
172 

Animal Health Research Journal Vol. 7, No. 1,  March  2019                                                          pp. 172-184 

Virulence factors associated with staphylococci isolated from mastitic Egyptian 

buffaloes with special reference to the biochemical changes in  

 the serum and milk 

Badia, Saad El-Sayd Moshref *; Korietum, Kh. M.** and Ola, F.A. Talkhan*** 
 

*Buffalo Diseases Department, Animal Health Research Institute, Dokki, Egypt 

**Biochemistry Department, Animal Health Research Institute, Dokki, Egypt 

****Biochemistry Department, Animal Health Research Institute, Shibin El kom 

Branch 

Received in  13/1/2019 

Accepted in  10/2/2019 

ISSN: 2356-7767 

Abstract 

A total number of 100 milk samples (50 from clinical mastitis and 50 from apparently healthy) were 

collected from dairy buffaloes in Giza Governorates, Egypt. Samples were examined for the pres-

ence of Staphylococcus spp. specially S.aureus and their virulent genes and detect some biochemical 

parameters which affected by mastitis. Results obtained showed that, a total of 34 Staphylococci iso-

lates were recovered from buffaloes with an incidence of 34%. Among the isolates, S. aureus is the 

major pathogen isolated from clinical mastitic milk samples 17(34%), while 4(8%) were recovered 

from subclinical mastitis. Antibiotic sensitivity pattern revealed that S.aureus isolates were high sen-

sitive to Enrofloxacin (90.48%), Ciprofloxacin (85.71%) and Cefotaxime (80.95%), while resist 

Ampicillin (57.14%) and Amoxicillin (52.38%). Six S.aureus isolates were screened for the detec-

tion of specific protein (IgG-binding protein) spa gene, Haemolysine type B (hlb), Clumping factor 

A gene (clfA) and Intracellular Adhesion (ica) gene by PCR. PCR amplification revealed that all S. 

aureus isolates were harbored the clfA and spa genes, while hlb and ica were detected with an inci-

dence of 50% and 66.67% respectively. On the other hand, serum samples from diseased animals 

revealed elevated value of total proteins, β1 and γ1-globulins meanwhile albumin and γ2-globulins 

recorded decreased levels. Analysis of whey milk showed an increased level of total proteins, albu-

min and immunoglobulin in addition to decreased value of α- lactoalbumin and β-lactoglobulin. 

While sodium level increased meanwhile the values of potassium, calcium and phosphorus were de-

creased.  

The study revealed that, S.aureus is an important bacterial pathogen causing buffalo mastitis and it 

has many virulence factors that causing inflammatory response in the mammary gland tissues. Using 

PCR in our study not only sensitive and rapid technique but also can detect the presence of some 

virulent genes as clfA, spa, hlb and ica genes which increase pathogenicity of S.aureus. Biochemical 

parameters can be used as important indicators as complementary to bacteriological examination for 

mastitis detective and can be aid in treatment regimen improvement.     
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Introduction 
Bovine mastitis is one of the major social and 

economically significant diseases, which re-

duce milk yield and consequently causes loss 

of income to dairy breeders, also with treat-

ment costs. Variety of microorganisms are in-

criminated in bovine mastitis among these mi-

croorganisms are pathogenic staphylococci 

(Heikkilä et al., 2018).  
Staphylococcus aureus is an important bacteri-

al pathogen causing bovine mastitis, but little 

is known about the virulence factor and the 



173 

Animal Health  Research Journal Vol. 7, No. 1,  March 2019                                                         Badiaa et al., 

inflammatory responses in the mammary infec-

tion (Fang et al., 2019). The interaction of the 

microorganism with the host is strongly de-

pendent on its cell surface properties especially 

the presence of the capsular polysaccharide 

containing layer, which appear to play an im-

portant role in virulence. S.aureus is able to 

produce capsular polysaccharide in vivo or un-

der defined culture condition (Tollersurd et 

al., 2000). Staphylococci are recognized 

worldwide as a pathogen causing many serious 

diseases in humans and animals, and are one of 

the most important etiological agents of clini-

cal and subclinical bovine mastitis 

(Pumipuntu et al., 2019). In Egypt, it was 

confirmed that S.aureus is considered as the 

predominant factor among mastitis causing 

pathogens (Elhaig and Selim, 2015) 

 

S. aureus has been described as a major patho-

gen responsible for this disease among more 

than 137 different microorganisms associated 

with the etiology of mastitis. One of the typical 

features that distinguishes the more pathogenic 

Staphylococcus strains from the less pathogen-

ic is the ability to produce free coagulase and 

bound coagulase (clumping factor), by ana-

lyzed isolates (Cabral et al., 2008). Strains 

that produce coagulase (coagulase-positive 

staphylococci; CPS) are simply called 

S.aureus. S.intermedius is also coagulase-

positive, as are some strains of S. hyicus 

(Bierowie et al., 2019). 

 

Ability of S. aureus to cause various infections 

and intoxication, results from the production of 

different virulence factors (Harper et al., 

2018). The capsule production increases mi-

crobial virulence of bacteria becoming resistant 

to phagocytosis. Finally, the α- and β-

hemolysins are the most important virulent fac-

tors in the pathogenesis of bovine mastitis. 

They are pore-forming exotoxins that induce 

pro-inflammatory changes in mammalian cells, 

inactivate the immune system by their direct 

cytotoxic effect, and degrade tissues, providing 

bacteria with nutrients and facilitating spread-

ing to new sites (Bownik and Swicki, 2008).  

 

Protein A, a surface protein of S. aureus binds 

to the IgG molecules by their Fc portion and 

inhibits phagocytosis of bacteria and thus con-

tributes to the development of the disease. It is 

encoded by spa gene which is considered as 

one of the important virulence factors in devel-

opment and severity of mastitis (Sharma et al., 

2000 and Akineden et al., 2001).  

 

On the other hand, chemical and physical 

changes of milk besides the pathological 

changes of udder tissues are associated with 

mastitis (Hussain et al., 2012). Either subclini-

cal or clinical mastitis affects the milk compo-

sition and its manufacturing properties 

(Pyorala, 2003). Some minerals are important 

for body growth, somatic cell count reduction 

and increasing milk production (Hameed et 

al., 2010). Moreover, protein electrophoresis is 

a useful technique for diagnosis of some dis-

eases and is indicator for the inflammation 

presence. Also, it can provide information 

about acute or chronic inflammation helping in 

the treatment regimen and the prognosis (Cray 

and Tatum, 1998).                                             
 

The aim of the present study is mainly directed 

to characterize Staphylococcus spp. specially 

S.aureus strains isolated from the milk of buf-

faloes with mastitis and its virulence and anti-

biotic profiles as well as the biochemical 

changes in serum and milk of these animals. 

 

Materials and Methods 

Sample collection  

1- A total of 100 mastitic milk samples were 

collected from 40 buffaloes from different pri-

vate buffalo farms in Giza. 

Out of these samples 50 were taken from 15 

clinically mastitic buffaloes according to clini-

cal observation and 50 milk samples from 25 

apparently healthy buffaloes and 10 normal 

samples were taken as control for the chemical 

examination. Apparently normal milk samples 

were subjected to White Side Test (WST) to 

detect the incidence of subclinical mastitis ac-

cording to APHA (1978).  
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2- Blood samples were collected from jugular 

vein and sera were obtained from clinically 

mastitic animals and the heathy one for bio-

chemical analysis.   

 

Isolation and identification of Staphylococ-

cus species: (Quinn et al., 2002). 
Milk samples were incubated aerobically at 37 

°C for 24h then centrifuged at 3000 r.p.m. for 

20 min. The cream and supernatant were dis-

carded. A loopful from the sediment was 

streaked onto the surface of blood agar, manni-

tol salt agar and paired barker agar. 

 

The inoculated plates were incubated at 37C 

for 24-48h and examined for the bacterial 

growth. Suspected colonies were sub-cultured, 

purified and preserved in semisolid nutrient 

agar for further identification. Colonies of 

staphylococci were selected on the base of 

their strong catalase positive reaction. Further 

identification was carried out using the follow-

ing tests: Coagulase test,  mannitol fermenta-

tion and salt tolerance using mannitol salt agar, 

hemolytic activity in 5% sheep blood agar and 

fermentation of sugars viz. sucrose, maltose. 

Urease, acetonin, oxidase, nitrate, Deoxyribo-

nuclease (DNAase) tests also applied. 

 

Antimicrobial susceptibility testing: All 

S.aureus isolates were tested by the agar disc 

diffusion method according to the Finegold 

and Martin (1982) for detection of resistance 

to 9 different antimicrobial agents (Enrof-

loxacin (EN), Ciprofloxacin (CIP), Gentamicin 

(GEN), Rifampicin (RIF), Amoxicillin (AMX), 

Chloramphenicol (CHL), Cefotaxime (CTX), 

Ampicillin (AMP) and Tetracycline (TET).  

 

Detection of some virulent factors of S. aure-

us 

1-Detection of Capsular poly saccharide by 

using Serum soft agar technique (Tollersurd 

et al., 2000): All isolates were grown in 18ml 

of mod. Staphylococcus 110 broth at 37C for 

18h, about 100µl were transferred in 2ml vol-

ume of mod.110 broth and incubated at 37C 

for 24h of which one loopful was used to inoc-

ulate serum soft agar (SSA). The colony mor-

phology was recorded as diffuse or compact 

after incubation at 37Cfor 24h. 

 

2-Detection of some virulent genes in isolat-

ed S. aureus by PCR: Six S.aureus isolates 

were analyzed for four virulent genes includ-

ing, clfA, hlb (gene encoding β haemolysin), 

icaA and spa gene (X-region of protein A). 

DNA extraction: DNA extraction from six 

Staph.aureus isolates was performed using the 

QIAamp DNA Mini kit (Qiagen, Germany, 

GmbH) with modifications from the manufac-

turer’s recommendations. Briefly, 200 µl of the 

sample suspension was incubated with 20 µl of 

proteinase K and 200 µl of lysis buffer at 56OC 

for 10 min. After incubation, 200 µl of 100% 

ethanol was added to the lysate. The sample 

was then washed and centrifuged following the 

manufacturer’s recommendations. Nucleic acid 

was eluted with 100 µl of elution buffer pro-

vided in the kit. 

Oligonucleotide Primer. Primers used were 

supplied from Metabion (Germany) are listed 

in table (1). 

PCR amplification. Primers in a 25- µl reac-

tion containing 12.5 µl of EmeraldAmp Max 

PCR Master Mix (Takara, Japan), 1 µl of each 

primer of 20 pmol concentrations, 4.5 µl of 

water, and 6 µl of DNA template. The reaction 

was performed in an applied bio-system 2720 

thermal cycler. 

 

Analysis of the PCR Products 

The products of PCR were separated by elec-

trophoresis on 1.5% agarose gel (Applichem, 

Germany, GmbH) in 1x TBE buffer at room 

temperature using gradients of 5V/cm. For gel 

analysis, 20 µl of the products was loaded in 

each gel slot. Gelpilot 100 bp ad 100 bp plus 

ladders (Qiagen, gmbh, Germany) and Gene-

ruler 100 bp ladder (Fermentas, Thermo) were 

used to determine the fragment sizes. The gel 

was photographed by a gel documentation sys-

tem (Alpha Innotech, Biometra) and the data 

was analyzed through computer software.  
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Table (1). Primers sequences, target genes, amplicon sizes and cycling conditions. 

Tar-

get 

gene 

Primers sequences 

( ́5- ́ 3) 

Amplified 

segment 

(bp) 

Primary 

denatura-

tion 

Amplification (35 cycles) 
Final 

exten-

sion 

Reference Secondary 

denatura-

tion 

Anneal-

ing 

Exten-

sion 

hlb 

CAATAGTGCCAAAGC

CGAAT 
496 

94˚C 

5 min. 

94˚C 

30 sec. 

53˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 min. 
Fei et al., 

(2011) TCCAGCACCACAACG

AGAAT 

icaA 

CCT AAC TAA CGA 

AAG GTA G 
1315 

94˚C 

5 min. 

94˚C 

30 sec. 

49˚C 

40 sec. 

72˚C 

1.2 min. 

72˚C 

12 min. 
Ciftci et 

al., (2009) AAG ATA TAG CGA 

TAA GTG C 

spa 

TCA ACA AAG AAC 

AAC AAA ATG C 
226 

94˚C 

5 min. 

94˚C 

30 sec. 

55˚C 

30 sec. 

72˚C 

30 sec. 

72˚C 

7 min. 
Wada et 

al., (2010) GCT TTC GGT GCT 

TGA GAT TC 

clfA 

GCAAAATCCAG-

CACAACAGGAAACGA 
638 

94˚C 

5 min. 

94˚C 

30 sec. 

55˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 min. 
Mason et 

al., (2001) CTTGATCTCCAGCCA-

TAATTGGTGG 

Preparation of whey milk 

1-Rennin solution preparation:  Five ml of ren-

nin was dissolved in 270 ml of saline 

2-Centrifugation of milk sample at 3000 rpm 

for 10 m to remove cells and cream, then one 

ml of rennin solution was added to 10 ml of 

defatted milk. After 30 m of incubation at 37 

C, the milk sample was centrifuged at 10000 

rpm for 20 m and then the supernatant (milk 

whey) was separated (Frost and Tina, 1988). 

 

Serum and whey milk electrophoretic pat-

tern 
Total protein and its electrophoretic pattern of 

serum and whey milk samples were carried out 

according to Davis (1964) and Sonnen Wirth 

and Jaret (1980), respectively and then calcu-

lated according to SynGene S. No. 

17292*14518 sme*mpcs. 

 

Whey milk mineral analysis  

Whey milk samples sodium and potassium 

were determined according to Schoenfeld and 

Lewellen (1964). Then calcium, phosphorus 

and magnesium were determined according to 

Kramer and Tisdall (1982), Fiske and Sub-

barow (1982) and Taylor (1959) respectively. 

 

Statistical analysis 

Obtained data were interpreted using student's t

-test according to Petrie and Watson (1999) 

Results and Discussion 

Table (2). Prevalence of Staphylococcal spp. isolated from mastitic buffaloes. 

Staphylococcal spp. 

Clinical mastitic milk 

samples (50) 

Sub-clinical mastitic milk 

samples  (50) 
Total 

No. % No. % No. % 

S.aureus 17 34 4 8 21 21 

S.epidermidis 2 4 7 14 9 9 

S.intermedius 3 6 1 2 4 4 

Total 22 44 12 24 34 34 

% calculated according to the total NO. of milk samples. 



176 

Animal Health Research Journal Vol. 7, No. 1,  March  2019                                                          pp. 172-184 

It is clear from the table (2) that prevalence of 

staphylococcus spp. were 34% and S.aureus 

was isolated from mastitic milk with an inci-

dence of 34% for clinical mastitic milk and 8% 

from sub-clinical mastitic milk. While in sub-

clinical mastitis S.epidermidis isolated with an 

incidence of 14%. Nearly similar results re-

ported by Ali et al. (2011), who found that the 

percentage of bacterial growth obtained from 

mastitic buffalo's milk samples were staphylo-

coccus spp. (28.32).  

Table (3). Growth pattern of S.aureus strains isolated from clinical and subclinical mastitic milk in S.S.A. 

Source of isolates 
Total NO. of iso-

lates 

Growth pattern 

Diffuse growth Compact growth 

No. % No. % 

Clinical mastitis 17 11 64.7 6 35.3 

Sub-clinical mastitis 4 1 25 3 75 

Total 21 12 57.14 9 42.86 

% calculated according to the total NO. of S.aureus strains isolated. 

As shown in table (3), the majority of S.aureus 

isolated recovered from clinical mastitis 

(64.7%) grew as diffuse colonies in SSA, 

whereas almost the same percent of isolates 

obtained from subclinical mastitis (75%) grew 

as compact colonies. Aguilar et al. (2001) stat-

ed that the majority of S.aureus strains in-

volved in mastitis is surrounded by this layer.  

Table (4). Antibiotic sensitivity of (21) S.aureus isolated from mastitic milk of buffaloes  

Antibiotic agents Potency 
Degree of sensitivity 

S % R % 

Enrofloxacin (EN) 20μg 19 90.48 2 9.52 

Ciprofloxacin (CIP) 5 μg 18 85.71 3 14.29 

Gentamicin (GEN) 10 μg 15 71.43 6 28.57 

Rifampicin (RIF) 30 μg 16 76.19 5 23.81 

Amoxicillin (AMX) 10μg 10 47.62 11 52.38 

Chloramphenicol (CHL) 10 μg 16 76.19 5 23.81 

Cefotaxime (CTX) 30μg 17 80.95 4 19.05 

Ampicillin (AMP) 30 μg 9 42.86 12 57.14 

Tetracycline (TET) 30 μg 14 66.67 7 33.33 

% calculated according to total NO. of S.aureus isolated from mastitic milk samples of buffaloes.  

As sensitivity test is important for selecting the 

appropriate antimicrobial agent for treating 

mastitis, results obtained in table (4) revealed 

that most of isolates were sensitive to En-

rofloxacin (90.48%), Ciprofloxacin (85.71%) 

and Cefotaxime (80.95%), while resist to Am-

picillin (57.14%) and Amoxicillin (52.38%). 

These results were consistent with a previous 

report from Poland, where 68.9% of S.aureus 

strains were resistant to Ampicillin and Amox-

icillin (Malinowski et al., 2002). Also 

Oliveira et al. (2011) reported that, the high 

resistance of S. aureus strains isolated from 

mastitic buffalo to ampicillin. The antimicrobi-

al sensitivity of staphylococci isolated from 

bovine mastitis revealed maximum sensitivity 

to Enrofloxacin recorded by Bhatt et al. 

(2017). Also Antibiotic sensitive pattern of 

Mahendra (2018) revealed that the high sensi-

tivity of S.aureus isolates towards Enrofloxa-

cin. 
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Fig. (1): Agarose gel electrophoresis of Clumping factor A gene (clfA gene) of S.aureus PCR products (638bp).  

L- DNA ladder.   Pos- Positive control.   Neg- Negative control.     

All 6 S.aureus isolates harbored the clfA gene amplification (638 bp) 

Fig. (2): Agarose gel electrophoresis of hlb gene (gene encoding β haemolysin) of S.aureus PCR products (496bp).  

L- DNA ladder.   Pos- Positive control.   Neg- Negative control.     

Lanes 3,5 and 6 showing hlb gene amplification (496 bp) 

Fig. (3): Agarose gel electrophoresis of specific protein (IgG-binding protein) spa gene of S.aureus PCR products 

(226bp).  

L- DNA ladder.   Pos- Positive control.   Neg- Negative control.     

All 6 S.aureus isolates showing spa gene amplification (226 bp) 

Fig. (4): Agarose gel electrophoresis of Intracellular Adhesion (ica) gene of S.aureus PCR products (1315bp).  

L- DNA ladder.   Pos- Positive control.   Neg- Negative control.     

Lanes 1,3,5 and 6 showing icaA gene amplification (1315 bp) 
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Epidemiologic studies indicate that S. aureus 

strains agents of mastitis produce a group of 

virulence factors and it is believed that there is 

a relationship between the severity of mastitis 

and the virulence factors produced by S. aure-

us (Akineden et al., 2001). 

 

Using PCR in our study not only sensitive and 

rapid technique but also can detect even a few 

numbers of pathogenic bacteria which failed to 

revealed by culture method. In the present 

study, molecular surveillance carried out in six 

S.aureus strains to screen the presence of four 

virulence determinants encoding gens. S. aure-

us isolates are harboring genes coding for 

clumping factor (clfA), has a greater capability 

to adhere to extracellular matrix proteins, es-

sential for colonization and the establishment 

of infections, where clfA bind the C-terminus 

of plasma fibrinogen gamma chain, which par-

ticipates in mediating fibrinogen-platelet inter-

action and fibrin cross-linking, resulting in 

thrombus formation (Cremonesi et al., 2013). 

The distribution of virulent genes differed 

among the examined strains; in fig (1): clfA 

gene was present in all of the strains examined.  

These results were in complete agreement with 

Giada et al.  (2017) who detected clfA in all 

isolates from Italian dairy cows with mastitis.  

 

Fig. (2): Revealed that hlb gene was recovered 

from 3(50%) of S.aureus isolates. This result 

was nearly similar to Elsayed et al (2015), 

who determine the virulence factors of 

S.aureus isolated from clinical and subclinical 

mastitic cattle and buffaloes, and found that, 

the existence rate of hlb was 43.75%. Higher 

results obtained by Memon, et al. (2013), 

where hlb was present in 70% of S.aureus iso-

lated from subclinical mastitis. While Ikawaty 

et al (2010) reported the presence of hlb in all 

strains of S. aureus isolated from bovine masti-

tis in Netherland. While lower results obtained 

by Ahmed et al., (2016), who examined 150 

buffalo for subclinical mastitis and S. aureus 

was isolated from 14.5% and hlb virulence 

gene was not found in any isolate. The β-toxin 

is a haemolysin, which targets lipid-rich mem-

branes. It causes lysis of erythrocytes and mon-

onuclear cells, and also induces a strong in-

flammatory response. The majority of human 

isolates of S.aureus do not express ß-toxin, but 

it is frequently found among strains responsi-

ble for bovine mastitis (Marshall et al., 2000). 

 

Fig (3): PCR amplification revealed that all S. 

aureus isolates were harbored the genes encod-

ing the immunoglobulin G binding region of 

protein A. Protein A, a surface protein of S. 

aureus binds to the IgG molecules by their Fc 

portion and inhibits phagocytosis of bacteria 

and thus contributes to the development of the 

disease. It is encoded by spa gene which is 

considered as one of the important virulence 

factors in development and severity of mastitis 

(Akineden et al., 2001). Our results agreed 

with those obtained by Abd El‐Tawab et al. 

(2016) and Enany et al. (2013) and nearly sim-

ilar to Choudhary et al. (2018), who deter-

mine virulence associated protein-A (spa gene) 

in 93.33% of S. aureus isolated from cattle 

with clinical mastitis.  

 

Fig. (4): Revealed that icaA gene was detected 

in4 isolates (66,67%).  These results were near-

ly similar to. Khoramrooz et al (2016) who 

determined the prevalence rate of icaA in 

S.aureus isolated from mastitic cows was 

56.25. 

 

In regard to serum protein and its fractions 

(table 5). The results showed a significant in-

crease in serum total proteins of mastitic ani-

mals meanwhile a significant decrease in albu-

min level. At the same table proteins fractions 

β1, γ1 showed a significant increase accompa-

nied with a significant decrease in γ2 of mastit-

ic animal with a non-significant increase α1 

while β2 had a non-significant decrease. The 

result came in accordance with the result of 

(Tóthová et al., 2017). Also decreased serum 

albumin level of mastitic cow was observed by 

(Risvanli et al., 1999), it could be attributed to 

its role as a negative acute phase protein 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoramrooz%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=27251096
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(Gruys et al., 1994).  Increase of serum total 

proteins in clinical and subclinical mastitis rec-

orded previously by (Kovac et al., 2011) due 

to the animal response to the inflammation and 

as a result of serum globulins increment. The 

observed increment of β1, γ1-globulins may be 

attributed to the host inflammatory response 

activation due to the mammary tissue infection 

(Tóthová et al., 2017). Moreover (Korhonen 

et al., 2000) stated that cow serum immuno-

globulins increased with the increment of ud-

der infections.  

Table (5): Mean values (±SE) of serum total proteins and its fraction of healthy and mastitic animals  

Parame-

ters (g/dl) 

Total 

proteins 
albumin 

α1-

globu-

lins 

α2-

globu-

lins 

β1-

globu-

lins 

β2-

globu-

lins 

γ1-

globulins 

γ2-

globulins 

Healthy 

animals 

7.692± 

0.048 

1.965± 

0.052 

0.558 ± 

0.027 

0.428± 

0.014 

1.190± 

0.073 

0.642± 

0.037 

2.124± 

0.071 

0.786± 

0.055 

Mastitic 

animals 

7.940± 

0.085** 

1.698± 

0.068** 

0.625± 

0.039 

0.427± 

0.068 

1.39± 

0.077* 

0.534± 

0.059 

2.60± 

0.060*** 

0.667± 

0.035* 

* Significant at p ˂ 0.05, ** significant at p ˂ 0.01, *** significant at p ˂ 0.001 

Theoretically, during inflammation all mam-

mary secretion changes could be used for 

measuring the mastitis effects (Batavani et al., 

2007). Alpha-hemolysin is one of staphylococ-

cal pore-forming toxin activates overproduc-

tion of inflammatory mediators enhancing in-

flammation (Bhakdi et al., 1989). Table (6) 

showed those whey milk proteins and its frac-

tions, the observed data revealed that the total 

proteins had a significant increase in masititic 

milk comparing with the heathy one. Protein 

fractions recorded a significant decrease of β- 

lactoglobulin and α- lactoalbumin. Meanwhile 

albumin and immunoglobulins were signifi-

cantly increased. This result came in accord-

ance with the result of (Coulon et al., 2002 

and Batavani et al., 2007). β- Lactoglobulin 

and α- lactoalbumin are synthesized in the 

mammary gland (Batavani et al., 2007) and 

consequently their decrease may be attributed 

to its synthesis decline in the infected mamma-

ry tissue. Besides that, the inflammatory dam-

age of mammary gland with the blood milk 

barrier destruction limit the protein transfer 

from interstitial fluid to the milk (Ishikawa et 

al., 1982). Owing to the increase of albumin 

and Immune-globulin which is mainly derived 

from the blood (Ishikawa et al., 1982) their 

increment is due to the destruction of blood- 

milk permeability barrier. Besides, Immuno-

globulins of milk whey are also produced in 

the udder then pass to the milk, its synthesis is 

increased in inflamed mammary tissue 

(Batavani et al., 2007) as it may reduce the 

mastitis severity through preventing bacterial 

adherence to the epithelial membranes, stop-

ping its multiplication and neutralize its toxins 

(Persson, 1992) consequently its level in-

crease. The recorded total protein increment is 

a result of the increase of albumin and immu-

noglobulins. 
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 Table (6). Mean values (±SE) of whey milk protein and its fraction of healthy and mastitic animals           

Parameters 

(g/dl) 

Total pro-

teins 
β-lactoglobulin α- lactoalbumin albumin 

Immune-

globulin 
Other protein 

Healthy ani-

mals 

1.32± 

0.02 

0.45± 

0.02 

0.28± 

0.01 

0.14± 

0.01 

0.36± 

0.01 

0.09± 

0.01 

Mastitic ani-

mals 

1.40± 

0.02* 

0.38± 

0.01** 

0.25± 

0.01* 

0.21± 

0.02** 

0.47± 

0.01*** 

0.08± 

0.01 

* Significant at p ˂ 0.05, ** significant at p ˂ 0.01, *** significant at p ˂ 0.001 

Table (7) in this study revealed that potassium, 

calcium and phosphorus level of mastitic whey 

milk were significantly decreased in comparing 

with the healthy one. Meanwhile sodium level 

was significant increased. On the other hand, 

magnesium level recorded a non-significant 

decrease. The recorded data came in accord-

ance to the results of (Batavani et al., 2007, 

Bruckmaier et al., 2004 and Coulon et al., 

2002). Changes in the ionic environment are 

noticeably in mastitis as infection of intra-

mammary leads to breakdown of the ductal and 

secretory epithelium, open the tight junctions 

between the secretory cells so the permeability 

of blood capillaries increases. Sodium which is 

high in extracellular fluid transfers to the alve-

olus lumen and consequently potassium de-

creases in order to sustain osmolarity 

(Batavani et al., 2007). In regard to Calcium 

and Phosphorus, Raji et al., (2012) stated that 

interring of the microorganisms to the mamma-

ry gland secretary cells cause infection and cel-

lular damage, then its normal functions and 

mechanisms are impaired. Moreover, casein 

micelle (casein is the main carrier of calcium) 

synthesis in Golgi apparatus declines as a re-

sult of tissue damage (Harding 1996) lead to 

impairment of calcium transport. Indeed, re-

duction of Citrates and phosphates (calcium 

carriers) in case of mastitis was recorded caus-

ing reduction of the milk calcium content (Raji 

et al., 2012).            
                    

In concern to phosphorus, its reduction may be 

due to the decrease of milk casein content as a 

result of its synthesis decline as previously not-

ed during mastitis and the most of the milk 

phosphate is associated with casein micelles 

(Raji et al., 2012). Moreover, decline of phos-

phate production through damaged epithelial 

cells is recorded (Jensen, 1995). In addition to 

reduced phosphate production, its flow to the 

milk is changed due to the injury of secretory 

cell membrane and over this the permeability 

of cell membrane is changed leading to altera-

tion of osmotic pressure and blood-milk barrier 

in mastitis (Jones and Bailey, 1998) result in 

moving phosphates from milk to the extracel-

lular space or the blood stream (Raji et al., 

2012) result in decline in  milk phosphorus 

content.  

   

Table (7), Mean values (±SE) of whey milk mineral of healthy and mastitic animals 

Parameters 

(mg/dl) 
Potassium Calcium Phosphorus Sodium Magnesium 

Healthy ani-

mals 

167.00± 

1.84 

40.32± 

0.60 

45.97± 

0.88 

44.29± 

0.71 

8.60± 

0.13 

Mastitic 

Animals 

150.305± 

0.77*** 

34.605± 

0.47*** 

38.165± 

0.54*** 

62.07± 

0.94*** 

8.41± 

0.15 

*** significant at p ˂ 0.001 
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Conclusion 

S.aureus is an important bacterial pathogen 

causing buffalo mastitis and it has many viru-

lence factors that causing inflammatory re-

sponse in the mammary gland tissues. Using 

PCR in our study not only sensitive and rapid 

technique but also can detect the presence of 

some virulent genes as clfA, spa, hlb and ica 

genes which increase pathogenicity of S.aur-

eus. Biochemical parameters can be used as 

important indicators as complementary to bac-

teriological examination for mastitis detective 

and can be aid in treatment regimen improve-

ment.     
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