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Milk provides an ideal medium for bacterial survival and growth due to its rich nutrient content. 

This study assessed the physical, chemical, and microbial quality of raw cow milk samples 

collected from various dairy markets in Assiut, Egypt. A total of 25 raw cow milk samples were 

obtained from Assiut city markets. The presence and diversity of Staphylococcus aureus were 

evaluated using Mannitol Salt Agar (MSA) medium. Chemical analyses revealed that the mineral 

content ranged as follows: total soluble salts (TSS%) from 0.72 to 3.96%, sodium (Na⁺) from 367 

to 598 mg/L, potassium (K⁺) from 1.06 to 4.84 mg/L, and magnesium (Mg²⁺) from 24.4 to 311.1 

mg/L. Protein concentrations varied between 1.7 and 5.63 mg/L, while lipid and lactose 

concentrations fluctuated between 0.21–0.83 mg/L and 0.16–0.53 mg/L, respectively. The pH 

values of the milk samples ranged from weakly acidic to neutral (4.54–7.00). Microbial analysis 

indicated that S. aureus was detected in 92% of the milk samples, with total counts ranging 

from 2× 102 to 78×104 CFU/mL. Antibiotic susceptibility testing of S. aureus isolates revealed 

that 47% (8/17) exhibited multidrug resistance (MDR). Notably, all tested isolates were 

resistant to cephazolin (30 µg), highlighting a growing challenge in managing infections in dairy 

animals. Morphological and biochemical identification confirmed the presence of S. aureus as 

Gram-positive, non-spore-forming cocci arranged in clusters, with yellow zone formation on 

MSA medium. Biochemical tests showed the isolates were catalase- and coagulase-positive. 

This study underscores the need for regular health monitoring of dairy animals, particularly for 

mastitis, and the implementation of appropriate treatment protocols to mitigate the risks 

posed by multidrug-resistant S. aureus. 
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INTRODUCTION  

 

Milk is a highly nutritious and well-balanced food, offering a wide range of essential 

nutrients. As a result, it creates a favorable environment for the growth of various 

microorganisms, including harmful bacteria. Naturally, milk from healthy mammary 

glands is naturally free of bacteria. However, once it is secreted from the udder, it can be 

easily contaminated by spoilage and pathogenic bacteria from various sources, including 

feed, water, the dairy farm environment, udder surfaces, equipment, raw milk storage 

tanks, and handling by personnel. Additionally, milk can become contaminated before 

secretion due to the presence of mastitis-causing microorganisms [1, 2, 3]. Growth and 

multiplication of microorganisms in milk may be accelerated by high temperature [2]. 

Staphylococcus aureus is the most important pathogenic species of staphylococci in 

humans, responsible for a wide range of infections, from mild skin lesions to severe, life-

threatening conditions. Animals serve as reservoirs for the transmission of this bacterium 

to humans. In dairy production, it can be excreted into milk from udders affected by 

mastitis, representing a serious public health concern [4, 5]. 

Staphylococcus aureus is a significant opportunistic pathogen found in raw milk and a 

known source of enterotoxins that cause food poisoning. Milk and its derived products 

serve as critical reservoirs for enterotoxin-producing S. aureus. Staphylococcal food 

poisoning (SFP) is one of the most common causes of gastroenteritis globally and occurs 

from the consumption of small amounts of preformed S. aureus enterotoxins in 

contaminated food [6, 7]. SFP typically manifests suddenly, with symptoms such as 

vomiting, abdominal pain, and nausea being the most frequent. Certain food items, 

including raw milk, dairy products, meat, poultry, egg-based products, and salads, are 

recognized as potential carriers for S. aureus transmission to humans [6]. Numerous 

outbreaks of SFP have been linked to the consumption of contaminated milk and dairy 

products. [8, 9, 10, 11, 12]. Contamination of dairy cows and raw milk with S. aureus 

continues to be a significant issue in the dairy industry. The frequency of foodborne 

disease outbreaks linked to contaminated dairy products highlights the public health 

importance of S. aureus [13]. Dairy animals are the primary source of S. aureus 
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contamination in raw milk, and the persistence of this problem remains a major concern 

in dairy production. The public health impact of S. aureus is underscored by numerous 

outbreaks of foodborne illness caused by tainted dairy products. Additionally, S. aureus is 

a leading cause of mastitis in dairy cows, resulting in substantial economic losses to the 

global dairy industry [16, 4]. 

Methicillin-resistant S. aureus (MRSA) refers to strains of S. aureus that are resistant to 

methicillin and all other β-lactam antibiotics, making it a significant global health 

concern. Due to its widespread presence, nosocomial infections caused by MRSA have 

been identified as one of the three most infectious diseases worldwide by the World 

Health Organization [17, 18, 19]. 

The objective of this study was to estimate the pooled prevalence of Staphylococcus 

aureus, evaluate the physical, chemical, and microbial quality of cow's milk, and 

investigate the biochemical characteristics and antimicrobial resistance profiles of the 

isolates 

 

MATERIALS AND METHODS  

 

1- Sample collection 

Cow raw milk samples were collected from dairy markets Assiut, Egypt, transferred 

aseptically into sterile screw capped bottle and kept in an ice box, then transformed 

immediately to Microbiology laboratory for further analysis. 

2- Chemical analysis of milk 

Protein content of milk samples was determined according to Lowry’s method [20]. Lipid 

concentration was assessed using Sulfo-Phospho-Vanillin assay [21]. Lactose (reducing 

sugars) concentration using DNSA method [22], calcium and magnesium content by 

EDTA titration [23], sodium and potassium by flame emission technique [24], total 

soluble salt using Electrical Conductivity (EC) [25], chloride concentration by Mohr’s 

Method [26], bicarbonates by HCL [25] and pH values using pH meter were also 

investigated [27]. 
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3- Isolation of Staphylococcus aureus from cow milk 

Each milk sample was inoculated onto peptone water broth medium [28], incubated at 

35-37°C for 20 hours, then streaked on Mannitol Salt Agar (MSA) plates (Oxoid, UK). 

All the plates were incubated at 37°C for 24 hours. The growing yellow colonies, that 

suggested to be S. aureus were picked up onto nutrient agar slants for further studies [29]. 

Standard plate count (SPC): To determine the total bacterial count in the milk sample, 1 

ml of the milk was transferred into a sterile test tube containing 9 ml of peptone water 

broth medium. The mixture was thoroughly blended, followed by serial dilutions up to a 

dilution factor of 1:10⁻ ⁷ . From these dilutions, duplicate 1 ml samples were introduced 

into 15-20 ml of standard plate count agar, thoroughly mixed, and allowed to solidify. 

The plates were then incubated at 37°C for 48 hours, and the resulting colony counts 

were recorded using a colony counter [30]. 

4- Characterization of Staphylococcus aureus 

A. Microscopic examination: 

Gram staining was used to confirm the S. aureus identification. 

 

B. Biochemical characterization:  

1. Catalase test: 

A drop of 3% hydrogen peroxide was placed on a clean microscope slide. A noticeable 

amount of bacterial growth was then transferred using a sterile inoculating loop and 

mixed with the hydrogen peroxide. The reaction was observed for the formation of gas 

bubbles [32]. 

  

 2. Coagulase Test: 

A staphylococcal colony was emulsified in a drop of water on a clean, grease-free glass 

slide by gently spreading it (if the isolate does not form a smooth, milky suspension, the 

test should not be continued). Similar suspensions of other bacterial strains, serving as 

positive and negative controls, were also prepared to ensure the plasma's proper 
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reactivity. A flamed and cooled straight inoculating wire was then dipped into undiluted 

plasma at room temperature, and the adhering plasma (not a loopful) was mixed into the 

staphylococcal suspension on the slide. The wire was flamed again, and the process was 

repeated for the control suspensions. The test was considered positive if coarse clumping 

of cocci was visible to the naked eye within 10 seconds [28].  

 

 3. Growth at 15°C and 37°C: 

 Purified colonies of the bacterial strains were cultured in tubes of MRS broth medium 

(HiMedia, India) and their growth was monitored after incubation at 15°C and 37°C for 

48 hours [28].  

  

 4. Sugar fermentation:  

Through nutrient broth tubes containing 1% concentration of each of lactose, glucose, 

and sucrose as well as 0.05% phenol red (as an indicator), inoculate the broth with 

bacterial strain. The result was interpreted daily (for up to 7 days) by the presence of a 

yellow color, which indicates sugar assimilation, was observed following the incubation 

of the tubes at 37ºC [28].  

 

5.Antibiotic sensitivity test  The 23 isolates of S. aureus were tested for antibiotic 

sensitivity against seven commercially available antimicrobial discs (Oxoid, UK), 

selected based on the most commonly used drugs. The antimicrobial discs included 

clindamycin (2 µg), cephazolin (30 µg), amikacin (30 µg), amoxicillin/clavulanic acid 

(30 µg), gentamycin (10 µg), cefoxitin (30 µg), and erythromycin (15 µg). The test was 

performed using the Kirby-Bauer disc diffusion method [33], following the guidelines set 

by the Clinical and Laboratory Standards Institute (CLSI) [34]. To prepare the bacterial 

suspension, 2–3 fresh pure colonies from nutrient agar medium were transferred into 

saline (HiMedia, India). The turbidity of the cell suspension was then adjusted to match 

the 0.5 McFarland standard [35]. A sterile cotton swab was used to evenly spread the 

bacterial suspension onto nutrient agar plates (HiMedia, India). The antimicrobial discs 

were placed on the agar surface, spaced 3 cm apart, using sterile forceps, and the plates 

were incubated at 37°C for 20 hours. The results were recorded by measuring the 
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diameter of the clear zones around the discs, which were compared with the standard 

measurements provided by CLSI. S. aureus isolates resistant to three or more of the 

tested antimicrobial classes were classified as multidrug-resistant. 

RESULTS  

 

1- Physiochemical and biological properties of collected milk samples 

The physiochemical properties (pH, total soluble salts, sodium, potassium, calcium, 

magnesium, chloride, bicarbonate, lactose, lipid, and protein) of twenty-five milk samples 

collected from markets were summarized in figure (1). 

The results of this study revealed that, pH values of milk samples were slightly acidic to 

neutral, ranging from 4.54 - 7. Total Soluble Salt (TSS%) and mineral (Na, K, Ca, Mg, 

Cl, HCO3), components of milk samples numbers (15, 16, 21) were found to be nearly 

similar to the permissible standard levels [36, 37]. Although, in other samples, they were 

either lower in samples 1, 8, 16, and 23 and higher samples 7,6 ,19. Protein content 

ranged from 1.7 - 5.63 mg/L. Lipid concentration varied between 0.21 - 0.83 mg/L. 

lactose concentration ranged between 0.16 and 0.53 mg/L and the average total plate 

counts of milk sampled were 2x10
2
 – 78x10

4
 CFU/ml (Tables 1&2). 

Table:1 Protein, lipid and lactose contents of milk samples. 
Milk samples Protein (mg/L) 

Mean ±SD 

Lipid (mg/L) 

Mean ±SD 

Lactose (mg/L) 

Mean ±SD 

Bacterial count  

CUF/ml 

1 5.41±0.16 537±30.21 3.54±0.41 38x102 

2 4.72±0.16 520±34.72 3.18±0.07 116x102 

3 5.67±0.20 531±24.86 4.43±0.17 17x103 

4 5.7±0.16 427±81.13 2.3±0.24 5x103 

5 5.72±0.16 472±107.85 1.06±0.08 78x104 

6 4.75±0.04 546±12.03 3.66±0.17 5x103 

7 4.75±0.20 570±12.12 4.01±0.08 63x102 

8 4.6±0.12 570±12.12 4.84±0.16 37x102 

9 4.54±0.04 546±12.03 3.95±0.12 7x103 

10 6.51±0.04 546±12.03 3.95±0.12 37x103 

11 6.59±0.82 367±252.53 4.25±0.14 21x103 

12 6.56±0.16 598±14.29 4.13±0.15 65x102 

13 6.44±0.33 546±12.03 3.95±0.12 Negative 

14 5.84±0.33 497±68.94 3.95±0.12 90x103 

15 5.67±0.16 546±12.03 3.89±0.12 45x102 

16 6.44±0.59 472±107.85 3.89±0.12 4x103 

17 6.21±0.27 520±34.72 4.13±0.15 3x103 

18 6.73±0.04 520±34.72 4.31±0.16 6x103 

19 5±0.49 520±34.72 3.66±0.12 35x102 

20 4.82±0.57 479±100.47 2.83±0.11 Negative 

21 6.62±0.65 472±107.85 1.24±0.11 89x10 
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22 4.92±0.57 428±174.32 3.58±0.16 42x103 

23 5.44±0.65 451±136.74 3.78±0.14 22x102 

24 5.02±0.65 497±68.94 4.43±0.13 2x102 

25 7±0.16 546±12.03 4.37±0.14 56x103 

  

 

Table: 2 Mineral content of milk samples. 

Milk 

samples 

PH 

Mean 

±SD 

Na
+
(mg/

L)  

Mean 

±SD 

K
+
 

(mg/L) 

Mean 

±SD 

Ca
2+

(mg/L

) 

Mean ±SD 

Mg
2+

 

(mg/L) 

Mean ±SD 

Cl
-
 (mg/L) 

Mean ±SD 

HCO
3-

(mg/L) 

Mean ±SD 

TSS% 

Mean 

±SD 

1 

1.73±0.

41 

0.23±0.0

2 

0.34±0.0

3 

79.3±0.47 2.492±0.58 11.59±0.8

9 

1.63±0.27 1.63±0.2

7 

2 

3.59±0.

19 

0.47±0.0

2 

0.41±0.0

3 

201±0.47 1.157±0.11 12.2±0.98 1.77±0.22 1.77±0.2

2 

3 

3.64±0.

41 

0.78±0.0

4 

0.16±0.0

2 

219.6±4.0

8 

1.246±0.08 15.25±1.8

4 

1.83±0.19 1.83±0.1

9 

4 

3.85±0.

29 

0.39±0.0

1 

0.49±0.0

3 

152±4.08 0.996±0.10 14.64±0.4

7 

1.43±0.19 1.43±0.1

9 

5 

3.11±0.

32 

0.73±0.0

2 

0.18±0.0

4 

250.1±0.4

7 

0.89±0.08 12.81±1.0

7 

1.59±0.16 1.59±0.1

6 

6 

5.05±0.

78 

0.7±0.02 0.41±0.0

3 

311.1±4.0

8 

1.174±0.11 9.76±0.47 1.41±0.05 1.41±0.0

5 

7 

4.5±0.4

1 

0.67±0.0

2 

0.22±0.0

4 

176.9±0.4

7 

1.068±0.08 12.81±1.4

8 

1.58±0.24 1.58±0.2

4 

8 

3.7±0.0

8 

0.4±0.04 0.51±0.0

3 

158.6±1.7

0 

1.157±0.12 12.2±0.47 1.13±0.05 1.13±0.0

5 

9 

4.28±0.

25 

0.33±0.0

2 

0.43±0.0

3 

122±0.47 1.246±0.50 11.59±1.3

0 

0.52±0.18 0.52±0.1

8 

10 

5.14±0.

17 

0.75±0.0

4 

0.52±0.0

3 

115.9±0.4

7 

1.281±0.12 10.98±1.3

0 

1.14±0.11 1.14±0.1

1 

11 

4.69±0.

41 

0.32±0.0

4 

0.52±0.0

3 

103.7±4.0

8 

1.157±0.08 9.15±0.94 0.49±0.05 0.49±0.0

5 

12 

4.81±0.

08 

0.6±0.02 0.52±0.0

4 

54.9±0.47 1.192±0.08 6.1±0.47 0.69±0.16 0.69±0.1

6 

13 

3.38±0.

41 

0.34±0.0

4 

0.51±0.0

7 

176.9±4.0

8 

0.854.±0.29 8.54±0.83 0.53±0.19 0.53±0.1

9 

14 

2.84±0.

12 

0.79±0.0

4 

0.52±0.0

3 

183±0.82 1.584±0.08 10.98±1.2

1 

1.17±0.05 1.17±0.0

5 

15 

3.4±0.7

4 

0.56±0.0

3 

0.52±0.0

4 

244±1.63 1.299±0.32 12.2±0.47 1.02±0.18 1.02±0.1

8 

16 

4.18±0.

08 

0.37±0.0

4 

0.46±0.0

2 

67.1±0.82 1.068±0.22 5.49±1.22 0.96±0.30 0.96±0.3

0 

17 5.09±0. 0.21±0.0 0.31±0.0 85.4±2.45 1.192±0.24 6.1±0.47 0.76±0.05 0.76±0.0
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41 1 4 5 

18 

5.49±0.

49 

0.83±0.0

4 

0.53±0.0

3 

85.4±0.82 1.174±0.22 9.76±1.85 0.73±0.19 0.73±0.1

9 

19 

5.63±0.

16 

0.56±0.0

2 

0.48±0.0

3 

292.8±1.6

3 

1.513±0.42 12.81±0.4

7 

1.84±0.05 1.84±0.0

5 

20 

3.85±0.

41 

0.7±0.04 0.51±0.0

4 

24.4±1.63 3.382±0.72 9.76±1.03 2.7±0.05 2.7±0.05 

21 

5.13±0.

16 

0.72±0.0

4 

0.48±0.0

3 

115.9±2.4

5 

1.157±0.29 6.71±0.47 1.11±0.17 1.11±0.1

7 

22 

4.06±0.

41 

0.58±0.0

2 

0.48±0.0

3 

292.8±0.8

2 

1.21±0.08 7.93±1.17 1.41±0.17 1.41±0.1

7 

23 

4.55±0.

12 

0.83±0.0

2 

0.5±0.04 48.8±2.45 0.721±0.18 10.37±0.4

7 

1.28±0.05 1.28±0.0

5 

24 

5.52±0.

41 

0.69±0.0

4 

0.48±0.0

8 

274.5±0.8

2 

0.658±0.08 7.93±0.47 1.53±0.27 1.53±0.2

7 

25 

4.85±0.

12 

0.7±0.02 0.5±0.04 48.8±4.08 1.068±0.30 6.1±0.90 0.97±0.14 0.97±0.1

4 
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Figure 1:  Physiochemical and biological properties of collected milk samples. 

2- Identification of Staphylococcus aureus 

In this study, 25 cow raw milk samples that were taken from different markets in Assiut 

almost 23 milk samples (92%) were provided the culture properties, biochemical assays 

that are specific to S. aureus. The bacterial count of S. aureus isolates in milk samples 

was presented in table (2), which pointes to the prevalence of S. aureus in milk samples.  

3- Morphological Identification 

 The rounded and golden colonies was identified on Mannitol Salt Agar medium (MSA) 

as well as alter the color of media from light red to yellow (Figure 2).  
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A B 

  

Figure 2: A: control medium, B: Growing of S. aureus on Mannitol Salt Agar 

medium after 24 hours of incubation at 37℃. 

4- Biochemical properties of the isolated Staphylococcus aureus.  

All Staphylococcus aureus isolates collected in this study fit S. aureus categorization as 

Gram (+) and cocci, as well as being able to ferment carbohydrate (lactose, sucrose and 

glucose) and all strains grow at 37 ᵒC. The formation of bubbles upon adding hydrogen 

peroxide reagent to the bacterial isolates confirmed a positive catalase reaction, 

demonstrating the breakdown of H2O2 into oxygen and water. The catalase enzyme 

functions primarily to prevent the accumulation of toxic levels of hydrogen peroxide, and 

this reaction is used to distinguish the genus Staphylococcus from Streptococcus species 

[46]. Additionally, a positive coagulase reaction was observed. 

 

 5. Prevalence of Staphylococcus aureus.  

This study revealed high prevalence of S. aureus contamination in raw cow milk in 

Assiut, with an overall rate of 92%. 

6- Antibiotic Susceptibility of Staphylococcus aureus 

The disk diffusion method was employed to assess the susceptibility of seventeen S. 

aureus isolates to seven different antibiotics. The diameters of the inhibition zones were 
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measured and interpreted according to the standards set by the Clinical and Laboratory 

Standards Institute (CLSI) [34] (Table 3). 

Table: 3 Antibacterial activities of some drugs (expressed by inhibition zone 

diameters, in mm) against Staphylococcus aureus isolates collected from cow milk. 

Bacterial 

isolates 

CD2(mm) E15(mm) AMC30(mm) FOX30 

(mm) 

AK30(mm) KZ30(mm) CN10(mm) 

1 20 12 22 10 30 - 30 

2 8 12 - 12 - - 7 

3 22 15 26 12 22 - 40 

4 13 12 20 - 25 - 30 

5 15 15 20 7 22 - 28 

6 15 10 20 8 20 - 20 

7 18 8 15 - 25 - 30 

8 - 10 18 - 22 - 30 

9 12 8 12 6 25 - 30 

10 15 - 16 15 22 - 21 

11 ND       

12 12 8 16 8  - 30 

13 Negative       

14 8 7 25 15 32 - 35 

15 10 - 20 12 25 - 35 

16 ND       

17 ND       

18 - - 18 8 20 - 22 

19 ND       

20 Negative       

21 - 15 13 - 26 - 30 

22 15 12 18 7 21 - 30 

23 18 10 16 - 25 - 30 

24 ND       

25 ND       

ND= Not Determined  

The antimicrobial discs used include clindamycin CD (2µg), cephazolin KZ (30 μg), amikacin AK (30 μg), amoxicillin/Clavulanic 

acid AMC (30µg), gentamycin CN (10 μg), cefoxitin FOX (30 μg), erythromycin E (15µg). 

 

Multidrug Resistance 

In this study, the antibiotic susceptibility of Staphylococcus aureus isolates was tested 

against several antibiotics., all S. aureus isolates (100%, 17/17) exhibited resistance to at 

least one antimicrobial class, specifically cephazolin (30µg). Additionally, 47% (8/17) of 

the isolates demonstrated multidrug resistance. The most commonly observed 

antimicrobial class associated with multidrug resistance was cephazolin. Resistance to 

other antibiotics, including erythromycin, cefoxitin, amikacin, clindamycin, and 

amoxicillin/clavulanic acid, was also recorded the following results were observed 
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regarding the resistance patterns of the isolates: 1. Cephazolin (30 µg): 100% of the 

isolates were resistant to cephazolin, making it the most widely resisted antibiotic among 

the tested strains. 2. Cefoxitin (30 µg): 21% of the isolates showed resistance to cefoxitin. 

3. Erythromycin (15 µg): 13% of the isolates were resistant to erythromycin. 4. 

Clindamycin (2 µg): 13% of the isolates exhibited resistance to clindamycin. 5. 

Amoxicillin/Clavulanic acid (30 µg): A percentage of isolates (approximately 5%) were 

resistant to amoxicillin/clavulanic acid. 6. Amikacin (30 µg): approximately 8 .6% of the 

isolates were resistant to Amikacin. 7. Gentamicin (10 µg): Gentamicin was found to be 

the most effective antibiotic against the S. aureus isolates, with the lowest resistance 

observed 

Table 4: Antibiotic resistance patterns of S. aureus isolates and the resistance rates 

for each drug. 

Antibiotics NO. R R% 

Clindamycin (2µg)  3 13 

Erythromycin (15µg)  3 13 

AmoxycillinL (30µg) 1 4.34 

Cefoxitin (30µg) 5 21.73 

Amikacin (30µg)  2 8.69 

Cephazolin (30µg) 23 100 

Gentamicin (10µg) 0 0 

R = Resistance  

NO. R= Number of Resistance 

  

 

Figure 3: Antibiotic resistance of S. aureus isolates to various drugs. 
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DISCUSSION 

 

The results of this study revealed that, pH values of milk samples were slightly acidic to 

neutral, ranging from 4.54 - 7. Total Soluble Salt (TSS%) and mineral (Na, K, Ca, Mg, 

Cl, HCO3), components of milk samples numbers (15, 16, 21) were found to be nearly 

similar to the permissible standard levels [36, 37]. Although, in other samples, they were 

either lower in samples 1, 8, 16, and 23 and higher samples 7,6 ,19. 

The result of the analysis of 25 cow raw milk samples collected from dairy markets in 

Assiut, Egypt show major variability in both physicochemical and microbiological 

properties. These differences can reflect various factors, including milk quality, handling 

practices and microbial contamination. These findings integrate that obtained in other 

studies to highlight common trends and discrepancies in milk quality assessments [38, 

39]. The pH values of the cow raw milk samples ranged from 4.54 to 7, indicating that 

some of the milk was slightly acidic, while others were closer to neutral. Fresh milk 

typically has a pH ranged from 6.6 to 6.8. A lower pH values in some samples, may 

indicate that microbial fermentation or spoilage and it could be a direct result of 

inadequate storage conditions, as microbial activity increases over time. Deviation from 

neutral may be because milk, being non-fresh and stored at an improper temperature, 

undergoes lactose fermentation, leading to the production of acid. The results in table (2) 

showed that pH were 6.39, 6.32 and 6.195, respectively, and this is in consistent with the 

results of pH in previous literatures [38, 39], that reported similar values in milk obtained 

from markets, in Ethiopian. 

On the other hand, a pH closer to neutral (7) is suggested to be due to good quality milk, 

which is in agreement with the findings of Jones [40], who reported that milk with a pH 

near 7 is likely to be fresh and free from excessive bacterial growth. Also, these results 

underline the significance of pH as an indicator of milk quality and safety. TSS values in 

the milk samples ranged from 0.49% to 2.70%. Electrical conductivity (EC) is often 

correlated with the amount of dissolved minerals and salts in milk. High EC and TSS are 

frequently associated with adulteration, particularly with the addition of salt or water. 

Furthermore, the high levels of TSS are an indicator of milk dilution or intentional 

adulteration, which may be used to increase milk volume or mask spoilage (25). The data 
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illustrated in table (2) reported that, some milk samples had higher TSS and EC values, 

and this supports the concerns raised in other studies about potential milk adulteration. 

Moreover, the high values of EC and TSS could also reflect the addition of non-dairy 

substances, such as water, to increase milk volume, which compromises its quality and 

safety. These results emphasize the need for regular monitoring of EC and TSS as a 

standard practice in quality control within the dairy industry. The concentrations of 

sodium (367–598 mg/L), potassium (1.06–4.84 mg/L), magnesium (24.4–311.1 mg/L), 

and calcium (70–430 mg/L) varied among the samples. Several studies have highlighted 

the role of minerals in determining milk quality and nutrition. For example, sodium and 

potassium levels in milk can be indicative of contamination or adulteration, such as the 

addition of salt to mask spoilage or increase milk volume. Other minerals, calcium and 

magnesium concentrations were highly variable depending on the cow’s diet, region, and 

breed.  

The protein content of the milk samples ranged from 1.7 to 5.63 mg/L. This finding is 

consistent with the results reported by Dehinenet [41], although it is lower than the values 

observed by Derese [42], Kebede and Meskel [43], and Aysheshim et al [44] in cow milk 

samples from different regions. The observed variation could be attributed to factors such 

as genetic differences in the cows, as well as environmental influences like feed, lactation 

stage, milking intervals, seasonal variations, and geographic location. Nevertheless, the 

protein content found in this study is within the quality standards set in Ethiopia, where 

the FDA recommends a minimum milk protein content of 2.73% [45]..  

The formation of bubbles upon adding hydrogen peroxide reagent to the bacterial isolates 

confirmed a positive catalase reaction, demonstrating the breakdown of H2O2 into oxygen 

and water. The catalase enzyme functions primarily to prevent the accumulation of toxic 

levels of hydrogen peroxide, and this reaction is used to distinguish the genus 

Staphylococcus from Streptococcus species [46]. Additionally, a positive coagulase 

reaction was observed. After incubating the bacterial cultures in plasma for 4 to 18 hours, 

clot formation was detected, which helps differentiate Staphylococcus aureus from other 

Staphylococcus species [47]. The coagulase enzyme facilitates the conversion of 

fibrinogen to fibrin, leading to clot formation in plasma or blood. This enzyme is believed 
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to contribute to abscess formation in host tissues and plays a role in the pathogen’s ability 

to induce severe sepsis [48]. 

This study revealed high prevalence of S. aureus contamination in raw cow milk in 

Assiut, with an overall rate of 92%. A global analysis of S. aureus contamination rates in 

raw cow milk reported a comparable pooled prevalence of 33.5% [49]. Similarly, a 

systematic review from China showed a 61.7% isolation rate of S. aureus in raw cow 

milk [50]. A study conducted in Iran also reported a high prevalence of S. aureus (16%) 

in cow milk, with a rate of multidrug-resistant strains at 47.1% [51]. Consistent with our 

findings, previous studies indicate that the rate of bacterial contamination increases as the 

production chain progresses [52]. The high prevalence of S. aureus observed in this study 

(92%) may vary due to factors such as geographical location, farming practices, sample 

size, and hygiene standards in farms and milk collection centers [53]. Selective media 

like Mannitol Salt Agar (MSA) has proven effective in identifying S. aureus, thus 

improving detection chances. To mitigate milk-borne hazards, improving hygiene 

practices for food handlers, equipment, and implementing cold chain facilities is essential 

[53]. Effective control of S. aureus growth in dairy products is critical for both consumer 

safety and the profitability of small-scale cow farming, as well as for the dairy industry. 

In other context, 16.78% of respondents in this study reported washing cow udders before 

milking, which is lower than the 28.21% to 58.9% observed in other studies [15]. S. 

aureus is typically found on the udder surface of infected cows and can be transmitted 

between udder quarters during milking. The absence of gloves during milking increases 

the risk of spreading contagious pathogens between cows. Poor hygiene practices during 

milking can elevate the likelihood of intra-mammary infections caused by S. aureus [54]. 

Post-milking contamination of the liner is also a significant risk factor, as pathogens are 

transmitted via milker hands, utensils, towels, and contaminated floors. Workers in dairy 

farms are an important source of S. aureus contamination, highlighting the need for 

improved infection control measures. In line with our results, the incidence of S. aureus 

in this study was higher than that reported in previous studies [55, 56]. The elevated 

prevalence in intensively managed cows may be due to the lack of bedding materials, 

inadequate separation of cows, and the unsanitary conditions in barns [57]. Such 

conditions increase the risk of S. aureus contamination in milk. Moreover, S. aureus is 
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well adapted to survive in the udder and is highly contagious, spreading during milking 

and posing a risk to other cows. Large herds, often managed intensively, have a higher 

risk of exposure to infection due to increased stocking density [58]. The total count of S. 

aureus in each microbial-positive cow raw milk sample ranged from 2x10² to 78x10⁴  

CFU/ml, which is relatively low compared to other studies [15]. According to ISO 6888 

standards [59], such milk is considered unsatisfactory, as concentrations above 10⁵  

CFU/ml of enterotoxigenic S. aureus can pose a significant health risk due to the release 

of enterotoxins [60].  

In this study, the antibiotic susceptibility of Staphylococcus aureus isolates was tested 

against several antibiotics., all S. aureus isolates (100%, 17/17) exhibited resistance to at 

least one antimicrobial class, specifically cephazolin (30µg). Additionally, 47% (8/17) of 

the isolates demonstrated multidrug resistance. The most commonly observed 

antimicrobial class associated with multidrug resistance was cephazolin. Resistance to 

other antibiotics, including erythromycin, cefoxitin, amikacin, clindamycin, and 

amoxicillin/clavulanic acid, was also recorded the following results were observed 

regarding the resistance patterns of the isolates: 1. Cephazolin (30 µg): 100% of the 

isolates were resistant to cephazolin, making it the most widely resisted antibiotic among 

the tested strains. 2. Cefoxitin (30 µg): 21% of the isolates showed resistance to cefoxitin. 

3. Erythromycin (15 µg): 13% of the isolates were resistant to erythromycin. 4. 

Clindamycin (2 µg): 13% of the isolates exhibited resistance to clindamycin. 5. 

Amoxicillin/Clavulanic acid (30 µg): A percentage of isolates (approximately 5%) were 

resistant to amoxicillin/clavulanic acid. 6. Amikacin (30 µg): approximately 8 .6% of the 

isolates were resistant to Amikacin. 7. Gentamicin (10 µg): Gentamicin was found to be 

the most effective antibiotic against the S. aureus isolates, with the lowest resistance 

observed. These findings contrast with previous studies, which reported lower resistance 

to amoxicillin, ranging from 30.8% to 68.29% [61, 62, 63, 64]. These findings highlight 

the significant antimicrobial resistance present in the S. aureus isolates, particularly 

against common antibiotics used in veterinary medicine. The high resistance to 

cephazolin, amoxicillin/clavulanic acid, and other drugs calls for increased attention to 

antimicrobial stewardship and the development of alternative treatment strategies in dairy 

farming. 
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A limitation of this study was the lack of sampling from environmental sources and 

personnel due to resource constraints. Additionally, the sample size may limit the 

generalizability of the results. Future studies should include environmental samples and 

further characterize S. aureus in both milk and the farm environment for a more 

comprehensive understanding of the contamination risks. 

CONCLUSION 

 

This study revealed that the milk quality in the investigated area was suboptimal, as 

evidenced by the high total bacterial count (TBC). This suggests that there are significant 

gaps in sanitation practices at various stages, from production to consumption. To 

improve milk safety, it is crucial to implement proper sanitary measures, which include 

ensuring appropriate handling of cows, maintaining personnel hygiene, using sanitized 

milking and processing equipment, and enhancing the overall environment in which milk 

is produced and handled. The observed poor bacteriological quality also highlights the 

need for further investigation into the health status of the animals, particularly in relation 

to mastitis, and the potential impact of containers used in milk storage on microbial 

contamination. Staphylococcus aureus is a highly pathogenic bacterium known to cause 

mastitis in dairy animals. One of the major concerns with S. aureus is its ability to 

quickly develop resistance to a wide range of antibiotics, making it a serious issue for 

dairy farming. Therefore, it is recommended that rigorous sanitation practices be 

implemented across all stages of milk production and processing. Additionally, regular 

health monitoring of dairy animals, particularly for mastitis, and appropriate treatment 

protocols should be adopted. Further research is needed to better understand the role of 

environmental factors and containers in milk contamination, as well as to monitor the 

development of antibiotic resistance in S. aureus and its implications for dairy farming.  
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