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ABSTRACT 

Prevalence of mastitic staphylococci, streptococci & coliform species 

in foremilk samples of apparently healthy lactating cows was studied in 

3 dairy farms. One hundred & twenty apparently healthy lactating cows 

were randomly selected on the basis of lactation numbers. These were 40 

from Debre Zeit, 40 from Repi & 40 from Kumbi dairy farms. Pooled foremilk 

samples \~ere co11ected from the teats of each lactating cO\~ & totally 

120 foremilk samples were collected & analysed from the 3 farms. 

The total mesophilic aerobic bacterial, streptococcal & staphylococcal 

counts & the bacterial counts of Staphylococcus & Streptococcus species 

were estimated using different kinds of media. The susceptibilities of 

55 isolates of mastitic staphylococcal & streptococcal strains to 11 

antibiotics was determined using the standard agar disc diffusion 

technique. 

The total mesophilic aerobic bacterial counts was highly variable & 

ranged from hundreds to mi11ions in a11 of the dairy farms. The high total 

mesophilic aerobic bacterial counts greater than or equal to 1 x 105 

colony forming units I mi11iliter were mainly associated with high numbers 

of streptococcal counts. Staphylococci were regularly isolated in all 

foremilk samples, however, their contribution to increases in the total 

mesophilic aerobic bacterial count was not as significant as that of 
rd ' 

streptococci. At the 3 & subsequent lactations, the number of co\~s 

that had total mesophilic aerobic bacterial counts'greater than or equal 

to 2xl04 colony forming units/milliliter increased at Kumbi & Repi 

farms. At the Debre Zeit farm, with increases in lactation numbers the 

5 number of cows that had greater than or equal to lxlO colony forming 

units/milliliter was high. 
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Five hundred & thirty five isolates were biochemically tested from 

the 120 samples. Of these 312 belonged to Staphylococcus, 215 

belonged to Streptococcus, 6 belonged to Micrococcus & 2 belonged to 

coliform. Five species & 2 subspecies of staphylococci, 7 species of 

streptococci & 1 coliform species were identified. Among mastitic 

staphylococci, Staphylococcus epidermidis was the most prevalent and was 

isolated from 80.8% of the foremilk samples, followed by Staphylococcus 

aureu~ (20%), Staphylococcus hyi~ subsp. chromogenes (12.5%), 

Staphylococcus hyicus subsp. hyicus (5.8%). Similarly, other 

Staphylococcus species were also isolated in different proportions: 

Staphylococcus simulans (6.7%), Staphylococcus xylosus (4.2%), 

Staphllococcus intermedius (0.83%) & Staphylococcus hominis/Staphylococcus 

w~rneri / Staphylococcus haemolyticus group (6.7%). 

Of the mastitic streptococcal strains, Streptococcus bovis was the 

most prevalent &was isolated from 40.8% of the lactating cows sampled, 

followed·by Streptococcus uberis (15.8%), Streptococcus dysagalactiae 

(14.2%), Streptococcus agalactiae (9.2%), Streptococcus faecalis (5%), 

Streptococcus sp. G (5.8%) & Streptococcus infrequens (0.8%). Other 

streptococcal strains were also isolated. Streptococcus lactis lias 

detected in 0.8% of the samples. 

Generally the frequency of isolation for Streptococcus uberis, 

Streptococcus dysagalactiae, Streptococcus agalactiae & Staphylococcus 

aureus was high during the latter lactation numbers (3, 4 & 5). 

Escherichia coli was not common in the herds & was detected in 

1.7% of the foremilk samples from one herd only. 

Among 30 isolates of staphylococcal strains tested, 26.7% lIere 

resistant to penicillin & tetracycline. All the staphylococcal strains 

I 
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liere sensitive to erythromycin, oxacillin, cephalothin, chloramphenicol, 

kanamycin, gentamycin, streptomycin, clindamycin & vancomycin. 

Of 25 isolates of streptococcal strains, resistance to oxacillin, 

tetracycline, kanamycin, gentamycin, streptomycin was sholin by 8, 23, 8 

16 & 40% of the iso1ate~. respectively. All the streptococcal strains were 

sensitive to penicillin, erythromycin, cephalothin, c1indamycin, 

vancomycin & chloramphenicol. 
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I INTRODUCTION 

Milk has been called one of nature's most perfect food (Hodgson, 

1979). It is an excellent source of proteins with all the essential 

amino acids available in high concentration (Tobias, 1974). Calcium and 

riboflavin are also available in sufficient quantities (Phillips & 

Drigg6, 1975). Because of the nutritional excellence of milk, plans for 

improving nutrition include plans for developing the role of dairying 

throughoue the world (Hodgson, 1979). 

Milk serves as a vehicle £01' the transmission of several disease 

causing microorganisms. These pathogens gain access into the milk as 

a ~esult of infections of organs far removed from the udder or are 

results of the direct infection of the udder ("~O, 1970). Occasionally 

milk handlers also contaminate the milk with pathogen~ (Acha & 

Sczyfres, 1980). Inflammation of the udder due to microbial jn£Q¢tion 

is generally referred to as mastitis (Hill, 1986). 

Mastitis is a multifactor disease that continues to be a problem 

for the dairy industry. In every herd, there will always be some with 

full blown or low grade mastitic infections. More than 80 species of 

microorganisms have been identified as causual agents of mastitis in 

cattle (Philpot, 1979). However the most common agents include 

staphylococci, streptococci & coliforms. Other etiological agents less 

frequently encountered include pseudomonads, nocardia, mycoplasma & 

yeasts (McDonald, 1979). 

Generally acute infections are easily detected by palpation. 

In addition to the above, another screening method which could be 

applied is the examination of the" foremilk. However, most low: grade 

infections axe not detected by'palpation or examination of foremilk 

(Philpot, 1979). Bacteriological findings & cell counts are more 
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reliable methods to monitor udder health hence, they are used regularly 

for such purposes (Brolund,1985). 

Mastitis is a cause of increased bacterial count in milk, damage 

to the udder & occasionally death of the cow (Belschner, 1974). As 

a result of the disease, milk production decreases & considerable change 

in the characteristics of milk takes place. This makes the milk unsuitable 

for direct consumption or manufacturing purposes (lVHO,1970). 

~Iastitis 1S also responsible for milk borne infections and/or 

intoxications in man (Cousins & Bramley. 1981). Hence, staphylococcal 

& streptococcal infections are of principal concern to milk hygienists 

(lVHO, 1970). Staphylococcal enterotoxin & some strains of staphylococci 

are heat resistant and survive pasteurization temperatures (lVHO,1970). 

Many of the present methods of dairy management seem to be 

counterproductive in the control of mastitis (Smith,1983). This is 

because of the possible exposure of teats to pathogens. The chance 

of acquiring intramammary infections seems to be higher also in 

commerical dairy management (Bramley & Dodd, 1984). Total confinement 

housing, increasing cow densities per unit area, use of bedding 

material that serves as culture medium to the bacteria, & communal 

milking of COlqS are knOlffi to facilitate the transmission of pathogens 

between cows (Smith,1983). Milking by hand damages the teat skin causing 

abrasions. The abrasions then become invaded by pathogens. Moreover, 

milker's hands, udder cloths or towels & wash water also serve as vehicles 

for mastitic causing microorganisms (McDonald, 1979). 

Susceptibility of mastitic microorganisms to various antibiotics have 

been observed by researchers (Bishop ~ al., 1980). The improper & 

indiscriminate use of antibiotics without evidence of causative organisms 

results in the failure to reduce the incidence of mastitis (1~right,1977). 
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Studies dealing with the prevalence of mastitic microorganisms 

are conducted regularly in most countries. However, there exists no 

PUblished reports on the prevalence & antibiotic susceptibility of 

mastitic organisms present in "normal" milking cows in Ethiopia to date. 

This study was therefore designed to supply part of the missing 

information. In its entirety, the objectives of this study are the 

following. 

1- To determine the preva1enee of mastitic staphylococci, streptococci 

& coliforms(Escherichia coli) in milking CO~IS at Repi, Debre Zeit & 

Kumbi dairy farms. 

2- To compare the prevalence of mastitic microorganisms amongst 

the farms. 

3- To estimate what fraetion of the total count that these mastitic 

microorganisms make in raw milk. 

4- Investigate the antibiotic susceptibility of some of the mastitic 

microorganisms. 

It is believed, that the present study will provide information 

that could serve as baseline data for implementing control programs as 

well as initiating trends for future studies in the subject matter. 
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I I . LITERATURE REVIEW 

The Disease in Cattle 

Definition & Clinical Symptoms 

Mastitis is classically defined as the inflammation of the mammary 

glands. The term is derived from two Greek words Mastos 1\ itis meaning 

breast & inflammation of, respectively (Schalm et !!.!.., 1971). Injury 

of any type to the mammary tissue may lead to mastitis. The udder 

disease of chief concern however, is the one associated with microbial 

infection (Jain, 1979). The internal environment of a normal mammary 

gland is basically sterile (Jain, 1979; Volk & Wheeler, 1980). However, 

mastitis starts due to the entrance of pathogenic bacteria through the 

teat duct into the interior of the gland (Schalm et !!.!.., 1971). As a 

result of a reaction produced by the host defense system against the 

invader & the by products of bacterial growth & metabolism, the soft mammary 

tissue becomes irritated (Jain,1979). The clinical signs 6f mastitis differ 

according to the invading pathogen & the reaction of the host itself "hich 

in turn usually affects the severity of the disease (Hill,1986). Clinical 

signs include discoloratlon of milk, often containing fibrin clots, a 

swollen painful udder & systemic disturbances such as pyrexia, anorexia, 

if endotexemia is present shivering, rumen stasis & diarrhoea \~ith 

associated dehydration (Hi1l,1986). 

The Mammary Gland & Its Mode of Exposure to Infecting Bacteria 

The defense systems of the mammary gland plays an important role in 

protection against infections. The teat is the first barrier against 

invading pathogens (Adams & Reckard, 1963). Once microorganisms enter tho 

teat canal, they often are exposed to humoral & cellular immune systems 

(Tarkgowski, 1983). Furthermore, non specific bactericidal & bacteriostatic 
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mechanisms operate in lactating & dry mammary glands, including lactoferrin, 

tho lactoperoxidase system & lysozymo (Skinner & Hugo,1976; Cousins & 

Bramely,198l). In addition,the teat canal is enclosed by a true s~hincter 

of smooth muscle fibres that keep a tight closure of the canal & avoids 

microbial penetration (Schalm et al., 1971). --
To induce mastitis 01' the dovelopment of an intramammary infection, 

there needs to be penetration of the teat duct by a pathogenic organism & 

establishment of the organism in the sinuses, ducts or alveolar tissue 

of the gland (Bramley & Dodd, 1984). 

Abnormalities occuring in the mammary gland usually predispose the 

gland to invasion by microorganisms (TarkgoNski,1983). The Neal' & tear of 

milkings, especially Nhen the milking act is performed carelessly, and 

the stress applied during milking that dilate & lengthen the sphincter 

muscle, are knoNn,to reduce the effectiveness of the teat canal as a 

barrier to bacteria (McDonald, 1968). As a result of this the Quarters 

possess patent teat canals (lack tight closure) & hence have a higher 

incidence of infection (Schalm et al., 1971). 

There is no proof that motile bacteria can migrate more readily 

through the teat canal as compared to non-motile bacteria • HONever, 

capillary action Nithin the canal might carry bacteria into the mammary 

gland (McDonald, 1975). In addition, dilation of the lower one-half 

of the teat canal between milkings, which is caused by the increased 

intramammary pressure may also support bacterial migration and invasion 

(McDonald,1973) . 

Many infections occur before the time of first calving, during the 

dry period, & between milkings during lactation (~lcDonald, 1975). There is a 

high rate of infection occuring in the early dry period (Cousins et al.,1980). 
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This could be as a result of the milk lond that create pressure & open 

the teat duct & thereby facilitating bacterial penetration into the 

duct. The increase in infection during the early dry period is temporary. 

This is because of the development of an effective keratin seal after the 

10-14 days of the early dry period (Cousins ~~., 1980). 

Pathogens infused into the teat slnus immediately before milking 

may be less likely to infect the gland than those infused into it after 

milking. This is because of the greater chance of removal of invading 

pathogens during milking before they become established (Bramley & Dodd, 

1984). However, Frost & Phillips (1970), reported that as few as 5 colony 

forming units of Staphylococcus nureus which are introduced before milking 

can infect the exposed quarters. PossibJ.y, adherance to the surface 

epithelium of the streak canal by Staph. ~~ may prevent their removal 

during milking (Frost,1975). 

~Iost transmission of Staph. aureus & Streptococcus agalactiae takes 

place during the milking process via milkers' hands, udder cloths, 1\ teat 

cups (Philpot,1979). Some transmissions occur during the intervals between 

milkings. Possible sources include contruninated bedding, cross licking of 

teats & udder, & contact of tents Idth rear legs, tail switch, & flies. 

Pathogens that are usually transmitted during the intermilking period are 

Streptococcus uberis & coliforms (Philpot,1979). 

Staphylococcal ~Iastitis 

Staphylococcal mastitis is mostly associated with udder infection by 

Staph. aureus (Neave et ~., 1969; Brolund, 1985). Intramammnry infections 

with Staphylococcus_ epidermidis are also known. Since most infections are 

eliminated spontaneously, it is still not considered as a serious mrumnary 

pathogen (Brown, 1973; McDonald, 1977). Hence Staph. ~reus is the only 

one considered as the major pathoge~ amongst the species belonging to the 

genus Staphylococcus (Brolund, 1985). 
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Staphylococcus hyicus l~hich is found on the skin of pigs & cattle 

has also been reported to exist ill dairy cows with subclinical mastitic 

infections (Devriese, 1977; Devriese f, Derij eke 1979; Devriese & Haj ek, 

1980). 

Staphylococcus species other than Staph. aureus have been also 

isolated from the extramanunary sources of lactating cows. Devriese & 

Dekyser (1980), stated that Staphylococcus xylosus, Staphylococcus scuri 

& Staphylococcus haemolyticus predominated in the samples taken from 

teat skin & apex of lactating cows. Strains belonging to Staphylococcus 

cohnii, Staphylococcus capti & ~phylococcus hyicus subsp. hyicus & 

a heterogeneous collection of micrococci & novobiocin resistant staphylococci 

were more often obtained from teat swab samples. 

The important source of infection of Staph. aureus are infected 

manunary glands, colonized teat duct~ infected teat lesion & the milk from 

infected lactating cows (Davidson, 1961; Forbes, 1968). There are also 

extramanunary sources like the vagina & tonsils (Daleel & Prost, 1967) that 

paly minor yet important roles in infection. 

Infection rate of Staph. aureus increases with age of the cow (Schalm 

& I'/oods, 1953). The (,'·~"···\.0'11 can penetrate deep into tissues & also establish 

itself in teat glands. This somehow protects the pathogen & helps it make 

its way into the tissue (Neave et ~., 1952; Schalm & Woods, 1953). 

Staphylococcus aureus mainly produces subclinical (Wilson & Richards, 

1980) & chronic mastitis (Jain, 1979). 

Bacterial toxins and toxic products of Staph. aureus are thougJit to be 

involved in creating mastitic gangrenous condition (Schalm et al.,197l). Since 
~~ 

it causes vasconstriction leading to ischemic necrosis of infected tissues 

& gangrene, the tx. toxin is potentially the most damaging (Ilrown & Scherer, 
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1958). Combinations of ~ - & 6'- toxins are also reported to be more 

irri tating than either of the toxins (Slanetz f, Bartley, 1953). Furthermore 

coagulase f, other bacterial products originating from it are knOlffi to 

facilitate infection (Anderson, 1976). 

It has been confirmed that the phage type 80/81 produced interstitial 

mastitis in cows. This phage was found among farm hands who tended the 

animals, indicating that this organism is transmissible from man to 

animals & that reinfection of man can occur (Acha & Sczyfers,1980). 

Streptococcal Mastitis 

The major Streptococcal species frequently reported to cause mastitis 

are Streptococcus agalactiae, Streptococcus dysagalactiae, & Streptococcus 

uberis (Philpot,1979). The incidence of infection differ from herd to herd 

& may surpass staphylococcal mastitis (II'HO,1970; Jain,1979). 

The only notable reservoirs of Strep. agalactiae are infected udders 

& cows which already have intramammary infections. These serve as the 

main source of new infections (Hill,1986). 

Streptococcus dysagalactiae & Strep. uberis are the two most important 

organism that invade from extramammary sources. Streptococcus dysagalactiae 

to some extent is also the cause of intramammary infections (Hill, 19(6) •. 

All of them are not, however, obligate udder pathogens. They persist 

for long periods in the environment of the cow & could be isolated from 

the skin & other parts of the cow regularly (Jain,1979). Streptococcus 

dysagalactiae could be isolated from the tonsils & skin lesions of animals. 

These serve as the main source for intramammary infection in herds free 

from mastitis. Organisms causing nel'l cases of mastitis are thought to 

originate from the mouth of cows (Neave, 1971). 
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Frequency of isolation of Strep. uberis from udder & teat skin 

was higher than from within the mammary gland. Skin infections were 

sometimes independent of intramammary infection (Sharma f, Packer, 1976). 

The belly or lips were also invaded most most heavily \~ith Strep. uberis 

(Cullen, 1969). 

Streptococcus agalactiae is not an active tissue invader. It rather 

develops in milk & on the wall of cisterns & large ducts producing an 

irritant which results in an inflammatory reaction that is mostly 

subclinical. At times this develops into acute mastitis. The affected 

tissue eventually is destroyed resulting in reduced milk production 

or agalactia" (Schalm et ~., 1971). 

Streptococcus agalactiae, of Lancefield group B, is the main agent of 

chronic catarrhal mastitis of dairy cattle. Streptococcus dysagalactiae 

(group c) and Strep. uberis (group E) cause sporadic cases of acute 

mastitis in cattle (Acha & Sczyfres, 1980). 

Coliform Mastitis 

The coliform species most commonly responsible for bovine mastitis 

is Escherichia coli, although Klebsiella pneumoniae & Enterobacter aerogenes 

have been found to cause mastitis too (Brame1y & Dodd, 1984). 

The primary sources of coliform bacteria are the bedding material, 

damp walk ways, manure covered exercise yards, & heavily contaminated 

water (Howell, 1972; Brander, 1973). Unlike infections caused by 

staphylococci & streptococci that of coliform is not reduced by post 

milking teat dipping. This suggests that coliform bacteria commonly 

reach the teat end at other time other than the milking time (Eberhart 

et ~., 1979). Most infections result from the penetration by the 

pathogen through the teat duct into the teat cistern (Eberhart ~~.,1979). 
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The quick growth of coliform (g .. coli) bacteria increases the 

production & dissemination of endotoxin that results in the sudden manifes­

tation of the disease,' (Scha1m et aI., 1964). The severity of' the disease 

(Mastitis) may range from peracute to subclinical infections. The sub·· 

clinical infection is uncommon. The clinical mastitis is common among 

housed cattle (Eberhart et aI., 1979; Jackson & Bramley, 1983; Bramley 

& Dodd, 19134). Somo of the animals affected by tho peracute disease 

die of endotoxemia unless the necessary antibiotic & supportive therapy 

are immediately given (Buchne1,1974; Jackson & Bramley, 1983). 

Pathogenicity of Mastitic Bacteria to /.fan 

Staphylococcal rood POisoning & Intoxication 

The staphylococcal food poisoning syndrome was first mentioned in 

1894 by J. Denys & later in 1914 by Barber, who produced in himself the 

signs & symptoms of the disease by consuming milk that had been contaminated 

with a culture of Staph. ~~ (James, 1986). 

Staphylococcal gastroenteritis is commonly caused by some strains of 

Staph. aureus that liberate coagulase. Some coagulase negative strains 

cause gastroonteritis, ho\~ever coagulase positive strains are the most 

frequently encountered (James, 1986). The large majority of the outbreaks 

is due to human strains (phage group III, types 6, 7, 47, & 53), although 

a few are due to cattle strains (phage group IV, type 42 C) (Acha & 

Sczyfres, 1980). 

Outbreaks of Staph. aureus poisoning due to the consumption of 

products of animal origin such as milk, cheese, cream & ice cream are 

common (Acha & Sczyfers, 1980). Cheese though acidic in nature has been 

found to serve as a carrier of Staph. aureus (McCoy, 1966). 
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The presence of Staph. aureus in dahy products could result in a high 

amount of enterotoxin production if the level of contamination is high and 

the temperature & the period of holding are favourable to grO\~th (Sheikh & 

Luedecke, 1974). Consumption of food containing enterotoxin leads to illness, 

usually of 24 hours duration, characterized by nausea, diarrhoea & abdominal 

pain (James, 1986). All strains of Staph. aureus do not produce enterotoxin 

(Olson et al., 1970). 

The resistance of staphylococcal enterotoxin & some strains of 

staphylococci to heat inactivation have raised difficulties in pastoorizcd 

milk (l1'H0, 1970). Jackson & Woodbine (1963), exposed 24 hours cultures of 

enterotoxigenic strains of Staph. aureus to 60°C for 20. to 40 min & isolated 

survivors. Dabbah et al., (1971), using an inoculum of about 109/m1 

Staph. aureus found that small numbers of them resist heating at 62.SoC 

for 30 to 120 minutes. 

Streptococcal Infections 

Milk & milk products are among the most important of the foods involved 

in the transmission of streptococci. Most milk-borne infections have 

resul ted from the consumption of milk from cows having udder or teat infected 

with streptococci (VlHO, 1970, Gl'oschel et aJ..,1985). Streptococci of group 

B, which include the agent of bovine mastitis (Strep. agalactiae) are 

pathogenic to man (Kaplan & ~~.,1962, Cousins & Bramely, 1981). 

Strep. ~galactiae is now known to cause disease in immuno-compromised 

patients & especially in new borns, causing infections with a very high 

death rate (Groschel .et al., 1985) . In milk, streptococci are readily 

destroyed by heat treatment. Infections are almost always due to the 

consumption of raw or imperfectly pasteurized or to milk contaminated after 

pasteurization (Kaplan et ~., 1962). 
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Coliform Infection & Food poisoning 

The coliforms group produce endotoxin which is toxic to all types of 

tissue cells (Schalm et aI,' .1971). High Ilumbers of Escherichia coli may 

be present in milk as a consequence of mastitis. Certain strains of this 

species are responsible for several diseases of man of varying severity. 

A I~ide range of §.. coli serotypes have beon isolated from bovine milk, & 

it is probable that somo of these are pathogenic to man, too (Cousins & 

Bramley,19Bl). The classical enteropathogenic sorotypes of E. coli have 

been found in pasteurized dairy products (Jones et ~., 1967), imported 

& domestic cheeses (Fintasia et ~., 1975) & market milk & dairy products 

(Bonita & Brundvig, 1980). 

Escherichia coli has been sholfll to cause diarrheal disease in humans 

of all age groups, with symptoms of severe cholera-like diarrhea to a 

relatively mild food poisoning syndrome (Sack,1975). Escherichia coli 

causes diarrheal disease by producing an enterotoxin, & because enterotoxin 

production does not correlate much I~ith serotypes, it is essential to 

screen food isolates for enterotoxin synthesis & not just for classical 

enteropathogenic serotypes (Bonita & Brundvig, 1980). 

Al though sporadic reports of §.. coli associated with gastroenteritis 

of food origin I~ere observed prior to the 1970' s it \~as the 1971 documented 

outbreak in the United States that drew the attention of investigators to 

this organism (Marrier et ~., 1973; James, 1986). 

The common occurence of coliform organisms in dairy products & the 

implication of gasteroenteritis caused by E. col'i suggest that enteropathogenic - --
~. coli may be the notable food borne pathogen & that dairy products may 

be the most important medium for their transmission (Bonita & Brundvig,1980). 
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Changes in Composition & Properties of Mil k 

It is known that bacterial infection of a quarter usually causes a 

decrease in production and a change in composition of milk (Wheelock 

et al., 1966). Infected quarters shO\~ decreases in the concentration of 

lactose, potassium, fat, casein & total solids. The:r-3 occurs an increase 

in those of sodium, chloride ions and serum protein. It also reduce the 

curd tension of milk (Wheelock et ~., 1966; Ashworth, et ~., 1967; Tallamy 

et ~. ,1969b). In mastitic milk, proteinases levels may be so high that 

substantial proteolysis of the caseins can occur in the udder. Proteolytic 

activity in mastitic skim-milk is often 5-10 fold higher than in normal milk. 

The increase in proteinases activity depends upon the severity of the 

infection & the extent of mammary tissue damage (Barry & Donnely,1981; 

DeRham & Andre\~S, 1982). 

It seems likely that the activity of proteinases, is a primary cause 

of the losses in yield observed when cheese is prepared from mastitic milk 

as opposed to normal milk (Erwin et ~., 1972; Ali et ~.,1980). ~ruch of 

the proteinase action will persist cheese making conditions & continue to 

act during cheese maturation, almost certainly with harmful results on 

cheese quality in terms of texture & flavour (DeRham & Andrews, 1982). 

The udder health status of the CO\~ may also affect the susceptibility 

of the milk fat to development of hydrolytiC rancidity. Milk classified 

as mastitis positive based upon the Wisconsin Mastitis Test values has 

higher lipase activity & higher concentrations of free fatty acids than 

mastitis negative milk (TallaMy & Randolph, 1969a; Randolph & Erwin, 1974). 

Lipolysis of milk fat results in flavor deterioration (Downey,1980). 

Gudding (1982), also stated that milk from cows with subclinical 
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mastitis has a higher concentration of free fatty acids than milk from 

non mastitic cows. Milk from a mastitic CO~I is thus more subject to 

flavor deterioration. Furthermore, milk samples from Staph. aureus 

infected cows show a higher degree of lipolysis than milk samples from 

cows with similar high somatic cell counts but not infected with 

Staph. aureus. This is due to the release of extracellular enzymes by 

Staph. aureus during growth in the mammary gland (Gudding, 1982). 

As mastitic milk has an increased level of free fatty acids, 

prevention of mastitis should also be justified by' the positive effect 

in milk quality (Gudding 1982). 

Growth of coliforms also influence the flavor of milk. Milk samples 

containing coliforms have higher standard plate counts & psychrotrophic 

counts than coliform ~ negative samples. Pyruvate contents of milk, 

lipolytic & proteolytic activities are greater in samples positive 

for coliforms (Ledford ~t al.,1983). 

Control of Mastitis 

Mastitis has been studied for over 100 years, but advance in its 

control has been slow. 'The reasons for this are numerous. Mastitis 

is caused due to several types of infection, each with a different 

etiologic agent. Possible methods of control include eradication of 

the aetiologic agent, chemotherapy, breeding for resistance 01' improving 

the management factors (Dodd, 1983). 

Prevention of the spread of pathogens from cow to cow implies that 

the teats must be kept free of pathogens. To this end methods have been 

investigated including the use of disinfectants, paper to\;els, 01' boiled 

cloths for washing. each individual udder, the wearing of rubber gloves that 



- 15 -

may be readily disinfected between milking of each of the cows, 1\ wearing 

of washable coats or overalls & hats (Neave et !l.~., 1969; Sanisbury & 

Sanisbury, 1982). However, these have not effectively brought about full 

control of environmental pathogens such as Strep. uberis and coliforms. 

The use of teat dipping is found to be less effective in controlling 

coliforins (Natzke et a1., 1972; Schultze & Smith, 1972) & Str~p. uberis 

infections (Neave et a1.,1969). However, teat dipning is highly effective 

in the control of staphylococal & streptococcal mastitis (Natzke et !l.!.., 

1972, Schultze & Smith 1972). Most teat dips are not effective f01' the 

duration of the interval between milking & thus the pathogens (Coliform & 

Strep .. uberis) & host may come in contact with each other when the germicidal 

activity of the dip is reduced or lost (Eberhart et al., 1979). 

Field experiments were conducted on commercial farms to analyse 

practical hygiene routines, one whero no disinfection I~as practised during 

milking & the other where the fullest hygiene system was practised on 

farms. Results have shown that the new infection rate on commercial fanns 

could be 101~ered by more than 50% with improved hygiene (Neave et al_. ,1969; 

Dodd, 1983). The success varies with the type of pathogen. 

A combination of teat dipping after every milking during lactation 

concomitantly with medication of the udder durinp; the early dry period 

Idthin a herd, is known to limit udder diseases (Natzke, 1977). 

In many rospects further investigation of the genetic basis of 

resistance to mastitic microorganisms seems to be a more promising approach 

to prevention of infection, although, it will necessarily be SlO~1 to take 

within the cattle population (Bramley & Dodd, 1984). When comparing the 

udder health condition of different breeds, Holstein CO~IS seem to be more 

susceptible to mastitis than Ayrshires (Batra & McAllister, 1983). The 
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Swedish Red & White (SRB) breed have generally a lower incidence of clinical 

mastitis than the Swedish Friesian breed (81,8). Horeover, study made on 

sublcinical mastitis has shown that the SLD breed had \'/Orse udder infections 

than the SRB breed (Brolund, 1985). 

Host specific resistance can be supplemented through immunization. 

This increases the response of cellular & humoral defense systems in the 

mammary gland to entering mastitic pathogens. Nevertheless there exist 

no vaccine of proven efficacy, so far (Dodd, 1983). 

Culling of cows \'lith mastitis could be employed to advantage in herds 

affected with an atypical pathogen which is resistant to therapy. Or it 

could also be employed as an initial step to reduce very high levels of 

staphylococcal infection in herds where antibiotic therapy has been 

ineffective (B1'amley & Dodd, 1984). 

In general, a control program for any lnastitic pathogen must either 

reduce the rate at' which new infection occurs a/or shorten the duration 

of infection (Eberhart ~ a~, 1979). 
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III. MATERIALS AND METHODS 

~tudy Areas 

Three separate farms, possesing a total of 455 lactatinp, COI~S: 

170 at Debre Zeit, 215 at Repi, 70 at Kumbi were selected for the study. 

Selection of the study site, Nere mainly dictated by farm proximity to 

the microbiology laboratory and availability of reliable transportation. 

Kumbi & Repi dairy farms are situated on the Jimma road, about 15 to 18 

kilometers away from the Addis Ababa University. Debre Zeit dairy farm 

is situated in Debre Zeit tONn, about 50 kilometers away to the south east. 

Forty Holstein CONS I'lere randomly selected from each herd on the 

basis of lactation numbers. Only lactating cO\\'S Nhich were considered to 

be healthy & have healthy udders by the milkers employed on each farm Nere 

included for the study. COI~S were considered unhealthy by the milkers, if 

they sho\~ed discomfort during palpation or had bloody, purulent, discolored 

milk or had swollen and/or bruised teats. Those CONS Nhich Nere under 

antibiotic treatment or had had treatment a week or two in the past were 

not included in the study. 

Sampling 

Milk samples were collected from November 1986 to December 1987 from 

the three dairy farms. 

Milk samples \~ere removed in the afternoon when all the cows Nere 

in their stalls. Before milking, the udder Nas Nashed Ni th NateI' tllDroughly 

& subsequently dried I~ith a tONel that was treated with 70% ethanol. There 

after the teat area Nas disinfected with pieces of cotton soaked with 70% 

ethanol. During sampling the first 2 streams of the foremilk from each 

quarter were discarded. Of the remaining fraction of the foremilk, about 

10 ml Nas collected from each quarter following aseptic techniques. The 

milk from each quarter of a COI~ was then pooled to give a 40 ml sample. 
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This pooled sample was thon used for bacteriological analysis. 

The milk samples collected from the cows wero transported to the 

laboratory in an ice bath. Analysis of the samples was carried out within 

5 hours after collection. 

Bacteriological Examination of Milk Samples. 

Duplicate 0.1 ml amounts of decimal dilutions in quarter strength 

Ringer's solution were surface plated on each of the followinr, media: 

Mannitol Salt Agar (Oxoid) for the detection & enumeration of staphylococci; 

Azide Blood Agar Base (Oxoid) + 5% sheep blood for the detection & 

enumeration of streptococci, Nutrient Agar [Nutrient Broth Number 2 (Oxoid) 

+ Agar (Oxoid)] for the. total mesophilic aerobic bacterial count & Violet 

Red Bile Agar (Oxoid) for the detection of coliform (Escherichia coli) 

Azide Blood Agar Base + 5% sheep blood & Mannitol Salt Agar media were 

incubated at 37°C for 48 hours. Violet Red Bile Agar medium was incubated 

at 44-45°C for 48 hours and Nutrient Agar medium at 32°C for 3 days. 

Furthermore Edwards Medium (Oxoid) .\: n sheep blood I~as used for 

identification of mastitic streptococci & the Hotis test for differentiating 

& isolating Streptococcus agalactiae. The proceduro for the Hotis test 

invol ves the followings: Nine & a half (9,5) ml. of each milk sample 

obtained from individual cows wero added in sterile t<;lst tubes. Half(0.5) 

ml of sterile 1:200 aqueous bromocresol purple solution was then added to 

each of these samples, mixed thol'oughly & incubated at 37°C for 24 to 48 

hours. Samples that produced small flakes or yellow colonies adherent to 

the side of the tube after 15-24 hours of incubation 11ere selected. The 

8.dherent colony from the test tube I~as removed Idth a sterile loop & 

surface streaked on Azide Blood Agar Base (Oxoid ) + 5% sheep blood. The 

plate was then incubated for 24-48 hours. Pure colonies were isolated 

& further analysed Hochemically for the presence of Strop. agalactiae. 



- 19 -

Biochemical Identification 

Representative streptococcal colonies were isolated based on colony 

morphology, size, color and the type of haemolysis. Similarly representative 

staphylococcal colonies \'Iere isolated based on colony morphology, color 

and Nhether the isolates were mannitol fermenters or non fermenters. 

Representative isolates obtained during the study period Nere identified 

to the species level using methods previously described by Harvey & Gilmour 

(1985), for staphylococci, Buxton & Fraser (1977), & Carter (1984), fOI' 

streptococci, Eberhart ~!:!.., (1979), Edwards & IlNing (1972) f, Carter 

(1984), for Enterobacteriaceae, Buchanan & Gibt'ons (1974), (Bergey's Manual 

of Determinative Bacteriology) for staphylococci, streptococci & 

Enterobacteriaceae. 

Antibiotic Susceptibility Testing 

Fifty five staphylococcal & streptococcal isolates were SUbjected to 

disc assay sensitivity tests. Eleven antibiotics were used for the test 

(Bauor et !:!.., 1966). The antibiotics used Nere penicillin, erythromycin, 

oxacillin, cephalothin, tetracycline, chloramphenicol, kanamycin; 

gentamycin, streptomycin, c1indamycin & vancomycin. 

Tho diameters of the zone of inhibition were measured in millimeters 

& \~ere interepreted as sensitive, intermediate or resistant based on 

Bauer et !:!.., (1966), recommendations. 

Staphylococcus~~ (ATCC 25923) sensitive to all antibiotics 

used in this study was used as control strain. 
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IV. RESULTS 

The total mesophilic aerobic bacterial count of the foremilk 

collected from the individual cows was found to run from as low as hundreds 

to the millions pel' millilter of sample analyzed. Hence the total 

mesophilic aerobic bacterial & streptococcal counts were grouped into 

sub groups containing a) less than 2 x 104 colony forming units (cfu)/ml. 

4 5 b) between 2 x 10 to lxlO cfu/ml f, c) counts exceeding lxl05 cfu/ml, 

as used by Ilramely et i!l., (1984). Similarly the staphylococcal counts, 

were also divided into, sub groups with a) counts less than 1 x 103 cfu/ml, 

3 4 4 b) between 1 x 10 to 1 x 10 cfu/ml & c) counts greater than 1 x 10 cfu/ml. 

During this study period, a total of 535 isolates obtained from 

the 3 farms were biochemically tested. Of the total number of isolates, 

195,171 & 169 were foremilk samples of cows obtained, from Debre Zeit, 

Kumbi& Repi dairy farms, respectively. Of the 535 isolates, staphylococci 

streptococci, coliform (Escherichia coli) & Micrococcus represented 312, 

215, 2 & 6, respectively. 

Total Mesophilic Aerobic, Streptococcal & Staphylococcal 

Counts of the Foremilk Samples 

Debre Zeit Dairy Farm 

The total mesophilic aerobic bacterial counts (n-IASC) varied from 

2 6 about 1 x 10 up to 5 x 10 cfu/mI. As much as 55% (22 out of 40 cows in 

all lactation numbers) of the foremilk samples collected from the cows had 

counts less than 2 x 104 cfu/ml while 7.0% had counts between 2 x 104 to 

1 x 105 cfu/ml & 25% of the samples contained l-acteria Nhose T'opulation_ 

5 
l~as greater than 1 x 10 cfu/ml (Table, 1). \'lith increases in the lactation 

number, the number of cows which had bacterial counts greater than 
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1 x 105 cfu/ml also increased. During the 5th lactation number, as 

many as 50% of the cows had counts greater t.han 1 x 105 cfu/ml in thoir 

foremilk. 

The streptococcal count was also as variable as the TMAIlC (none to 

2 x 106 cfu/ml). As many as 12.5 to 37.5 % of the cows which were in their 

first 4 lactation numbers had no streptococci detected in their foremilk 

(Table, 2). HOIwvcr, amongst those \~hich harboured streptococci in their 

445 foremilk 57.5% had counts less than 2 x 10 , 7.5% hetween 2 x 10 & 1 x 10 

5 & 12.5% had greater than 1 x 10 cfu/ml. The high total mesophilic aerobic 

bacterial count was mostly associated with large numbers of the streptococcal 

population. Generally total streptococcal count increased in most of the 

cows as the lactation number increased. During the 5th lactation nwnber 
. 5 . 

as many as 37.5% of the cows had streptococcal counts exceeding lxlO cfu/ml. 

4 The staphylococcal count ranged from 60 to 3 x 10 cfu/ml (Table 3). 

Thirty two & a half percent (32.5%) of the staphylococci count fell less 

than 1 x 103 cfu/ml while 60% between 1 x 103 to 1 x 104 cfu/ml & 7.5% of 

the staphylococci count fell greater than 1 x 104 cfu/ml. During the first 

t\~O lactations the staphylococcal population was found to be less than 

4 1 x 10 cfu/ml in the foremilk. However, as the lactation number increased 

thereafter the foremilk of some of the cows appeared to harbour more 

staphylococcal populations (exceeding 1 x 104 cfu/ml). This was 

particularly more Iloticable in the 3rd & 4th lactation numbers. 

Kwnbi Dairy Farm 

As can be seen in table 4, the total lnesophilic aerobic bacterial 

count of the foremilk collected fell between 2 x 103 to 1 x 107 cfu/ml. 

As much as 50% (20 out of 40) of the samples analysed contained counts 

less than 2 x 104 cfu/ml. Those falling between 2 x 104 to 1 x 105 cfu/ml 
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/ Table -,1-, Distribution of the totoal I'lesophilic aerobic bacterial 

counts of foremilk of COl,S from Dehre Zeit dai>'Y farm. 

-_. ~~. -~~~~-~'---'-"-, .. 
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Table -2-' Distribution of streptococci. in the foremilk 

of co\<s from Debre Zeit dairy farm. 
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Table ·-3·>0 Uistri.bution of staphylococci In tb, forer,; lk 

of COI-!S from Debre Zeit dairy farm. 
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represented 27.5% of the cow!> while those with counts great or than 
,. 

1 X 10J cfu/ml were 22.5% of the cows. 

Most counts during the first & second lactation period of the cows, 

lYere belolY 2 x 104 cfu/ml. Howevor, CO\'lS lvi th bacterial counts equal to 

or greater than 2 x J.04 cfu/ml in their foremilk increased during lactations 

3, 4 f,5. At the 5th lactation number, 62.S% of the COlYS had counts 

4 equal to 01' in excess of 2 x 10 cfu/ml. 

The streptococcal count ranged f" 'lr. none to 1 x 10
7 cfu/ml (Table 5). 

Most of the foremilk samples (75%) harl less th,'ln 2 x 10
4 cfu/ml. Only 

12.5% of tho samples had counts g:r.eatcr than 1 x 105 cfu/ml. Those with 

2 x 104 to 1 x 105 cfu/ml represented 12. !j%. Seventy five, 25,37.5, 25 

d · 1 l5t 2nrl 3rd 4th th & 12.5% of the cows unng t 1e " & 5 lactation numbers 

did not have any streptococci in their foremilks (Table,S). Generally, 

streptococcal counts increased in number as the lactation number increased. 

4 HOI'lever, there was only a cow that harl a count of ? x 10 cfu/ml during 

the first lactation. On the other hand as many as 37.S% of the COlY5 had 

4 counts oqual to or greater than 2 x 10 cfu/ml in lactation 5. 

Staphylococci were detected from all samples examined. However, their 

contribution to the total aerobic mesophilic bacterial count was low. Their 

4 
count ranged from 60 to 2 x 10 cfu/ml (Table, 6). Twenty two & a half 

percent (22.5%) of the staphylococcal count fell less than 1 x l03 cfu/ml 

3' while 57. S% between 1 x 10 to 1 x 10" cfu/ml & 20% had counts greater than 

4 
1 x 10 cfu/ml. There were 2 samples with high staphylococcal count greater 

h 4 . 
t an 1 x 10 cfu/ml 1n lactations 1, :1 & 4 & a single sample each in 

lactation 2 f\ 5. Increases in staphylococcal population with increases 

in lactation number Ims not apparent on this farm. 
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Table -4,- Distribution of the total mesophilic aerobic bacterL 1 

counts of foremilk of COl'S Lrom Kumbi dairy farm 

Lactation Number of Colony forming uni ts/.nl of foremilk 

number COI-TS Gamp 1 cd 
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Table --5-> Distribution of streptococci in the for.emilk 

of CONS from Kumbi dairy farm 
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Table -6- Distribution of staphylococci in the foremilk 

of CO"B from Kumbi dairy farm 

Lac tationl Numher of Colony forming units/ml of . I 
foremIlk I 

numherG 
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2 8 7xl02 3xlO 3 
2xlO4 

4xl03 I I 
6xl0 3 I 

t--hlO3 

-
lxl03 

I lxl02 2xl03 4 

I 
2xlO 

3 8 2 
9xlO3 

2xlO4 l,xlO 

I 9xlO
3 I -.J I 

I 60 3 
!lXI0

4 I l,xlO 

~ 8 3xlO 2 
7xlO

3 2xlO4 

l,xl0 2 
8,10 3 

, -- --
3xlO 2 

2xlO
3 

5 8 7xl02 3xlO
3 

2xl0
4 

:",103 

3xlO3 

lxl04 
------._------ -'. 
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Reni Dairy Farm 
.-~£..:_-~---.--

The aerobic plate counts of r.,remilk samples collected from cows at 

Repi dairy farm are shown in (Table, 7). The range in counts was betl~eell 

2 xl02 to 9 xl06 cfu/ml. As many as 37.5% of those sampled during 

lactation 1 to 5 had counts less than 2 x 104 cfu/ml. Those with counts 

between 2 x 104 to 1 x 105 cfu/ml represented 35% of the total, while, 27.5% 

than 5 Fifty represented samples where counts were greater 1 x 10 cfu/ml. 

percent of the cows in 1st , 2nd & 3
rd 

lactations had counts less thp.n 

2 X 104 f / 1 C.u m . However, after lactation 3, with increases in lactation 

number, the bacterial count 'also increased. As can be seen from Table 7, 

those cows with counts of 2 x 104 cfu/ml 01' greater constituted 75% & 

87.5% at lactations 4 & 5 , respectively. 

As shO\'>'1I in Table 8 the streptococcal counts ranged from none up to 

9 x 106 cfu/ml. Seventy five percent of the samples reprosented counts 

4 less than 2 x 10 cfu/ml. Those with counts betl~een 2 x 104 to I x 105 

" cfu/ml & greater than I x 10' cfu/ml repres'ented 17.5% & 7.5% of the total 

respectively. The contribution of the streptococcal count to the toal 

bacterial population appeared to be significant. Some cows did not have 

streptococci in their foremilk & it was not related to lactation nwnber one 

way or the other. TI1enty five percent, 62.5, 37.5, 50% and 37.5% of the 

foremilk samples from the cO\~s in lactations 1,2,3,4 & 5, respectively did 

not contain streptococci. Increases in streptococcal population 110re not 

apparent in this farm as lactation number increased. 

4 The staphylococcal count varied from 80 to 6 x 10 cfu/ml (Table 9). 

As many as 55% of the samples contained counts between 1 x 103 to 1 x 104 

cfu/ml while 25% had counts less than 1 x 103 cfu/ml & 20% of the samples 

had staphylococci whose population was greater than 1 x 104 cfu/ml. At 
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Table - 7 - Distribution of the total mesophilic aarohic tacterial 

counts of foremilk of COh" from Hepi dairy farm 

Lactation Nunbcr of Colony fm:minc units/J>ll of foremilk ~ 

number sampled 
-----------------------r -----.--

cm~s 

2xl04 4 lxl05 • 
'- ?xlO -- )lxlOJ 

------
5xl02 lxlO'; 

1 5 6xlO 2 2xlO 4 2xlO5 

9xlO3 9xlO() 

lxlO i
, 

--
4xl02 2xlO i

, 
I 
I 

2 I 8 
3 4xlO

/
! 

5 

I lxl0 4xlO 
I 6xlO3 

7xl04 , 

I I 4 1xlO 

I ---
8x103 I, 5 

I 3»10 ?xlO 
3 8 ? 

3xlOi
, 5 

I 9xlO J 
6xlO 

4 
: 1x10 

1xlO
i
! 

-- --- -"-1 
2x102 4 

I 
3x1.0 I 2x10" 

4 fj 3 4 7x105 6x10 . 6ylO 

8xlO 4 1x106 
.0 ---

lxlO i
, 2xl04 1x10 5 

5 8 3x104 3:<10 5 

3xlO i
, 

,"x10 4 

4 
I 

.';xlO 
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Table -8-' Di.stribution of strcntococci in the foremilk 

of COHS from Repi dai.ry farm 

Lactation Number of Colony forming unit-d·nl of foremilk 

number .--~------.----.-------~ 

l I, 5· 5 
________ ---'i--________ -+...:L..:::...2:::X:.:;1:.;O::...'_+_2xlO - lxl:;:O:.-· _-+"- lxlO 

1 

I 
2xl()3 

l,x103 

--- -

° 
2 8 0 

() 

0 

0 

l,xlO
2 

3xlO 
3 

--
0 

3 8 0 

0 

3xlO
2 

4xlO3 

8xlO
3 

9xlO
3 

0 

I, 8 0 

0 

0 

0 

5 3 0 

0 

2xlO?' 

5xlO2 

9xlO
3 

4 
2xlO . , 

I, 
?xlO 

7xlO
l
, 

2xlO4 

-

3xlQlj 

4xlOl, 

8xlOI, 

8xlO 
I, 

--

---+ ___ J 

6xl()5 
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latter lactation numbers the number of cows that had staphylococcal 

counts groater than 1 x 10
3 cfu/ml incre:1,;ed. As many as B7. 5% of the 

h 1 3 / d' J ,th cows had staphylococcal count groaL'll' t an 1 x a cfu m1 urlnr. t 10 t,. 

& 5th lactations. It \'las not unusual to detect foremilk samples with 

11 
staphylococcal counts exceeding 1 x 10' cfu/ml at anyone of the 

lactation numbers. 

Prevalence of Species belonri.ng to Genus Staphylococcus 

and Streptococcus in the Foremilk of Cows 

Debre Zeit Dairy Farm 

Out of the 195 isolates subcultured from foremilk samples obtained 

from Debre Zeit, 110 \'Iere species belonging to renus Staphylococcus I"hile 

82 belonged to genus Streptococc_us (Table 10 1\ 11). Staphylococcus_ 

epidermidis was the most common isolate makinE up 64 of the total 

staphylococcal isolates. TIlis was follol<ed by Staphylococcus aureus (J.6). 

Other Staphylococcus species which ",1"'~-3 also isolated were Staphylococcus 

h.yicus sUbsp. chromogenes (8), Staphylococcus xylosus (6), Staphylococcu~. 

simulans (4), Staphylococcus hyicus subsp. !t.YJ.cus (1) & the Staphylococcus 

homini/ Staphylococcus Iwnwri/ Staphylococcus haemolyticus eroul' (7). 

Four othor Staphylococcus isolates could 1I0t be identified to the species 

level. 

During each lactation number Staph. epidermidis was found to be the 

most prevalent (85%), while Staph. aure~, ~~IlP~ hyicus subsp. chromogenes, 
• 

StapE.. hominis / Staph. Warneri / Staph. J.!aefo101yticus group, Staph. !,:)'lo~us 

Staph. simulans,EschericJlia coli, Staph. hyiclls subs)). hyicus & ~icrococcus 

sp. l'Iere found to be 20, 17.5, 17.5, 7.5, 5, 5, 2.5 fi 2.5 " respectively 

(Table,lO) . 

Staphylococcus epidermidis !;as isolatGr! 'O-:om most of the samples in all 
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Tah1e --9,- Distribution of staphylococci in \:h~_ foremilk 

of cows from Kepi dairy farm. 

----_. -------------
Lacta tion I Number of Co1o'uy 

number CO\olS sampled -_. 
<. 1x10

3 

2x10 2 

1 8 I 2 4x10 

5x102 

2 S 1x102 

3x102 

-
80 

3 (J 1x102 

8x10 2 

-

4 8 90 

---------

5 8 2x102 

-- ----

fanning units Im1 of foremilk 

1x103 -- I x10
4 ~xlO~~ 

I 

I 
3x10 3 

l,x103 

5x103 

lx103 

1x103 

5x10 3 

5x10 3 

6x10
3 

---
5:><10 3 

6>.10
3 

8x10 3 

9x10
3 

? 
2x10~ 

5xJ.0 3 

6x10 
3 

6x10
3 

7x10 3 

9x10
3 

2x103 

2x10
3 

2x103 

3x10 3 

I 

1x10
4 I 

----1------' 

---1-----· 

1x104 

6x104 

I, 
2x10 

---



lactation numbers. Staphylococcus aureus was also detected in each of the 

lactation numbers. The rate of isolation ,,~,s high in lactation 2, 3 f, 5 

Staphyloco,:c\lS hyi<:~...s" subsp. ,~lyic.':l:_,I':aS only detected in lactation 5 

whereas Staph. hyiclls subsp. chrome-wnes Has isolated in all lactation 

period except in lactation 3. The rate of isolation \'las high in lactation 

5 & this was fo1101'led by lactation 1. Staphylococcus nominis / Staph. 

\'Iarneri / St~ . .!gtemolyticus group l'las isolated in all lactation numbers 

excopt lactation 4. Tho rate of isolation of the group was equal in all 

lactation numbers except lactation 1. Staphylococcus simulans was i,solated 

in lactation 1 & 4, Staphylococcus. xylosus in lactation 2 & 3 & E. coli 

in lactation 2 & 5. 

The streptococcus species isolated durin)' the study I'lere mostly 

Streptococcus bovis (38), Streptococcus dysagalactiae (15) and 

Streptococcus ~(beri~ (12). Other streptococcal species isolated weH> 

Streptococcus agalactia? (3), StreptococC~l.:!, !"ccalis (5) Streptococcus 

sp. G(4) & Streptococcus infregu,E'ns(2). Three of the streptococcal 

isolates were nit identified to the species level. 

Among the streptococcal strains (Table 11), Strop. bovis was the most 

prevalent (50't) followed by Strep. dysagalactiae (20%), Strep. uberis(15',) , 

Strep. faecalis (7.5%), Strep. agalactiae (5%) 5tteE.,'sp. G (5%) & !ltrep. 

infreguens (2.5%). 

Except Strop. bovis and Strep. dysagalactiae, all the other 

streptococcal strains were only detected in lactation numbers 3, 4 & 5. 

Streptococcus bovis \'las isolated in all lactation numhers & the rate of 

isolations varied from 37.5% to G~.5% in the dIfferent lactation numbers. 

Streptococcus dysagalactiac ('las also isolai:ed in all lactation numbers. 

The rate <>f isolation of Strep. dysagalacti'le & Strep. uberis was the 

highest in lactation 4 .. The highest rate of isolation for Strep. fa,ecali,:;, 

was in lactation 5, 



Table -10- Prevalence of staphylococci, coliform (~ . .<Coli) f, Micrococcus 

species in foremilk samples f,'om individual COllS in Dehre 

Zei.t dairy farm. 

- t -- ;"","U,, 
--------

numher Percent 
Species (strains) -----,------

123 4 5 prevalence 

Staph. aureus 
I i 

2 20 1 ? ~ 1 -----
6 ;+-;- ----I--

St1:ph. epidermi<!.i.:;. 7 6 85 

Staph . hyicus subsp. hyicu,: =;r;~ -- - 1 2.5 
--

Staph. hyicu~ subs!, . chromogenes - 1 3 17 .5 

~Staph. simu1ans 1 - - 1 - 5 ----
Staph. xylosus -- 2 1 - - 7.5 

Staph. !lOminis/ Staph. !~!l~_~_i/ 1 2 2 - ! 2 17.5 
Staph. haemolyticus 

I 

--
-f E. coli - - .- 1 5 -- --

Micrococcus -- - I 1 -- 2.5 
-.... 

Table 11. Prevalence of streptococci species in foremilk samples 

from individual COI'IS in D"bre Zeit dairy farm. 

Lactation number I Percent. Species (strai!.s) 1--- . _-0-

1 2 3 4 5 prevalence 

_Strep. agalactiae -- - - - 2 5 
-- -

Strep. dysagalactill_~ 2 1 1 3 1 20 

Strep. uberis - -- :l 3 2 15 
--- ---

Strep. bovis S 4 3 3 5 50 ----
--

.strep. faecalis . - - -- I 2 

::~I ----.------- --- --
Stre~. infre'l"wns - - 1 - -

--
Strep. spp. G - - - 2 - 5 I '--- - - -- ---------- -
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Kumbi Dairy Farm 

Amongst tho 171 isolates obtained during the study period, 100 & 68 

were Staphylococcus & Streptococcus species respectively. The rest of 

the isolates were species belongin? to genus Micrococcus. Several 

Staphylococcal strains were identified. Of these Staph. epidermicis 

constituted 60 of the 100 isolates \'Ihile Staph. au~, Staph. simulans, 

Staph. hyicus subsp. chromo genes , Staph. xylosus & Staph. ,hominis/ Staph. . ---
\'larned / Staph. haemolyticus group made up 12, 10, 5, 4 & 2 respectively. 

Seven of the staphylococcal strains isolf'ted could not be identified. 

As sho\'Il1 in Table 12, the most prevalent staphylococcal strain in 

the herd was Dtaph. epidermidis (77.5%) followed by Staph. :lUreus (15%) 

Staph. simulans (12.5%) Staph. hyicus sub~p. ,chromogenes (7.5%), Staph. 

xylosus (5%) f, Staph hominis/ Staph. warneri / Staph. hacmolyticus gl'Ol',:l 

(2.5%) . 

Staphylococcus epidermidis was detected in 6 of the samples in 

each of the lactation numbers except lactation 1 where 7 of the samples 

had the bacterium. Staphylococcus aUl'eus was isolated in all lactation 

nwnbers except lactation 1 \~here it was not detected: The ')'ate of 

isolation of Staph. aureus increased in lact::>tion 3 f, 5. Staphylococcus 

hyicus subsp. chromogenes was isolated in the fi,'3t 3 lactation numbers 

(1. 2, & 3). Staphylococcus simulans was isolated in the early lactations 

(J f, 2) as \~ell as latter lactation number (5). The rat,e of isolation 

of ~taph. simulans \~as the highest in lactation 5. Staphylococcus 

xylosus was isolated from samples in lactation 1 & 4. Staphylococcus 

hominis / Staph \~arneri / SLaph. haemolyticus group \'/as isolated it) 

lactation 2. 

Among the 6 stTeptococcal strains identified, Strep. bovis made 

up 25 of the 68 isolates while Strep. uberis, Strep. ag~lactiae, 
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5, 4, f, 3 respectively. There I'/ere also 2 streptococcal isolates ",hich 

\'I,.re not identified to tho speci0s lovd (T~.ble 13). 

As can be seen from Table 13 ,_ Str~p. })ovi!: was the most prevalent 

(40~,,) follOl;ed hy Strep. uboris (27.S~6), Str<p-. faecalis (7.5%) each of 

.Str~p. agalactiae (7.5%), c:t~. sp. G. (7.5%) & Strep. !!Lsagalactiae (5%) . 

Streptococcus .bovi~ & StrelJ. -",beris I'ere isolated frolO eB-ch of the 

lactation numbers. The rate of isolations in the different la<::tation 

nwnber varied fro>, 12.5 to 37.5'6 £01' StreD. ub8ris ,e, 25 to 62.5% for ----
Strep. bovi:>.. StreE!~cu~ dysagD.lactia,~ was only detected in lact[ 

4 whereas Strep. agalactiae "Jas detected in lactation 2, 3 & 4. StTC"(;l. JCOC(,.1l5 ---
f~ecalis was isohted from cows in lactation:; ( <I while Strer:. sp. G 

was isolatod in lactation 2 & 5 

Repi Dairy Farm. 

Of 169 tot<·l number of isolates subcultu;:-ed from foremilk sampled 

from this farm, 102 were Staphylococcus soeciGs, 65 Streptococcus, & 2 

Micrococcus. Some strains of Streptococc_us (S) & Staphylococcus (8) 

>lere not identified to the species levGl. 

Six species of Staphylococcus were identifiec' Among these slJecies 

Staph. epidermidis was the most common isolato & constituted 59 of the 

total staphylococcal isolates; Staph. aureu,=-, Staph. simulans, 0.taph_. hyiclis 

subs!'. chromogenes, Staph. hyicus subsp. h~icus & .staph. intermedius 

constitutod 20, 2, 5, 6 f; 2 of the isolates respectively. 

Of the staphylococcal stro.ins Stapl~.' '.'l'idcrmidis was the most 

preval~nt (80%) folloHed by !,taph. aureus (2S%), Staph. hyicus subsp. 

hyicus (15%), .~taptl.. hyJ:cus subs)'. chrom(!j!;ell.".": (12.5%), each of St(lp~. 

simulans (2.5%) ;, Staph. intermedius (2.5%) (T'l.ble 14). 

Tho rate of isolati.on of Staph. epidermidis varied b"tween 62.5% to 



.. 38 ~ 

Table ~12- Prevalence of staphylococci & HicrococcllS strains in 

foremilk samples froin individual CO'hlS in Kumbi dairy :a:m 

Laetad.on nllmber Species (strain) 
I .. r-;--r'=r- ! 

1 W 
Percent 

alenee prev -
s I ~'P-h .. ~.~!.r...':~ 

§taph. epi.? ermidis -------.--. 

~:~. subap. Staph. hyic 

chromogen'!..~ 
. 

sus 
~--
ans --

ni..'?./ ~!."2.~. ~~r\leri/ 

I I 

I - I 1 .., 
7 6 

1 1. 

1 ';' 

1 J. 
---

1 2 ! 1 _2 __ ~_ 5 I ----------
6 6 6 7 7.5 

-- --r--' 
1 .. - 7.5 

-
. - 1 .. 5 

. - _ . 3 1 2.5 
--. . 

§tap!!.. h~!"i 

St~ ... ph. haen lolyticus. 

Hicrococcus 
.-. - l~f-:- - I --.. -- -.- -G-L --+----

2· . 1 I·· I I I 1 ____ 1_ 
7 ,-
.J 

2 • .'> 

-

Table -13- Prevalence of streptococci. strains in foremilk samples 

from individual COHS in Kumbi dairy farm. 

Species(strains) 

--,---,----., '----If 

- 1 ?.i3 ill 5 

aga Inc t.ia~ .. 1 18 
. 1 

dysagalactiae ---t •. 0 -- • - --.. ---~.--

uberis 

~* 
3 I 2 3 -----

1---. bovis 2 5 3 3 3 

Strep 

-----------.-
0 hecalis - - 1 2 _. 

"---. spp. G . - 1 
. 

' . I . . 2 , 

-.-
7,5 

5 
--

27.5 

40.0 
-.-
7.5 --I 

.. __ ! 7.5 
--
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100% in the different lactation numbers. .~.!.aphylococcus a~ was 

isolated in aU lactation numbers & the rate of isolation increased in 

lactations 4 f, S. St~lococcus hyicous subs]>. chrom.orenes was also 

isolated in all lactation numbers except lactation 4 where it \'las Ilot 

detected. Staphylococcus hyicus subsp. hyicus was i.solated in lactation 

numbers 3, 4, & 5 & its rate of isolation increased in lactation 3 & 5 

Staphylococcu.~ simulans Ii .~taph. intermedius were detected only in 

lactation 1 & 3 respectively. 

Of the indentified streptococcal strains Strep. bovis constituted 24 

of the total streptococcal isolates while Strep .. uberis, Strep. a8a1actiae, 

Strep. dysagalactiae, Strep. lactis & St~ .• sp. G made up 4, 12, 14, 2 

& 4 respectively. 

As showll in Table 15 the most prevalent streptococcal strain was 

Strep. bovis (32.5%) follO\~ed by Strep. ~sagalactiae (1'1.5%) Strep. 

a8alactiae (15%), Strep. uberis (5%), Strep' sp. G (5%) & Strep. lactis 

(2.5%). 

Streptocos:cus. bovis was isolated in all lactation nwnbers & the rate 

of isolations varied from 25 to 37.5% in the different lactation numbers. 

Streptococcus agalactiae was isolated in all lactation nwnbers except 

lactation 4 where i t I~as not detected. The rate of isolation was the 

highest in lactation 3. Streptococcus dysagalactiae \'las isolated from 

3 lactation numbers & the rate of isolation increased in lactation 5 

followed by lactation 1 & 4. Streptoc::occus uberis was only isolated from 

lactation 1 fr 3. Similarly Strep. sp. G & Strep. lactis were only 

isolated in lactation 5 ~ 3 respectively. 

~licrobial Load and Relative Distribution of Mastitic 

Ilacteria in the Farms under Study 

The relative differcncCls in microbial load & distribution of mastitic 

bacteria in the three .(arms with esnecial emnhasis on total mc>sonhilir 
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Table II} Prevalenc8 of stnphylococci r~ .Hic!,.geo('~_cus stt'ains in 

foremilk samples hom individual cows in Repi dairy farm 

'--~'-1 1- tactation~ber Percent: Species (strains) I 1 I 2 I 3 I 4 I 5 preva lence i 
- ~;-+--+- I 

____ +1 >-t-: i-~--~- : :::: ! 
aureus 

~. ~~rmidis 
-----------+--.;----1 +---1---,-----\ 

2 1 3 15.0 \ gaph. hyicus subsp. hyicus 
-+--+--+---+-------\ 

~_I'E._hyicu8 subsl" chromo~..':~ 1 

1 . ~."Stap1!' sirnulans 

4-~' intermedius 

~Iicrococcus 

-------.+-

2 1 

1 

2 

1 12.5 \ 
-+---+-,-----1 

, I ~
' - 2.5 I 
- -,----r';.5---1 
---t-o -j------! 
- ,- 5.0 I 
I' _, I 

Table 15- Prev.llence of streptococci strains in foremilk samples 

from individual cows in Repi dairy farm 

r------'--'--------,-------- --------1-,---------
SpeciesCstrains) 

Lactation number I Percent 

prevalence 
-- 1 2 -- -;--'~-5--

r--------.-----------~, -+----------
Strep. a8.alactiae 15.0 
---------------------+---+------- --+-------
Strep ~sagalactifle 2 - 1 L, 17.5 

-----I----t--+__ 
StreE' uberis 1 ,- 1 I - -

-:::: ::": ---------~pl-~:~-+--:--1-:_-+--3-:-.-5---~-1 
L:S=t=r=e.E.~' .:l=a=c=t=is=-_________ L_-_.-J~_--____ l_~J_-_,-J-. __ 

2_. 5 _____ J 
5.0 
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aerobic counts and tho different Streptococcus ~ Staphylococcus 

species were compared. As can be seen from Table 16 there appeared 

to be no significant difference in the total aerobic mesophilic counts 

bet\~een the three farms. 

Staphylococcus hyicus subsp. )lyicus was found to be extremely high at 

Repi, but was present in low numbers at Debre Zeit & absent in Kumbi 

(Table 1 '1) • In addition Stap}~. intermedius though absent, at Debre Zeit 

& Kumbi, was present at the Repi dairy farm. Staphylococcus "pidermidis 

was found in high numbers in all the three farms. 

Streptococcus bovis & Strep. uberis were f"und'in hir.h numbers 

foUowed by StYe.£.. "galactiao in illl the three f"rms. Streptococcus 

infrequens t; Strep.' lactis \'lOre f:Jund in 10\-' ntll"}'"rs ~n(l tho)' were 

isolated only from Debre Zeit & Reoi farms, respectively. 

Antimicrobial Sensitivity Testing 

The sensitivity of 55 staphylococcal & streptococcal strains isolated 

during the study period were tested (Table 19). All the isolates were 

found to be sensitive to erythromycin, cephalothin, chloramphenicol, 

clindamycin & vancomycin. The staphylococcal strains were resistant only 

to penicillin & tetracycline. Porty percent of the Staph. hyicus subsp. 

chromogenes & 40% of Staph. aureus were resistant to penicillin, while 

20% of ~taph. ~pidermidis & 40% of StapI!.. aureus were resistant to 

tetracycline. 

All the streptococci strains were sensitive to penicillin, erythromycin 

cephalothin, chloramphenicol, c1indamcyin & vancomycin (Talbe, 19). Ten 

percent of the Strey. uberi~ & 20% of Strep. dysagalactiac were resistant 

to oxacillin. Forty percent of Strep. agalactiae were resistant to 

Kanamcyin. The resistance of the streptococal strains to tetracycline 

varied from 20 to 40%. Resistance to gentamcyin \~as shown by 40% of 
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Table - 16- Arithmetic mean of the tot.al mesophilic aerobic 

count on the three farms. 

Lactation Colony forminl; units/mI. 
Number Debre Zeit I '~bj Repi -----_. 

1 2xlOS 5 lxlO6 lxlO 

(9x102 _ 2x106)* 1 (4Xl03 - 8xlOS 2 6 (SxlO - 9xlO 
- --" 

2 6xlO4 6xlO4 7xlO<l 
2 5 (lxlO - SxlO ) 

3 r 
(4xlO - 2xlO~) (4xl02 - 4xlOS) 

----

3 9xlO4 L\ 
lxlOS 5xlO' 

3 5 (2xlO - 6xlO ) 3 5 (3xlO - lxlO ) 3 5 (8xlO - 6xlO ) 

4 9xlO4 lxlO6 3xlOS 

3 5 (6xlO - 3xlO ) 3 7 (3xlO - lxlO ) 2 6 (2xlO - lxlO ) 

5 lx106 3xJ.Q5 8xlO4 

(2xl02 - SxlO6 3 6 (2xlO - 2xlO ) 4 5 (lxlO - 3xlO ) 

* values in parenthesis indicate the minimum & maximum total 

mesophilic aerobic count. 
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Table 17 
Hicrobial load (Range) & the relative distribution of staphylococci 

species in the 3 farms. 

"All counts as colony forming units/,nl." 

Species 

nureus 

Staph. hyicuB nbbpp. 

hyicus 

Staph. hyicu~. Bubap. 

chromogenes 

Staph. xyl~ 

Stapl~. simulans 

Debre Zeit 

70-lxlO 
I, 

60"3xlO 4 

5xlO2 

3 60-3xlO 

3 I,O"lxlO 

3 80-lxlO 

Kllmbi 

I 2 3 I 3xlO .. 9xlO 

60"2xlO 
I, 

Repi 

2 , 
lxlO - 3xlO" 

80-6xlO 
I~ 

3 4 4xlO - 2xlO 

2 4 9xlO .. 4xlO 

Table-18- Nicrobial load (Range) & the relative distribution 

of streptococci species in the 3 farms 

"All counts as colony forming units/mI." 

Species Debre Zeit Kumbi 

3 5 3xlO "2xlO 2xlO3 .. 2xlO 5 
I 

BO-2x1031 6xlO 2 " 2xlO 3 

2 6 2xlO -2xlO I lxlQ2 lxlO' 

Strep. bovis 90-lxlO 6 
80-lxlO 

6 

Stre.e.. faecalis 2 2 3xlO -4xlO 3xlG2 .- 2xlQ 3 

5xl02-9xlO2 2xlOZ " 5xlO 3 

4xl02 - 2"104 

3xl02 .. 5xl03 

lxl02 - 9xl06 

2x102 .. lxl06 

lxl02 .. 2xl02 

Strep .. lactis I.. lxl02 

/.-s_t_r_~_p_ .• _i_n_f_r_e_q_u_e __ n_s __ -,~. __ l_X_l_O?_' _L __ · __ . __ --''--_____ _ 
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the Strop. ~sagalactiae and 40 porcent of the Strep. agalactiae. 

Resistance to streptomycin was sh0\111 by all strains of streptococci 

(20 to 50%). 

As shown in Table 20, resistance to one drug I,as exhibited in 30% 

of the Strep. uberis. Resistance to two Grugs ill 30%, 4(l% & 20% of 

Strep. uberis, Strep. dysaRalactiae & Strep .. Dovis respectively. S'dT,ilarly 

resistance to 3 drugs was ShOIVll in 20'; ill each of ,?treE' dysagalacti.ae & 

Strep. agalactiae & to 4 drugs only in 20% of Strep. agalactiae. 

Three different patterns of resi.stance ,'lere observed among the 

staphylococci strains while 8 resistance patterns Nere observed for the 

streptococci straifis. 



----------------------------------------------=r-----------________________ _ 
Table 19-· Sensitivity tests of staphylococci & Streptococci 

to different antibiogramse 

1 0 

iNUl!lb 1 & --

----~------- strains 

st:':d.ins (55) 

St22.t· aureus 10 
------

St~. e'Piaermidis 10 

fl 
--
Fenft IE~ 

I 

60 I 100 
I 

1
100 

, 
J 10e 

I I , 

Percent sensitive (susceptible) to 

r­
OX3.. 

-------------,--1 
Ce~t~ j01. i Ran. jGen. ~tr. ':Clin 'Van. 

1=L100 I 60 11')0 I 100 I 100 100 I 100 100 

~OO I 1~-'8:' ~10C 100 100 1100 ! 100 , 

- I I , --+ 'I' 

I l' 
100 11001 laO! 100 1100 i 100 110C 1100 

i I I I I ! I . I ' 1 ! 
I~. ~icus 
subsp. hyicus I 5 11" r---==-~ I vO 1

10
\)1,100 

I £~2;'o. _lYicuE,! I I I I subsp_ - ! I 
, 

Stre"r . 

Stre'y. 

, §trer . 

o""-'-l ' I 60 100
1 

I 
uberis 10 

1
10e 100 

g.ysagalactiae. 5 1100 100 
I 

~lacti~ 5 i 100 I 100~ 

'0 

90 
--.-

SO 

100 
---- -

Stre;? . IlfJO ~vis 5 100 - 100 
-, 

I 
100 100 ! , 

-=:0 I 70 I 
100 I 60 

100 80 

100 I I 
se I 

~oo I '" '" I 'DO I ,OC 

lOG I 100 10 _ I 50 I 100 1100 
I 

100 I 100 6" . " I 60 I 100 1100 

, 1 , 
100 I 60 601 60 I 100 I 100 

..L , 
1001 lC.',Q 100

1 

o~ I 100 100 ~J 

, 
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'fable -20..-. Resistance pattetns of staphylococci and stl-eptococci 

s trains to differ"nt antibiograms 

Strains f"i"'"' pattE'.rn strains 
I ~o· 
~-I 

E..taph. aur.eus I --.-
(10 strains) ~en 1 ~t II 40 , 

I 

~taph • 
I epi<lermidis .. ----

(10 otrninfJ) Tet 2 20 

3~1)l>.!_ .!!Ii-.£.l'2. suosp. 

Chromogenes Pen 2 40 
( .5 strains) 

. 

Strep. ub"ris Oxa 1 10 I ._---
(10 strains) Str 2 20 

I Tet Str 3 30 
I 

Strep. ~s''.8.al.ac!iae ~a Tet 1 20 

(5 strains) Gen Str 1 20 

Tet Gen Str 1 20 
------_. '-. 

Strep. Egalactiae. Kan Cen Str 

( .5 strains) I LLt Kan Gen 8t 1 20, 

I· I Lt 
C-, I "i Strep-, bovis Te.t Str --.. -~ 

I ( 5 strains) 
I I --- ,--



V. DISCllSSION 

The teat duct is the first to be C( lrniztOd and hence the foremilk 

dralm always contains organisms (Volk f) Wheeler, 1980). The number of 

bacteria in the foremilk, however is known to fluctuate (Cousins & Bramley, 

1981; Bramley et ~., 1984). The occurence of bacteria and there of 

infection in many instances is related to the state of the health of the 

host & the sanitary aspects of the environmont it lives in (.Jain, 1979) . 

The limited immunological capability of the manlmary r.land to prevent 

invasion is overcome when the teat end is exposed to microorganisms 

(Smith,1983). Any factor that increase the number of bacteria on apical 

teat skin will increase the incidence of the probability of gaining 

entrance of some organisms into the udder while factors that decrease 

presence of bacteria (pathogen) will reduce the incidence of infection 

(Jain, 1979,Philpot, l~79). This variability of exposure (infection) of 

the udder by microorganisms together with the host factor mir-ht be the 

cause for variability of the bacterial count in the foremilk samples 

analysed during this study period. 

In the 3 farms, on the averap:e, 75% of the apparently healthy cows 

contained total mesophilic ae:-nh ; c bacteria.l count (TIIABC) less than 

5 5 lxlO colony forming units (ciu)/ml & 25% had greater than lxlO cfu/ml 

in their foremilk. Bacic et al., (U68), on the othor hand, renorte(1. 

that 95% ,~ 5% of the healthy cows had T~IABC hiss than lxl05 cfu/t1'l & greater 

than lxl0
5 

cfu/ml respectively in their foremilk. There I~ere more cows 

5 
with counts greater than lxlO cLu/ml in these farms than those reported by 

Bacic E ~., (1968). The bacterial content (count) of 1'a\~ milk also inc:tease 

tremendously when cows are infected 1·1i th mastitic organisms (Cousin~; & 

Bramley, 1981; Bramley E al., 1984). The high bacterial count (grtlater than 

lxl0
5 

cfu/ml) in the 3 farms was mainly associated with large number of 



stteptococcal species in the foremilk Cfable 2, 5 & 8). Cousins f\ Bramley, 

(I981) & Jlramley -",t~., (1984) al so came to a siPlilar 'conclusion 

when they \'Iere studyinr the udder diseace ;. bacterin 1 content of ral'l mil k. 

The foremilk when compared Idth the mai.n (mid) milk, is sPlall in 

volume & al so contains higher hacterial count. The THAnC of the fOl'emil k 

is 6.5 x greater than the mid (main) milk in healthy cows (Jlacic ct a1:,. ,1968). 

Bacterial counts greater than 1 x 10 Cfu/ml in milk frol'1 infected udder 

does increasE> the bulk milk count sirnificantJ.y (Cousins Pr Ilramloy, 1981). 

In all the farms there wero only feN cO\~s \'lith counts ap))roaching 01' equal 

7 
to lxl0 cfu/ml, hence their contribution to the total bacterial count in 

bulk milk collected from all cows is assumed to be 10\~. Hesoohilic am.'obic 

bacteria should not be recovered frol1l raw milk used for manufacturing dai:cy 

products in a number exceeding 2xlo6/ml (Refai, 1979). This is bccaus!;) of 

the contribution of high bacterial count to poor keeoinJ' quality & inf0rior 

product originating frol1l the milk (Lal'l, 1979). 

There were more cows ,66.7%) in lactation 5 with TMARC equal to or 

4 greater than 2xlO cfu/ml than in lactation 4 (58.3~6) in the farms. This 

decrease in TMAllC duri.ng the carly lactation numher were also observed by 

Bacic (1968). Age and stress of milking lead to loss in the effectiveness 

of the streak canal as a barrier to hacteria (Schalm ,,!'.!. al., 1971). Hence 

the increase in tho number of cows that had hir.h THAllC count in this study, 

as lactation number increased could be :'lscribed to the gradual loss of 

teat patency I~ith increasing age. 

AmonI' the streptococcal species, Streptococcus agal.<tctiac, StrDp. 

dysagalactiae, ~trep. ub~:.:.is, Strep. bovis, Strep. sp. r;. Strep. hire-quens 
-- ---' . ~----'---

& Strep. lactis wore isolatod from the ,1 airy farms. Their presence in the 

milk of cows is not ullusual. Buxton F. PraseI' (1,,74) P, Newbould(1984), 

have reported findings similar to this one, previously. 
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Even though Str~. agalactiae, Strep. ?ysagalactiae fr Strep. uberis, 

mostly associated with infocted udders, §_tr0J:l.. Eovis, !:,!.~ep. faec~~!~, 

Strep. sp. G & Strop. infrequens have alst been isolated from mastitic 

cows occasionally (Buxton f, Fraser, 1977; McDonald, 1979; Philpot, 1979; 

Wilson & Richards, 1980; Rangasamy et al., 1983; Newbould, 1984). 

Of the streptococcal species Strep. bovis was the most predominant 

isolate. It was responsible for mos" of the high bacterial counts (Tablo, 

It, 2, 4 & 6). This bacterium was detected in all of the lactation numbers 

in the 3 farms (Table 2, 5 & 8). Strep. bovis inhabits the gastro intestinal 

tract of cattle (Buxton & Fraser, 1977; Gillespire & Timoney,198l). Because 

of fecal contamination of the udder, this organism is usually detected in 

milk (Gillespire & Timoney, 1981). That must be why it was found in such 

greater numbers in all milk samples analysed from the 3 farms. Strep. uberis 

was also responsible for high bacterial counts in all the farms (Table J.8). 

6 Bacterial counts greater than 1.5xlO cfu/ml was reported from the clinical 

cases of Strep. uberis mastitic infection (Neave, 1975). HO\~ever, Strep. 

6 uberis counts greater than or equal to 2 x 10 cfu/ml have been recorded in 

the 3 farms in milking cows. Nevertheless, these cO\~s did not sho'" overt 

clinical xymptoms of mastitis. This bacteriwn can survive & multinly in 

extramammary sources of the co, ~Ilramely, 1982). It also colonizes the 

external oriffice of the streai<. canal and multiplies in the udder (Cousins 

et ~., 1980). The degree of infection due to Strep. uberis has been found 

to be variable. This has been associated with its ability to survive and 

grow at different sites outside the mammary gland and in the surrounding 

environment (Bramely & Dodd, 1984). 

As can be seen in Table 11, 13 f, 15, the number of lacting cO\~s that 

had mastitis causing environmental pathogens (bacteria) (Strep. uberis, 

Strep. bovis & Strep. faecalis) in their foremilk l~as higher in Kumbi & 



Oebre Zeit than in Repi farm. Escherichia coli 1'/aS only detected in 

Oebre Zeit farm (Table 10). Al these four bacterial commonly inhabit the 

gastro intestinal tract of cattle (BuxtJr, & Praser, 1977; Bramley, 1982; 

Kruze & Bramley, 1982, Jackson 1\ Bramley, 1983). Freshly composed dairy 

liaste solids & straw are potential reservoirs of environmental pathogens 

including other mastitis pathogens (Bishop et ~., 1981). StrUli, urine 

& faecal material are particularly ~ood sources for survival & multiplication 

of Serep. uberis and Q.. coli (Sharma & Packor, 1970; Rendos et..al.,1975; 

Kruze & Bramley, 1982; Bramley, 1982). The environmental condition that 

lias observed in Oebre Zeit & Kumbi dairy farm~ appeared to be conducive 

for the survival & frequent contamination of the udder with urine, fecal 

material & straw. 

At Repi, the urine & faeces are drained into a central drain 

continuously. The concrete floor in the shed is also washed with liater 

regularly. The floor of the shed is smooth and slopes towards the central 

drain. As a result the floor is kept clean. Contrary tO,this, at Oebre 

Zeit fr Kumbi farms, stra1i is being used as bedding material & the faecal 

material & urine usually fallon their bedding. The urine, faeces together 

with straw are removed from the bedding using spades. Care is not taken 

to remove all material, hence '1: is common to see cows spoilt with faeces 

urine & straw bedding stick in,:; to them. 

The staphylococcal species isolated from the 3 farms during the study 

period were Staph. aureus, Staph. epidermidis, Staph. hyicus subsp. hyicus_, 

Staph.hyicus subsp. chromogenes, Staph. Xyl05US, Staph. simulans, Staph. 

intermedius & Staph. warneri/ Staph. homini/Staph. haemolyticus group. 

Except for Staph. intermedius these bacteria have also been reported by 

Harvey & Gilmour (1985) from herd bulk milk of COliS. 

Mastitic staphylococci were more prevalent than mastitic streptococ.ci 
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(Table 2, 5 & 8). Bishop et !:!.., (1980) studyinR clinical cases of mastitis 

also found staphylococci as the most prevalent. Among the staphylococcal 

species, the population of .5taphylocoCC1S ~p'idermidis was high in the 

foremilk of cows collected from the 3 farms. Similar findings were also 

reported by (Rangasmy et ~..!.., 1983, Devriose & Dekyser, 1984; Brolund, 

1985). At anyone lactation, one finds Stap~. epidermidis as the most 

prevalent species in the 3 farms (Table 10, 12 & 14). The difference in 

lactation number ~Iith respect to Stapl~ .. epidermidis is less accentuated 

than for major pathogens (Blackburn, 1968). 

Staphylococcus. epidermidis occurs as a conunensal on the skin (udder) of 

cattle, the skin of man & also in the environment of the cow byre & milk 

equipment where they remain viable for many days or weeks (Buxton & Fraser, 

1977; Nwufoh & Amkori, 1981; Rangasamy ~iO aI., 1983). As a result, there 

could be a greater probability for the udder of a cow to be colonized 

(infected) by the bacterium. This may be the reason for the frequent 

detection (isolation) of StaE!!.. epidermids during the.different lactation 

numbers. 

Staphylococcus aureus was the most dominant bactoria next to St~. 

epidermidis (Tablo 10, 12 & 14). 

The prevalence of Staph. '~I.lllans, !:'.S!Eh.' ~ylosus & Staph. hyicus 

subsp. chromo genes was found LO be much 101~er than that of Staph. ~idern>idi 

Devriese & Dekyser (l984), studying the prevalence of coagulase negative 

staphylococcal species in milk found the afore mentioned species to 

represent only a small fraction of the total staphylococcal population. 

:n the same study (Devriese & Dekyser, 1984) Staph. hyicus subsp. 

chromogenes was found in cows milk & on teat sl<ab samples whereas Staph. 

!!ri~ subsp. _hyicus was found only on teat swabs f, not in milk. Unlike 

their findings, Staph. hyicus subsp. hyicus \'las found in milk at Debre 

Zeit & Repi dairy farms. 
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The two major mastitis causing organisms isolated were Staph. llur~us 

and Strep. agalactiae. In general, these bacteria arc often responsible 

for causing mastitic conditions in dair" ':01'lS & as a result they are 

commonly isolated from infected udders (G iffin, 19'17; Wilson & Richards, 

1980; Rangasamy -"-~ ~., 1983, Brolund, 1985). Jain (1979), state that Strep. 

agalactiae cannot survive outside the udder. The usual transmission of 

Staph .. aureus & Strep. agalactiae is through cross contamination from infected 

to non-infected udders through the rr.,diation of incompletely disinfected 

hands during the milking process (McDonald, 1979). Hand disinfection and 

post-milking teat dipping is an effective hygienic method employed for 

the prevention of new infections by the most common pathogens with the 

exception of some which survive in the environment for a lonp, time 

(Neave et~., 1969). Post milking teat dipping usually reduces the rate 

of intramammary infection by 50% (Dodd,1983). Hand disinfection & post 

milking teat dipping was not practiced regularly, though, chemicals were 

av'ailable at the farms. Hence the lack of hygiene in collecting the milk 

could be one of the reason for the occurence of Staph. aureus, ~trep. 

agalactiae & othcr mastitic causing pathogens (bacteria) in all (most) 

of the lactation nwnbers on the farm/s . 

Treatment (therapy) \~as only given to clinical cases of mastitis during 

lactation or dry period. Since regular monitoring of mastitis is not carried 

out on the farms subclinical cases were not identified. Therefore, they 

remained as constant sources of infection to other cows. If therapy is to 

make the desired contribution to the control of mastitis, it is necessary 

to treat subclinical as well as clinical cases (Philpot, 1979). 

These mastitic bacteria are also responsible for food poisoning and/or 

infections. Raw milk is still conswned in large quantitiOG in Ethiopia. In 
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addition, since heat treatment is not employed to milk intended for 

yoghurt, butter etc production, the bacteria can survive and grol'/ 

in these milk by-products. Hobbs & chr's~ian (1975), recommended that 

milk intended for human consumption shoul. not contain Strep .. agalactiae 

or Staph. aureus. The bacterial count of .§.taph. aureus in this study 

ranged from 70 to lxl04 cfu/ml. This munber can increase to lxl0
7 

cfu/ml 

or more \~ithin 6 hrs (James, 1986). It has been suggested that 0.5 _. lxl0
6 

staphylococci/gram of food must be p·cscnt to produce symptoms in man 

(Kaplan et al.,1962). 

Escherichia coli has been detected only at Ochre Zeit farm. Eberhart 
j • 

~~., (1979) stated that coliform bacteria appear poorly adapted to 

survival on skin, & colonization of the skin or teat canal by this hacterium 

is uncommon. 

The major mastitic causing organisms (§taph. aureu!>, §trep. agalactiae, 

Strep dysagalactiae & Strep. uberis) were either present in high numbers or 

were isolated more/frequently during the latter lactation numbers (Table 11, 

12, 13, 14, 15). These major mastitis causing organisms were also isolatod 

more frequently at latter bctation numbers by other researchers, (nliver, 

et al. ,1956; Belackburn, 1968; Brolund 1985). The increase in isolation 

rate of the maj or mastitis causing bacteria \~ith increases in lactation 

number could be due to cumulative infection (Brolund,198S). The nonnal 

streak canal which serves as an effective barrier to bacterial penetration 

during the first few lactations appears to decrease in efficiency with 

increasing incidence of udder infection as the lactation number increases. 

TIle resistance of staphylococci to various antibiotics showed that 

poncillin & tetracycline I'/ere relatively ineffective to some strains of 

Staph. ~~, Staph. epidermidis & Staph,. hyicus subsp. chromogen$~ 

respectively (Table,19) TIle frequency of penicillin resistant Staph.aureu 
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strains in this study was 40?'i. Nygard ot .".:l., (1968) from Norway, 

Badenhorst (197'1) from Zimbabwe, Rangasamy ~~ ~,(1983) from ~jauritius 

roported 7.3, n If 71. 4% resistance to '.lCllidllin respectively. Similarly 

the frequency of resistant Staph .. aur~ .c+ 'ains to tetracycline in this 

study were 40%. Nygard, (1968) from Nor"'lY .• Badenhorst (1977) from Zimbab\~e 

reported 6 & 36% resistanc'3 to tetracycline. The two antibiotics (penicillin 

& tetracycline) are commonly used to treat clinical cases of mastitis. 

This mi!';ht indicate overuse of this alti.biotics. 

L. the case of streptococcal species (Table 19), 30% of the Str",i2-' 

uberis were re~istant to tetracycline in this study. A frequency of 

resistance (1 '1%) was reported by tla<ienhorst (1 ~77) from Zimbabwe. 

Streptomycin was rela-tivoly ineffective to some strains of Strel?.. ubcriss 

Strep. agalactia"'., Strep. dysagalactiae Il 9_treE. bo.':,is. Previous repcrts 

indicate that masti t~s causing stJ'eptococea] species are the least 

sensitive to streptomycin (\'iright,1977, Bishop, ot ~.!..,19(0). 

Nowadays antibiotics hav" becn used or. E, large scale for treatmont 

of mastitis. "The unrestricted use of these drugs has led to the selecti",-, 

of some resistant variants of micreorgan:lsms. Among Ith,)se microbes are 

certain stJ.'ains of staphylococci that cause In,t:;titis i.n cattle (Goda, 

1976). The extensive use of antibiotics for treating clinical mastitis 

has not had a major effect on prevalence of uddor infecton in most 

dairy herds. A limiting factor i~ that only aLout 40% of the infection 

can be detected during a 12 month period by abnormalities in milk. 

~jost clinical cases appear to respond to treatment as evidenced by the 

disappearance of clinical symptoms. UnfortunRtely mallY of the infections 

are not eliminated but continue to persist D.t subclinical levels (llishop 

.£!. al., 1980). Furthermore, the i.mproper & indiscriminate usc of 
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antibiotics for the treatment of mastitis has resulted in antibiotic 

resistant strains that increase the incidenco of mastitis in the herd 

(\'lBO, 1970). A good management procedure in milk collection, therefore, 

should not be compromised by the use of m .ibiotics indiscriminately. 
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VI. CONCLUDING REMARKS AND 

RECOMMENDATIONS 

1. "'<.stit~s causinb bacteria (pathogen) h lYO not been eradicated nor will 

they ever be, but considerable contro:i LS now possible by adopting 

specific management methods. The many vectors for these organisms include 

the environment bedding, & milkers hands. In the dairy farms the housinp 

methods concentrate the cows & increase exposure to faecal bacteria 

(pathogens), those that can multioly in bedding material f, others. 

The following hygenic techniques should be applied regularly at 

milking time inorder to reduce exposure of teats to mastitis causing 

bacteria. 

a- Keeping stalls clean, Ii reducing the amount of housing time. 

b- Segregation of infected animals & also milking them last. 

c- Teat wask.ng with disinfocted water fT drying with individual towls. 

d- Teat disinfection after milking. 

e- Hand disinfection betlqeen milking. 

2. The emergence of resistant strains in the farms, is an indicati 1Il of the 

vide use of antibiotics. Before the use of antibiotics, it is necossary 

to identify the bacteria (pathogen) and use the appropriate antihiotic(s). 

The improper & indiscrimiml\. lise of antibiotics only increases the 

spread of resistant strains in the herd. 

3. Generally, a high cell count in milk indicates that the udder is infected. 

But.it is not known whether high cell and bacterial counts are related 

one way or the other. Therefore studios should be carried out to determine 

the relationship that mip,ht exist between the two in milk samples. 

4. Certain §taph. ~ureus strains in milk ar~ knolqn for their enterotoxin 

production. Since the entorotoxin causes illness further study should be 
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carried out in milk. 

5. There are no veterinarians stationed at the dairy farms & hence the 

mechanism of identifying the infected from the non infected cows on 

a clinical basis is lacking. Becawe Jf this there appears to be an 

easy transmission of mastitis causing organism in the herd. Hence the 

presence of a veterinarian I,ho checks the overall health of the cows and 

specially the udder is essential. 

6. Regular medical examination of dairy workers is not carried out in the 

farms. Workers sufferinB from b_cterial sore throats, nose, aural & skin 

infections can contaminate the milk I,ith the pathogens, and also inoculate 

the udder I,i th the organisms. Checking should be carried out in the 

lvorkers. 

7. The dairy barn must be spacious, dry, well ventilated & easy to clean. 

An easily accessible clean Nater supply must be present. Flies & rats 

must be effectively dealt with. 
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