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ABSTRACT 

T 
his study was conducted to determine bovine mastitis resistance genes 
of common etiological agents in Al-Sharkia province. In addition to 
monitor the changes in antioxidants profile, oxidative stress status 

and some of biochemical markers in dairy cows suffered from clinical masti-
tis. It was carried out on forty dairy cattle (40) aged from 4 – 6 years (20 
healthy and 20 mastitic) from dairy farms and individual cases in Al-Sharkia 
Governorate, dependent on the findings of the clinical examination, the cat-
tle were divided into 3 groups. Gp1 healthy dairy cattle (control), Gp2 mas-
titic dairy cattle before treatment, Gp3 mastitic dairy cattle after treatment. 
The clinical symptoms of mastitis including milk and udder were reported in 
Gp2. Within the bacterial isolates (20) it was noticed that the highest spread 
was of Staphylococcus aureus (10) followed by E.coli (6) and Klebsiella 
Spp. (4). Antibiotic sensitivity test displayed that gentamycin, streptomycin 
were the more sensitive antibiotics for S. aureus, E.coli and Klepsiella. 
While amoxicillin and clavulanic acid, tetracycline, florfenicol and cefotax-
ime were the more resistant antibiotics. Enrofloxacin was moderate sensitive 
in s. aureus and E.coli while more resist in Klebsiella. Real time PCR assay 
was used for detection of antimicrobial resistance genes. Eleven isolates rep-
resenting, 5 S. aureus, 3 Klebsiella and 3 E.coli were selected for detection 
of multi drug resistant (MDR) genes. The blaTEM gene was detected in all 
isolates of S. aureu, E. coli and 2 isolates of Klebsiella. While, the tetA  gene 
was detected in 4 out of 5 isolates of S.aureus and all isolates of E.coli and 
Klebsiella. Moreover, floR gene was detected in 3 isolates of S.aureus, 2 iso-

 
Received in 31/3/2024 
Received in revised from 
15/4/2024  
Accepted in  30/4/2024 
 
 
Keywords:  

Cattle  

Mastitis 

Oxidative stress  

Electrophoresis 

gene resistance 

Egyptian Journal of Animal Health 
 

P-ISSN:  2735-4938        On Line-ISSN:  2735-4946  

Journal homepage: https://ejah.journals.ekb.eg/ 

Corresponding author:  Marwa F. Hassan, Biochemistry, Toxicology and Feed Deficiency,, Animal Health 
Research Institute (AHRI), Agriculture Research Center (ARC), Giza, Egypt;  
Email: marwafouad080@gmail.com  
DOI:   

Acc
ep

te
d



2 

Nour et al.,                                                                       Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

late of E.coli and all isolates of Klebsiella. Biochemically, there were 
significantly increases in serum AST, ALT, ALP, urea, creatinine, Na, 
Mg, NO, PH, beta 1, total beta, total globulin and milk MDA associated 
with non-significant increases in t.protien, alpha 1, total alpha, gamma 1, 
gamma 2 and total gamma. Meanwhile, there were a significant decrease 
in serum Cl, Ca, K, TAC, beta 2, A:G ratio and milk SOD, CAT, GSH, 
associated with non-significant decrease in alpha 2. On the other hand, 
there were significant increases in serum albumin, immune-globulin and 
other proteins in whey milk, meanwhile, there were a significant de-
crease in α–lactoglobulin and ß- lactoglobulin in whey milk in mastitic 
group when compared with normal healthy cows. The results of the cur-
rent investigation suggested that the body antioxidant defense system 
was compromised in dairy cows with clinical mastitis generating a state 
of oxidative stress. 

INTRODUCTION 

The economic value of dairy cows is espe-
cially de-termined via the milk yield and lon-
gevity. The main important factor affecting the 
quantity and quality of the produced milk is 
the manifestation of produc-tion diseases, 
mainly mastitis (Zajac et al. 2012). Bovine 
mastitis still one of the most serious conditions 
of dairy cows globally (FAO 2014; Abebe et 
al. 2016). Aside from the significant economic 
losses related to the disease, mastitis has dan-
gerous zoonotic potential and has been linked 
to the increasing development and the rapid 
emergence of multidrug resistance strains 
globally (Oliver et al. 2011; Beyene et al. 
2017). Such hazards can mainly occur through 
the ingestion of contaminated milk, milk deriv-
atives or direct contact with infected animals 
(Maity and Ambatipudi 2021). 
 

Mastitis, which is the inflammation of the 
udder and teats, prevails in two primary forms: 
clinical as well as subclinical mastitis 
(reduction in milk production without clinical 
anomalies in udder or milk) (Ndahetuye et al. 
2019). Clinical mastitis, which is less predomi-
nant, is distinguished by systemic indications 
in the cow and notable abnormalities in the 
milk and udder (Jamali et al. 2018), involving 
fever, depression, anorexia, lethargy, addition-
ally a reduction in grooming could also tran-
spire (Medrano Galarza et al. 2012; Dittrich et 
al. 2019). 

 

Mastitis is more predominant when the 
mammary gland's immunological and antioxi-

dant defense mechanisms are compromised. 
Dairy cows are subjected to numerous physio-
logical, genetic, and environmental factors re-
lated to both the host and pathogens, which 
can suppress the host’s immunity, hence, mas-
titis incidence increase (Andrei et al. 2016). 
Wide ranges of microbes have been registered 
as causative agents of mastitis worldwide 
(Jamali et al. 2018). These involve both envi-
ronmental and contagious bacteria, as well as 
algae, fungi and viruses. Evidence-depended 
on research studies have revealed marked vari-
ance in the distribution of mastitis-causing 
pathogens and mastitis between countries, re-
gions, and farms (Gao et al. 2017). These vari-
ances are affected by farm management prac-
tices with regional environmental factors 
(Amer et al. 2018). 

 

Bacteria are the primary source of mastitis, 
and more than 140 different pathogenic species 
have been mentioned (Motaung et al. 2017). 

 

 Staphylococcus aureus the most wide-
spread contagious agent linked with mastitis, 
because this bacterium is persistent inside the 
udder (Rainard et al. 2018; Lamari et al. 
2021). 

 
 Escherichia coli is the most prevalent 

gram-negative coliform responsible for induc-
ing environmental clinical mastitis (Campos et 
al. 2022), essentially because of high genotyp-
ic variation (Bag et al. 2021). Klebsiella pneu-
moniae is the second most prevalent cause of 
mastitis and, is assumed the most detrimental 
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in dropping milk production and quality, as 
well as in economic terms. Even so it is cate-
gorized as an environmental pathogen, it has 
additionally been found to be transferred from 
infected to healthy animals (Cheng et al. 2021; 
Fu et al. 2022). Immediate identification as 
well as understanding diversity of pathogens 
related to mastitis is crucial for successful pre-
vention and control (Bi et al. 2016). Antibiot-
ics are being used indiscriminately as a result 
of improperly identifying the cause of mastitis, 
resulting in higher development rates and the 
quick generation of multidrug resistance 
strains (Sharma et al. 2018). Crucially, the in-
discriminate applied of antibiotics to treat bo-
vine mastitis has led to the generation of anti-
biotic-resistant bacteria in milk and dairy prod-
ucts, which is a critical concern (Singh et al. 
2018). Therefore, this study aims to identify 
the bacteriological mastitis causative agent and 
antibiotic resistance genes, additionally to de-
terminate the biochemical alteration, antioxi-
dant enzymes and oxiditive stress role  associ-
ated with clinical mastitis in the Sharkia gov-
ernorate. 
 
MATERIAL AND METHODS 

Ethical consent: 

The experimental protocol was accepted 
by AHRI in conformity with the ARC and 
IACUC committee (ARC, AHRI, IACUC, 
17/24). 

AHRI approved the experimental protocol 
in accordance with the ARC and IACUC com-

mittee guidelines. 
 
MATERIALSs: 

Eosin Methylene Blue (EMB) Agar, Brain 
Heart Infusion (BHI) Agar, Mac-Conkey 
Agar, Manitol salt agar, Blood Agar, Baird 
Parker Agar (BPA) incorporated with egg-yolk 
tellurite emulsion and Muller-Hinton agar 
(MHA) (Hi Media, Mumbai) were purchased 
from Arena BioScien Company, Egypt. Anti-
biotics disks gentamicin (CN, 10 μg),  tetracy-
cline (TE, 30 μg), Amoxicillin + clavulanic 
acid (Amc,30 μg), Cefotaxim (CTX,30 μg), 
Enrofloxacin (ENR,5 μg ), florfenicol(FFC,30) 
and Streptomycin (S,10 μg ) were obtained 
from Oxid Ltd. UK for microbiology media 
culture and diagnostic products. Different iso-
lates that displayed phenotypic resistance were 
selected for the existence of anti-microbial re-
sistant genes (5 S. aureus, 3 E.coli and 3 
Klebsiella). For that purpose, Real Time PCR 
was applied to estimate the existence of genes 
encoding resistance to B-lactams (blaTEM), 
tetracycline (tetA) and florfenicol (floR), Oli-
gonucleotide primers used were supplied from 
Metabion, Germany (table 1). Extraction of 
DNA from different isolates was applied using 
QIAamp DNA Mini kit (Qiagen, Germany, 
GmbH) Cat. No. 51304. Real Time PCR was 
performed using PanGreen™ Universal 
SYBR® Green Master Mix (purchased from 
Bio Helix) (table 2), the reaction was per-
formed in a StepOne real time PCR system 
(table 3).  

Table 1. Primers sequences, target genes and Ref. 

Target gene Primers sequences 5′- 3′ Reference 

blaTEM ATCAGCAATAAACCAGC0 

Colom et al. 2003 
CCCCGAAGAACGTTTTC 

floR GAACACGACGCCCGCTAT Wang et al. 2013 

TTCCGCTTGGCCTATGAG 

tetA GGTTCACTCGAACGACGTCA Ng et al. 2001 

CTGTCCGACAAGTTGGGTAA 
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Table 2. Reaction mix used for qPCR 

Component Volume 

PanGreen™ Universal SYBR ® Green Master Mix (2x) 10 µl 

Forward primer 1 µl 

Reverse primer 1 µl 

DNA template 5 µl 

Nuclease-Free water Up to 20  µl 

Table 3. Thermal profile used in qPCR  

Stage No of cycles Program 

primary denaturation 1 95°C for 5 min 

Denaturation 40 95°C for 15 sec 

Annealing 60°C for 60 sec 

Extension 72°C for 10 sec 

Treatment trails: 

Mastitic cows were treated by the most 
sensitive antimicrobials in addition to non-
steroidal anti-inflammatory drug. 

 
BANAMINE® (flunixin meglumine, 

Merck Animal Health CO.) 1ml/45 kg b.wt., 
slow intravenous once daily for up to 3 days. 

 

 Gentamycin: (Gentamycin 10%, El Nasr 
pharmaceutical Chemicals Co.) each ml con-
tains gentamycin 100mg.the recommended 
dose is 4ml/ 100 kg b. wt., i.m. twice daily for 
3 successive days injection.  
 

Streptomycin: (Pen and Strep, Norbrook 
Company) each ml contains: procaine penicil-
lin 200mg, dihydrostreptomycin sulphate 
250mg, was. The recommended dose rate is 4 
ml / 100 kg.b.wt., i.m. for Three consecutive 
day. 
 

Experimental design: 

Forty cattle aged 4 – 6 years (20 healthy 
and 20 mastitic) from dairy farms and individ-
ual cases in Sharkia Governorate were divided 
into 3 groups. Gp1 healthy cattle (control), 
Gp2 mastitic cattle before treatment, Gp3 mas-
titic cattle after treatment (72 hours after last 
doese). The clinical symptoms of mastitis were 
reported in Gp2.  
 

Clinical assessment 
All cattle were thoroughly checked accord-

ing to Radostits et al. (2000), then the clinical 
findings were reported. Udder examination 
involved inspection with palpation of the ud-
der to ascertain the size and consistency of dif-
ferent quarters additionally if any possible 
anomalies were present. The supra mammary 
lymph nodes were manually palpated to assess 
their size and look for any noticeable indura-
tions. 
 
Samples collection:  

Collection of blood samples: 

Blood samples (about 7 ml), for serum ob-
taining, were collected from jugular vein from 
each group. Serum samples were obtained by 
centrifuging the blood samples at 3000 rpm for 
7 minutes. Sera were separated and stored at -
20°C until biochemical analysis. 
 
Collection of milk samples: 

Milk samples were taken from the affected 
quarters, while in healthy cow's milk sampling 
was taken from any quarter of the mammary 
gland. Teats were prepared aseptically before 
sample collection, according to the National 
Mastitis Council (1999). After cleaning and 
drying the mammary teats, we sprayed 70% 
ethanol and discarded some streams of milk. 
50 ml of milk samples were collected in sterile 
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screw-capped bottles and were targeted for the 
subsequent examinations and immediately 
transferred to the laboratory of bacteriological 
examination for isolation of the causative mi-
croorganisms, and also for biochemical analy-
sis.  
 
Microbiological examinations: 

Milk samples delivered to the laboratory 
were mixed accurately and one loop full of the 
milk sample was inoculated on EMB Agar, 
BHI Agar, MacConkey Agar, Manitol salt 
agar, BPA incorporated with egg-yolk tellurite 
emulsion and Blood Agar. Then, these inocu-
lated plates were incubated at 37˚C for 16-24 
hours. The isolated bacterial colonies were ex-
posed to gram’s staining for the identification 
of gram-positive and negative and were ex-
posed to distinct biochemical tests (oxidase, 
catalase,  indole, Voges Proskauer’s, methyl 
red, triple sugar iron, citrate, etc) for assurance. 
The bacteriological culture and biochemical 
estimation for isolates were done according to 
National Mastitis Council (1999). 
 
Antimicrobial susceptibility examinations: 

Susceptibility was examined via Kirby–
Bauer disk diffusion method on MHA. Pure 
cultures of S. aureus, Klebsiella spp and E coli 
were grown in brain heart infusion (BHI) 
broth, and then incubated at 37 °C for 18 
hours. BHI broth cultures were additionally 
equally spread on MHA plates. After that, in-
oculated antimicrobial disks were left at room 
temperature for 30 min then incubated at 37 °C 
for 24 hours for inhibition zone diameter meas-
urement. Strains were divided as resistant, sus-
ceptible, or intermediate based on the size of 
the inhibition zone (in millimeters) as well as 
minimum inhibitory concentrations (MICs) 
used for interpretation the diameters of inhibi-
tion zones were as depending on Clinical and 
Laboratory Standards Institute (2014). 
 

Physical and biochemical examination of 
milk samples:  

Whole milk pH  

Fresh milk was used for pH analysis, pH 
reading was reported by digital pH meter 
(JENWAY,3510 manufactured in EU.)  
 

Skimmed milk: 

Milk samples were centrifuged at 3000 
rpm for 15 min. The fat layer in each sample 
was removed, and the defatted milk was imme-
diately stored at -20°C until analysis of some 
antioxidant and oxidative parameters 
(Colakoglu et al. 2017). 
 

Whey milk: 

Whey milk was prepared from a 40-ml of 
skimmed milk sample by adding 0.6 ml of a 
1:50 dilution of rennin and 0.4 ml of saturated 
calcium chloride, keeping at 37 °C for 30 min., 
then centrifuging for 5 min at 3000 rpm. Then 
whey was filtered and frozen till used (Kumar 
and Mikolajcik 1972). 
 

Biochemical Analysis:  

Activities of aspartate amino transferase 
(AST) and alanine amino transferase (ALT) 
were determined according to (Reitman and 
Frankel 1957), alkaline phosphatase (ALP) 
was estimated according to EL-Aaser and EL-
Merzabani (1975). Level of urea and creati-
nine  assayed be method described with 
Wybenga et al. 1971; Henry 1974 respective-
ly. Serum sodium (Na), chloride (Cl) and po-
tassium (K) concentration was estimated with 
electrolyte analyzer model number PL1000 A. 
Calcium (Ca) and magnesium (Mg)  was esti-
mated using a kit reagent test (Biodiagnostic, 
Giza, Egypt) Gindler and King 1972; Chau-
han and Sarkar (1969)  respectively. The 
concentration of nitric oxide (NO) and total 
antioxidant capacity (TAC) in serum were 
assyed by Montgomery and Dymock 1961; 
Koracevic et al. 2001 respectively. l-
malonaldehyde (L-MDA), reduced glutathione 
(GSH),  catalase (CAT)  and superoxide dis-
mutase (SOD)  in skimmed milk were estimat-
ed according to Okhawa et al. (1979), Beutler 
et al. (1963), Aebi (1974)  and Nishikimi et al. 
(1972) respectively. Serum and whey milk of 
total protein and their electrophoretic pattern 
were determined according to Sonnenwirth et 
al. 1980 and Davis 1964, respectively and cal-
culated based on SynGene S.No. 17292*14518 
sme*mpcs. 
 

Statistical Analysis:  

The obtained data were statistically ana-
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lyzed by One-Way ANOVA test followed by 
Duncan Multiple Range Test. The results were 
given as mean ± SE using SPSS 14 (2006). Re-
sults at P<0.05 was considered significant. 
 
RESULTS 

The cows of the mastitic group displayed 
rise body temperature, dullness, anorexia, con-
gested mucus membranes, dropped milk pro-
duction, the affected quarters of the udder were 
swelled, redness, hot, and firm in consistency. 
The supra mammary lymph nodes were en-
larged. The milk secreted from the mastitic cat-
tle appeared physical alteration likewise dis-
coloration, alterations in consistency and 
flakes, beside there was an increase in pH of 
mastitic milk (average 7.5) in comparison to 
normal milk (average 6.7). Meanwhile, the 
control cows showed absence of systemic reac-
tion and udder inflammatory signs with normal 
excreted milk. 

 
Bacteriological examination of milk sam-

ples illustrated that, out of 20 tested samples, 
10 isolates were identified as S. aureus, 6 iso-
late as E.coli and 4 isolates were identified as 
Klebsiella sp. The results of in-
vitro antimicrobial susceptibility tests in table 
(4) revealed that, staphylococcus aureus 
showed the highest sensitivity to gentamycin 
and streptomycin followed by enrofloxacin and 
resistance to amoxycillin & clavulanic acid, 
cefotaxime and tetracycline and moderate re-
sistance to florfenicol. Moreover, E.coli was 
more sensitive to gentamycin followed by 
streptomycin and enrofloxacin and resistant to 
amoxycillin & clavulanic and tetracycline fol-
lowed by florfenicol and cefotaxime. Also, 
Klebsiella was sensitive to gentamycin, strep-
tomycin and resistant to amoxycillin & clavu-
lanic acid, tetracycline, cefotaxime, enrofloxa-
cin and florfenicol. 

 
Results concerning detection of antimicro-

bial resistance genes using Real time PCR as-
say showed that, the blaTEM gene was detect-
ed in all 5 selected isolates of S. aureu and 3 
isolates of E. coli while it was detected in 2 out 
of 3 isolates of Klebsiella. The tetA  gene was 
detected in 4 out of 5 isolates of S.aureus, all 
isolates of E.coli and Klebsiella. Moreover, 

floR gene was detected in 3 isolates of 
S.aureus, 2 isolates of E.coli and all isolates of 
Klebsiella (Fig.1-3). 

 
The results of our study in Table (5) 

showed that mastitic group indicated a signifi-
cant elevation in serum AST, ALT, ALP, urea, 
and creatinine when compared with normal 
healthy cows. All these parameters return to 
normal levels after treatment. 

 
The results of our study in Table (6) 

showed that, the mastitic group indicated a sig-
nificant elevation in serum Na, Mg and NO 
associated with a significant decline in serum 
Cl, Ca, K and TAC when compared with nor-
mal healthy cows. All these parameters return 
to normal levels after treatment. 

 
pH and oxidative stress markers in milk 

illustrated in Table (7), there were a significant 
(P<0.05) increase pH and MDA, which associ-
ated with a significant (P<0.05) decrease in 
SOD, CAT and GSH in mastitic cows when 
compared with healthy cows, and all these pa-
rameters return to normal after treatment. 

 
Serum biochemical analysis of serum T. 

protein and its main fractions showed in Table 
(8a), revealed a non-significant increase in t. 
protein, total alpha, total gamma associated 
with a significant increase in total beta and to-
tal globulin, meanwhile, there were a signifi-
cant decrease in albumin and A:G ratio in mas-
titic group compared with normal control 
group, and all these biochemical parameters 
improved after treatment by the tested drugs. 

The present results presented in Table (8b), 
revealed a non-significant increase in alpha 1, 
gamma 1 and gamma 2 associated with a sig-
nificant increase in beta 1, meanwhile, there 
were a non-significant decrease in alpha 2 as-
sociated with a significant decrease in beta 2 in 
serum mastitic group compared with normal 
healthy cows. All these biochemical parame-
ters improved after treatment by the tested 
drugs. 

 

The present data which recorded in table 
(9) showed a notable increase in serum albu-
min, Immune-globulin and other proteins asso-
ciated with non-significant increase in t. pro-
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tein, meanwhile, there were significant de-
creases in α–lactoglobulin and ß- lactoglobulin 
in whey milk in mastitic group when compared 

with normal control groups, and all these pa-
rameters improved after treatments. 

Table 4. Antibiotic sensitivity results of isolated bacteria 

  

Antimicrobial agent 

  

Code and 

potency 

Staph. Aureus 

No. 10 

E coli 

NO. 6 

Klebsiella spp. 

No. 4 

Sens. resist Sens. resist Sens. resist 

Enrofloxacin ENR10 7 3 4 2 - 4 

Gentamycin CN10 8 2 6 - 3 1 

Streptomycin S10 8 2 4 2 3 1 

Amoxycillin+Clavulenic acid AMC30 - 10 - 6 1 3 

Florfenicol FFC30 5 5 2 4 - 4 

Cefotaxime CTX30 3 7 2 4 - 4 

Tetracycline TE30 2 8 - 6 - 4 

Fig. 1 Amplification Plot OF blaTEM gene. 

Fig. 2 Amplification Plot of tetA gene. 
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Fig. 3 Amplification Plot of floR gene. 

Table 5. liver and kidney function in serum cattle suffering from mastitis. 

Groups 
Parameters 

Gp1: 
normal control 

Gp2: mastitis gp before 
treatment 

Gp3: mastitis gp after 
treatment 

AST (U/L) 43.5 ± 0.87b 52.5 ± 2.02a 44.5 ± 2.29b 
ALT (U/L) 26.00 ± 0.29b 28.5 ± 0.29a 26.00 ± 0.58b 

ALP (IU/L) 77.33 ±  1.76b 93.00 ± 1.73a 73.67 ± 2.03b 

Urea (mg/dl) 29.57 ± 1.66b 52.00 ± 1.96a 32.13 ± 1.59b 

Creatinine (mg/dl) 0.75 ± 0.03b 0.96 ± 0.07a 0.75 ± 0.02b 

Results are represented as (Mean±SE); Mean value in the same raw with different letter is significantly differ-
ent at (P < 0.05)  

Table 6. Electrolytes, nitric oxide and total antioxidant capacity in serum cattle suffering from mastitis. 

Groups 
Parameters 

Gp1: 
normal control 

Gp2: mastitis gp before treat-
ment 

Gp3: mastitis gp after treat-
ment 

Na (mEq/L) 140.00 ± 1.15b 154.00 ± 1.15a 144.00 ± 2.58b 

Cl (mEq/L) 116.67 ± 2.91a 96.00 ± 4.04b 115.67 ± 1.86a 

Ca (mg/dl) 10.00 ± 0.12a 8.73 ± 0.15b 9.70 ± 0.17a 

Mg (mg/dl) 2.73 ± 0.03c 3.13 ± 0.03a 2.93 ± 0.03b 

K (mEq/L) 5.50 ± 0.06a 4.40 ± 0.21c 4.93 ± 0.15b 

NO (µmol/L) 13.57 ± 0.78b 59.61 ± 0.85a 10.86 ± 0.39c 

TAC (Mm/l) 0.97 ± 0.01a 0.86 ± 0.01b 0.94 ± 0.005a 

Results are represented as (Mean±SE); Mean value in the same raw with different letter is significantly 

Table 7. PH and oxidative stress marker in milk in cattle suffering from mastitis. 

Groups 

Parameters 

Gp1: 

normal control 

Gp2: mastitis gp before 

treatment 

Gp3: mastitis gp after treatment 

pH 6.67 ± 0.07b 7.50 ± 0.06a    6.73 ± 0.09b   

MDA (nmol/ml) 5.83 ± 0.05b 7.15 ± 0.35a    6.20 ± 0.34ab   

SOD (u/ml) 5.18 ±  0.55a 3.63 ± 0.15b  5.38 ± 0.18a   

CAT (u/ml) 2.53 ± 0.15a 2.00 ± 0.10b  2.45 ± 0.05a   

GSH (u/ml) 2.88 ± 0.17a 2.24 ± 0.11b  3.09 ± 0.07a   

Results are represented as (Mean±SE); Mean value in the same raw with different letter is significantly differ-
ent at (P < 0.05)  
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Table 8a. Serum T. protein and its fractions (g/dl) in cattle suffering from mastitis. 

Groups 
parameters 

Gp1: 
normal control 

Gp2: mastitis gp before treat-
ment 

Gp3: mastitis gp after treat-
ment 

T.protein 7.96 ± 0.09a 8.24 ± 0.11a 8.14 ± 0.23a 

Albumin 2.49 ± 0.09a 2.10 ± 0.02b 2.39 ± 0.11ab 

Total alpha 1.17 ± 0.05a 1.33 ± 0.05a 1.28 ± 0.14a 

Total beta 1.27 ± 0.03b 1.43 ± 0.01a 1.33 ± 0.02b 

Total gamma 3.03 ± 0.17a 3.38 ± 0.07a 3.14 ± 0.11a 

Total globulin 5.47 ± 0.18b 6.14 ± 0.11a 5.76 ± 0.23ab 

A:G ratio 0.46 ± 0.03a 0.34 ± 0.01b 0.42 ± 0.03ab 

Results are represented as (Mean±SE); Mean value in the same raw with different letter is significantly differ-
ent at (P < 0.05)  

Table 8b. Serum protein sub-fraction (g/dl) in cattle suffering from mastitis. 

Groups 
parameters 

Gp1: 
normal control 

Gp2: mastitis gp before 
treatment 

Gp3: mastitis gp after treat-
ment 

Alpha 1 0.74 ±  0.03a 0.97 ±  0.01a 0.82 ±  0.13a 
Alpha 2 0.43 ± 0.03a 0.36 ± 0.04a 0.46 ± 0.03a 
Beta 1 0.89 ± 0.02b 1.13 ± 0.01a 0.91 ± 0.03b 
Beta 2 0.38 ± 0.01a 0.30 ± 0.02b 0.42 ± 0.03a 
Gamma 1 2.63 ± 0.18a 2.96 ± 0.07a 2.56 ± 0.11a 
Gamma 2 0.39 ± 0.02a 0.43 ± 0.03a 0.59 ± 0.11a 

Results are represented as (Mean ± SE); Mean value in the same raw with different letter is significantly dif-
ferent at (P <  0.05)  

Table 9. T. protein and its fractions (g/dl) in Whey milk. 

Groups 

parameters 

Gp1: 

normal control 

Gp2: mastitis gp before 

treatment 

Gp3: mastitis gp after treat-

ment 

T. protein 1.37 ± 0.05a 1.44 ± 0.04a 1.37 ± 0.01a 

ß- lactoglobulin 0.52 ± 0.04a 0.37 ± 0.01b 0.44 ± 0.02ab 

α - lactoglobulin 0.25 ±  0.01a 0.21 ±  0.005b 0.23 ±  0.01ab 

Serum albumin 0.14 ± 0.01b 0.19 ± 0.01a 0.16 ± 0.01ab 

Immune-globulin 0.36 ± 0.02b 0.50 ± 0.01a 0.40 ± 0.04b 

Other proteins 0.08 ± 0.01c 0.16 ± 0.01a 0.12 ± 0.004b 

Results are represented as (Mean ± SE); Mean value in the same raw with different letter is significantly dif-
ferent at (P <  0.05)  

DISCUSSION 

Mastitis might be identified as inflamma-
tion of the parenchyma of the udder tissue de-
spite the cause which causes economic losses 
in dairy industry (Radostits et al. 2006 and De 
Vliegher et al. 2012 ). When a pathogenic 
bacterium penetrates the mammary gland, it 
usually occurs because physical barriers as the 
teat canal are disrupted (Goldammer et al. 
2004). Whenever the barrier is compromised, a 
rapid and influential defense response is need-

ed to inhibit the prevalence of pathogenic or-
ganisms with additional harm to mammary 
gland tissue (Aitken et al. 2011). It cuased 
physical as well as chemical changes in the 
secreted milk, resulting in pathological alters 
in the mammary gland tissue (Babaei et al. 
2007). In the present study,   mastitic group 
cattle appeared increased in body temperature, 
loss of appetite and dullness, additionally in-
flammatory udder signs involving pain reac-
tion, hotness, redness, and swelling. Further-
more, the secreted milk displayed physical al-
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terations such as discoloration, existence of 
flakes, consistency changs with sometimes 
contained purulent materials. Meanwhile, nei-
ther of these signs were noted in the  normal 
control cattle which showed normal excreted 
milk and absence of udder inflammatory signs. 
Such clinical findings were in agreement with 
Radostits et al. (2006) and Abdel-Hamied 
and Mahmoud (2020). 

 
In the current study, we examined the ex-

istence of S. aureus, Klebsiella and E.coli re-
lated to cattle mastitis with general study of 
antibiotic resistance patterns in the isolates. S. 
aureus is one of the most usually recorded 
bacteria in cattle mastitis cases. it is the most 
usuall etiological pathogen of bovine mastitis 
possessive several virulent pathogens and mul-
tidrug resistant make the disease difficult to 
treat increasing global problem which has be-
come a major concern for dairy industry 
worldwide. So detect the antimicrobial suscep-
tibility profiles is needed not only for effective 
therapy but also for monitoring the diffusion of 
resistant strains in defined ecological niches 
(Coelho et al. 2009). The major frequency of 
S. aureus in current study may be because of 
absence of regular post milking teat dip, rou-
tine hand milking practice and lack of infor-
mation about dry cattle therapy between the 
dairy owners. Spread of staphylococci from 
contagious to healthy udder quarters usually 
occurs among animals during the milking pro-
cess via the milker’s hands (Constable et al. 
2017; Sharma et al. 2007). The selected MDR 
Bacteria as S.aureus, Klebsiella and E.coli 
were applied for detection of resistant genes by 
PCR  to find out the mechanism of resistant. 
our results are indicated the resistant mecha-
nism  of S.aureus, klebsialla sp and E.coli to 
tetracyclines may be due to the presence of 
Tet, resistance to floramphenicol due to the 
presence of flor and gene responsible for anti-
biotic resistance against β-lactam antibiotics 
due to presence of  bla TEM. blaTEM was the 
most usually detected gene in gram-negative 
and gram-positive bacteria isolated from cattle 
sampled. This confirms the apparent expres-
sion of resistance of isolates to beta-lactam an-
tibiotics. An increasing amount of beta-lactam 
variants have been revealed that differs in ami-
no acid sequences as well as their catalytic ac-

tivity against β-lactam antibiotics (Bush and 
Jacoby 2010). The usage of tetracyclines as 
animal growth promoters is a greater conten-
tious matter. The usage of tetracyclines in food 
production is numerous and contributes to the 
worldwide exposure of bacteria to tetracy-
clines. There is no suspicion that this practice 
results in the selection of resistant organisms 
and that in some cases these may be transmit-
ted to humans. Moreover, since tet genes may 
be present in integrons. Eliminating the usage 
of tetracyclines and other antibiotics at sub-
therapeutic levels in animal feeds in other 
countries should also be a priority for feed pro-
ducers and policy makers, in the hope that 
these alters will help to limited the incidence 
of resistant bacteria in the environment (Sousa 
et al. 2018). Additionally, there are reports on 
other phenicol resistance systems, like the in-
activation via mutations of the target site,  
phosphotransferases, efflux systems and per-
meability barriers (Schwarz et al. 2004), of the 
latter mechanism, floR and chloramphenicol 
resistance (cmlA) are the most usually known 
genes in gram-negative bacteria (Briggs and 
Fratamico 1999). 

 
The present study displayed a significant 

elevated in ALP, ALT and AST activities in 
mastitic group. These results were in agree-
ment with those recoded by (Saleem et al. 
2021), Mastitis caused highly elevation in 
ALT, AST and ALP (Murphy 2005), and these 
increases may be because of hepatic tissues 
damage by bacterial toxins (Ismail and Hatem 
1998). 

 
Urea  and creatinine in current study 

showed a significant elevated in mastitic cows 
compared with control group. Our results were 
agreed with those stated by Mosallam et al. 
(2014), this increase may be due to decrease 
renal perfusion (reduced glomerular filtration) 
which can cause azotemia, in which the tubular 
flow rate is lower and urea reabsorption is 
greater, this alteration in kidney may be due to 
the toxins that produced from the pathogenic 
bacteria (Atroshi et al. 1996). 

 
In current study, there were an increase in 

sodium levels in milk samples from mastitic 
animals, meanwhile other minerals involving 
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potassium and calcium were decreased. Similar 
observation have previously been recorded for 
cattle (Rashed et al. 2002; Ahmad et al. 2007). 
The alter in milk pH in present study is thus 
linked with the elevated sodium levels in milk. 
Additionally, pH of mastitic milk was signifi-
cantly higher due to the presence of clinical 
infections which can be used as a test for diag-
nosis of mastitis in animals which might be 
becouse of higher salts concentrations liberated 
due to increased permeability of cell membrane 
associated with inflammatory process and this 
might be responsible for elevate of pH in milk 
samples (Hussain et al. 2012). On the other 
hand, the result show significant decrease in 
Ca, K, and Cl these results were agreed with 
Hanan and Israa  (2019); Hussain et al. 
(2012), they suggested that the declined miner-
al level might be linked to the mineral losses 
from blood into the mastitic udder (El-Zubeir 
et al. 2005). Mastitis induces reduction in se-
rum mineral due to anorexic condition and de-
creased intestinal absorption of mineral 
(Naresh et al. 2001). Anorexia in mastitic ani-
mals may be responsible for reduction in serum 
mineral (Abd Elazem et al. 2015). 

 
Free radicals are produced naturally 

becouse of the intensive metabolism that exists 
in the cells of all living organism, mainly dairy 
cows. Oxidative stress commences when im-
balance occurs in the homeostasis which 
caused via free radicals liberation which may 
ultimately lead to dairy cows being susceptible 
to mastitis. The discontinuity in the blood-milk 
barrier and the reduced secretory activity of the 
mammary gland's epithelial cells cause chang-
es in the levels of most blood components dur-
ing mastitis (Krishnappa et al. 2016). Greater 
liberation of free radicals with decreased TAC 
through clinical and subclinical mastitis in 
dairy cattle was mentioned (Atakisi et al. 
2010), with resultant occurrence of oxidative 
stress (Lykkesfeldt and Svendsen 2007). Nitric 
oxide is one of the most critical reactive nitro-
gen radicals; which operate in different tissues 
like epithelial cells and macrophage of mam-
mary gland, producing a notable amount of NO 
that mediates inflammation during mastitis 
(Bouchard et al. 1999). In this study, there 
was a highly increase in serum NO level in 
dairy cows with acute clinical mastitis in com-

paring to control group, similar to that ob-
served by Atakisi et al. (2010). In livestock 
suffering mastitis, neutrophils produce large 
amount of NO and the myeloperoxidase en-
zyme, i.e. substances that together can cause 
nitrotyrosine formation, which has the ability 
to crumble proteins and have a destructive in-
flunce on tissues (Jóźwik et al. 2012). Also, the 
elevated in  nitric oxide in present study might 
be due to the increased permeability of micro-
circulatory vessels and oxidative stress due to 
free radical injury (Qayyum et al. 2016 ). 

 
The current study revealed a significant 

increase in skimmed milk L-MDA, meanwhile, 
a significant decreases in GSH levels in 
mastatic group comparing with normal control, 
illustrating the contribution of udder allied oxi-
dative stress with potential oxidative damage, 
these results are in agreement with previous 
results recorded by Ranjan et al. (2005) and 
Kizil et al. (2007). L-Malondialdehyde the in-
termediate product of lipid peroxidation is be-
ing considered as a reliable index of oxidative 
stress (Esterbauer et al. 1991). The increase in 
L-MDA concentration may be becouse of ex-
treme free radical liberation from neutrophils 
in the infected mammary gland which in turn 
lead to peroxidative injury to mammary cells 
(Boulanger et al. 2002), enhancing the inci-
dence of oxidative stress in the udder tissue, 
which may caused increased permeability of 
microcirculatory arteries owing to free radical 
injury (Huma et al. 2020 and Carvalho-
Sombra et al. 2021). Oxidative stress might be 
one of the primary reasons in drooping in 
quantity and quality of milk in dairy livestock 
(Kumar et al. 2022). 

 
Antioxidants prevent oxidative deteriorate 

caused by free radicals through either directly 
scavenging them or via inhibiting enzymes oxi-
dizing action (Jóźwik et al. 2012). It has been 
noticed that milk has antioxidant effects be-
cause of existence of enzymatic such as (SOD 
and CAT) and non-enzymatic (glutathione and 
protein) defense mechanism (Silanikove et al. 
2014). Oxidative stress occurs because of ele-
vated generation of ROS and increased lipid 
peroxidation products (MDA) concentration 
accompanied with reduced antioxidant protec-
tion defense mechanism, caused imbalance be-
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tween ROS liberation and anti-oxidant defense 
system. Moreover, there is a failure of replace-
ment and/or repair systems as well as increase 
levels of oxidative stress biomarkers responsi-
ble for mastatic disease (Kumar et al. 2022; 
Ali et al. 2022). 

 
The our data  displayed that acute clinical 

mastitis is accompanied with a declined anti-
oxidant defense. This might be observed 
through the notable increase concentrations of 
MDA along with the significant reduce in 
TAC, GSH, SOD and CAT activities. Such 
findings might indirectly indicate increased 
free radical action that reflect oxidative stress 
satate that occurs in such cases (Celi 2011). 

 
Glutathione is a primary intracellular re-

ducing factor for maintenance of thiol groups 
on intracellular proteins or for antioxidant 
molecules. GSH serves considerable functions 
involving detoxification of electrophiles and 
scavenging of free radicals, also it include in 
phase II conjugation and other reactions (Ribas 
et al. 2011). GSH concentration, in the current 
study,  was highly decrease in whey milk of 
mastitis cows when comparing with healthy 
cows suggestive of oxidative stress. Similarly, 
Jhambh et al. (2013) recorded that notable 
reduce in GSH level in mastitic cows becouse 
of conversion of reduced form to oxidized 
form (GSSH) via ROS overproduction from 
damage mammary gland. 

 
Superoxide dismutase antioxidant enzyme 

is localized in cytoplasm and caused dismuta-
tion of superoxide to hydrogen perox-
ideswhich in turn is scavenged via CAT and 
glutathione peroxidases (GPx) (Kohen and 
Nyska 2002). CAT activity was highly re-
duced (P<0.05) in mastitic group. Similar ob-
serves were previously mentioned (Jhambh et 
al. 2013 and Sadat et al. 2023). Moreover, 
such decrease in CAT might be attributed to its 
increased consumption to counteract ROS gen-
erated from inflamed mammary glands, indi-
cating an impairment in antioxidant defense of 
the body (Jhambh et al. 2013). Also, Sharma et 
al. (2010) recorded that CAT has exerted pro-
tective influences in cattle neutrophil induced 
model of mammary cellular injury in staph 

aureus infected mastitis. Lipid peroxidation is 
the indicator applied to determined cellular 
membrane injury caused via oxidative stress 
(Ranjan et al. 2005). 

 
The biochemical investigation of serum 

samples in this study revealed, a significant 
decreased in serum albumin, Beta 2 and A:G 
ratio levels in the mastitic group. Similar ob-
servation were recorded by Ali et al. (2017a); 
Abdel-Hamied and Mahmoud (2020). This 
might be attributed to the decreased albumin 
concentrations caused through the immune 
response linked with udder infection (Singh, 
2000). The hypoalbuminaemia  could be at-
tributed to the stress condition that happens 
during mastitis which induce the protein catab-
olism. Albumin is a negative acute-phase sys-
temic protein that migrates to inflamed tissues 
by increased vascular permeability and per-
forms a diversity of physiological activities, 
involving antioxidant, and is regarded as an 
immune-inflammatory biomarker (Singh 
2000). Because of vascular permeability is en-
hanced as a result of inflammation, this decline 
may be related to leakage of immunoglobulins, 
albumin and other serum proteins into milk 
(Krishnappa et al. 2016), or/and because of 
damage of hepatic tissues by bacterial toxins 
(Coles 1986). 

 
Also, the present study revealed a signifi-

cant increase in serum total globulin in masti-
tis group comparing with control one. Like-
wise, previous records reported high globulin 
concentrations in mastitic cattle (Ali, et al. 
2017b and Singh et al. 2014). Elevated serum 
globulin concentrations might be linked to an-
tibodies development in the form of gamma-
globulin, which is responsible for neutralizing 
the invading microorganism’s influence 
(Chaplin, 2010). 

 
Moreover, T. protein and its fractions in 

whey milk showed a significant increase in 
serum albumin, immune-globulin and other 
proteins, meanwhile, there were significant 
decreases in main whey protein (α–
lactoglobulin and ß- lactoglobulin) in whey 
milk comparing with healthy cows. These ob-
servations are in agreement with the previous 
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data recorded in milk from cows with clinical 
mastitis by Rashed et al. 2002; Le Maréchal 
et al. 2011). These findings may be attributed 
to both inflamatory injury of the mamary se-
cretory tissues and devastation of blood-milk 
permeability barriers which limits in transfer 
of protein from interstitial fluid in to milk 
(Olumee-Shabon et al. 2013). Also, elevated 
total protein may be due to leakage of blood 
proteins such as immunoglobulins and serum 
albumin into milk as a response to immuno-
logical reactions during mastitis (Gráff and 
Miko 2015). 
 
CONCLUSION 

T 
here was an unexpectedly high preva-
lence of resistance to different antimi-
crobials. The most surprising fact was 

the high incidence of high spread of resistant 
genes towards tetracyclines, Florphenicol and 
Beta lactam. The researchers hypothesized that 
factors other than antimicrobial medication, as 
feed, environment, farm type, and/or manage-
ment practices, may play a role in the develop-
ment and diffusion of AMR in E. coli, S. aure-
us and Klebsiella sp. Regular monitoring 
would enable timely identification of both 
emerging and current forms of resistance and 
AMR genes in bacteria originating from food-
producing animals, involving those on dairy 
cow farms. Additionally, our results concluded 
that there are alterations in some constituent of 
serum and milk in normal and mastitic cattle. 
Moreover, oxidative stress play a serious role 
in mastitis, may be used as a potential bi-
omarker for diagnosing and monitoring of 
mastitis. 
 
REFERENCES 

Abd Elazem MA, and Seham YA. 2015. Ad-
verse effects of Diclofenac Potassium and 
Dexamethason on some hematobiochemi-
cal and immunological parameters in 
Egyptian goat bucks. J Am Sci, 11(7): 92-
99. 

Abdel-Hamied E, Mahmoud MM. 2020. Anti-
oxidants profile, oxidative stress status, 
leukogram and selected biochemical indi-
cators in dairy cows affected with masti-
tis. J. Anim. Health Prod. 8(4): 183-188.  

Abebe R,  Hatiya H, Abera M, Megersa B, As-
mare K. 2016. “Bovine mastitis: preva-
lence, risk factors and isolation of Staphy-
lococcus aureus in dairy herds at Hawassa 
milk shed, South Ethiopia,” BMC Veteri-
nary Research, 12,270. 

Aebi H. 1974. Catalase in vitro assay methods. 
Methods Enzymol, (105): 121-126, 1984. 

Ahmad TM, Bilal S, Uallah  ZU, Rahman NE, 
Muhammad G. 2007. Impact of mastitis 
severity on mineral contents of buffalo 
milk. Pak J Agri Sci, (44): 176-178. 

Aitken SL, Corl CM, Sordillo LM. 2011. Im-
munopathology of mastitis: Insights into 
disease recognition and resolution. J. 
Mammary Gland. Biol. Neoplasia, (16): 
291–304. 

Ali A, Mir BA, Bhat RR, Baba OK, Hussain I, 
Rashid SM, Muzamil S, Ahmad SB, Mir 
MR. 2017a. Metabolic profiling of dairy 
cows affected with subclinical and clinical 
mastitis. J. Entomol. Zool. Stud., 5(6): 
1026–1028. 

Ali HR, Ali SF, Abd-Algawad RH, Sdeek FA, 
Arafa M, Kamel E, Shahein MA. 2022. 
Impact of udder infections on biochemical 
composition of milk in context of pesti-
cides exposure, Veterinary World, 15(3): 
797-808.  

Ali T, Rahman SU, Zhang L, Shahid M, Han 
D,  Gao J, Zhang S, Ruegg PL, Saddique 
U, Han B. 2017b. Characteristics and ge-
netic diversity of multi-drug resistant ex-
tended-spectrum beta-lactamase (ESBL)-
producing Escherichia coli isolated from 
bovine mastitis. Oncotarget, (8): 90144–
90163.  

Amer S, G´alvez FL, Fukuda Y. 2018. 
“Prevalence and etiology of mastitis in 
dairy cattle in El Oro Province, Ecuador,” 
Journal of Veterinary Medical Science, 80 
(6): 861–868. 

 Andrei S, Matei S, Rugină D, Bogdan L, Stef-
ănut C. 2016. Interrelationships between 
the content of oxidative markers, antioxi-
dative status, and somatic cell count in 
cow’s milk. Czech J. Anim. Sci., 61(9): 
407–413. 

Acc
ep

te
d



14 

Nour et al.,                                                                       Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

Atakisi E, Bozukluhan K, Atakisi O,  Gokce 
HI. 2010. Total oxidant and antioxidant 
capacities and nitric oxide levels in cattle 
with traumatic reticuloperitonitis. Veteri-
nary Record, 167(23): 908-909. 

Atakisi O, Oral H, Atakisi E, Merhan O, Pan-
carci SM, Ozcan A, Marasli S, Polat B, 
Colak A, Kaya S. 2010. Subclinical masti-
tis causes alterations in nitric oxide, total 
oxidant and antioxidant capacity in cow 
milk. Res. Vet. Sci., (89): 10–13.  

Atroshi F, Parantainen J, Sankari S, Järvinen 
M, Lindberg LA, Salonimei H. 1996. 
Changes in inflammation-related blood 
constituents of mastitic cows. Veterinary 
Research, 27 (2):125-132.  

Babaei H, Mansouri-Najand L, Molaei MM, 
Kheradmand A, Sharifan M. 2007. As-
sessment of lactate dehydrogenase, alka-
line phosphatase and aspartate ami-
notransferase activities in cow’s milk as 
an indicator of subclinical mastitis. Vet. 
Res. Commun., (31): 419–425.  

Bag MAS, Khan MSR, Sami MDH, Begum F, 
Islam MS, Rahman MM, Rahman MT,  
Hassan J. 2021. Virulence determinants 
and antimicrobial resistance of E. coli iso-
lated from bovine clinical mastitis in some 
selected dairy farms of Bangladesh. Saudi 
Journal of Biological Sciences, 28(11): 
6317–6323.  

Batavani RA, Asri S, Naebzadeh H. 2007. The 
effect of subclinical mastitis on milk com-
position in dairy cows. Iran J Vet Res, (8): 
205- 211. 

Beutler E, Duron O, Kelly MB. 1963. Im-
proved method for the determination of 
blood glutathione. J Lab Clin Med, (61): 
882-888. 

Beyene T, Hayishe H, Gizaw F. 2017. 
“Prevalence and antimicrobial resistance 
profile of Staphylococcus in dairy farms, 
abattoir, and humans in Addis Ababa, 
Ethiopia,” BMC Research Notes, 10(1): 1
–9. 

Bi Y, Wang YJ, Qin Y, Vallverd´u RG, 
Garc´ıa JM. 2016. “Prevalence of bovine 
mastitis pathogens in bulk tank milk in 

China,” PLoS One, vol.11, Article ID 
e0155621,(5);1–13. 

Bouchard L, Blais S, Desrosiers C, Zhao X, 
Lacasse P. 1999. Nitric oxide production 
during endotoxin-induced mastitis in the 
cow. Journal of Dairy Science, 82(12): 
2574-2581. 

Boulanger V, Zhao X, Lacasse P. 2002. Pro-
tective effect of melatonin and catalase in 
bovine neutrophil-induced model of mam-
mary cell damage. Journal of Dairy Sci-
ence. (85):562-569. 

Briggs CE, Fratamico PM. 1999. Molecular 
characterization of an antibiotic resistance 
gene cluster of Salmonella typhimuri-
um DT104. Antimicrob. Agents Chemoth-
er. (43): 846–849. 

Bush K, Jacoby GA. 2010. MINIREVIEW 
Updated Functional Classification of -
Lactamases, (54): 969–976 (3). 

Campos FC, Castilho IG, Rossi BF, Bonsaglia 
´ECR, Dantas ST, Dias RC, Fernandes B, 
Júnior A, Hernandes RT, Camargo CH, 
Ribeiro MG, Pantoja JCF, Langoni H, 
Rall VLM. 2022. Genetic and antimicro-
bial resistance profiles of mammary path-
ogenic E. coli (MPEC) isolates from bo-
vine clinical mastitis. Pathogens (Basel, 
Switzerland), 11(12). 10.3390/
pathogens11121435. 

Carvalho-Sombra TCF, Fernandes DD, Bez-
erra BMO, Nunes-Pinheiro DCS. 2021. 
Systemic inflammatory biomarkers and 
somatic cell count in dairy cows with sub-
clinical mastitis. Vet.Anim. Sci. 
8;11:100165. 

Celi P. 2011. Biomarkers of oxidative stress in 
ruminant medicine. Immunopharmacol. 
Immunotoxicol., 33: 233–240.  

Chaplin DD. 2010. Overview of the immune 
response. J. Allergy Clin. Immunol., 125, 
S3–S23. 

Chauhan UP, Sarkar BC. 1969. Use of calma-
gite for the determination of traces of 
magnesium in biological materials. Anal. 
Biochem. 32, 70–80. 

Cheng J, Zhou M, Nobrega DB, Barkema HW, 
Xu S, Li M, Kastelic JP, Shi Y, Han B, 

Acc
ep

te
d



15 

Nour et al.,                                                                      Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

Gao J. 2021. Genetic diversity and molec-
ular epidemiology of outbreaks of 
Klebsiella pneumoniae mastitis on two 
large Chinese dairy farms. Journal of 
Dairy Science, 104(1);762–775. 10.3168/
jds.2020-19325. 

CLSI. 2014. Evaluation of precision of quanti-
tative measurement procedure; approved 
guideline, 3rd ed. CLSI document EP05-
A3. Wayne, PA: Clinical and Laboratory 
Standards Institute.  

Coelho SMO, Reinoso E, Pereira IA, Soares 
LC, Demo M, Bogni C, Souza M. 2009. 
Virulence factors and antimicrobial re-
sistance of Staphylococcus aureus isolat-
ed from bovine mastitis in Rio de Janei-
ro.Pesquisa Veterinaria Brasileira, 29, 369
–374. 

Colakoglu HE, Kuplulu O, Vural MR, Kuplulu 
S, Yazlik B, Polat MO, IM, Oz B, Kaya 
U, Bayramoglu R. 2017. Evaluation of the 
relationship between milk glutathione pe-
roxidase activity, milk composition and 
various parameters of subclinical mastitis 
under seasonal variations. Vet. arhiv 87, 
557-570. 

Coles EH. 1986. Veterinary Clinical Patholo-
gy.(4th Edn.).W.B.Saunders Company, 
London, U.K:  

Colom K, PèrezJ, Alonso R, Fernández-
Aranguiz A, Lariňo E, Cisterna R. 2003. 
Simple and reliable multiplex PCR assay 
for detection of blaTEM,blaSHV and blaOXA-1 

genes in Enterobacteriaceae. FEMS Mi-
crobiology Letters 223,  147. 

Constable PD, Hinchcliff KW, Done SH, 
Grunberg W. 2017. Veterinary Medicine: 
a textbook of the diseases of cattle, hors-
es, sheep, pigs and goats.; 11th Edition, 
Elsevier 

Davis B((1964): Disk electrophoresis. II Meth-
od and application to human serum pro-
tein. Ann N Y  Acad Sci, 121(2): 404-427. 

De Vliegher S, Fox LK, Piepers S, McDougall 
S, Barkema HW. 2012. Invited review: 
Mastitis in dairy heifers: Nature of the 
disease, potential impact, prevention, and 
control. J. Dairy Sci, 95, 1025–1040. 

Dittrich I, Gertz M,  Krieter J. 2019. Altera-
tions in sick dairy cows’ daily behaviour-
al patterns. Heliyon 5:e02902. doi: 
10.1016/j.heliyon.2019.e02902. 

EL-Aaser AA, EL-Merzabani MM. 1975. 
Simultaneous determination of 5'-
nucleotidase and alkaline activities in se-
rum. Z. Klin. Chem. Klin.Biochem., 
13:453- 460. 

El-Zubeir IEM, Elowni OAO, Mohamed GE. 
2005. Effect of mastitis on macro-
minerals of bovine milk and blood serum 
in Sudan. J. South Afr. Vet. Assoc., 76: 
22–25.  

Esterbauer H, Schaur RJ, Zollner H. 1991. 
Chemistry and biochemistry of 4-
hydroxynonenal, malonaldehyde and re-
lated aldehydes. Free Radical Biology and 
Medicine.; 11:81-128. 

FAO Food and Agriculture Organization, 
2014. “Impact of mastitis in small scale 
dairy production systems,” Animal Pro-
duction and Health Working Paper, No. 
13, Rome, Italy. 

Fu S, Wen C, Wang Z, Qiu Y, Zhang Y, Zuo 
J, Xu Y, Han X, Luo Z, Chen W, Miao J. 
2022. Molecular epidemiology and anti-
microbial resistance of outbreaks of 
Klebsiella pneumoniae clinical mastitis in 
Chinese dairy farms. MicrobiologySpec-
trum,, 10(6), Article e0299722. Article 
10.1128/spectrum. 02997-22. 

Gao J, Barkema HW, Zhang L, Liu G, Deng 
Z, Cai L. 2017. Incidence of clinical mas-
titis and distribution of pathogens on large 
Chinese dairy farms. J Dairy Sci. 
(100):4797–4806. doi: 10.3168/jds.2016-
12334 

Gindler M, King JD. 1972. Rapid colorimetric 
determination of calcium in biologic flu-
ids with methylthymol blueAm. J. Clin. 
Path. 58(4):376-382. 

Goldammer T, Zerbe H, Molenaar A, Schu-
berth HJ, Brunner RM, Kata SR, Seyfert 
HM. 2004. Mastitis increases mammary 
mRNA abundance of beta-defensin 5, toll
-like-receptor 2 (TLR2), and TLR4 but 
not TLR9 in cattle. Clin. Diag. La. Immu-

Acc
ep

te
d



16 

Nour et al.,                                                                       Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

nol., (11): 174–185. 

Gráff M, Miko E. 2015. Analysis of mastitis in 
Holstein-Fresian cows and economic ef-
fects of masti-tis. Lucrari Stiintifice Seria 
I, Manage. Agricol., 17(1): 294-297. 

Hanan YJ, Israa A. 2019. Efficacy of reliable 
milk and blood biomarkers for diagnosing 
clinical and subclinical bovine mastitis. 
Adv. Anim. Vet. Sci. 7(10): 898-903.  

Henry RJ. 1974. "Clinical chemistry, princi-
ples and techniques." 2nd Ed., Harport 
and Rowhogerstown, M.D. 862. 

Huma IZ, Sharma N, Kour S, Tandon S, Gut-
tula KP, Kour S, Singh AK, Singh R, 
Gupta KM. 2020. Putative biomarkers for 
early detection of mastitis in cattle. Anim. 
Prod. Sci. 60(14): 1721-1736. 

Hussain R, Javed MT, Khan A. 2012. Changes 
in some biochemical parameters and so-
matic cell counts in the milk of buffalo 
and cattle suffering from mastitis. Pak Vet 
J, 32(3): 418-421. 

Ismail TM, Hatem ME. 1998. Prevalence of 
sub clinical mastitis in a dairy cottle herd 
in the eastern region of Saudi Arabia. 
Proc. 8th Sci. Cong., Fac. Vet. Med., As-
siut Univ., Egypt.  

Jamali H, Barkema HW, Jacques M. 2018. 
“Invited review: incidence, risk factors, 
and effects of clinical mastitis recurrence 
in dairy cows,” Journal of Dairy Science, 
101(6): 4729–4746. 

Jhambh R, Dimri U, Gupta VK, Rathore R. 
2013. Blood antioxidant profile and lipid 
peroxides in dairy cows with clinical mas-
titis. Vet. World, 6: 271–273.  

Jóźwik A, Krzyżewski J, Strzałkowska N, 
Poławska E, Bagnicka E. 2012. Relations 
between the oxidative status, mastitis, 
milk quality and disorders of reproductive 
functions in dairy cows - a review. Ani-
mal Science Papers and Reports 30(4): 
297-307. 

Kizil O, Akar Y, Saat N, Kizil M, Yuksel M. 
2007. The plasma lipid peroxidation in-
tensity (MDA) and chain-breaking antiox-
idant concentrations in the cows with 
clinic or subclinic mastitis. Revue Med. 

Vet. (158):529-533. 

Kohen R, Nyska A. 2002. Oxidation of biolog-
ical systems: oxidative stress phenomena, 
antioxidants, redox reactions, and meth-
ods for their quantification. Toxicologic 
Pathology. (30):620-650.  

Koracevic D, Koracevic G, Djordjevic V, An-
drejevic S, Cosic V. 2001. Method for the 
measurement of antioxidant activity in 
human fluids. J of Clin Pathol, 54(5):356-
361. DOI: 10.1136/jcp.54.5.356. 

Krishnappa S, Satyanarayana ML, Naraya-
naswamy HD, Rao S, Yathiraj S, Isloor S, 
Mukartal SY, Gupta S, Singh SV, Elat-
tuvalappil AM. 2016. Haemato-
biochemical profile and milk leukocyte 
count in subclinical and clinical mastitis 
affected buffaloes. Adv. Anim. Vet. Sci., 
(4): 642–647. 

Kumar S, Mikolajcik EM. 1972. Electropho-
retic, immunoelectrophoretic and ultra-
centrifugal characterization of protein in 
whey fractions. J. Dairy Sci.,(9): 1237-
1242. 

Kumar S, Varma R, Mandil R, Verma H, 
Anand S. 2022. Alteration in oxidative-
stress biomarkers in bovine sub-clinical 
mastitis. The Pharma Innovation Journal. 
11(12S): 95-99. 

Lamari I, Mimoune N,  Khelef D. 2021. Effect 
of feed additive supplementation on bo-
vine subclinical mastitis. Veterinarskas-
tanica,52(4); 445- 460.  

Le Maréchal C, Thiéry R, Vautor E, Le Loir 
Y. 2011. Mastitis impact on technological 
properties of milk and quality of milk 
products—A review. Dairy Sci. Technol, 
(91): 247–282. 

Lykkesfeldt J, Svendsen O. 2007. Oxidants 
and antioxidants in disease: oxidative 
stress in farm animals. Vet. J., (173): 502
–511. 

Maity S, Ambatipudi, K. 2021. Mammary mi-
crobial dysbiosis leads to the zoonosis of 
bovine mastitis: a One-Health perspec-
tive. FEMS Microbiol. Ecol. 97
(1):fiaa241.  

Medrano-Galarza C, Gibbons J, Wagner S, de 

Acc
ep

te
d



17 

Nour et al.,                                                                      Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

Passillé AM,  Rushen J. 2012. Behavioral 
changes in dairy cows with mastitis. J. 
Dairy Sci. (95): 6994–7002. doi: 10.3168/
jds.2011-5247. 

Montgomery HAC, Dymock JF. 1961. The 
determination of nitrite in water. Analyst, 
(86): 414-416.  

Mosallam TE, Hanaa A, Allam Safaa YS, Ah-
med AR. 2014. Clinical and Bacteriologi-
cal and Biochemical Studies on Mastitis 
in dairy cattle. Zag. Vet. J. 42(3):124-132. 

Motaung TE, Petrovski KR,  Petzer IM, Ekisoe 
O, Tsilo TJ. 2017. “Importance of bovine 
mastitis in Africa,” Animal Health Re-
search Reviews, 18 (1): 58–69. 

Murphy S. 2005. Raw milk bacteria tests: 
Standard plate count and coliform count. 
Proc. National Mastitis Council Regional 
Meeting, Syracuse, Ny. 36-46. 

Naresh R, Dwivedi S, Dey S, Swarup D. 2001. 
Zinc, copper and cobalt concentration in 
blood during mastitis in dairy cows. Asian 
Aust J Anim Sci, 14(4): 564-566. 

National Mastitis Council (NMC). 1999. La-
boratory handbook on bovine mastitis. 
Madson: 145-147. 

Ndahetuye JB, Persson Y, Nyman AK, Tukei 
M, Ongol MP,  Båge R. 2019. Aetiology 
and prevalence of subclinical mastitis in 
dairy herds in peri-urban areas of Kigali 
in Rwanda. Tropical Animal Health and 
Production, 51(7): 2037–2044.  

Ng LK, Martin I, Alfa M, Mulvey M. 2001. 
Multiplex PCR for the detection of tetra-
cycline resistant genes. Molecular and 
cellular probes, 15(4):209-215.  

Nishikimi M, Roa NA, Yogi K. 1972. Occur-
rence of superoxide anion in the reaction 
of reduced phenazine methosulfate and 
molecular oxygen. Bioch and Biophy Res 
Commun, (46): 849-854. 

Okhawa H, Ohishi N, Yagi K. 1979. Assay for 
lipid peroxides in animal tissues by thio-
barbituric acid reaction. Anal Biochem, 
95(2):351-358. 

Oliver SP, Murinda  SE, Jayarao BM. 2011. 
“Impact of antibiotic use in adult dairy 

cows on antimicrobial resistance of veteri-
nary and human pathogens: a comprehen-
sive review,” Foodborne Pathogens and 
Disease, 8(3): 337–355. 

Olumee-Shabon Z, Swain T, Smith EA, Tall E, 
Boehmer JL. 2013. Proteomic analysis of 
di_erentially expressed proteins in caprine 
milk during experimentally induced endo-
toxin mastitis. J. Dairy Sci., (96): 2903–
2912. 

Qayyum A, Khan JA, Hussain R, Avais M, 
Ahmad N, Khan MS. 2016. Investigation 
of milk and blood serum biochemical pro-
file as an indicator of sub-clinical mastitis 
in Cholistani cattle. Pak Vet J, 36(3): 275-
279. 

Radostits OM, Gay CC, Hinchcliff KW, Con-
stable PD. 2006. Veterinary Medicine E-
Book: A textbook of the diseases of cattle, 
horses, sheep, pigs and goats. Elsevier 
Health Sciences. 

Radostits OM, Mayhew IG, Houston DM. 
2000. Veterinary clinical examination and 
diagnosis. WB Saunders. 

Rainard P, Foucras G, Fitzgerald JR, Watts JL, 
Koop G,  Middleton JR. 2018. Knowledge 
gaps and research priorities in Staphylo-
coccus aureus mastitis control. Trans-
boundary and Emerginf Diseases, (65): 
149–165.  

Ranjan R, Swarup D, Naresh R, Patra RC. 
2005. Enhanced erythrocytic lipid perox-
ides and reduced plasma ascorbic acid and 
alteration in blood trace elements level in 
dairy cows with mastitis. Veterinary Re-
search. Comun., (29):27-34. 

Rashed MA, Mogda K, Mansour M, Korietum 
Kh. 2002. Biochemical changes in blood 
and milk of mastitic cows. Egypt. J. 
Comp. & Clinic. Path. 15 (1):74-83. 

Reitman S, Frankel S. 1957. "Acolorimetric 
determination of serum glutamic oxaloa-
cetic acid and glutamic pyruvic transami-
nase." Am. J. Clin. Path., (28): 56- 58. 

Ribas V, Ruiz CG, Checa JCF. 2011. Glutathi-
one and mitochondria. Front. Pharma-
col.00151; c2014.  

Acc
ep

te
d

https://zvjz.journals.ekb.eg/?_action=article&au=149232&_au=Hanaa++A+Allam
https://zvjz.journals.ekb.eg/?_action=article&au=149233&_au=Safaa++YS+Ahmed
https://zvjz.journals.ekb.eg/?_action=article&au=149235&_au=Ahmed++AR
https://zvjz.journals.ekb.eg/?_action=article&au=149235&_au=Ahmed++AR


18 

Nour et al.,                                                                       Egyptian Journal of Animal Health 4, 4 (2024), 1-18 

Sadat A, Farag AMM Elhanafi D AwadA, 
Elmahallawy EK, Alsowayeh N, El-
khadragy MF, Elshopakey GE. 2023. Im-
munological and Oxidative Biomarkers in 
Bovine Serum from Healthy, Clinical, and 
Sub-Clinical Mastitis Caused by Esche-
richia coli and Staphylococcus aureus In-
fection. Animals, 13, 892. 
doi.org/10.3390/ani13050892. 

Saleem H, Razooqi M, Gharban HA. 2021. 
Cumulative Effect of Subclinical Mastitis 
on Immunological and Biochemical Pa-
rameters in Cow Milk. Archives of Razi 
Institute, 76 (6): 1629-1638.  

Schwarz S, Kehrenberg C, Doublet B,  
Cloeckaert A. 2004. Molecular basis of 
bacterial resistance to chloramphenicol 
and florfenicol. FEMS Microbiol. Rev. 
(28): 519–542. 

Sharma C, Rokana N, Chandra M. 2018. 
“Antimicrobial resistance: its surveillance, 
impact, and alternative management strat-
egies in dairy animals” Frontiers in Veter-
inary Science, (4):1–27. 

Sharma N, Maiti SK, Sharma KK. 2007. Prev-
alence, etiology and antibiogram of mi-
croorganisms associated with Sub-clinical 
mastitis in buffaloes in Durg, Chhattisgarh 
State (India). Int J Dairy Sci.; 2(2):145-
151. 

Sharma N, Mukherjee R, Ingale SL, Jadhav 
RK. 2010. Therapeutic and anti-oxidant 
activity of vitamin E and selenium in bo-
vine Staphylococcal mastitis. Indian Jour-
nal of Veterinary Research. 19(1):25-31.  

Silanikove N, Merin U, Leitner G. 2014. Ni-
trite and catalase levels rule oxidative sta-
bility and safety properties of milk: a re-
view. RSC Advances.;(4):26476-26486. 

Singh K, Chandra M, Kaur G, Narang D, Gup-
ta DK. 2018. Prevalence and antibiotic 
resistance pattern among the mastitis 
causing microorganisms. Open J. Vet. 
Med. (8): 54–64. 

Singh R, Bhardwaj RK, Azad MS, Beigh SA. 
2014. Effect of mastitis on haemato-
biochemical and plasma mineral profile in 
crossbred cattle. Indian J. Anim. Res., 

(48): 63–66. 

Singh SV. 2000. Udder health profiles with 
special reference to acute phase proteins 
and supplementation therapy. MV Sc the-
sis submitted to the GB Pant University of 
Agriculture and Technology, Pantnagar, 
India. 

Sonnenwirth AC, Gradwohl RBH, Jaret L. 
1980. Gradwohl′s Clinical Laboratory 
Methods and Diagnosis. 8th ed., 258-259, 
St. Louis, Toronto, London; the C.V. 
Mosby Co. 

Sousa JCG, Ribeiro AR, Barbosa MO, Pereira 
MFR, Silva AMT. 2018. A review on en-
vironmental monitoring of water organic 
pollutants identified by EU guidelines. 
Journal of Hazardous Materials, (344): 
146–162.  

Wang JY, Tang P, Cui EH, Wang LQ, Liu 
WH, Ren JJ, Wu N, Qiu YH. 2013. Char-
acterization of antimicrobial resistance 
and related resistance genes in Escherich-
ia coli strains isolated from chickens in 
China during 2007-2012. Afr J Microbiol 
Res (7): 5238–5247. 

Wybenga DR, Digigorgio J, Piliggi VJ. 1971. 
"Automated method for urea measure-
ment in serum." Clin. Chem., (97): 891- 
895. 

Zajac P, Tomaska M, Murarova A, Capla J, 
Curlej J. 2012. Quality and safety of raw 
cow’s milk in Slovakia in 2011. Po-
travinárstvo (6): 64–73. 

 
 
 
 
 

Acc
ep

te
d


