemical properties that enhance their survival in phagocytes (carotenoids. catalasc) 

• Coagulase production that promote conversion of fibrinogen to fibrin . Fibrin deposition 

may shield Staphylococci from phagocytic cells 

• Immunological disguises (Protein A, coagulase); 

• Membrane-damaging toxins that lyse eucaryotic cell membranes (hemolysins, leukotoxin) 

• Inherent and acquired resistance to antimicrobial agents. 

2.3. Control strategies of milk contamination 

Food prod uccrs are responsible for the safcty and quality of their products (Europcan 

Commission, 2000). The quality. safety and economic performance of milk and dairy 

products depcnd on the quality of raw milk. proccssing. distribution and storagc conditions 

(Codex Alilllcntarius, 2004). A chain management approach is required to ensure safc and 

high-quality dairy products. In the dairy chain. dairy farms have an important role. Amongst 

other factors, the safety and shelflife of dairy products is determined by the contamination of 

farm milk with microorganisms (Dc Buyscr ef 01 .. 2001). 
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To produce safe foods. the hazard analysi critical contro l point (IIACCP) approach is 

implemented throughout the dair) chain (Jadha and Pal. 200 I). H CP is a cience-ba cd 

quality-management system developed to en ure the safcty of foods (Codex Alimcntarius. 

2004). As an alternative to HACCP. code for good farming practices have been developcd 

(Morgan, 2004). Good animal health and hygienic conditions on the farm are important for 

the welfare orthe animals and the profitability of the producers. as well as for the quality and 

wholesomencss of the raw food products leaving the farms for con umption (Ruegg. 2003). 

In order to define an effective strategy for controlling the contamination of milk by 

microorgan isms it is essential to know of the microbial sources and routes of contamination. 

Development of pre-harvest (pre-milking). harvest, and post-harve t control measures to 

effectively red uce contamination i critical control of human pathogens in raw milk (Bradley 

et 01., 2007). 

2.3.1 Pre-h:lI'\,cst control 

Exclusion o/milk/or supply /rom diseased COlVS 

Milk for processing is only to be harvested from healthy animals (De Buyser et 01 , 2001). 

These require the identification, isolation and withholding of milk from supply of animals 

with clinical diseases communicable to humans. animals suffering severe weight loss. severe 

injury or fevcr. or withholding of milk for supply from mammary glands of cows that are 

inflamed or injured until hcaled or the clinical signs have resolved. It also requires adequate 

record-kecping by the farm dairy operator and monitoring of the farm and animal health by a 

veterinarian (Anonymous, 2006). 

Enhanced (ll/ill/ol health and Vaccination programmes 

Management programmes including vaccination against infections disea e supervi ed by a 

registered veterina rian. should be a condition of supply of milk for processing into raw-milk 

products. These programmes should cover all replacement stock. milking cows and service 

bulls. Corn'ct lise of these vaccines combined with other risk management procedures should 

eliminate the risk of milk contamination by many organisms (Rasmussen el 01.. 1991). 
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Farm hygielle control 

Animals should be kept clean by maintaining hygienc of their environment. Thi include 

ensuring that whcre animals are housed for lying down. there i sufficient area for each cow 

and the bedding material is kept clean and dry. Concrete races. holding and fccding area 

should be li'':1: o f accumulation of dung and lurr). and paddocks. tracks and gatc\\a) 

should be \\cllmainrained and free of accumulation of mud. dung and slurry (Dairy Hygiene 

lnspectorat.:, 2006). Irrigation of farm dairy cfnuent onto pastures presents a ri k for infection 

of grazing callie or contamination of udders and teats (Wang et 01., 2004). uffieient farm 

area needs to be available for effluent irrigation, to allow a minimum paddock "withholding 

period", thus allowing pathogen numbers on grazed areas to naturally reduce. 

Raw milk ~ UI ;' Iicr and farmers can be aware and aquire extra training for maintaining high 

farm hyg ic i . \ landards. Monitoring tools, including an assessment of farm ant: animal 

hygiene, nl:.· I !o be expanded for harvesters of milk intended for processing into raw milk 

products V, ';,' ) mous, 2006). 

Die/my /1 1111 ''' II/e nt 

This requires that producers mu t not offer cows any feed that will contaminate milk with 

residues, contaminants or taints. Processors may al 0 require producers to cease feeding any 

material to cows that may contaminate milk with toxins. residues or any other harmful 

substance. i . .. I,! li ng feed grown on land where human waste has been applied . "\;rmentcd 

feeds (inc lutling silages) are offered to stock supplying milk for production of raw milk 

products sl ,' ! be of an acceptable quality (Pahlow et 01.. 2003; Vissers and Driehuis 2007). 

A feed te~ l : .' r.:g il11en must be implemented to te t pi I (as an indicator of afety) prior to 

opening, and during the use, of stacks or bales of thesc feeds. Fced \.vith pi I >5.0 hould not 

be fed to an;, .. : .• :. :.upplying milk for raw milk products (Cooper and Walker 1998). 

Mastitis /11 , 'J/Wllt 

Dry cow til l .... ')Y is an important part in control of all, but particularly infectious pathogens 

associated \' iii, Il1nstitis, ueh as S. allrellS and Strep. agalacliae (Bradley et 0/, 2007). '1 hc 

dairy farm <1, ' r:lIors supplying milk for raw-milk products must have in place a programme 

or procedw' " ' I' the management of mastitis (Jorgensen et 01., 2005). 
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2.3.2 . Harvc . . -:ontrol 

Examination oljiJrelllilk prior to milking 

This pract ie-:. commonly known as "foremilk stripping", is used to quickly idcntify cows with 

clinical ma~titi~ . or other abnormalities c.g. blood in the milk, to prcvcnt such milk entering 

the bulk t<lllk and human food supply. Cows \ ith c linical mastitis shcd va t number of 

bacteria in : 11" 111 i Ik from affected glands, and hencc pose a seriou risk for con tam ination of 

tank milk it' not identified prior to milking (Has an et 01., 200 1). Removal or milk from the 

streak canai ht: :i.m: cup attachment may al 0 serve the purpo e of flu shing out many potential 

human pat: ~. '11 ~ present there (il a san et 01., 200 I) . 

Pre and Po. '-"Ji!"iilg teat disinfection 

This is a key com ponent for control of environmental, fecal- and urine-a sociated human 

pathogens ("I t 'a ts. Faeces, bedding and soil matter from teats, udders and tail are important 

sources of' ' 1i k contamination (Anonymous, 2006). Effect ive premilking teat disinfection 

both reduc', . ,'W intramammary infections (Oliver et 01. , 1994) and improve the 

microbiolo!cic:a l qua lity of raw milk (Rasmussen et 01., 1991 : Hassan et al. . 200 1). 

ummari7i ~';! !l\: lll ber of studies, was concluded that pre-milking antiseptic teat dipping with 

manual dr:. :' 1\ as a key component to control contagious mastitis pathogens (s. aureus and 

Strep. ago!, ,:{we) (Magnusson et al. , 2006; McDougall el 01. , 2008). Further. only teats. 

rather thall c: ',,:.:cr, should be routinely cleaned either by water or an effective disinfectant. 

followed I t .. ) il'6 with single-use paper towels, which additionally removes disinfectant 

residue (t-- , :: ,hill el 01., 1990; McDougall el aI. , 2008) . 

Milking hI', . 'J 

Complete c 111"0 1 o f microbiological hazards (i.e, zoonotic pathogens) is challenging, if not 

impossib J.-. ;11 tlH' da iry farm environmcnt, because these organisms may have multiple 

reservoirs: c'. l 10 not always produce identifiable di . ease; their transmission path\\ay arc 

incomplct .' 10 \\ 11; and cost-efficient, sensitive diagnostic tests are not available (Ruegg, 

2003). Dail' ;"',) 'uct food safety, however, can be enhanced by implementing excellent 

milking 11" .. ,,:.lent, covers all aspects of milking cows quickly and effectively, \ hile 

assuring t' , ' , .. ' '1 and hygiene of the cows, quality of the milk. hygienic standard s for 

milking c " " .. . ro ugh uniform adoption of milking practices (Vilar 1'11i1. 2007) . 
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Ilygiene of staff and equipment at milking is an important control point lor reuucim: 

contamination of raw milk from faecal-and urine-associated pathogens (Anonymou. 2006). 

and from human-associated pathogens. All persons involved in the milking process ll1ust be in 

good health and must be careful in their personal cleanliness. Each person ll1ut al\\a)s arr) 

a clean handkerchief and use it to prevent the spraying of nasal and oral discharge into the 

atmosphere, equipment or products (Brightling ef 01.. 2000). 

The hands and forearms of milking staff should be cleaned before milking starts and kept 

clean during milking and milk handling. Exposed skin wounds should be hygienically 

covered. Best milking practice includes use of gloves by milking staff, especially during the 

search for and treatment of cow's with clinical mastiti (Brightling i! f al. 2000: Tc C,ilTd 

2003; Jorgensen ef 01. . 2005) . 

Farm dairy wafer quality 

Maintaining continuous potable water supplies in dairy processing operations i important for 

ensuring good milk plant hygiene, fo~ use in pre-milking teat cleaning and for preparation or 

teat disinfectants. The microbiological quality of water is tested before it is u cd in a dairy 

plant and use must be either an approved, piped supply or chlorinated (50 ppm) water. Water 

from surface supplies is contaminated by dust, animals, plants, people. and other agents cou ld 

be additional source of contamination (Bonfoh ef 01. , 2003). Presumptive coliform test i the 

most common test, to reveals fecal or sewage contamination or the absence of E coli in a 100 

ml sample. 

2.3.3. Post-harvest control 

Milking plant hygiene 

This is an important step for control 9f multiplication of all pathogens in milk transport and 

storage areas of the plant. Milk must be protected from contamination during tran fer and 

storage. Bulk milk tanks should be cleaned and disinfected after each milk collection and kept 

in good condition. A potential source of bacterial contamination of ra\\ milk is failure to 

adequately clean and disinfect milking equipment and bulk milk tank ~ (Anonymous. 2006). 
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Milkflltering and cooling 

Milk must be adequately filtered to meet requirements for removal of edirnent and foreign 

matter. Adequate chilling of raw milk is also required as a key component for qualit) of milk 

for processing. as well as control of multiplication of human pathogens in tank milk Time 

since milk harvesting and temperature standards are also set out and proces. or. ma) reject 

milk from collection if these standards have not been met (Anonyrnou . 2006). rht:~c 

standards include pre-cooling of mill-.. to 18°C and cooling of the milk in the vat to 7° \\ ithin 

3 hours of collection . 

Paste urizat ion 

Pasteurization is the process of heM tre:l tillent for a predetermined time at a predetermined 

temperature to destroy pathogenic org:ln isms that might t.e in milk. \ ithout adversel) 

affecting the food's flavor and colour. It im proves the safety and lengthens the shelf life of a 

product by destroying pathogenic organisms; however, it is not the same as sterilintion . It 

become the cornerstone of milk sa fety. because ofchallenges related to prehar\est cradication 

of pathogens and the ineffecti\ CI.':S, ,,,' cnvironmental hygiene scrcening to adequatd) 

control microbial risks in milk (Hobing<..r Li al., 1997). 

It was originally developed for the contro l of infection due to brucellosis and tuberculo 

from infected cattle, but also c(1ntr(1 is 1 wide range of other human pathogens. I :J\\c\er. 

consumption of raw milk or it, i " ' ~.:t '> .:ommon or traditional in many countries de pite 

public hea lth risks (Le Jeune al. .: :~ .~:l ! , , ' lliltz,2009). 

2.4. Sta phyloeoccal food poison i 11:! 

Food-borne diseases (FBD) art: u<::IIII': as "Jisea es of infectious or toxic nature causcd h). or 

thought to be caused by the consumption or food or water" and are major concern ,\"rld\\ ide 

(Haeghebaert et al .. 2003). To date. around 250 di fferent food-bornc diseases have been 

described, and bacteria are the C ;l' I ~: ltive agents of two thirds of food-horne disea~e outbreaks 

(Maria-A ngeles et al., 20 I 0). 
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\IlH)J1~' lhc p'clh'lllinalll ha 'Ini~1 i' l1hed ill lhe\c di,\.'a\l", ' 1/1//'('/11 i ,I I ';Idill~ l; the" 

ga~troclll'rili~ re~ul li l'':' rrOIll thc : lIbUlnpti,lIl l)" ClHlliilllill,llcd I~)lkl (I I' ('I ,/ :'(I'~: 

Jorgensen el al,. 200.). Human ' ilux icalion is caused by ingesting enlcrotoxins produ cd in 

rood h:- SOIllC sl r~l in s or S. IIl/rCI/S. 1I ua"~ Lll:eausc the rood has Illll becn kept hot cnough 

(60"(". 1-10 F. or abo lc ) or cold enough t7.2°C. _1-°1' , or bdo\\) (.labloll~"i and Ilohach 19')l): 

rJlIlgC" ,'I cd .. :?()()O) 

2.4 .1. F. nlerolox igenic potentia l of' other Srap/n 'locoecl/l 

~<':I cr~II Stap":- I"<':l'cc,li ,p,'<':IC, ,'Ihcr Ihall S 1I1//'('I/lrcp,\I'lcdl: pn,dllcc \1 ,. \llhlllg 

cuagul",c 1l<':".I1il c 'P<':(IC' S c "/11 . .\ ,'/Iiclc'!'/II/I. S 11'1011/1 :1lld \' h,,, 1/ 111.1,( III iI,lI c' hl'l'l1 

i,olatcti rrolll CIIC'~ Ill"" and IIcrc \lund tll producc l11lC llI' ,clcml SI ,(I C loir ('I III :?OO') 

The coagulase po itive S. il1lerllled/III' is the predominalll non-So oureus species that ha been 

ck<lrl~ illlo hcd in sto. !l) locnecal hlld poisoning ou tbr<.:ai-.s: ,l1mc ~train~ h. IC bc<.:n ,hl)\\l1tn 

pro Ilice 1)J:s (Pal. 2nO:). 

2 -1.2. S/II/)hrloc(JccU.1 allreus cnt<.: rOlox ins 

The S (lure 11.1. cnterotoxins (SEs) are potcnt gastroin testinal c'\oloxi n<; s~ nthcsi/ed b:- S 

(Iurell" thruughout the logarithlllic phase or grllllth or during till' Iralhitl"n 11"1ll till' 

e\pollclltia! tp Ihl' sUliull,lr: phd'l' Pal. 2()()1: l)er/cll '. 'I (// 'J()()l)) I ... i ...... 11,,11 l'rpll'lIh 

secrctc,l'll thc lI)edllllll. II 11I,1 I ... ,I "b lc ill II ,tier ,lIld .... 11 Inc ... "lutl('n ... 1 hl'l :11',' "l'l Ie' III hl~iI 

nanogram to lOll lTlicrogram quantltlcs (Larkin el (II. 2(09). and are re" ... tanl to t:ondilillib 

(hc,lt tr~"tll1~nt. IllII pi I) that e~l,il~ deqro~ the haet~ria Ihat product: Ih~ll1. apd 1<) pI' tl'"I: til' 

~n/~ Illes ,uch a~ pCJ1sin or tr~ J1s in . hene<.: ret,lining their aeti l it~ In Ih~ dig~sti\ e tr<ll'l ,I!'tcr 

illg<':~lidll (1 I h)llIa~ .-I 11/ .. 20(H») 11t<.:)' ar<.: rich In I~sine. :"'parti..: aLid. g,utallllC "·Id. ,lIId 

tyrosinc residLle . Allhough SCleral ~taph) lococci can producc L!>. the 1I1a1001l) III ~II' C,bC~ 

are allributed to S (Iureu.I (Balaban and Rasool). 2000) 

I he ahulldancc or Illcratur<.: Oil ~I , vanc!> c(ln"id<.:rabl~ anH\il~' Ihe tlpe ,>. a -:llrdill" III lh.: 

chrlll1n,(lg.1 nl'lhei r idellliliLali ll ll ,) hi their il1lp\'rI :IIl\;C in II' (1<,,,(,- ,1111 (,/,.1\,,1 2( ('J I. 

date. ,) (Il/reu.I produces a II ide lariel) 01' to\II1\ in.:ludlng I I LlilJcr':lIt 1/(//11111(1((1(( eI/ 

cnterotoxin!> (Sl.s: I:>I :A to I L \1· (, to SII. \1 R 1,1 \1 II IIlIh Jel1lolhlr,li cd l'l1I.:tlL ILl II it). 

I I III 

\1/(.)) 11' h:1\ c ~Lt tl) hc testcd (~I/ '. "Is.. '-ll/\I tll \111'. '>1 Il . :--,i /I :: .lI1d • J. I \ ,III I 
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, I-./s h;l\e beciliradilionall~ ~ubdi\ided illiocla,,-..ical (<;,1 \ III 'II) and Ill'\\ (1.,1 (,II' I'l~) 

Iypes . All po~~e superalltigcnic acti\ it) and arc cncoded b) accc~sor~ gcnclic ciclllcnh. 

including pla~lllids. prophage . palhogcnicit~ i~land. "Sa genolllie 1~lanlb. or 11.' genl" 

loeatcd nCXI III the ~Iaph) locoecal ca~selle ehrolllosllllle (SeC) (I.arkin ,I III. 200l»). 

In COlllrast to Sill/rem. S[ I reillarkabl) hC,ll rcsistant (D-\allic. of 3-R I11ln al 121 C) 

They may be present I1l food than in a laboratory cullLlre medium (l3ergdoll. 1989), but ean 

bc inactivated by heat treatments used in the sterilization of canned foods \\hen they are 

presenl at 10\\ cllncel1lrations (Dinges el (II. 2000) . 

In recenl dec<ltl\;s, Ihe spread of alllibiotic resi~tance in bacteria. including slaph~ IOCllcci. is 

increasing and Illay reprc ent a hazard lor human health . t\nlllng anliblOtic-rc,i tant 

staphylococci. Illultidrug-rcsistant S (ll/rel/.1 strains (MRSt\) are of great publie l.onCCIIl <1:, 

resista nccs m"kc Illore diJ"Jiclilt Ihe treatment of Inkcliuns (1Iu)s ,'I III 2DD:'. \Ialla- \ngeks 

1'1 III 2( 10 ). 

EA is the enterotoxin most comlllonl) repol1ed in foods, and i also can idcred as the l11ain 

cause of FP. probably due to its e:\traordinarily high resistance to protcol) tic enzymcs. Ala. 

SEC and SED are usu'I lIy identificd in SFP associatcd \\'ith thc consuillption oJ"dair) products 

in l11an~ counlries (Maria-Angelcs el 01. , 20 I 0). 

2.4.3. Food incriminated in EP 

Thc origins ofStaph)lococcal food poisoning diner \\idel) alllong countries: this l11a~ he due 

to difTerenccs In the consumption and food habits in each of the clluntrie, (I.e loil <'I ill 

20(3) . Illgh-prlllein producls that I'l'quire clln,ideral'k handling durin~' I'repdr.Jtllln (Inti ale 

kept at slightl) ck\ated tCl11peratures aller preparatl(lJl arc fi'eljUenll) ill\(ll\l:d 111 \11' 1>.1;111) 

different foods can be a good gro\\th Illcdium for ,r,; (litre'II.I. and Ita\c bt:en frequentl) 

incrilliinatcd ill staph) lococcal into,\ication include meat and meat prndllch. poultr) and eg~ 

products. ,alads. baker) products. pal1icularl) cream-filled pastries and cake, ;111d ~<llld\\ ieh 

fillings (Wit!nkc. el it: .. 1993: Tamarapu. el 01, 20(1). alted lood producb. such a<; halll. 

have al 0 becn implicated, according to the capac it} or s. (llIreus to gro\\ at relatJ\el) 10\\ 

water activity a" (Miller, 2000). 

Food handkrs carr) ing cntcroltl.\in-prociucing S {/Itrel/I in their n\lSC~ or (111 their h.lI1.l .Ht: 

legardcd as the main ~ource of food contaminatll)n. \ i~, Illanual Cllllt;kt pr throll"" rl' Plldtl'l) 
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severe, particularly in infants. elderly or debilitated people. characterized by headache. muscle 

cramping, and tran ient changes in blood pre sure and pulse rate (Yves CI (fl. 2003). 

2.4 .5. Public heallh signilicance of Staph) loeoeeal lood roi~oning 

Food-borne disea e are eAtremel) co tl). Health experts estimate that the annual el1~tllllllOd­

borne disea e in united state is about 5 to 6 million dollars in direct e:\pen e and 10. ~ of 

productivity. People infected \\ ith food borne microbes may have no S) mptoms or de\eloped 

symptoms ranging from intestinal di comfort to bloody diarrhea . Food-borne illnc;se not 

only affect the health of individual who become ill. but it can also ha e dramatic e onomic 

impact to eating establishment (Maria-Angeles el aI., 20 I 0). 

In developing countries like Ethiopia where surveillance system for food borne disease is not 

existence and it is difficult to estimate the probklll . F\ en in countries \\ here -;urveillance 

systems are very efficient. the precise incidence of food poisoning is not kno\\ n. as outbreaks 

are often not reponed to public health authorities (Jay. 2000) . 

2.4.6. Diagnosis of Staphylococcal 1'0 d poisoning 

The most conclusive test in diagnosis ofSFP is linking of an illness \\itll a speci fic food or in 

cases where multiple vehicles exist, the detection of the toxin in the food ample(). so it is 

based on proper interviews oflhe victims and gathering and analyzing epidemiological data is 

essential (ICMSF. 1996). 

The presence of enterotoxin together witf; relatively large numbers of enterotoxigenic 

staphylococci in the clinical specimen is good circumstantial evidence that the food contains 

toxin (Pal. 200 I). although this clinical sample is only very rarel) available for anu:y,is. In 

addition to the presence of enterotoxin. there are usuall) > I O"/g of an enteroto.,in producing 

S. (ll/rCI/I' present in implicated ()od (Maria-Angde~ CI (/1.20 I 0). 

Currently available methods for detection and idelllilicmion baCll:ria In l<lOd sample., are 

conventional bacteriological methods. which is comparcd and validate. For food and 

environmental samplcs. the u e of selective media and suitable gro\\lh condition arc prOl ide 

and other enrichment methods are employed to limit the gro\\ th of contaminating 

microorganisms to reasonable number and Illultiplication of food borne bacteria to the level 

that are enough for their detection (Mackay 2907). 
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The SfaphylococclIs organism usually identified on the basi of colonial appearnncc. 

haemolytic pallern. biochemical profiles (catalase test. coagula e (fibrin clot formation. 

positive for S. aureus), DNAse (zone of clearance on nutrient agar), lipase (a yellow color and 

rancid odor smell). and phosphatase (a pink color) te ts) and ribosomal RNA gene restriction 

patterns (Quinn ef 01.. 2002). 

Methods of detecting taphylococci enterotoxin i!> Illust be sufficient ~ensiti\c to recognizc 

the protein at the level of capable oj' eau~ing ~II' . Ikteetion ,If trace amllllllh oj' 

staphylococcal enterotoxin in foods incriminated in food poisoning. before identification b) 

pecific precipitation with anti erum (antienterotoxin). first the toxin mu t be scparatcd from 

food constituents and concentrated (Chiang ef al .. 2008) . 

Two principlcs are used for the purpose of dctecting small amounts of cntcroto:\in in food 

according to (Chiang el al., 2008), include: The selective adsorption of the ellleroto:\in from 

an extract of the food onto ion exchange' resins and the use of physical and chemical 

procedures for thc selcctive removal of food con tituents Ii'olll the c'(tract. Icaving the 

enterotoxin(s) in solution . 

Recent genetic advanccs havc enablcd rcliablc anu rapid techniques lix uetection of SE in 

epidemiological implicated food. or the enterotoxigenicit) of isolates. l11a) be dClllonstrated 

immunological bascd on monoclonal antibodics by application of a number or serological 

methods such as immunoassays (c.g. rcvcrsc passi\c latcx agglutination). nucleic acid based 

test such as polymerase chain reaction. restriction fragmcnt Icngth pol) 1110rphism (Chiang ef 

aI., 2008; Francois and Schrenzel 2008). 

Rccently real-time PCR is increasingly employed in clinical laboratories as a rapid tcchniquc 

for thc identification and characterization oT clinical isolates of S. ourells (Mackay 2007: 

Francois and Schrenzel. 2008). 

Several enzyme-linked immunosorbcnt assay (ELISA) methods have becn proposed for the 

identification of E and are currcntl) the most cOl11l11onl) u~eu l11ethou\. AllhlJ1g them 

noncompctitivc. double antibod) sanu\\ ich 1:I.ISi\. appcar~ to be the 111(\\[ popular Ii.)r routille 

toxin identi fication (Carillo ef al .. 2003). 

22 



Phage typing may also be useful when \ iable s/(f/Jhl'l(J('(Jcci can be isolated f"om the 

incrim inated food. from victims. and from suspected carrier uch as rood handlers (Bennd 

and Monday, 2003). 

2.4.7. Prevention of S/ap/7y/ococclis food poisoning 

It is important to prevent contamination of food \\ ith S/nphJ'lo OCCIIS before the toxin is 

produced. The primary control measure for S/{(phy/()c()cCII~ food poi~()ning fOl'lllulatinn of 

product to prevent growth of the organism. further toxin production. hence maintaining time 

and tempcrallire. pH and \\ater acti\ it) and anaerohic condition. (lac,", oi'o:o-.)gcn) res'riets the 

growth and to:o-. in production b) S {llIrell .1 (Pal. ::!OO I) 

S. allreliS can indeed be easily climinated from foodstuf"is b) heat treatment (in pasteuriLcd 

foods) or by competition with other flora (in fermented food ). 1\ hereas SEs can remain 

biologically active after most of the treatment used during food proces ing. Becau e of the 

stability of E cooking and othcr processe . the toxins can be present in food in the absence of 

viable organisms (Le loir e/ al.. 2003). Pasteurization killed the taphylococci but had no 

effect on the SEs. These, and many other examples. illustrate the importance of the 

elimination of any contamination sources during the proccs ing and refrigcration or load and 

food ingrcdients whcncver possible (I.e Jeune and Rajala-SchultL. 2009). 

~uccessrul mcthod or prevention ~I ' P aimed at elimination ur contamination through good 

hygiene practice. especially by food handlers. person \\ ho have a no~e or eye InfCetion or 

purulent infections on your hands or wrists do not prepare food until proper medical 

cradication therap) . Also the use of disposable aprons and gloves byta IT reduces sk in-to-sk i n 

contact and. thcrefore. further reduces the risk of transm ission (Pal. 2007). 

Optimal storage condition and food preparation can prevent FP. Store cooked food in a 

wide, shallow container and refrigerate as soon as possible. Keep kitchens and food-serving 

areas clean and sanitized. Quaternary ammonium can be used in conjunction with ethanol to 

increase the duration of the sanitizing action (Pal. 2007). 

Comprehensive education program lor the con umer and 100d handkr. both in commcreial 

establishment. about the origin and personal and en\ irnnmental h) giclle i, (,f paramount 

importance 



3. ;VIATERIAI.S A 0 :VIETIIODS 

3.1. Study area 

The study was carried out in urban dair) farms found in and around Dire Dawa. Dirc Da\\ a is 

one of the two chartered urban settlement of Federal Democratic Republic of Ethiopia. It is 

located in eastern part of Ethiopia, which i about 515 Km far rrom Addis Ababa. \\hich lies 

950 - 1250 meter above sea level. Dire Da\va is second largest adm inistrative city covering 

with an e timated arca or 1.213.20 quare kil omcter. (C A. ~OO:) . 

The climatic condition of Dire Da\\a seems to bc great I) influenccd b~ Its topograph). \\ hich 

i characterized b) \\arm and dr) climatc \\ ith a relati\cI~ 10\\ bcl of precipitation . The 

mean annual temperature of" Dire Da\\a is about 2: . .1 'e. I he (\\'era!!,e ma"il11um and minllllum 

temperature i 31 . .1uC and 18.2"C rcspecti\el~ . 1 he region ha. t\\O rain scasons: that is. a 

mall rain season from March to April. and a big rain season that c'.tends from August to 

September. The aggregate average annual rainrall that the region get rrom the e t\\ 0 ea on 

is about 604 mm . In the area floods are fairly common during the major rainy sea on 

occurring between June and September (CSA, 2005) . 

The li vestock population of the area in 2005 e timated to be 40.400 head or cattl e. 46,280 

sheep, 118,770 goat. 5,070 camel (C A, 2005) . The urban dairy production <;~ stem is 

characterized by inten ive production in which dair) animals arc kept indoors atlero graLing. 

The greatest majority ordair), producers produce milk for the purpose or~elllllg direc' l) to the 

consuillcrs and retailer. «('SA . 2005) 

3.2. lud y population 

The study population represented lactating exotic cross breed CO\\s. dairy per~onncl and 

milking utensil (milking bucket and milk collecting container.,). I he samples eon~i.,t~ or 
bovine raw milk and lactating teat and udd«<r skin swab, milker's hand skin swab. milking 

bucket and milk collecting containers swabs frOIll the se lectcd 2.1 urban dair) rarms Thc 

rarms se lected wcrc divided into three categories ha~ed on the nUlllber ll r lactating C(l\\S the) 

have: small (less than II ). medium (II ~O) and 1,lrge (gn:ater thall 20) 



3.3. Study de ign 

A cross-sectional stud y wa conducted from October 20 I 0 to April 20 II . Sampling II:J~ 

carried out usuall) tlli c!'; a lI eek in 'ickctcd 2-1 urban dair) filrlm illllliling milking COII\. 

dair) p!,;rsonn~1 < nd milking equipmenh. On each <lIllflling ci;I). alilhe required "Hllpk, II ere 

collected. 

3.4. Questionnaire survey 

Questionnaire was also designed and used to co llect information from dairy cow owners and 

milking personnel of se lected farms in one' visit interview after collection of the required 

sample. The personal observation and information co llected included the h) gien ic tatus of 

the barn and pre-milking procedure, practiC\:d in dair) l~trIn~ . 

3.5. Determination of sa mple size 

The sample size required for this study was determined acc(\rdi ng to Thruslield (200 -). 

n = \.962 
X PI"P (I-PI"p) 

d2 

Where: - n = the required sample size 

P e,p = ex pected preva lencc 

d= desired absolute preci~i on. 

Therefore. b) using cstimated prel(ilence or 50 OI., in hOI inc raIl milk or dair) C(l\\" and 

taking a confidence interval or 95°1, and 5°'0 ab,olule rn:C1"ion. Ihe minimuill sal'-pk "i/c 

required for this study Ila 38-1 lactating COli ... \ Iota I 01' 76~ ~alllrk" (;omrrising of 3X-I 

udder milk and 384 lactating cow skin s~lab amples (192 teats and 192 udders) Ilere u'ied f'or 

the study. Concerning teat swab sampling. one poolcd s\lab sampl~ involving all teats of each 

cow was collected. 19. 20 and 20 swab samples from selected farms were also collected from 

milking per onne!. milking buckets and milk collecting containers. rcspecti\\;I) Crable 2). 



Table 2: Distribution of the typc and Ilumber of sa mples collected 

T) pe of salllpk 

lilk 

Skin swab 

-Lactating cow teat 

-Lactat i ng cow udder 

MI-IS 

MBS 

MCC 

Total 

384 

192 

192 

19 

20 

20 

827 

MH =Milkers ' hand s\lab: MI3S - Milking buckct ~I\ab: i'vICC ' i\'l ilk colkcting container 

swab 

3.6. Sampling techniques 

The town comprises two woredas; from the two woredas, the town woreda which consi ts of 

25 kebeles, out or 25 kebeles 3 kebc le namely: sabeyan. number onc and addis ketemall ere 

purposively se lectcd for this study based on the abundam;e of dair) farm and milk production 

level. abian. number one and addis ketcilla hal c 19. 1·1 and 8 dair) limlls. respecti\ cl) . ,\ ner 

taking the list of farms from sclected kebeles. all large si/eJ f'al"llh and 20% of randoml) 

se lectcd medi um and small ~iLed farms of each kchek liCIT ~clet:led db\) h) silllpk randol11 

sampling tech nique. A total of24 dairy farms \Icre included in the stud) . 1\ multi\tage cluster 

sampling techniquc was used to co ll ect sample~ from lactating COli s. 

Milking practice was done twice a day in all dairy farms: in the morning from 4-6 am and in 

the afternoon from 3-4 pm. All samples were collcctcd in the afternoon immediately before 

milking was started. First dairy farm ollners and thcir employee lI erc informed a<; milk 

samples would be collected, and so as to gel their normal pn:-milking preparations. but just 

aftcr they completed their prcparations all the required sam plcs II ere LO lketed . 



The swab samplcs were collected before mil k sam pi ing b) usi ng ~tl:ri Ie 5 1\ nbs. I·or e\ cr~ 

swab ample a steri le test tube lilled I\ith ~ml ofph(lsphatc burlercLl ,alinc (PBS) I\ ,b lI~ed. 

Prior to sampling. swab tips were moistened in the PI1S and for s\\ab sampling the sl\ ab "as 

rotated and rubbed agai n tthe sampled surrace , c\craltimcs. Alt..:r completion ofs\\abbing. 

the swab was put inside into a te ttube con taining PBS. 

Milk amples " .. ere taken after co ll ection orsl\ab al11ples from teat apiee and udder skin of 

lactating cows. Before co llecting milk amp le. the udder and the teat \\ere 1\ ashed 

thoroughly and teats were rubbed with conon wool soaked in 70% ethyl alcohol, paying 

particular attent ion to the teat orifices. A Iter thc first couple of squirt milk were discarded. 

about 10 ml of milk sample was collected by Llsing stcril e uni vcrsa l bottles from each 

lactating dairy cow accord ing to the protocol described by Quinn el al. (2002). 

All sam ples were collected a eptically using disposable gloves to avoid contamination: the 

sample were labeled with necessa ry information. including date of sampling. name of the 

farm. t)pe of sample and identification number of the anima l from I\hich the sample I\a ~ 

obta i ned . 

Samples were kept in iccbox containing icepack and taken immediately to Dire Dawa 

Diagnosti c and In vesti gation Veterinary Microbiology Laboratory. which is usually ranging 

bctween Y2 an hour to one hour. Upon arrived th e sample were tored overnight in a 

refrigerator at 4°C. 

The samples were processed on the next. day of collection for primary isolation and 

identification o f staphylococci species. After primary isolation and identification or 
staphylococci species. presumptive co lonies of staph) loeol'ei I\el\: tran'ported l"ing nutrient 

broth to School of Veterinary MediCIne. Addis /\ baba l; niver:-.it). Debre Zeit for secondary 

identilieatioll of staph) locoeci specie, . 

3.7. Iso lation and identification of Staphylococctls 

Staphylococci were iso lated and identi fied according to standard techniques (I:S ISO 6888-2. 

2002; Quinn el al., 2002). Samples \\ere processed and anal)Ledeparatel) using the 

following procedure. 
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3.7. 1. Primar~ idcntification orSlaJll!ylo(,occl/.~ spccic\ 

Colony appearance 

All the samplcs taken from milk and cxtramammar) ~ite. (teat apicc .. udder skin). (milkcrs' 

hands and milking equipments) \\ere direetl~ stn:nkeu on to 7°0 shecp blood agar and 

incubated aerobicall) at 37"C. fix 21 ~X hr:- . f he b:lctcrilllll gie,iI l11eul,1 u~c I \\crc prcpar~'u 

according to the manufacturer's n:comlTIt:ndations (t\nne:--. I ). I'he rcprcscntatiH: colonie:-. or 

SlOphylococcll.\ species u uall) appeared opaque. \\ hite or cream color and \\ ith 1-2mm 

haemolysi were elected from each plate. 

Representative colonies were ub-cultured onto dirrercnt blood agar plate and rurther 

incubated at 37°C for 24 hrs. After growth presumptive colonies were identified b) u. ing 

conventional bacteriological techniques on the basis of colony characteristic. pigment 

production and hcmolys is. Final identification of the organisms and species assignment were 

done based on gram staining. catalase test. o\i dase te,t. carbohydrate (manni tol [lnd maltosc) 

fermcntation and coagu lase tcst(b) using rabbit pla:-.mu) ( l:~ I '06888-2.2002). 

Gram slaining 

All suspected colonies or Swpll),/()('u('C/I\ ~pecie, \\ere transferred to glas slide and smeared 

using sterile inoculating loop on a glass slide. I hcn the smcars \\cretained using the 

procedure of Gram's staining and observed undcr a light microscopc u ing oil immersion 

objective. The gram's stained smears from typical colonie that showed gram-positive cocci 

occurring singly, in pair and in irregular clusters resembling bunched grape \Iere taken a 

pre umptive Slaphylococcl/s species. Gram positive pure cultures or a single colon) t) pe from 

the blood agar were transferred into nutrient' agar plates and incubated at 37°C for 24 hours 

(Quinn el al .. 2002) . 

Cawlase lesl 

Pure colonies oi'the i,olates \\ere piekeu i'nlm the tlll ni'tlll' 1l1ltli~'l\t ,lg:lr and ll1i\cd \\lIh a 

drop of 3% hydrogen peroxide ( II ~O~) on a clean microscopic slide. II' the organism \\as 

pos itive, bubbles o f oxygen gas were liberated \\ ithin a te\\ seconds, \\ hilc cata lasc negative 

did not producc an effervescencc of ox)gen. The catalasc positl\e cocci \\ere consitil;red 

either as staphy lococc i or micrococc i. 
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Oxidase test 

The suspected colony of the bacteria wa streaked firmly aero s a piece of Illoi tened filter 

paper with 1% aqueous solution oftetrameth)l-p-phcnylenediarnine dih~droehloride \\ith a 

sterile platinum loop in a Petri-dish . The dev\!]opment of dark purple color along the streaked 

line within 10 seconds was taken as po itive reaction. 

OXUlaliol1-Ferlllelltalioll (O-F) test 

The con\entiollal O-F mediul11 i~ I1ln~t 'liitablc lor nnll-l:l\tiul\lll\ ~r;lIn-ll eg;lli\ e bacteria. 

Modification of the 0-1-' Illedium \\ hich i~ arrlied lor the identilicatlon M ~taph) lococei and 

micrococci was u ed according to Quinn et 01. (2002). 

Test tubes filled with the O-F l1lediul11 were heated in a beaker of boiling water immediatel) 

before use to drive off any dissolved oxygen. The lUbes \\ere then cooled rapidly under cold 

running water. For each sample paired tube \\ ere tab-inoculatcd \\ ith t) pical pure colon) 

from the nutrient agar. Then sterile paraffin oil was layered on top of one of the paired tubes 

to a depth of about Icm . The inoculated tubes were incubated at 37°C and examined in 24 

hours and dail) for up to 14 days. Inoculated paired tube~ "ho\\ ing change ur color 11'0111 

purple to yello\\ were considered J~ starh~ lococei . 

3.7.2. econdary ident i licatioll or SWllhdocoCC//I "rec ic 

Cooglllase test 

There are two difrerent tests that can be perrorl11cd In detcet the rrcscnec (lr wagula~e: a lUhe 

test to detect free coagulase and a slide test to detect bound coagulase. From the surface of 

each selected colony of staphylococci an inoculul11s \\as rel110ved \\ ith sterile loop and 

tran ferred into a tube of brain-hean infusion broth and incubated at 37"C for 24hrs. Alter 

growth. 0.1 ml of each culture was added 'aseptically to 0.3ml of the rabbit plasma and 

incubated at 37"C. lotting was examined alier 4 to 6 hrs III im;lIhatioll tilting the lube and II' 

the te t was negative. re-examination \\as made alier:24 hr~ or ineuoatinn. Whell the \Ollll1lC 

of the clot occupied more thall half of the original \Ollll1le \If thc liquid. il \\,1\ wilsidered a~ 

positi e (ES ISO 6X8X-2. 200:2). 



Mannilol saIl agar 

The co lonies that were identified by primary idcntification test and coagula e-positivc isolate 

were streaked on to mannitol salt agar plate and incubated at Ji'C and cxamined after 24-

48hr5. The presence of growth and change of pH in the media (red to yellow) were regarded 

as confirmati ve indicative of the salt tolerant taphylococci. Phenol red pll indicator detectcd 

the acidic metabolic product of mannitol. h:nl1clllation of mannitol b) ;.; (/1/I"t'1I.1 cause )ello\\ 

discoloration of the medium. Colonie that develop \\eaJ.. or dcla)cd )c1lo\\ color atter 24h or 

incubation were taken as S. il7lerlllc!dlll.1 and colonie that lailed to dc\'c1op an) changc in the 

medium were considered as S'. "yiCII.I and coagulase ncgative Slop"ylo('()ccIIS (eNS). 

Pllrple agar base 

The suspected colony from nutrient broth was inoculated on purple agar base (PAB) media 

plate with I % maltose and incubated at 37 °c for 24-48 h to differentiate coagulase-positive 

isolates(Quinn el al. 2002). The identification was based on the fact that S. aureus rapidly 

ferment maftose and the acid metabolic prodllcts cause the pJ I indicator (bromocresol purple) 

to change the med i um and colon ies to yello\\ . S illferllledills gi \ cs a \\ eak or dela) cd reaction 

and S. hyiclis did not ferment maltose but attracks the peptone in the mcdium producing an 

alkaline reaction (decp purplc coloration) around thc coillilics Crable 3). 

Table 3: Interprctation of results ba~cd 011 reaelioll \ of cnagLJla\C - pll~ili\ e ~taph) lococci 011 

purplc agar basc \\ ith 1% maltosc 

Species 

S, aureus 

S. imerllledius 

S. hyicus 

Maltose fermentation Reactions on purple agar \\ ilh 1% maltosc 

-H+ Diffuse yellow color around colonies. Rapid 

reaction \\ ithin 24 hours of incubation. 

± Littlc change in thc mcdium. ~Iighl )cllo\\ Lonc 

under colonies may have a yellowish tinge. 

Diffusc dcep purple (alkalinc) 70nc around the 

colonics. 

+++ = rapid fermentation ofmallosc: I "caJ.. ancl \10\\ l'cnm:nlalilln: - ncgaliH:: 

ourcc: Quinn el (fl .. (2002) 
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3.8. Da ta management and anal)sil> 

The data collected through questionnair~ surve) and laborator) result of the colleet~d 

samples \-"ere entered in to database using Miero- oft computer program Excel and anal:/ed 

using P S (SPS version- 15.D) statistical computer software program .. De cripti\e statistics 

were used to describe the nature and the characteristics of the data. Com pari . ons bet\\e~n 

prevalence of groups were analyzed by usi ng Chi-square (/) test. For all tests p-\aluc ks 

than 0.05 was considered to be significant. 
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4. RESULT 

4. 1. Prevalence and distrihution of Stliphy/oc(}cCI/,\ spccies 

4, I, I, Udder milk 

In the present study, a total of 384 udder milk amples were collected from 2-i urban and 

periurban dairy farms to determine the prevalence and di st ribution of SlOphylococclls specie, 

About one or more Staphylococcl/s species \ ere dctected b) routine bactcriological 

investigation, Thc investigation revealed 184 (47,9 1 %) iso lates of Staphylococcl/s pccics , ;\11 

the isolates identified as Staphylococcus were testcd for species assignment using biochemical 

characteristics, They were grouped into 109(28.4%) isolates of CN. . -i2( I 0,9 1 %) i olates of 

S. aureu.\'. 18(4.7%) isolates of S. I17termeelius and 15(3.9%) isolates or S hyiclIs (Tabk 4). 

imilarly. species prevalcnce in the milk ~amples alllong difrerent i"arlll si7e \\ as as follo\\s: 

C (28.3%). S, {Il1rell,\ (10 .0% ) . . \ 1I1Ii'1'II/('ellI/.l (3 ,')"," ) alld S //1'/(' 11\ (-i.Xon) in larg<: ~(ak: 

C (28.1 %), S. a lire us (12.4%) S interllledius (6 .7%) and 5;. hl ' /C/l.I' (2.2%) in medium sca le: 

CNS (29.2%), S. allreus (12.3%). S, intermedills (4 ,6%) and S, h.lic/l.l' (3.1%) in sillall scalc 

dairy farms (Figure I). 

30.00% .c::::. 
f- F 

25 .00% Jr 

20.00% v-
o laree sc.le 

.V-15 .00% o medlUnl scale 

5 .00% 

.V-
c=: 

rc"1 . ,,- f--

-L l: r-f1-f-1L, .- '-

10.00% I 0 small scale 

0.00% 

CNS S,aureus 5. intermidus S, hyicus 

Figure 1: Preva lence of Staphylococcus species in bovine udder milk samplcs in large. 
medium and small sca le urban dairy farms 



Comparison was made between different farm sizes with respect to prevalence of each 

StaphylococclIs species in udder milk samples. There was no stati stica ll y ignificant 

difference in prevalence bet\\een the farms l'or all Staphylococci ,pecic, (p>0.05) (l'a o)1e -I). 

Table 4: Comparative prevalence of taphylococci species in bm inc udder milk bi:tllcen 

farm sizes 
---------

StaphylococclIl I' arlll si/e~ X. df p-
species valuc 

Large sca le Mediulll scale Small scale 

--------
C S 28.3% 28. 1% 29.2% 0.28 2 0.986 

S. aureus 7.8% 12.4% 12.3% 0.512 2 0.772 

S. il1termedlus 3.9% 6.7% 4.6% 1.150 2 0.563 

S. hyiclIs 4.8% 2.2% 3. 1% 1.242 2 0.537 

----- - ---

4.1 .2. Prevalence ofSt{Jph),loc{)cclI.1 . pecics in lactating cow skin ,wah 

Out or 384 lactating COliS. sk in sll ab .,al1lplc~ (192 uddcr slIab sample, and 192 teatllub 

samples) were te ted for idcntification of StapiJyloc(}(clI.l . thc prevalence of staph)loeocci 

species identified were: 85(44.3%) from pooled teat swab sample and 72(37.5%) fWln udder 

swab. The overall StaphylococclI.1 was tested for peeies determination 1I ing biochemical 

characteristics (Table 5). 

The prcvalence ratcs of Staphylococci ~pccies idcnt i licd from teat Sll ab \\ere: 5;. aurell.l. 

26( 13.5%) isolates, S. intermedius, 6(3.1 %) ·isolates, S. hyiclis. I (0.52%) isolate and CN , 

52(27.1 %) isolates. Regarding to udder swab samples the prevalencc rates IIcrc, (JJm!II~. 

13(6.8%) isolates. S. intermedius. 7(3 .6%) isolates: S. Jll'iCII.I, 2{ 1.0-1 "!o) isolates and C S, 

50(26.04%) isolatcs. 

The comparison or pre\ alenec of staph) Ineocei ,p(\;ie, in udder and teat ,h.in hct\\een nlrlll 

sizes showed no stati sti ca ll y significant diffcrence (p>O.05) (Table 5). 
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Table 5: Comparative prevalence or taphyloeocci pI.:cies in the udder and Icat skin s\\ab 
samples between farm sizes 

---- , 
ample staphylococci Farm sizes X- df p-

type species ----- \ alue 
Large scale Mediulll scale: mall scale 

(n= 115) (11 -1-1) (n 3") 

Teal C S 26 .1 °' 0 i I . X l~n 2-1 2 O(,t)2 2 0.707 

S. ollrells 10.-1 % 15 .9% 21 .2° 0 2.817 ., 0.2-14 

S il7le r/lledills 2.6% 6.8% 0.0% 3.148 2 0.207 

S. hyic lIs 0.9% 0.0% 0.0% 0.673 ., 0.71-1 

Udder C 25.2% 26.7% 28.1% 0.122 2 0.941 

S. aureus 5.2% 8.9% 9.4% 1.103 2 0.576 

.)' in/er/l/e(/il/\ "" -01- ::! .20/0 o .,u () o RR 7 -, 0.6-12 .1.) 0 -

S. hYlc/./s 1.7% 0.0 0.0 1.313 2 0.508 

-- -

30 .0% 

25 .0% 

20.0% 
CMllksample 

15.0% Teat swab 

10.0% C Udder swab 

5 .0% 

0.0% 

eNS S. aureus S. intermidus S. hyicus 
r 

Figure 2: Prevalence ofSlaphylococci species in uddcr milk. udder ~kin and Ical skin 



4.1.3. Mill-.ers· hand and mill-.ing ell1d mill-. wlkcting cquipmcnh 

Out of 59 wab amples (20 milking bucket . 20 mill-. colic ting eontnincr~ and 19 rnilkcr~' 

hands skin swabs) were examined. Bacteriological culture sho\\cd that 5 (25%) from mill-.ing 

buckets. 7(35%) from mi lk collecting containers and -(26.3%) from milker' hands kin \\ere 

positive for staph) lococcll s. The ol 'erall proportional distributi on or SWIJhy/ocOCCI/.I speeics 

from 58 swab amples are summarized in (Figure 3). 

30% 

25% 
~..-

20% -
o Milking bucket 

-=== o M ilk collecting container 
15% 

10% -- -r-= o milking personnel 
___ --.1 

5% - l-

i-.. , 0% 

eNS S.aureus S.intermidus S.hyicus 

Figure 3: Proporti onal d i~lrihuti () n o i" S/tlp /Il/IlC()(C I/ I ~pcc ic, in lI1ill-.lng and mill-. collecting 

equipmcnts 

4.2. Que ' lioner urvey 

In questioner survey. 24 urban and priurban dair) farm lI1anager, and cmplo)Cc \\ere 

participated in the interviews. These establishments were observed for hygienic status of the 

barn and milking premise. pre-milking procedures practiced in dair) larms. hcalth '>tatus of 

workers, their protective clothing, source of milk contamination. and kno\\ ledge of food 

poisoning. 

Out of 24 dairy farms. 19 (79.2%) or the farm~ hal e poor harn dnd prCIl1I~c,> sanitation. In 

87.5% of the entirc farm cleaned their hamb. Regarding to cleaning of hand hetl\cen cach 

, -
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milking. 58.3% l:ondueted tlli~ pml:edure. CnncCI"ning 10 \\,,:-oiling Ill' Illill-.ing utelhi,~ hdllre 

milking. 79.1% orthe dair) 1 ~lrIn conducled Ihe procedure. 

Washing orthe udder is imporlalll slep ill rrclenlillnll,'wntamin:tlillll dnu rcmll\alllrdu~t 

and filthy . Among the re 'pondellls 95Jlo/o orthe dair~ lanns practiced thi!> pre-han est conlrol 

proccdure. but 8.:1 % used common Ill\lcI I"nr \\a,hing morc Ihan one Llr all 01" the lactating 

cows in the farm and 33.3% of them used separate to\\el to indiviuual COlIS. rhe manager 

or/and employee interviewed responded that out of 24 dairy farms 45 .83% of the da iry farm 

routinely lise detergcnt, nevcrtheless 54.2% were not practicing. 

Among the 24 respondents. 91.6% of Ihem recogni7ed previoll mastiti 111 their dairy 

establi hments. \\ hile 8.3% did not observl: Ihe case. Dipping pral:I iCl: \\ a. e'perienced in 

20.8% dairy farms. When enquired about the general awareness on mill-. contamination and 

food borne disease. 45.8% informed thaI the) \\ere not alltlre. the rest 5~ .2% \\ere 

familiarized \\ ilh Ihal. 

Percent of the farm 

100 

80 

60 

40 

20 I . , l ... lr II - 1. 1111 

o 

Pre m i l~nE oracti ce 

Figu rc 4. Pereelllagc of pre-m i Ik ing prae li ce 

W=washing 
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5. D1 CION 

taph) lococcal lood poisoning I~ " major aprn.:hen~ion \\mld\\ id~ . I hi~ Illrlll of l(ll1d 

poi oning is kno\ n as "into:-.ication" or "poisoning" and common cau~e 01 ga\troent~r i tis . 

due to ab orption of preformed thermostable SI{(plivlococcl/s enteroto:-.in. S (II/reI/I is no\\ 

recognized as the main agent or taph) lococcal f'ood poisoning. due to rroduction or 

enterotoxin . Indeed. taph) lococcal IO:-.in is unique because it i not de tro)ed b) heating. 

even by canning. This is illu trated by a large outbreak caused b) con umption or canned 

f'ood product in many countrie (Maria-Angele el al . 20 I 0). 

taphy lococci are common contaminants or raIl milk produced In dair) farms. These 

organisms can gain acee s to raIl 11111k b) dire..:t e,cretion tro111 lItkkrs hm 111g clinical and 

subc linica l Staphylococcal mastitis or b) contamination rr0111 udder and tcat skin. air-horne 

dust or droplet~ at the site of production and rroce~sing. un~lean milking and 111ilk 'wrage 

equipments and the milk handlers. \\hlch po~e public h~alth ri~k tll ~onsumers () il111a ('/lIl .• 

2007). The c,telll or contamination \ ari~s \\ idd) from one rarm to another and b) 

geograph ical d i rrercnces, but is dependclll pri mari I) on the mil ki ng management u!>ed in dai 1') 

farm s (Green and Bradley, 2004; Thomas el al., 2006). 

5.1. Prevalence of taphyIococci species 

5.1 .1. Uddcr milk 

The majorit) or the staph) lococci ~rccies contaminating bm Inc udder milk in thi s stud) arc 

coagulase-negatl\e Slarh) IOLll~ci \\ lIh th~ rr~\al'n ~ "I ::X I" ••. I hi' r~'lIlt I' 1<1\\~r than that 

reported by A khegne ellli. (2009) and 'vlocgebu (20 I (J J. II hl1 noll:d a pr~\ aklll:e of: J% and 

37.6% in bovine udder milk or lactating cows in dair) rarm in AddiS haba and Oehre leiL 

re pectivel y. Bishi (1998) and Nesru (1999) reported a rre\ alenee or 5..J° 0 and ..J 1.9°~. 

respectively. All reponed higher prorortional prevalence or eNS comrared to other bacterial 

causes or mastiti s in the udder milk amples collected rrom lactating COlI \\ilh clinical or 

sub-clinicalma til is. Atyabi el al. (2006) in his four-year il1\csligalion sho\\ed that (1\:1.., \\erc 
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the most frequcnt organisms causing contamination of milk in dairy canle around Tehran and 

he also indicated in most cases. they caused sub-acutt: mastitis. 

Because mastitis is a complex disease invoJving intcractions of severa l factors, mainly of 

management. environment. and factors rclating to animal and causati\(: organisms. its 

prevalence is e.\pcctcd to vary from place to placc (I)ohoo 1'1 lI/ . 20(3). ,\1 "0 liternlure re\ ie\\ 

sho\\ s ver) variable re ults conccrning the occurn.:nce or staph~ IllCOI.:ci in bm illl: udder milk 

(McDougall 1'1 (1/ 20(7). I hl~ i, prohahl~ due tll the dirkn:ncc ill thc Illiinber or 'ial11pics. the 

isolation and idcnlllication technique~ lI~ed and the place 01 origlll ,)1 the 'i,lInpil:~ collected. 

Staphylococci are the most common causes of bovinc intral11alllmar) infections and mastitis 

in dairy farm \\orld\\ ide (1Ia\ cri. 2008). The high prnalcncc or coagli lase-lH.:gativc 

staphylococci (C ) in this study cannot be ignored. on ly b) taking their minor pathogenic 

effects compared to the coagulase-positive staph) loeoeci specics. In thc past. coagulasc­

negative staphylococci wcre often regarded as non-pathogenic, but ne\\ Iy gcncrated data no\\ 

indicates that these species have become tlie prcdominant emerging mastitis pathogens in 

sevcral countries (Pyorala and Taponen. 2009). 

Coagulase-negati\c .'-;llI/I/Il ·/own /1\ 'peLil:' (C'\,I)) arc i'iolated Ireqllentl~ from eo\\ sand 

primiparous heifer~ \\ ith clinical LInd subclinical ma~titls \\orld\\ ide (I cjeunc and Rajala­

Schultz. 2009 : Olin!r 1'1 01. . 2009). Sl:\ere local and s)stemic ,ign~ ha\l: bccn reponcd in 

animals with C S intramammar) infections. C S illlramaml11ar) inlCction i~ genera lly 

as ociated \\ ith a slight to modcratt: increa~e in the numher of somatic ccll~ in l11ilk. and has a 

deleterious effect on milk qualit) and composition (<.;ch ukkcn 1'1 (f1..20(9). and also impairs 

alveolar function that reduces milk production (Piepers el 0/., 2007) . 

CNS is also known to cause persistent intramamrnar) infection that can last for cvcral 

months throughout lactation in the absence of intcrvention ( chukkcn el 01.. 2009). 

Additionally. C IS can contarninatl: milk and l11an) of tlH.:m un: kllll\\ n to hc entl:rolO\igcnic 

and they have also becn reponed to cause staph) lococcal food poi'ioning. 

The role or C S in thc bo\ inc mastitis S) ndrome hLis COIllC 1I11lkr incn:n'ied 'il:rtilin) ~incc 

more eNS ussociated \\ ith clinical and ~ubclinical Intral1laml11r~ Inkclion drl: ht:ing rl:purtl:d 

Except for a IC\\ rt:ports. rcst:L1n:hcrs hu\ c gellt:rall~ rcgarlil:d ( \ a~~llciatt:d \\ ith bO\ inc 

masti t is as one homogenous group: ho\\ C\ cr. ( l'\S l:ollsists of lllorC than 30spcl:ic~ and 
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sUbspecies. Recentl) s\lIdies havc investigated spccics-spccilic dinl:rence~ in (\is i~olatcd 

frol11 bovine mastitis. 

A study by Taponen el 01. (2008) reported that S. sillllllallS and S. chrolllogelle/> \\ ere the most 

commonly isolated eNS (i'om both clinical and subclinical bovinc mastitis in Finland. 

Taponen el 01. (2008) also reponed that S. chrolllogelles \\as seen IllOSt often in the firs t 

lactation and S. simlilans was the predom inmi t species in subsequent lactations. Furthcrmore. 

the strains of several eNS species (i.e .. S 1'plderll/idis. S. Iwell/ull III 11.1. S. II (lrJ/1'ri. S 1/OlI/lIli.1 

and S. soprophyliclls) \\ere found to hme high Icvels of resistance to \ariou. antibiotics 

(Vargun and Vatansever. 20(7) . 

The second mo~l pIT\'aknt ~pccic, in thc stud) \\ a~ S (llirel/l \\ IIh tilc prc\ aknec or 10.9)%. 

This result \Va~ in agrccmcnl \\ ith MeLcgebu (20 I 0). Ilun;ri (2008) and ,\bckl Ilamccd 1'1 al. 

(2007) who indicated prevalcnce rates of 10.7%. 10.2% and 7.34%. respeetivel). Nevertheless 

this result is lower than Alchegne el al. (2009) \\'ho reponed 15.8%. From udder milk of 

lactating cows with sub-clinical and clinical mastitis. Getahun (2006) reponed a proportional 

prevalence of 20% for S. allrel/v. A\yabi 1'1 (/1. (2006) indicated a prevakncc of 2.89% for S. 

allreus in udder milk samples collected from eMT positi ve cows. 

The present study also proved that prevalence of 4. 7% S. illlermedilis and 3.9% S. hyiclIs. The 

result is in conformity to Mel.egebu·s (2010) findin g. \\ho reported -1.9% of ,)'. II1lemledllis 

and 3.9% ofS. 17m IIV , Thc findings of Alchcgnc 1'1 (II (2009) fel r S illl1'rtlll'dlllV and S hyic//.\ 

werc 13 % and 1.3'lo. re~pecli\ el). 

The major reservoirs of S Oll/'£'/I.\ are infeclcd udder~. teal canal~. and leat ksiuns. rhe 

bacteria arc spread to uninfcctcd quartcrs b, leal cup liners. milkers ' hands. \\ashcIOlhs. and 

fli es. taphylococci do nOI persist on health) lcat skin but rcadil) coloni/(; damagcd ~kin and 

teat les ions, The organisms mu lt iply in infected lesions and rcsult in increased chancc of tcal 

canal co lonization and subsequenl udder infection (Schukken el al .. 2009). 

According to Abdel Hameed el 01. (2007) milk from cows with sub-c lin ical mastitis has a 

high chance to con taminate raIl milk than clinical mastiti~ and i, a public heal th ho/ ard. 

Lejeune and Raja la-Schull! (2009) re ported thaI l1la~lili\ i, the "inglc dl\ca'l: lilat ha~ the 

most significalll impac l on milk quali t). CO\\ S sLlITl:ring rrom ma' l i t i~ di~chargc large 

numbers or pathogens like S/oph l'l(}('OCCII.I. f colt and ('/ol/ncllllllljh'r/I'III,!!.L'I/l into the mil"­

(Tenhagen 1'1 01 .. 2009). 



S. (/Ilre/(I i~ mainl) in\()"~d in illtraillmar) inlCctilln and In,htiti, III laL·t;]tillg ((1\\,. 

Intramammar) infection due 10 S (/urew an: generall) sub-elini-:.tl nL'\ L'rthL'k~,. it i" thL' n1(l,t 

costly disease. which cause eon~iderabk economic los!-.es to the dair) indu\tr) \\orld\\ ide. 

particularl} milk losses ranging from 10-25% of the total) ield m:wrding to thc intensit) of 

infection: Arshad el al .. 2006 reported that 10. ses L'stimat~d 2 billion dollars per )ear in the 

United tates alone. These rele\ant economic losses arc al 0 attributable to rejected milf.... 

reduced milk quali ty. early culling. drug costs. veterinary cxpense . and increased labor cost 

(Green and Bradley, 2004; Arshad el a/., 2006). 

Inadequate hygienic condition or dairy environment. poor animal health ervice. and lack of 

proper attention to health of the mammal') gland \\ere illlflortallt pn:disflosing factors of 

mastitis in the area. Milk and milk products can become contaminated unless good h)giene 

(including ma titis control) I!-. practiced on farms and precnutinn, arc taken to pre\cnt 

contamination and subsequent gro\\ th of staph) IOClleci during colfc-:tlon and ~lOrage. ~trains 

of S (lure/(\ 1'1'0111 co\\"s are implicated in outbn;ab of fi.lOd pllisoning. f"(llilm ing consumption 

or rm\ milk . 

Further public health concern, which deserves special attention. is the potential for pread of 

antibiotic resistant S. (I/(re/(s strains from cattle to human populations via milk . Concern exists 

over the possible transmission of these strains to man . On 'everal occa. ion ' . re ista'" strains 

have been round both in animals (cows. swine. and fowl) and in their caretakers. \\ ith the 

same an tibiotic resistance. Moreover. "human" strains (phage t)-ped) hm e on occasion been 

iso lated from the nostrils and lesions of other species of domestic animal~ (Comflton el (//. 

2008; Oliver el (//.. 2009). 

5. 1.2. Udder and teat skin 

A total o f 192 lactating co\.\ teat skin and 192 udder skin swab samples \"ere collected and 

bacteriologica ll y analyzed. The samples "ere collected immediatel) nller the dr;r) men 

completed their usual pre-mill ing preparations. 

Out o flhe total uf the tea t and udder sk in s\\ ab samples e .... umined. the pr\.! \ aicnee ofC;\.S \\as 

27.1 % and 26.0% and that of S. aurells was !3.5% and 6.8% for teat and udder. respecti ve l}. 

The present result is less than from the find ing of Mezegehu (20 I 0) who reponed that 

prevalence of eNS was 38.5% and 32.6'Yu. 1I {)\\(~ \ er . th l.' rl.',ult lilr .\' 111/1'1'111 i ~ higher than 

that report ed h~ \l 1.' /cgl.'h u (20 I 0). \\ ho noted a rr\.!\ alI.'I1Ll: \)f :'i ')"" andt..l° CI filr uddl:r and 
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teat. respectively. White el 01. (2002) identified C S pecic on teal ~h.in. and the ~pecie 

identi fied were S. chrolllogenes and S. l1 'arneri in 62% and 61 % of the sampled hei fer,>. 

respectively. 

The other identified species in this study \\ere S. ill lerllledlll.\ (3.1°'0) from the teat h.in and 

(3.6%) udder; and S. hyicu ' (0 .5%) on teat skin and (1.07%) on udder skin. Mezegebu (20 I 0) 

also identified S. interllledius (1.5%) and S. hyiclI (0.7%) on teat ski n and S. hyiclIs (0.7%) on 

udder sk i n. 

Cows harbor man~ pathogenic organisl11~ either on their Ibnh.. tail hair. teat and udder sh.in 

due exposure to ~oil. manure. \\ater and other el1\ ironmental surl i lCe\. ( ross-cllntamination of 

the milk can occur due to poor milking h)giene practice. if udder and teat arc not propcr!} 

cleaned. dried and anitized . Dirty teats and udders can contuillinate the milk during milking. 

In addition. organisms can find their way into the udder and teat \\ here the~ can multiply and 

cause infections. Both the e~tcrior and interior of' the tealS and uddcr can bl.!col11c inrected 

wi th Staphylococci specics and contaminate the milk during milking. 

In semi-intensive and extensive dairy farms of the stud) area. cows \\ere maintained in dirt) 

and muddy common barns with bedding materials that favor the proliferation and 

transmis ion of ma titi s pathogcns f'rom thc udder and teat ~h.in. "I hI.! hacteria arc ~rread to 

uninfected quarters b) comillon washcloths. u ed to \\ash udders and tl.!at~ or lactating co\\'s 

more than one cow. In most of the vi~ited farms the u e of" com mon cloth towel \\as 

dominated : towels soakl.!d and \\ashed in thl.! same budCl \\ater .1Ilt! '''I,hing \\a, limitl.!d to 

removing dirt and some moisture len on the teat and udder ... kin ,urrael.! \I these conditions 

may increase the chance or staphylococci to contam inate the mi Ih. le(\\ ing the udder of' CO\\ s. 

In addition in all dairy farms there was no isolated milking premise: CO\\S \\ere milked in 

their barns. 

The other reason for the development of pre-harvest. harvcst. and post-harvest control 

measures to effectively reduce contamination to a critical control in ra\\ milk lIas ,he 10\\ 

number of employers and the resulted load of dut). Also lach. of" awarene s. technical 

information and motivation about route of milk contamination and the resu ltant public health 

concern is the major obstacle to implement good farm h)giene. In this ~tud~. there Iva'> no 

variation in the prcvalcnl.!e o f <., t aph~ Incoeci specic, in bm inc IIdd,'r Ill"h. in the three dair~ 

fimn eatcgorie~ (p ' 0 ())) ami lh i, \\,I~ pf\lhahl~ due III the ,illlil.lr 1Il;\Ilag~I\I-:l\l \),lcll1<., 

prac\ iced in the farms. 
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5.1.3. Milkers' hand and milking and milk collecting equipmcnts 

The rcsult!> 01 this stud~ inuicatcu out of 19 mil~crs' hanu\ ~~in ~\\.\b ,ample c,\amlneu. 

5(}6.3%) \\cre lound to be carrier~ nr coagula e-negatiH' <';taph~ IllClll"Ci . \Iil~ can be 

contaminated by microorgani ms directl) rrom the mil~ handlcr~ \\ho ha\e direct or indirect 

contact with the milk. especially if these persons are in the proces of hedding pathogenic 

organisms. Pathogens and other organisms can gain access to milk a a re ult of the milk 

handler's activitie uch a coughing. neezing. scratching and rrom bod) surraec~ in contact 

with milk. particularly the fingers. 

The employees who milk the cows, "milkers," have the important yct routinc job or 

harvesting the milk from the udder of the cows in a manner that maintains milk qualit) and 

protects the udder from inlcctions. In addition. the milkcrs ha\c the re~ponslbilit~ or\\ashing 

and saniti/ing md~ el]ulpmcnh. ( ()oling and properl) ~t () ra gi n g th ' 1l1i1~ I he~ handle a 

complex set or cquipmcnt and chcmicals that allect milk qual it) . I'cr~()nal cle(lnline~~ of the 

mi lk handler is necessary particularly during milking proces and distribution. l\lilker can 

also become contaminated from oil and manure on the co\\ and in turn cross-contam;"ate the 

mi lk or equipment. In the pn;sent study, the majorit) of eo\\s arc kept in unclean barns. lilk 

handlers as well as the co\\'s lack regular medical checkups. 

Although the most important food borne pathogen, S. QUreIlS, has not been recovered from the 

hands of milking personnel in the study. the presence of C S (}6.3%) contaminants in this 

findings uggest the pos~ibilit) of" 5,". (lure us to occur in thc hand, 01 mil~cr~ alkr hand 

washing. Similar t(ludder and tcat. hand washing II a, !lot complete III the \ i,iled larms. 

It is recognized that food handler., arc the major sources or contamination \\ Ith 'taph) lococel. 

High frequency or carrier statu~ all10ng food handlers has oecn identi fied b) SC\ eral 

investigators. Man) studies conducted on staphylococci carrier '>latu~ in human ' in Illan) 

coun trie sho\\ed that 30 to 50% or them \\ere carrier, at an) gi\l:n timc (Klu)lmanS and 

Wertheim, 2005). 

Pereira el 01. ( 1994 ) examined 55 hea lthy food handler in large industries in Bralil and found 

that 32 (5 8.2%) were carr iers of S. a llrells and 17(30.9%) carricd enteroto.\ igenie st rain'. in 

their nose, throat. and under fingernail (ea'rmo el 01., 2003). Carino e/ al. (2003) in their 

findings also indicated til al out or 5 food handlers c.\umincd, I \\Cle t(lund t(l he (oilJlll/cd b) 

enterotoxigen ic bacteri a. 
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The result of thi s sludy also showed Ihal Olll of 20 milking bue"ct~ and 20 hul" mil" 

collecting containers e\al11ined. Ihe result prO\en thai 15°'0 C. Sand 10°'0,1; {lfll'(,/Il on the 

milking buckcb. and 20% C. ..., ~pecics and 15% S. (lfl/'t!/II. 011 bul" l1lil" eollccllng contailler 

but no other pt!eic~ \\ a~ recO\ crcd rrom both , 

Milk containcr~. receptacle and equipment \\hich ha\c direct ph~ ... ical Cllntncl \\ilh mil" an: 

1110St likel y to be a source or microbial gro\\lh and multiplication. if Ihe) are not properl) 

cleaned and sanitiLcd ariel' usc . I\lilk utcnsils and equipmcllt arc "'reciall~ de,igned and madl: 

in order to mitigate conditions Ihat are favorable for microbial gro\\ th and multiplication and 

to facilitate easy cleaning and san itizing process. lilk residues left on equipment and utensil 

surfaces provide nutricnts to suppon the growth of man) microorganism including 

staphylococci (Hempen el al .. 2004). 



6. CONCLUS IONS Tn RECOMMEND TlONS 

Good animal hea lth and hygienic conditions on the farm are important for the \\ eilare of the 

animals and thc profitabilit) of the producers. a Ilell as l'or thc qualit~ and \\hoil:~omene~~ of 

the raw f()od produeb leal ing the limns lor human con~umpti(ln . Ik pite technical advances 

in mil" process ing. the general h~glt:ne at mil"ing afll:cl~ the nUl11her~ III hdctl'nd in the mil". 

so. the quality of milk is still determined at the dairy larm . The el)nlrol or ~taph~lococci 

contamination of ra\\ milk to avoid problems rclated to public health ha/Jrds i ler) 

important and constitutes a challenge to food hygicnists . 

The results of the present study suggest that the staphylococci specie pre ent in bovine udder 

milk, udder and teat skin of lactating cows. hands of milking per onnel and milking and milk 

storage equipments potentially contaminate milk and rcsult in low milk quality and might 

potentially cause food poisoning. Although C was the dominant isolates from all t~'pes of 

samples. S' {(lIrell .1 was abo reeo\l:red from raw mil" . but not frOI11 the li\rl1) \lllr"ers. Further 

tudies on the potential e!Tect'i or 'itaph) 10cO\.;cal i'iolate~ or all speei l'~ lin hUl11an health are 

needed . 

Based on thcse conclusi I'e remar"s the 1'0110\\ ing reeoml11endat ion, are 1'01'\\ arded : 

• The high prevalence o f starhylococci in the udder milh.. on teats and udders of 

lactating cows. milkers' hands and milking and milk collecting equipments suggest that 

improvement of sanitation on dairy farms should be made to minimize the con tamination 

of raw milk. 

• Contagiou mastitis control measures .should continue even in herds wi th low to non-

existen t levels of S al/rellS intramarnmary infection Effccti,e rrogrammes ror mastitis 

con trol th at promote dai r) rood safety arc important based 1\11 ident i I) ing the pathogens 

prcsent and developing efTecti , e tools to control ma.,titis rathogen'i. 

• To produce ,all: !(llld.,. thc ha,ard anal)'ii., critie.tl ellntrlll p"lnh III \( ( 1') approach 

should be implemented throughout the dair) chain . 

• Consumers of milk are also advised to pastcuriLe or heat thc l1lil" rrior to 

consumption. Sale and di stribution ofr8\\ milk should be.:: banned 
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8. ANNEXES 

Annex I: QlI~~tionllail"l': lI~ed IeI' II1I~n : \ , 

Date - -----

Name of the owner ---- --

Name of the ["arm ---- -- -

Address __________ _ 

I. Hygienic status of bedding arca 

Poor 

Good 

2. Clearing of"hands before mi lk ing 

No 

Yes ----

3. Clearing of hands between each lllilJ.. i l1 ! 

No ----

Yes 

4. Washing of'l1li lh.ing lIten'iil\ h~lorl' J iI" 

No 

Yes 

5. Supply of towel 

No _____ _ 

Common 

eparate __ _ 

,,' 

Number of"CO\\S 

Total 

Lactating ___ __ _ 



6. Use of d~lcrgenls 

No _____ _ 

yes _ _ ___ _ 

7. Previous occurrence of mastitis 

0 ______ _ 

Yes 

8. Dipping practice before and after milking 

0 _______ _ 

:\ Il~r _______ _ 

Both _ _ ___ _ 

9. Washing of udder and leal before milking 

yes ___ _ 

No __ _ 
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Annex II 

Cellular morphology Primary ident i fication tests 

--
NQ Sample code Staining Shape I Arrangement Catalase Oxidase O-f test Genera 

j 

~I~-
- -- - -- -- - , 

~j I 
I 

L_~_ I 

- .l ___ -- I I - --- --
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Annex III 

Secondary identifica ti on tests ofStaphylococclIs spec ies 

--- ----- ---------r-" 
Seconda ry identification tests 

-
Specie~ 

I urpk ,Iga l" b;l~c 

--------~--------------+------------+-------------~ 
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Annex IV: Media and Reagents used for the isolation and identification staphylococci 

I. Agar powder. Bacterio logica l 500 g (Himedia laboratories p.v.1. L.l.d .. I\lulllbai-·HlO 0~6. 

India). Reeommcndcd for rOlltim: bacteriological work \\ hcre eompatibilit) \\ ith other 

ingrcdicnts i~ not a critical t:ri tcria. Gelling temperatllrt: was not more Ihan ,,)0"('. 

2. Tryptone pcptonc (pancreatic digest of casein) (Bccton Dickinson. France) . 

A microbiologica l peptone used for in culture media. 

'Ulrlcnl ,\~,\r )IJO g « h,nid. Ila ~ lll gsto"e. Hampshirc. England). 

Composition (gil) : 

> 'Lab-Lemco' powder 1.0 

;.... Yeasl extract 2.0: Peptone 5.0 

r Sodium chloride 5.0: 

,. Agar 15 .0 

r pi I 7.-1 1 ~ at 25"C 

> Suspend 28 g in I liter of distilled water. 

> Bring to the boil to dissolve completely. 

,. Sterili/l.! by autoclaving at 121 "C for 15 minutcs. 

4. Blood agar base (infusion agar) 500g (HiMedia Laboratorics PVl. Ltd . 23. Vadhani ind. Est. 

LBS Marg. Mumbai 400.086. India. MOn) . Used for isolation und cuitivntion of' muny 

fastidious pathogcnic 1l1icr(lorgnni~ 1l1 s aftcr addition of blood . 

C01l1pnsition (g '1): 

> Lab-Jemco powder J 0.0 

> peptone J 0.00 
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,.. Agar 15.00 

,. Final pH (at 25°C) 7.3±0.2. 

Preparati on : 

,.. Suspend -1 0.0 gram~ in 1000 1111 disti lied water. 

,.. Heat to boiling to di\~ol\l; th..: medium complctcly. 

,. Stcrili/c b) autoclaving at ISlbs pressurc (12 1 "C) for 15 minutes and cool to 50l'e. 

5. Purple agar base (Oifco TM) 

Composition : 

,.. Proteo c peptone 0. 3= I 0.0 gill: 

~ Beef ex tract= 1.0; 

,.. Sodium chloride 5.0 gill . 

,. Agar 15.0 gm : 

,.. Bromocreso l purple=-0.02gm . Final pH for laborator) use 6.8J 0.2. 

Preparation : 

,.. Mi\ thoroughl} . 

~ I-Ieat with frequent agitation and boil for I minute to complctcl} di sso lve the powder. 

,. Autoclave at 121 °C for 15 minutes. 

,.. When preparing 0.5-1 % carbohydrate fermentati on <;ugar~. dissolve 5-IOglll o f the 

desired carbohydratc in thc basal medium prior to autocla, ing or di~sol\(; J I gill 

Purp le Agar [3asc in 900ml of purified water and a<;cptical1~ add I DOmini ,l 'teriic 5-

10% carbohydrate solution (\\ I , ) after autoclaving. 
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6. Mannitol sa il agar 

It i~ recommended f0r the ~elccli\'e i<;0Iation. cultivati on and enumerati0n 0f" SllIlilll'/ocOCCIII 

Composi ti on : 

:r Sodium ch loride 75 .00 gm/lit 

,. Agar. 15 .00 : O-mannitol 10.00: 

., Pancreatic digest ot" casein 5.00: Pancreatic digest of animal tis ue 5.00 

,. Beef" e'.:tract 1.00 

,. Phenol red 0.075 . 

~ Add II 1.02gm powder to distilled /deionized water. 

,. Bring volume to 1.0 liter and mix thoroughly. 

,. Gently heat whilc stirring and bring to boiling. 

:r Autoclave at 15psi pressure at 121 °C for 15 Illinutes. Final pi I at 25()C 7.-110.2. 

7. Brain heart infusion broth 500g (1 li Media Laboratorie!> Pvt. ltd. 23. Vauhani Inu. I:sl.. 

1.8S Marg. MUlllbai <100 OX6. India. M21 0- 500 G) : 

Composition gil: 

> Calfbrain infusion so lids 12.5 

,. Peptose peptone 10.0: glucose 2.0 

~ Sodium chloride 5.0 

,. Oi-Sodiulll phosphate 2.5. 

8. Yeast extraCb (Oxoid LTD. Baingstoke. Ilampshire. England) 
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A water solub le autol>sate in pl1\\UCr form. it is used for in cu lture mediulll :." a '(luree of 

nitrogen and "uteI' soluble n \ itu111ins. 

Composition 

,. Typical analysis (%W/ 'v\') 

,.. lotal nitrogen 10.0-12.5: 

~ Aminonitrogen 5.1 

,. Sodium chloride O. ~ 
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Annex V 

Catalase test 

This test detects the presence of the en7yme catala~e that com ert~ h) drogcn rUn\ idc to \\ aler 

and gaseou\ ()\~ gen. I he reagent 3 percent hydrogen pero\ide should be ~t0n:d at -I "e in a 

dark bottle. I· \tra care must be ta\...en if the bacterium ha been gro\\ n on blood agar. because 

the presence of red blood cells can lead to a fal e-positive react ion. A loopful 01 the bacterial 

growth is taken from the top of the co lonie on nutrient agar mediu lll . The bacterial eell - arc 

placed on a dean micro~eope slide and a drop of 3 percent hydrogen pcro.\ide i!> added. An 

em~rve cenee of o\ygen gas. \\ ithin a few second, indicates a po itive reaction. 

Oxidase test 

This test depend!> on the presence of the cyroehrome oxida e in a bacterial cell . i\nucrobe~ arc 

oxida~e ncgativc. Thc regents Llsed in the test should be colorles - and ~tored in a dar\... bOllic at 

qUe. 'I he 'oluti ons must not be uscd if they became dark blue. Auto-o\idal1on of the reagents 

may be rctarded b) the addition of the reagents ma) be retarded b) thc addition or I pcrcent 

ascorbic acid . Other precaution include testing colonie on non- selec tive media that do not 

contain glucose or nitrate and the usc of a gla s rod or platinum loop to pick up the bacterial 

'I . I 11 '1l11 11\ P cPllIuin, iron and ilused. can ITsult in a l;lIse-pnsiti \c 

Ic\\. ,\ PICCC of lilter paper I.., nHllstened III a petridish ,"ith I percent aq ueous so lution of 

tetramethyl-p- phenylenediamine dihydrochlotde. The test bacterium is streaked linnl) across 

the filter paper with a glass rod . A dark purple colour along the strcak line within 10 seconds 

indicates a pos itive reaction. 

Oxidation-fermentation (O-F) test 

This test is used to determinc the OXi dative or fermentative metaholislll 01 a carh(lh~drate by 

the bacteriulll . The mediulll i.., ..,elllholid and usuali) contains gluc\l'>C ,I.., thc te\t ..,ugar and 

bromothymol blue as thc PI I indicator. The uninoculated mcdiulll (rll 7.1) is grecn and if 

I, 

)ello\\ (p ll 6'<) ). Bacteria th.ll can Illctabolisc gluco,"e under Clther aerobic Ilr anaerobic 

conditions are facultative anaerobe and in this test are aid to be fermcntation I he aerohes 

that require almo pherie o\)gen for gro\\lh and metabolism arc called o.\idati\c. ome 
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,k,U,,1 ,11 , 1,; ; ,1,',1:1\': II I II , u j\ \Cll l\lI1al 0-1 mcdium, .:illll:r be 'Ul"e Ihc~ arc unable to 

grow in the basal medium or becau e they cannot attack gluco e. 

The conventional O-F medium is most suitable for non-fa tidioll gram-negati\ c bacteria. 

Modification of the O-F medium which is applied for the identification of s/{Iplil'loc()cci and 

lIIicrOCOL'ci \\a used according LO Quinn e/ 01. (2002) . Tet IlIbe~ tilled \\ ilh the 0-1 medium 

\ ere heated in a beaf..er of boiling \\ater immediatel: before use 10 dri\c otT an) tli~~ol'vcd 

oxygen . The tube \'ven: then cooled rapidly under cold running \\aler. I·or each sample paired 

tubes were "tah-inoculated \\ ilh t) pical pure colon) from Ihc Ilutrlcnt ,Igar I hCIl ,tCI'lIe 

paraffin oil \\a<; layered on top 01' one of the paired lube \0 a dcpth of' ahout ICI11 . The 

111o ), I,I.II':! II h, ~ \\,' 1',' IIKlIb tt .: d al ;7 C and c\amined in 2-t hour, and dail~ f()r up 10 l-t 

days. Inoculatcd paired llIbe~ ~ho\\ing change of' color I'rom purple to )e IIO\\ \\ere cOIl!>idered 

as Staphylococcus. 
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Annex VI 

Typical colonies of Staphylococclls pecies 

Fermentation of Staphylococc/{I 011 

mannitol salt agar 
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51 (I/{I'I'/{,I on hlnod agar 

Fermentat ion or StaphylococcllI' on 

purple agar 

base 
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