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Abstract 

   
Milk is a very important source of nutrition for humans as well as animals. It contains carbohydrates, fats, 

vitamins, and minerals. Due to its nutritious composition, it is an excellent medium for the growth of 

microorganisms. Milk gets contaminated by different microorganisms including Streptococcus species.  

Considering its importance, the present study was designed to check the microbial contamination of raw milk. 

90 samples were collected from different areas of Faisalabad city. Mainly Streptococcus species were targeted 

and isolated. Out of 90, only 23 samples were found positive for Streptococcus species. Most species were 

identified as Streptococcus pyogenes by biochemical characteristics. Antibiotic susceptibility testing was 

performed and isolates were found to be susceptible to Amikacin (30µg), Tazobactam (110µg), Levofloxacin 

(5µg), Tobramycin (30µg), Ampicilin-sulbactam (20µg), Chloromphenicol (30µg), and Gentamycin (30µg) and 

were resistant to Cefoxitin (30µg), Tigecycline (15µg), Cefipime (30µ), Ampicilin (10µ), Cefotoxime (10µg), 

Trimethoprim (25µg), Cefuroxime (30µg), Cefixime (5µg), Tetracycline (10µg). For further confirmation, 

Minimum Inhibitory Concentration was performed according to CLSI guidelines and results showed that isolates 

were susceptible to only Ampicillin, Amikacin and Erythromycin. Animals suffering from clinical or sub-clinical 

mastitis are the source of Streptococcal contamination of milk. The current study supports the finding that raw 

milk can be regarded as a critical source of MDR bacteria. Strict monitoring and the implementation of effective 

hygienic should be implemented. 
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Introduction 

Milk is a nutrient-rich,white liquid food produced by 

the mammary glands of mammals. It is a primary 

source of nutrition for children and good for bone 

growth as it is rich in calcium. Its demand in the 

global market is increasing day by day. It is also used 

for the production of a variety of dairy products like 

yogurt, cheese, etc.It containscarbohydrates, fats, 

vitamins, and minerals(Guetouache et al., 2014).Due 

to its nutritious composition, it is an excellent 

medium for the growth of many microbial 

communities(Soomro et al., 2002). Milk gets 

contaminated by different microorganisms including 

Listeria monocytogenes, Streptococcus species, 

Staphylococcus species, Compylobacter species, 

Mycobacterium tuberculosis, etc and these 

microorganisms adversely affect the quality of 

milk(Elmoslemany et al., 2009).These pathogenic 

microorganisms are known to cause serious health 

hazards to the general population.Milk can serve as a 

source for transferring these microorganisms from 

animals to humans (Zoonosis)(Garcell et al. 2015). 

Milk is extremely susceptible to spoilage due to these 

microorganisms which get into milk from different 

sources such as Milkman’s hands, water, feed, 

Animal’s skin,utensils, environment, etc (Prejit et al., 

2007). Microorganisms present in raw milk produce 

toxins and are responsible for foodborne 

diseases.Food borne diseases are responsible for 

>50% cases of mortality to children. These 

microorganisms are the huge challenge for the dairy 

industry. 

 

Microorganisms are also present in the milk if the 

animal suffers from mastitis(Jeykumar et al. 2013). 

Generally, mastitis is divided into Clinical, sub-

clinical and chronic(Haggag et al. 2018). Mastitis is a 

multifactorial disease and is very difficult to control. 

Mastitis can be caused by different bacterial species 

mainly Streptococcus and Staphylococcus species. 

Additionally, different pathogens are typical of 

different types of mastitis (Clinical, sub-clinical and 

heifer mastitis). Pathogens involved in bovine 

mastitis are classified as contagious or environmental 

pathogen depending upon their epidemiological 

association with the disease(Azevedo et al., 2015). 

Contagious pathogens are those which spread from 

one animal to another while the primary source of 

pathogen is animal. Environmental pathogens are 

those which enter the milk during milking whereas 

the primary source of pathogen is the environment. 

Due to its economic importance, extensive research is 

being carried out to determine the microorganisms 

which affect the quality of milk.Given growing public 

awareness about food safety and quality, information 

about the microbial contamination of milk is of great 

significance. Until now information on such aspects 

in Pakistan is scant and scattered. This study was 

performed to check the microbial contamination of 

milk in different areas of Faisalabad, Punjab, 

Pakistan. In this study, Streptococcal species that are 

adversely affecting the quality of milk are isolated. 

Because these microorganisms also cause food-borne 

diseases in the population so their susceptibility to 

different antibiotics is also determined. This test 

revealed that the organism is multidrug resistance 

(MDR).This MDR organism is one of the maincauses 

of the emerging problem of antibiotics resistance in 

humans. These bacteria become resistant to 

antibiotics when these antibiotics are overused in 

livestock(Azevedo et al. 2015). This resistant 

organism enters into humans through the milk of 

these organisms. 

 

Materials and methods 

Sample collection 

A total of 90 raw milk samples were collected from 

different Dairy farms in Faisalabad city. The farms 

were chosen randomly and samples were collected in 

the early morning. Approximately 100-200 ml was 

aseptically collected from containers of bulk milk 

from each farm into a sterile Scotch bottle. The 

samples were collected immediately after milking at 

ambient temperature (28-30°C). After collection, 

samples were placed in an ice-box and delivered to 

the laboratory within 1-2 hours. 

 

Microbiological analysis 

Samples were analyzed for their microbial quality and 

safety and the prevalence of selected bacterial 
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pathogens. Nutrient agar and 5% Sheep blood agar 

was prepared according to the manufacturer’s 

instructions. The agar was left to set and stored in the 

refrigerator. After diluting the samples serially, 100 𝜇l 

was inoculated on the agar and spread using a sterile 

glass spreader.  

 

The plates were incubated at 37°C for 24-48 hrs and 

pure culture was prepared by streaking colonies on 

separate plates using a sterile platinum loop. After 

incubation, pure bacterial colonies were isolated and 

smear was prepared on a clean glass slide and stained 

according to Gram’s Method of staining and observed 

under a microscope for determination of 

Morphological characteristics. The isolates were 

mainly identified based oncultural, morphological 

and biochemical characteristics. Different 

biochemical tests were performed including Catalase, 

Urease, Oxidase, VP and CAMP. 

 

Antibiotic susceptibility testing 

Antibiotic susceptibility test was performed using the 

disc diffusion method(Hudzicki 2016). Mueller-

Hinton agar was inoculated with inoculums of the test 

organism. Sixteen locally available antibiotics were 

selected for antibiotic susceptibility testing in the 

study.  

 

The antibiotic disc used were Amikacin (30 𝜇g), 

Cefoxitin (30𝜇g), Tazobactam (110𝜇g), Levofloxacin 

(5𝜇g), Tobramycin (30𝜇g), Ampicilin-sulbactam 

(20𝜇g), Tigecycline (15𝜇g), Cefipime (30𝜇g), 

Ampicilin (10𝜇g), Cefotoxime (10𝜇g), Trimethoprim 

(25𝜇g), Cefuroxime (30𝜇g), Chloromphenicol (30𝜇g), 

Cefixime (5𝜇g), Tetracycline (10𝜇g), Gentamycin 

(30𝜇g). The discs were placed on agar surface. The 

plates were incubated at 37°C for 24 hrs. After 

incubation, zones of inhibition were measured and 

results were recorded as resistant or susceptible to 

specific antibiotics as shown in Fig 1 and 2. 

 

Minimum Inhibitory concentration 

MIC was performed according to the standard 

method(Wiegand, Hilpert, and Hancock 2008). 

Mueller-Hinton broth with 5% sheep blood broth was 

prepared and supplemented with different 

concentrations of antibiotics. Direct colony 

suspension from overnight incubated sheep blood 

agar plate, equivalent to 0.5 McFarland standard was 

used(Catarina et al., 2018). Minimum inhibitory 

concentration was performed according to CLSI 

guidelines for further confirmation of susceptibility of 

the isolate to antibiotics.MIC was performed for seven 

antibiotics which include Cefotaxime, Cefuroxime, 

Ampicillin, Tazobactam, Amikacin, Erythromycin, 

and Tetracycline. After 24 Hrs of incubation, results 

were recorded as resistant or susceptible to a specific 

antibiotic. 

 

Results 

In the present study, the activity of different 

antibiotics against gram positive Streptococcus 

pyogenes isolates were measured both qualitatively 

and quantitatively by presence or absence of zones of 

inhibition and MIC.  

 

Table 1. Biochemical tests. 

Biochemical test Results 

Catalase Negative 

Oxidase Negative 

Urease Negative 

VP Negative 

CAMP Negative 

 

Microbiological analysis 

After inoculation and incubation of samples, smears 

were prepared on a clean glass slide and stained with 

Gram’s Method of staining. Microscopy of these 

smears revealed gram-positive cocci which were 

present mainly in short chains. For identification of 

Streptococcus pyogenes,isolates were streaked on 5% 

sheep blood agar which after incubation showed β-

Hemolysis.Further biochemical testing was 

performed and results are shown in Table 1.  

 

Antibiotic susceptibility testing 

Antibiotic susceptibility testing was performed using 

the disc diffusion method and results were 

interpreted using CLSI guidelines. A total of sixteen 

antibiotics that are commonly used against 
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Streptococcus pyogenes were selected for this test 

and results are summarised in table 2.  

 

The isolates were susceptible to only seven antibiotics 

which were Amikacin(30 𝜇g), Tazobactam(110 𝜇g), 

Levofloxacin(5 𝜇g), Tobramycin(30 𝜇g), Ampicilin-

sulbactam(20 𝜇g), Chloromphenicol(30 𝜇g), 

Gentamycin(30 𝜇g).  

Minimum Inhibitory Concentration (MIC) 

Minimum Inhibitory Concentration (MIC) was 

performed using CLSI guidelines for further 

confirmation of the susceptibility of isolates to 

different antibiotics. For this test, seven antibiotics 

were selected and results are shown in table 3. The 

organism was susceptible to only three antibiotics 

which were Ampicillin, Amikacin and Erythromycin. 

 

Table 2. Antibiotic susceptibility testing. 

Serial No. Antibiotics Standard (mm) Results (mm) 

Susceptible Resistant 

01 Amikacin(30 𝜇g) ≥ 19 ≤ 15 25 

02 Cefoxitin(30 𝜇g) ≥20 ≤19 15 

03 Tazobactam(110 𝜇g) ≥22 ≤21 26 

04 Levofloxacin(5 𝜇g) ≥17 ≤13 23 

05 Tobramycin(30 𝜇g) ≥15 ≤12 19 

06 Ampicilin-sulbactam(20 𝜇g) ≥15 ≤11 15 

07 Tigecycline(15 𝜇g) ≥29 ≤23 21 

08 Cefipime(30 𝜇g) ≥24 ≤21 0 

09 Ampicilin(10 𝜇g) ≥26 ≤22 0 

10 Cefotoxime(10 𝜇g) ≥28 ≤25 15 

11 Trimethoprim(25 𝜇g) ≥16 ≤15 0 

12 Cefuroxime(30 𝜇g) ≥23 ≤13 0 

13 Chloromphenicol(30 𝜇g) ≥21 ≤17 21 

14 Cefixime(5 𝜇g) ≥19 ≤15 0 

15 Tetracycline(10 𝜇g) ≥23 ≤18 0 

16 Gentamycin(30 𝜇g) ≥15 ≤14 18 

 

Table 3. Minimum inhibitory concentration. 

Antibiotics MIC(µg/ml) Results (µg/ml) 

Susceptible Resistant 

Cephalosporin   Group of antibiotic 

Cefotaxime ≤0.5 ≥2 8 

cefuroxime ≤1 ≥4 32 

Penicillins   Group of antibiotic 

Ampicillin ≤0.25 ≥8 2 

Tazobactam ≤0.25 ≥4 16 

Aminoglycosides   Group of antibiotic 

Amikacin ≤1 ≥16 0.125 

Macrolides   Group of antibiotic 

Erythromycin ≤0.25 ≥1 0.25 

Tetracycline   Group of antibiotic 

Tetracycline ≤2 ≥8 64 
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Discussion 

Our present work was designed to perform the study 

on antimicrobial activity of different antibiotics on 

gram positive Streptococcus pyogenes isolates. This 

bacterium mainly presents on animal skin from 

where it contaminates the milk. Streptococcus species 

are also the pathogen that causes clinical and sub-

clinical mastitis(Tardy and Bouveron 2002). Milk and 

milk product gets contaminated with pathogenic 

bacteria mainly due to processing, handling and 

unhygienic environment(Thaker, Brahmbhatt, and 

Nayak 2013). Results showed that the organism was 

resistant to the great number of antibiotics. For 

antibiotic susceptibility testing we chosed different 

commonly used antibiotics and zones of inhibition 

were measured and results were interpreted using 

CLSI guidelines. Our study showed that the isolates 

were susceptible to very small number of antibiotics 

and results revealed that the organism is Multi-Drug 

resistant (MDR). The bacterium that is resistant to at 

least one antibiotic in three or more drug classes is 

termed as Multidrug resistance bacteria(Basak, 

Singh, and Rajurkar 2016).  

Fig. 1. Zones of inhibition after 24 hrs of incubation 

(Ref: Author). 

 

The sensitivity of bacteria to the life-saving drugs was 

very low and these resistant bacteria contribute to the 

antibiotic resistance in humans which is an emerging 

problem worldwide. For further confirmation, MIC 

was performed according to CLSI guidelines. For this  

test we chosed seven antibiotics that are most 

commonly used and our results showed that the 

isolates were sensitive at much higher concentration 

of antibiotics. Our study is in complete agreement 

with previous studies such as (Mcdaniel et al. 2014) 

that the milk can serve as a source for transferring 

microorganisms from animals to humans and further 

studies can be made to understand the mechanism of 

resistance against antibiotics in animals. Antibiotic 

resistance development among bacteria poses a great 

problem that should be addressed.  

Fig. 2. Zones of inhibition after 24 hrs of incubation 

(Ref: Author).  

 

These resistant bacteria enter into a human through 

the food products of these animals. These organisms 

become resistant to multi drugs due to the overuse of 

antibiotics in livestock. 

 

Conclusion 

Food products serve not only the source of nutrition 

but also the substrate for the growth of 

microorganisms. The growth of microorganisms 

causes food spoilage. The spoilage may lead to 

foodborne illness. Milk and milk product gets 

contaminated with pathogenic bacteria mainly during 

processing and handling due to unhygienic 

environment. The study was limited to check only the 

microbial contamination and not the other 

contaminants like chemicals, adulterants, etc. Results 

indicate that the isolates were resistant to a large 
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number of life-saving drugs that are most commonly 

used. These bacteria become resistant due to overuse 

of these antibiotics in livestock. These resistant 

bacteria enters human through food products of these 

animals and are the main cause of antibiotic 

resistance in human.  

 

To prevent microorganisms from contaminating milk 

proper hygienic measures must be implemented and 

milkmen should clean the udder of the animal before 

milking. The environment of animals, Utensils, Water 

and milkman's hands should be cleaned before 

milking to avoid the contamination of milk. 

Moreover, the animal should be periodically tested for 

mastitis as it could also contaminate milk. 
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