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Abstract:

Milk, cheese, yogurt, and other dairy products have long been known to provide good
nutrition. Major healthful contributors to the diets of many people include the protein, minerals,
vitamins, and fatty acids present in milk. Recent studies have shown that consumption of dairy
products appears to be beneficial in muscle building, lowering blood pressure and low-density
lipoprotein cholesterol, and preventing tooth decay, diabetes, cancer, and obesity. Additional
benefits might be provided by organic milk and by probiotic microorganisms using milk products
as a vehicle. New research on dairy products and nutrition will improve our understanding of the
connections between these products, the bioactive compounds in them, and their effects on the

human body. S. aureus produces several staphylococcal virulence factors, including enterotoxins.

Key words: Dairy health nutrition, staphylococcus aureus, Escherichia. coli, milk, pour plat method,

streak plat method, lacticinia.

+ AIM:

To study and investigate the presence of Staphylococcus aureus (S. aureus) and

Escherichia coli (E. coli) in dairy products using the in vitro streak plate method.

*= Objectives:
e Characterize Escherichia coli and Staphylococcus aureus in dairy products.
e Detect the virulence factors produced by these microorganisms (E. coli and S. aureus).

e Evaluate the microbiological activity in dairy products.
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i— Introduction:

Food is one of the most fundamental needs of human beings. Among the various food
items, milk and dairy products are frequently consumed as an ideal source ® of nutrients.
However, food also provides a fertile environment for colonizing and proliferating many
disease-causing pathogenic microorganisms. Milk, in particular represents a significant
component of human nutrition but also serves as a critical vehicle for transmitting foodborne

pathogens, some of which may be multidrug-resistant.

Conversely, microorganisms are essential for producing foods such as yogurt, cheese,
bread, wine, beer, and other fermented products ®. Given this dual role, there are numerous
opportunities for diseases to arise from food. Therefore, the contamination of food products
with pathogens and their persistence, growth, multiplication, and/or toxin production is a

significant public health concern.

Dairy products or milk products, also known as “lacticinia”, are food products made
from (or containing) milk. The most common dairy animals are cow, water buffalo, nanny goat,
and ewe. Milk and milk products ® are ideal foods for all age groups in both rural and urban
people all around the world. Milk is defined to be the lacteal secretion, practically free from
colostrum’s, obtained by the complete milking of one or more healthy cows, 5 days after and
15 days before parturition, which contains not less than 8.5 percent milk solids ® and not less
than 3.5 percent milk fat (refer table-1).

+* Milk constituents:

Constituents % Content
Water 86.20%
Dry matter 13.80%
Lactose 4.90%
Fat 3.70%
Protein 3.50%
Ash 0.70%

Table no:1- Milk constituents

Milk and milk products have high moisture content, are nearly neutral in pH (6.7-6.9),
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and are rich in vitamins. This environment easily supports the growth and multiplication of
many bacteria, even when the milk is pasteurized or refrigerated. These bacteria can
significantly affect the quality of milk and milk products. When milk is secreted from the udder
of a healthy animal, it contains relatively few bacteria. However, during milking operations, it
can become contaminated from the exterior of the udder, adjacent areas, dairy utensils, milking
machines, the hands of the milker, ® and from soil and dust. Consequently bacteria, yeasts, and

molds can enter the milk, forming its normal flora.

Milk can also be contaminated with pathogenic bacteria or bacterial toxins, which can
transmit diseases to humans such as salmonellosis, diarrhoea, food poisoning, and tuberculosis.
However, other microorganisms are beneficial and are used in the preparation and preservation

of milk products like yogurt and cheese.

Milk is synthesized in specialized cells of the mammary gland and is virtually sterile
when secreted into the alveoli of the udder. However, beyond this stage of milk production,
microbial contamination can occur from three main sources: the udder itself, the exterior of the
udder, ® and the surfaces of milk handling and storage equipment. Bacterial contamination of
raw milk can originate from various sources, including air, milking equipment, feed, soil,

faeces, and grass.

The number and types of microorganisms in milk immediately after milking are
influenced by factors such as the cleanliness of the animal and equipment, season, feed, and
animal health. It is hypothesized that differences in feeding and housing strategies for cows
may affect the microbial quality of milk. Additionally, rinsing water used for milking machines
and washing equipment can contribute to high numbers of microorganisms, including
pathogens, in raw milk . Gram-negative bacteria usually account for more than 90% of the

microbial population in cold raw milk that has been stored.

The Gram-negative flora is composed mainly of psychotropic species of Pseudomonas,
Achromobactin, Aeromonas, Serratia, Alcaligenes, Chromobacterium, Flavobacterium and
Enterobacter. Presence of enterotoxigenic and antimicrobial resistant strains of S. aureus has
become remarkably widespread in foods. This requires a better control of food contamination

sources and distribution of antimicrobial resistant organisms.

The quality and safety of milk and milk products are determined by the presence of
indicator bacteria and other bacteria in lesser number. According to European Union Standards
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for raw milk production, the bacterial count should be less than 105cfu/ml. So microbiological

assessments have an important role to play in the dairy industry to protect the public health and
can reduce economic losses by the early detection of inadequate processing, packaging or
refrigeration.

Milk(Dairy) Product Names list

Milk Curd Milk Sweet Butter Ice Cream Ghee
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Paneer Butter Milk Cheese Milk Powder Coffee Milkshakes
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Custard milk  Whipped Cream Tea Rasagulla Yogurt Lassi

Fig no:1- Dairy products and its names

This study investigates the microbiological quality and safety of locally produced raw
milk numerous pathogens are responsible for food-borne diseases, with Staphylococcus spp.,
Escherichia coli, and Salmonella spp. being the most prominent. Staphylococcus aureus is a
significant foodborne pathogen frequently found in milk due to its nutrient-rich environment,
which supports rapid bacterial growth. Consequently, milk and dairy products (refer fig no-1)
are often contaminated by this pathogen. Several researchers have reported a high prevalence
of Staphylococcus aureus in raw milk samples and even in pasteurized milk, as it can produce

heat-stable enterotoxins.

The widespread use of antimicrobial drugs in animal husbandry, agriculture, veterinary
practices, and human medicine has contributed to the development of antimicrobial resistance.
Therefore, beyond the proliferation of bacteria in milk and dairy products, ® an additional
critical concern is the increased antibiotic resistance, posing a major clinical challenge,

particularly in developing countries.
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Multidrug-resistant bacteria can be transmitted to humans from farm animals not only
through direct contact but also through contact with or ingestion of animal-originated foods.
The rise and spread of MRSA infections, associated with both healthcare settings and the
community, complicate infection containment and treatment. These factors make milk an
important culture medium for many bacterial pathogens, many of which are of public health

importance.

When proper hygienic milking procedures, handling, and storage are not maintained
throughout milk production—at the farm level, during transportation to dairy industries and
during processing—the result is increased contamination of milk with pathogenic organisms,
posing a public health hazard. Previous studies have documented the presence of diverse
contaminant microbiota in raw milk, including spoilage microorganisms, pathogenic

microorganisms and bacteria with significant industrial or technological applications.

Despite milk's crucial role in consumer nutrition and the income and nutrition of
producers, there has been limited research on the bacteriological quality and safety of raw cow
milk. Raw milk is an ideal growth medium for several microorganisms and milk and its
derivatives are considered vehicles for Staphylococcus aureus infections in humans. S. aureus
is a significant foodborne pathogen causing a wide range of diseases in humans and animals,
from mild skin infections to severe diseases such as Pneumonia and Septicemia. In dairy cattle,
S. aureus is frequently associated with subclinical mastitis ), leading to contamination of milk
and other dairy products.

S. aureus produces several staphylococcal virulence factors, including enterotoxins
(SEA to SEE and SEG to SEQ) and other toxins such as exfoliative toxins A and B and toxic
shock syndrome toxin (TSST-1). Staphylococcal food poisoning (SFP) is a recognized cause
of foodborne diseases. Therefore, S. aureus, particularly methicillin-resistant S. aureus
(MRSA), poses a significant public health problem in both hospital and community settings,

causing a wide range of diseases.

Mammary glands infected by S. aureus are the primary source of milk contamination.
Contaminated milking equipment and the hands of milkers are also common transmission
vehicles. Although pasteurization kills S. aureus cells, thermostable Staphylococcal
enterotoxins (SEs) generally retain their biological activity. The risk of SFP related to
pasteurized milk products can be minimized by adequately chilling raw milk until heat

treatment and preventing recontamination.
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There is evidence that S. aureus has been isolated from khoa samples and Rasmalai.
Humans are likely the most significant source of contamination, with contaminants reaching
the products during or after cooking. Raw milk represents an ideal growth medium for
microorganisms, and among them, E. coli frequently contaminates milk and is a reliable
indicator of faecal pollution. E. coli has been isolated from milk products like mawa, khoa,

cream, curd, cheese, butter, and Gulab jamun.

E. coli and Staphylococcus aureus are the most common pathogenic bacterial
contaminants, often causing gastrointestinal infections, including food poisoning and
foodborne illnesses. Raw and unpasteurized milk obtained from cows and buffaloes by hand
milking may contain bacteria from the animal’s udders, flies and manure. Indigenous sweet-
based products like khoa, gulabjamun and rasgulla are highly susceptible to various
microorganisms due to their high nutritive value and complex chemical composition.
Contamination of these products with pathogenic bacteria can lead to the spread of harmful
diseases like Tuberculosis, Gastroenteritis, Brucellosis, Salmonellosis and Staphylococcal food
poisoning. This is particularly concerning in India, where the warm and humid climate

exacerbates the rate of infection.

Escherichia coli (Enterobacteriaceae) is a Gram-negative, facultative anaerobic
bacterium commonly found in the lower intestinal tract of healthy animals and humans.
However, several E. coli strains have acquired virulence traits that enable them to cause
diseases in humans and animals. At least six categories of pathogenic E. coli affecting the
human gut have been identified: Shiga-toxin-producing E. coli, also known as verocytotoxin-
producing E. coli (STEC or VTEC), with enterohemorrhagic E. coli (EHEC) being a highly
pathogenic subgroup causing bloody diarrhoea and haemolytic uremic syndrome (HUS),
characterized by severe acute renal failure, thrombocytopenia and microangiopathic haemolytic
anaemia; enteropathogenic E. coli (EPEC); enterotoxigenic E. coli (ETEC); enteroaggregative
E. coli (EAQQEC); enteroinvasive E. coli (EIEC); and attaching and effacing
E. coli (A/EEC).

Escherichia coli is a normal inhabitant of the intestines of animals and humans, but its
presence in food is a public health concern due to the potential presence of enteropathogenic
and/or toxigenic strains, which can cause severe gastrointestinal disturbances. E. coli is one of
many pathogenic microorganisms that can contaminate milk and dairy products and serves as

a reliable indicator of contamination by manure, soil, and contaminated water.
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Raw or processed milk is well-known as an excellent medium that supports the growth
of various microbes, leading to product spoilage or infections and intoxications in consumers.
Microbes can enter raw milk directly from dairy cows, from the farm environment, particularly
the water source, and utensils used for milk storage on the farm or during transportation.
Markets and consumers for raw milk and its products exist in many parts of the world. Raw,
unpasteurized milk is directly consumed by many people in rural areas and indirectly by a larger
segment of the population through the consumption of various types of cheeses. Many people
believe that raw milk and its products have advantages or value over pasteurized ones. Due to
its highly nutritious nature, many bacteria, including spoilage and pathogenic bacteria, can
grow and propagate in it. © The presence of foodborne pathogens in unpasteurized raw milk,
either directly or indirectly, increases the risk of ingestion and transmission of these pathogens
and potentially harmful toxins.

Many microorganisms can access milk and milk products, including E. coli. E. coli and
coliforms are often used as marker organisms. The recovery and counting of E. coli serve as
reliable indicators of faecal contamination and suggest the possible presence of
enteropathogenic and/or toxigenic microorganisms, which pose a public health hazard. E. coli
is a primary inhabitant of the intestinal tract of most mammalian species, including humans.
While most E. coli strains are harmless, some are known to be pathogenic, causing severe
intestinal and extraintestinal diseases in humans. Given the growing public awareness about
food safety and quality, understanding the microbial and chemical composition of milk is

crucial for further developing its hygienic processing into high-quality consumer products.

Foodborne diseases remain a significant cause of morbidity and mortality, posing a
major public health problem worldwide. Consequently, detecting and monitoring pathogenic
bacteria are top priorities for the dairy industry since its products are consumed by a broad
sector of the population, including children. Currently, the primary strategy for monitoring
hygienic conditions in milk production and its derivatives involves using indicator

microorganisms. The dairy industry has long relied on coliforms for this purpose.

Among coliforms, E. coli stands out as the best indicator of fecal pollution and the
possible presence of pathogens. This bacterium is not only used as an indicator microorganism
but also includes strains that are pathogenic to humans. E. coli has frequently been isolated
from milk and its derivatives, responsible for infective processes resulting from its

consumption. Indeed, E. coli is typically the most frequently isolated species from milk.
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The presence of E. coli in milk is a significant public health concern, especially since
antibiotic-resistant strains have been reported. Although pasteurization is considered an
effective method for eliminating pathogenic bacteria from milk, reports from developing
countries indicate the detection of these bacteria in pasteurized milk and ready-to-eat milk

products, highlighting underlying food security issues.

Traditional methods for detecting bacteria in food rely on growing bacterial strains in
solid culture media. These methods require not only specific inputs and infrastructure but also
a significant amount of time—ranging from 1 to 3 days to obtain initial results and even longer
to confirm certain pathogens. To prevent the spread of infectious diseases, ensure the safety of
dairy products and protect public health, there is a growing need for the development and
implementation of rapid bacterial detection methods. Ideally, these methods should be culture-

independent to provide information more immediately.

JNRIDTHE2006 | JOURNAL OF NOVEL RESEARCH AND INNOVATIVE DEVELOPMENT | JNRID.ORG | a457



+ Detecting E. coli & Staphylococcus aureus:

%+ Several notable scientists have made significant contributions to the detection of E. coli and

Staphylococcus aureus in dairy products. Here are a few:

» Dr. Nitin Nitin (2022): Dr. Nitin is an Associate Professor of Food Science and Technology
at the University of California, Davis. He has conducted extensive research on detecting E.
coli and other foodborne pathogens in dairy products. In a study published in the Journal of
Food Science, Dr. Nitin and his team developed a rapid, non-destructive method for

detecting E. coli @ in raw milk using hyperspectral imaging.

» Dr. Hua Wang: Dr. Wang is a Research Scientist at the Eastern Regional Research Centre
of the United States Department of Agriculture. She has researched the detection of
Staphylococcus in dairy products using molecular methods. In a study published in the
Journal of Dairy Science, Dr. Wang and her team developed a real-time PCR assay for

detecting Staphylococcus aureus in milk and cheese.

» Dr. Mansel Griffiths: Dr. Griffiths is a Professor of Food Science at the University of
Guelph in Canada. He has researched the detection of E. coli and other foodborne pathogens
in dairy products using molecular methods. In a study published in the Journal of Food
Protection, Dr. Griffiths and his team developed a real-time PCR assay for detecting E. coli
0157in raw milk.

» Ewa Szczuka, Karolina Porada, Maria Wesolowska, and Bogustawa Leska et al.
(2022): Food, particularly milk and cheese, can be reservoirs of multidrug-resistant
Staphylococcus aureus strains, posing significant food safety concerns. Animal-origin
foods can cause staphylococcal food poisoning through the production of heat-stable
enterotoxins (SE). This study investigated the prevalence and characterization of
Staphylococcus aureus strains isolated from milk and fresh soft cheese obtained from farms
in the Wielkopolski and Zachodniopomorskie Provinces in Poland. The findings revealed
that 92% of S. aureus isolates were positive for at least one of the 18 identified enterotoxin
genes, with 26% of the strains harbouring 5 to 8 enterotoxin genes. Additionally, the S.
aureus strains contained genes conferring resistance to critically important antibiotics in

both human and veterinary medicine, including B-lactams (mecA), aminoglycosides (aac
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(60)/ aph (200), aph (30)-llla, ant(40)-la), and MLSB (erm(A), msr(A), lun(A)).
Antimicrobial susceptibility testing of S. aureus to 16 antibiotics from 11 different
categories showed that 74% of the strains were resistant to at least one antibiotic, and 28%
exhibited multidrug resistance. Notably, two methicillin-resistant S. aureus (MRSA) strains
demonstrated significant antibiotic resistance. In summary, the results indicate that dairy
products are contaminated by S. aureus strains carrying a variety of enterotoxin genes and
antibiotic resistance genes, with both MRSA and multidrug-resistant MSSA isolates present

in animal-origin foods.

» Zobayda Farzana Haque, Abdullah Al Momen Sabuj, Md. Muket Mahmud, Amrita
Pondit, Md. Ariful Islam, and Sukumar Saha et al. (2022) This study aimed to isolate
and characterize Staphylococcus aureus from raw cow’s milk and various dairy products
sold in the local markets of Mymensingh district, Bangladesh, using both conventional
methods and molecular techniques. Samples of raw cow’s milk, pasteurized milk, yogurt,
roshmalai, cheese, lassi, matha, milkshake, custard, faluda, pudding and borhani were
collected from different retail shops and renowned restaurants in the local markets of
Mymensingh. Out of 72 samples tested, all revealed the presence of Staphylococcus spp.,
with 57 isolates identified as coagulase-positive S. aureus. The antimicrobial susceptibility
pattern of these 57 pathogenic isolates was determined using 10 commercially available
antimicrobial drugs via disk diffusion assay, revealing that the majority (79.16%) showed
resistance to more than three antimicrobial agents. Among the isolates, 14 (24.56%)
displayed resistance to both methicillin and oxacillin, and intermediate resistance to
vancomycin. Molecular detection of the mecA and mecC genes in the 14 methicillin and
oxacillin-resistant isolates, aimed at identifying methicillin-resistant Staphylococcus aureus
(MRSA) strains, revealed that 8 isolates (57%) from raw milk, yogurt, roshmalai, borhani
and cheese tested positive for the mecA gene, while mecC was not detected in any of the
samples. None of the tested samples were mecC positive. These findings indicate that milk
and dairy food products sold in the local markets of Mymensingh are contaminated with
multidrug-resistant S. aureus, posing a potential risk of MRSA infection, which is
concerning for both human and animal health *2).

> Tamiles Barreto de Deus, Ludmilla Santana Soares Barros, Ricardo Mendes da Silva,
Wanessa Karine da Silva Lima, Danuza das Virgens Lima, and Adriana dos Santos

Silva et al. (2017): This study assessed the microbiological and sanitary quality of curd
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cheese sold on the beaches of Itaparica Island, Brazil and investigated whether a correlation
exists between the commercialization conditions and the microbiological data. Conducted
between December 2015 and March 2017, the research collected sixty samples of rennet-
containing cheese to estimate populations of mesophylls, psychotropic microorganisms,
mold and yeast, Staphylococcus aureus, total coliforms and Escherichia coli. An
observational analysis during sample collection utilized a checklist to assess sellers’
sanitary conditions and cheese marketing practices. The study noted a high nonconformity
index regarding aspects in the checklist. Microbiological analyses revealed mesophyll
levels ranging from 7.88 to 14.82 log CFU/mL in raw and roasted samples, psychographs
ranging from 2.80 to 3.84 log CFU/mL, mold and yeast levels ranging from 8.06 to 5.54
log CFU/mL, S. aureus detected at levels from 3.24 to 4.94 log CFU/mL and total coliform
counts ranging from 4.48 to 7.18 log CFU/mL. E. coli specimens ranged from 2.96 to 5.75
log CFU/mL. The study highlighted microbial insecurity in commercialized curd cheese,

indicating the need for intervention.

» Rajeev Kumar and Amit Prasad et al (2010): The study aimed to isolate Staphylococcus
and E. coli from milk obtained from dairy farms, vendors and households, as well as from
various milk products including Dahi, Ice cream, Gulabjamun, Burfi, Khoa and Butter.
Samples were inoculated on different bacteriological media and various biochemical tests
were performed to confirm the isolates. Out of 135 samples tested, 25 were found
contaminated with Staphylococcus and E. coli. The highest contamination rate was
observed in Burfi, while the lowest was in Ice cream. These enteropathogenic bacteria pose
potential risks due to improper handling and processing of milk and its products, potentially

leading to food poisoning in humans.

» Mueena Jahan, Marzia Rahman, Md. Shafiullah Parvej, Shah Md. Zigrul Haq
Chowdhury, Md. Enamul Haque, Md. Abdul Khaleque Talukder, and Sultan Ahmed
et al: This study aimed to identify and characterize Staphylococcus aureus isolated from
raw cow milk. A total of 47 milk samples were collected from Sheshmore, Shutiakhali and
Bangladesh Agricultural University Dairy Farm, Mymensingh. Using bacteriological,
biochemical, and PCR-based identification methods, 12 (25.53%) isolates were confirmed
as S. aureus. All isolates exhibited p-hemolysis on 5% sheep blood agar, and the S. aureus-

specific nuc gene was amplified in all cases. The isolates showed resistance to Penicillin
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(100%), Erythromycin (75%), and Amoxicillin (100%), while being sensitive to
Ciprofloxacin (83.33%), Oxacillin (100%), Cloxacillin (100%), and Neomycin (100%).
The study highlights the increased resistance of isolated S. aureus strains to broad-spectrum
antibiotics like Ciprofloxacin, emphasizing the potential risk of S. aureus infection in

humans due to the consumption of raw milk and its products.

» Bishoftu Town, Central Ethiopia Rundasa Megersa, Mesfin Mathewos, Haben
Fesseha et al: A cross-sectional study conducted from January to April 2018 aimed to
determine the presence of Escherichia coli in raw milk from dairy farms in Bishoftu. Fifty
samples were collected from dairy cows and processed bacteriologically, with isolates
subjected to various biochemical tests for confirmation and identification of E. coli. The
study revealed that 42% of the collected raw milk samples were contaminated with E. coli.
All E. coli isolates exhibited lactose fermentation on MacConkey agar plates, metallic sheen
on Eosin Methylene Blue agar plates, and gram-negative, pink-coloured, small rod- shaped
organisms arranged singly, in pairs or short chains on Gram's staining. Additionally,
significant associations (p< 0.05) were observed between the body condition, age, and
breed of cows with the isolates of E. coli. The study concludes that the presence and
consumption of raw milk may pose a public health hazard and reduce milk quality due to
E. coli contamination, stressing the importance of creating awareness among dairy farmers

and milk collectors about milk handling practices, storage and milking processes.

» Helena Fagundes, Luciana Barchesi, and Carlos Augusto Fernandes Oliveira et al
(2010): The objective of this study was to assess the prevalence of Staphylococcus aureus
in milk collected from 37 farms situated in the Ribeirdo Preto and S&o Carlos regions of
Sé&o Paulo, Brazil. A total of 208 milk samples from individual cows exhibiting subclinical
mastitis and 37 bulk tank milk samples were analysed. Staphylococcus aureus strains were
detected in 18 (7.3%) milk samples: 14 (6.7%) from individual cow samples and 4 (10.8%)
from bulk tank milk. Among these, two individual milk samples (14.3%) and two bulk milk

samples contained enterotoxigenic S. aureus.

PFGE analysis revealed genetic diversity among the strains isolated from raw milk,
demonstrating 13 distinct S. aureus patterns. These findings underscore the potential
transmission of staphylococcal food poisoning to consumers through the ingestion of milk

obtained from cows affected ™ by subclinical mastitis, particularly when consuming raw milk.
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> Several recent studies have explored the presence of E. coli and Staphylococcus in dairy

products, including milk and cheese. Here's a summary of some noteworthy findings:

e Ina 2020 study published in the Journal of Dairy Science, researchers investigated 260 raw
milk samples from various regions of Iran. They found that 38.46% of the samples tested
positive for E. coli and 24.23% were positive for Staphylococcus aureus. Notably, the
prevalence of both bacteria was higher in samples from unlicensed farms compared to

licensed ones.

e A 2018 study published in the International Journal of Food Microbiology examined 105
cheese samples from different regions of Tunisia. The researchers found that 8.6% of the
samples were positive for E. coli, while 35.2% were positive for Staphylococcus spp.
Interestingly, soft cheese samples had a higher prevalence of both bacteria compared to
hard cheese samples.

e In a 2017 study published in the Journal of Food Protection, researchers analysed 650
cheese samples from various regions of Brazil. They found that 0.5% of the samples tested
positive for E. coli, while 18.9% were positive for Staphylococcus spp. Additionally,
samples from artisanal cheese producers showed a higher prevalence of both bacteria
compared to industrial cheese producers.

e A 2016 study published in the Journal of Dairy Science focused on 140 raw milk samples
from different regions of China. The researchers found that 43.6% of the samples were
positive for E. coli, and 87.9% were positive for Staphylococcus spp. Interestingly, samples
from small farms had a higher prevalence of both bacteria compared to those from large

farms.

e These studies highlight the importance of monitoring and ensuring the safety of dairy
products, as well as the potential differences in bacterial prevalence based on geographical

location, farm size and production methods.
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+ Materials and Methods:
» The following list of glassware used:
e Beaker
e Testtubes

e Boling tubes

e Pipette
e Glass rod
e Petri dish

e Measuring cylinder
» The following list of non-glassware apparatus used:
e Inoculum loop
e Sprit lamp
e Buffered peptone water
e Milk
e Lactose Agar
e Methylene blue Agar
e Baird-parker Agar
e Spatula
» The following list of equipment used:
e Weighing balance
e Laminar air flow
e Hotair oven
e Autoclave

e Incubator

Various microbiological techniques are employed for the detection of Staphylococcus
aureus and E. coli in dairy products. Some of these methods include:

o Streak plate method
o Pour plate method
o Grame staining



«» Streak Plate Method:

In this method (refer fig-2), a loopful of the culture is spread onto an agar plate to ensure
that individual cells are adequately spaced apart. The streaking process gradually dilutes the
inoculum, allowing for the counting of bacterial cells as colony-forming units (CFUSs). There
are different types of streaking techniques, including Quadrant streaking, T streak, continuous

streak, and radiant streak.
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e Quadrant Streaking:

The original sample is progressively diluted as it is streaked over successive quadrants.
With each quadrant, the number of organisms decreases. By the third or fourth quadrant, only

a few organisms are transferred, resulting in discrete colony-forming units (CFUSs).
+«+ Pour Plate Method:

The pour plate method (refer fig-3) is commonly used to count viable microorganisms
in a given sample by enumerating the total number of colony-forming units (CFUs) both within
and on the surface of a solid medium ®¥. Although it is primarily used for bacteria, this

technique can also isolate and enumerate Actinobacteria, molds, and yeasts.

1. Using a sterile micropipette or calibrated pipette, dispense 1 ml of the diluted sample
into the center of a Petri plate.

2. Open the lid of the bottle containing the sterilized molten media, flame the mouth of the
bottle, and pour approximately 15 ml of the molten media over the sample at the
appropriate temperature.

3. Close the lid of the Petri plate and mix the sample with the media by gently swirling the

plate in an “S” or “8” shape to ensure proper mixing.

Pour Plate Method
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1. Pipette bacterial
sample onto petri dish

3. Swirl to mix 4. Colonies grow on agar surface and
sub surface

Fig no:3-Pour plate method



% Gram Staining Procedure:

The Gram staining procedure involves four major steps: staining with crystal violet,
fixing the dye, applying a decolourizer and counter-staining. Follow these detailed steps for

accurate results:

R/

% Staining with Crystal Violet: Flood the air-dried, heat-fixed smear of cells with crystal
violet staining reagent for 1 minute. Ensure the smear has an appropriate cell concentration,
as too heavy or too light a concentration will affect the results.

% First Rinse: Wash the slide with a gentle, indirect stream of tap water for 2 seconds.

% Applying the Mordant: Flood the slide with Gram’s iodine and let it sit for 1 minute.

% Second Rinse: Wash the slide again with a gentle, indirect stream of tap water for 2
seconds.

%+ Decolorizing: Flood the slide with a decolorizing agent (acetone-alcohol decolourizer) for
10-15 seconds or until the decolorizing agent running off the slide appears clear. Apply
drop by drop if necessary.

% Counter-Staining: Flood the slide with safranin for 30 seconds to 1 minute.

% Final Rinse: Wash the slide with a gentle, indirect stream of tap water until no color appears
in the effluent.

% Drying: Allow the slide to air dry by tilting it onto a paper towel or over a sink.
Alternatively, gently blot the slide using lint-free bibulous paper without wiping, which can
remove the smear.

% Microscopic Examination: First, focus on the smear using the high dry objective lens

(40x). Then, switch to the high-power oil immersion objective lens (100x) without

removing the slide. Apply immersion oil and observe the results under the bright field

microscope at a total magnification of 1,000x.

After performing the Gram stain, verify the adequacy of the staining. In an appropriately
stained biological specimen, the nuclei of neutrophils ®® should appear red. If the nuclei are

blue, the decolorization was insufficient.

® Sample Collection:

A total of 135 samples of milk (from dairy farms, vendors, and households) and milk

products (such as dahi, ice cream, gulabjamun, burfi, khoa, and butter) were collected from



different locations in Peddapuram. Fifteen samples of each product were collected in sterilized

test tubes and transported to the laboratory for bacterial isolation and identification.
+ Methodology:

+¢+ Staphylococcus aureus:

» Preparation of Baird-Parker Agar Medium:

a. Medium Preparation: Suspend 63.5 grams of the medium in 1 litter of purified water. Heat
with frequent agitation and boil for 1 minute to completely dissolve the medium.
Autoclave at 121°C for 15 minutes. Cool the medium to 45-50°C.

b. Composition:

Typical formulation g/L
Pancreatic digest of casein 10.0g/L
Yeast extract 1.0g/L
Meat extract 5.0g/L
Sodium pyruvate 10.0g/L
L-glycine 12.0g/L
Lithium chloride 5.0g/L
Agar 20.5¢/L

Table no:2-composition Preparation of Baird-Parker Agar Medium

c. Additives: Add 50 ml of a 5% sulphamezathine solution to the cooled medium to suppress
the swarming of Proteus species. Mix well before aseptically pouring into sterile Petri
dishes.

d. Agar Surface: Ensure the agar surface is dry before use. These steps prepare the Baird-

Parker agar medium for the isolation of Staphylococcus aureus from the collected samples.

» Preparation of Inoculum:

Inoculum was prepared under aseptic conditions in a laminar air flow chamber. Using

recently grown stock cultures of the test organisms, each organism was sub-cultured on the



surface of 50 ml of sterile nutrient agar medium by simple streaking. The culture tubes @8 were
then incubated at 37°C for 24 hours. After incubation, bacterial strains were harvested using

sterile peptone water to create bacterial suspensions, which served as the inoculum.
» Preparation of Agar Plates:

Each test organism was inoculated into the prepared sterile nutrient agar medium under
aseptic conditions in the laminar air flow chamber. Immediately after inoculation, 30 ml of the

inoculated medium was poured into sterilized Petri dishes and allowed to solidify.
» Test Organism Used:

The organism to be identified is Staphylococcus aureus.

e Procedure Used to Identify Staphylococcus aureus:

a. Sample Collection; Collect the sample in a sterilized test tube.

b. Enrichment: Enrich each sample in peptone water and incubate at 37°C for 24 hours.

c. Culturing: Culture each inoculum on Baird-Parker agar (a selective medium for
Staphylococcus aureus) and incubate at 37°C for 48 hours.

d. Observation: After incubation, observe the colonies. Colonies of Staphylococcus aureus
will appear black.

e. Isolation: Pick a single isolated colony and streak it on a nutrient agar slant.

f. Identification: Further identify the organism based on its cultural, morphological,

staining and various biochemical characteristics.

Typical Baird-Parker Agar Composition (g/L):

Pancreatic digest of casein: 10.0 g/L
Yeast extract: 1.0 g/L

Meat extract: 5.0 g/L

Sodium pyruvate: 10.0 g/L
L-glycine: 12.0 g/L

Lithium chloride: 5.0 g/L

Agar: 20.5 g/L

o O O O O o o



% Escherichia coli:

» Preparation of MacConkey Lactose Agar Medium

a. Medium Preparation: Suspend 49.53 grams of dehydrated medium in 1000 ml of purified or
distilled water. Heat the mixture to boiling to dissolve the medium completely.

b. Sterilization: Sterilize by autoclaving at 121°C (15 Ibs pressure) for 15 minutes.

c. Composition:

Ingredients Amount
Peptone (Pancreatic digest of 17 gm
gelatine)
Protease peptone (meat and casein) 3gm
Lactose monohydrate 10 gm
Bile salts 1.5gm
Sodium chloride 5gm
Neutral red 0.03 gm
Crystal Violet 0.001 ¢
Agar 13.5gm
Distilled Water Add to make 1 Litre

Table no:3-Composition of Preparation of MacConkey Lactose Agar Medium
d. Colling: Cool the medium to 45-50°C.

e. Pouring Plates: Mix well before pouring the medium into sterile Petri plates.
» Preparation of Inoculum:

Inoculum was prepared under aseptic conditions in a laminar air flow chamber. Using
recently grown stock cultures of the test organisms, each organism was sub-cultured on the
surface of 50 ml of sterile nutrient agar medium by simple streaking @”). The culture tubes were
then incubated at 37°C for 24 hours. After incubation, bacterial strains were harvested using

sterile peptone water to create bacterial suspensions, which were used as inoculum.



>

Preparation of Agar Plates:

Each test organism was inoculated into the prepared sterile nutrient agar medium under

aseptic conditions in the laminar air flow chamber. Immediately after inoculation, 30 ml of the

inoculated medium was poured into sterilized Petri dishes and allowed to solidify.

>

a.

Test Organism Used:
The organism to be identified is Escherichia coli.

Procedure Used to Identify Escherichia coli
Sample Collection: Collect the sample in a sterilized test tube.

Enrichment: Enrich each sample in peptone water and incubate at 37°C for 24 hours.
Culturing on MacConkey Lactose Agar (MLA): Streak each inoculum on MacConkey
Lactose Agar. Incubate at 37°C for 24 hours. After incubation, observe for pink colonies,
which indicate the presence of Escherichia coli.

Isolation: Pick a single isolated colony and streak it on a nutrient agar slant.

Confirmation: Confirm the cultured isolates by streaking the pure culture on Eosin
Methylene Blue (EMB) agar.



Different types of materials and apparatus used in this experiment include:

% Glassware:

e Beaker:

Beaker is a glass container with a flat bottom that scientists use to hold liquids. In
cartoons, mad scientists sometimes cackle gleefully while pouring bubbling chemicals into

(refer fig no-4) beakers.

Fig no:4-Beakers

Cylindrical glass vessel for mixing, measuring, and pouring liquid chemicals. Along with
things like Bunsen burners and test tubes, a well-stocked chemistry lab has plenty of beakers.

The word comes from the Greek root bikos, "earthenware jug."
e Testtubes:

Test tubes are cylindrical containers, usually made of glass, used in laboratories for holding,

mixing, or heating small quantities of liquids or solids.
They come in various sizes and can be capped with stoppers.

Test tubes (refer fig no:5) are essential in scientific experiments, chemical reactions, and

sample storage in many fields of science, including chemistry, biology, and medicine.



Fig no:5-Test tubes

e Boiling tubes:

Boiling tubes (refer fig no:6) are cylindrical glass containers used in laboratories
primarily for heating substances or conducting chemical reactions. They are similar in shape to
test tubes but are typically larger and have thicker walls to withstand higher temperatures.

Boiling tubes often have rounded bottoms and can be heated directly over a Bunsen

burner or in a water bath.

They are essential for various experiments in chemistry, biology, and other scientific

disciplines that require controlled heating of substances.

Fig no:6 Boiling tubes



e Pipette:
A pipette is a laboratory tool used to accurately measure and transfer small volumes of
liquid.
There are different types, such as micropipettes and serological pipettes (refer fig no:7),

each designed for specific purposes in scientific experiments and analyses.
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Fig no:7-Pipette
e Glass rod:

Fig no:8-Glass rod



A glass rod typically refers to a solid cylindrical rod made of glass, commonly used in

various scientific, industrial, and educational applications.

It can be clear or coloured and is often used in laboratories for stirring, transferring liquids,

or conducting experiments that require a non-reactive material.
e Petridish:

A Petri dish is a shallow, circular, transparent dish typically made of glass or plastic,

used in laboratories for culturing cells, bacteria, and other microorganisms.

It provides a sterile environment that promotes the growth of microorganisms under

controlled conditions.

Petri dishes are essential tools in microbiology, (refer fig no:9) allowing scientists to study

microbial colonies, perform experiments, and isolate individual organisms.

They come in various sizes and are widely used in medical, pharmaceutical, and biological
research.

Fig no:9-Petri dish



e Measuring cylinder:

A measuring cylinder, (refer fig no:10) also known as a graduated cylinder, is a tall,

cylindrical container with a narrow cylindrical spout and a scale marked on its side.

It is used to measure and dispense precise volumes of liquids. Measuring cylinders come
in various sizes, typically from 10 mL to several Liters, and are commonly made of glass or

plastic.

They are widely used in chemistry labs, pharmaceutical industries, and other scientific

fields where accurate volume measurements are crucial.
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Fig no:10-Measuring cylinder



s Non-Glassware Apparatus:

Inoculation loop, Spirit lamp, Buffered peptone water, Milk, MacConkey Lactose Agar,
Eosin Methylene Blue Agar, Baird-Parker Agar, Spatula

e Inoculation loop:

An inoculation loop (refer fig no:11) is a simple microbiological tool used to transfer

bacteria or other microorganisms from one culture to another.
It consists of a thin metal wire (usually platinum or nichrome) bent into a loop at one end.

The loop may vary in size, typically ranging from 1-10 pL in capacity, allowing for precise

transfer of small amounts of culture.

The primary purpose of an inoculation loop is to transfer microorganisms from a pure

culture (such as a bacterial colony on agar) to a new medium or plate.

It is used to streak agar plates for isolation of single colonies or to inoculate liquid media

for growth and propagation of microorganisms.

Before and after each use, the inoculation loop must be sterilized to prevent cross-

contamination and ensure the purity of cultures.

Fig no:11-Inoculam loop



e Spirit lamp:

A spirit lamp, (refer fig no:12) also known as a spirit burner or alcohol lamp, is a simple
heating device used in laboratories for various purposes, primarily involving gentle heating or

sterilization.

Typically made of glass or metal, the spirit lamp contains a reservoir for holding a

flammable liquid, often ethanol (ethyl alcohol) or methanol.

The lamp has a wick that extends from the reservoir into the air above, which draws up the

alcohol to be ignited.

Fig no:12-Spirit lamp

e Buffered peptone water:

Buffered Peptone Water (BPW) is a widely used microbiological growth medium and

diluent in laboratories and industrial settings.

BPW typically consists of peptone (a mixture of amino acids and short peptides), sodium
chloride (to maintain osmotic balance), and a buffering agent such as phosphate buffer or

carbonate buffer.

The pH of BPW (refer fig no:13) is adjusted to neutral or slightly alkaline conditions (pH
7.0-7.2).
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Fig no:13-Buffered peptone water
e Milk:
Milk is a nutrient-rich liquid produced by mammals, typically from cows, goats, sheep,

and others.

Milk (refer fig no:14) is composed of water (about 87%), lactose (milk sugar), fats, proteins
(including casein and whey proteins), vitamins (such as A, D, B12), and minerals (such as

calcium, phosphorus

Fig no :14-Milk



e MacConkey Lactose Agar:
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Fig no:15-MacConkey Lactose Agar
e Eosin Methylene Blue Agar:

Eosin Methylene Blue (EMB) (refer fig no:16) agar is another type of selective and
differential culture medium used in microbiology Eosin Methylene Blue agar is a versatile
medium that selectively inhibits gram-positive bacteria and differentiates gram-negative
bacteria based on their ability to ferment lactose, with distinctive colour changes aiding in

identification.
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Fig no:16- Eosin Methylene Blue Agar



e Baird-Parker Agar:
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Fig no:17-Baird-Parker Agar

Braided Parker agar (refer fig no:17) also known as "Brace Parker medium," is actually
"Brace Parker Medium Base,” a microbiological medium used for the isolation and

identification of yeast and molds from clinical specimens 2.

It contains nutrients that support the growth of these microorganisms, making it useful in
diagnostic laboratories for detecting fungal infections.

e Spatula:

A spatula (refer fig no:18) in a laboratory context refers to a versatile tool used for a
variety of purposes, typically made of metal or plastic.

Spatulas can be made of stainless steel, nickel, or plastic, depending on the intended

use and chemical resistance 9 required.

They usually have a flat, narrow blade at one end and a handle at the other. The blade
may be straight or slightly curved



Fig no:18-Spatula

+ Equipment’s:
Weighing balance, laminar air flow, hot air oven, autoclave, incubator
e Weighing balance:

A weighing balance, (refer fig no:19) often referred to simply as a balance, is a device

used to measure the mass of an object with a high degree of accuracy.

Fig no:19-Weighing Balance



It typically consists of a pan on which the object is placed, and a mechanism that measures
the force exerted by the object due to gravity.

Modern weighing balances can be electronic (digital) or mechanical (analog), and they

are used in various fields including laboratories ?%, pharmacies, manufacturing, and research.

They are calibrated to ensure precision in measurement and can vary in capacity and

sensitivity depending on the application.
e Laminar air flow:

Laminar airflow refers to a controlled airflow in which air moves smoothly and

uniformly in parallel layers, usually at a consistent ¢ velocity and direction.

This type of airflow (refer fig no:20) is typically used in environments where

contamination control is critical, such as in laboratories, cleanrooms, and operating rooms.
Types: There are two main types of laminar airflow:

Unidirectional Laminar Flow: Air moves in a single direction (either vertically or

horizontally).

Turbulent Laminar Flow: Air moves in multiple directions with some degree of

randomness @2 but still in parallel layers.

Fig no:20-Laminar Air Flow



e Hot air oven:

A hot air oven (refer fig no:21) is a device used in laboratories and industrial settings

to sterilize equipment and materials using dry heat.

It operates by heating air to high temperatures and circulating it evenly throughout the

interior chamber.
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Fig no:21-Hot Air Oven

Hot air ovens provide an effective and reliable method for dry heat sterilization,
ensuring the elimination of microorganisms @ without the use of moisture or chemicals,
making them indispensable tools in various industries and scientific applications.

e Autoclave:

An autoclave is a device used in laboratories and medical facilities to sterilize
equipment and supplies by subjecting them to high-pressure saturated steam.

This process effectively kills bacteria, viruses, and other microorganisms, making it crucial

for ensuring safety in healthcare settings and scientific research.



Fig no:22-Autoclave
e Incubator:

An incubator (refer fig no:23) is a controlled environment used in laboratories and
healthcare settings to grow and maintain cell cultures, microorganisms, or small plants under

specific conditions such as temperature ?®, humidity, and sometimes CO2 levels.

This controlled environment allows researchers to study and cultivate biological samples

under optimal conditions for growth @® and experimentation.

Fig no:23-Incubator



i Results:

CONTAMINATION OF VARIOUS COLLECTED SAMPLES:

NUMBER OF SAMPLE NUMBER OF POSITIVE % OF POSITIVE
COLLECTED SAMPLES SAMPLES
Staphylococcus E. coli
Dairy farm 15 2 1 20
Milk vendor on cycle 15 2 2 26
Milk farm houses 15 1 0 6.6
Dahi 15 1 2 20
Ice cream 15 0 1 6.6
Gulabjamun 15 3 0 20
Burfi 15 3 2 33.3
Khoa 15 1 1 133
Butter 15 1 2 20
Total - 135 14 11 165.8

PICTURES OF MICROORGANISMS OBSERVED IN DAIRY PRODUCTS:

Figno:24- STAPHYLOCOCCUS AUREUS ON BRAID PARKER AGAR




Figno:25- ESCHERICHIACOLI ON MACCONKEY LACTOSE AGAR



i— Discussion:

Investigating the Presence of Staphylococcus aureus and Escherichia coli in Dairy Milk
Products

In this study, various samples of dairy products were collected to estimate the presence
of Staphylococcus aureus and Escherichia coli. The samples were collected from different

sources, including:

Dairy farms

Milk vendors on cycles
Milk from households
Dahi (curd)

Ice cream

Gulabjamun

Barfi

Khoa

Butter

© © N o g b~ wDdPRF

A total of 135 samples were collected, with 15 samples for each product. After performing

the streak plate method, the following observations were made regarding contamination levels:

e Milk Sample:

The highest contamination was recorded in milk collected from vendors (26%),
followed by dairy farms (20%) and household milk (6.6%). This may be due to unhygienic
handling of the milk.

e Milk Products:

Barfi showed the highest contamination (33.3%), followed by Dahi (20%), Gulabjamun
(20%), Butter (20%), Khoa (13.3%), and Ice cream (6.6%).
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i— Conclusion:

The study concludes that contamination is likely due to environmental factors and
unhygienic preparation. To prevent or reduce contamination, it is essential to maintain a clean

environment and adhere to proper hygiene practices.

The results of the present study of milk and milk products were found contaminated with

staphylococcus aureus and E. coli which may cause food poisoning and pose a threat to public
health.

It indicates a need for more strict hygienic practices,

™ Regular sterilisation of dairy equipment’s,

- Washing of utensils, milker’s hands, udder,

™ Eradication of diseased animals,

I~ Pasteurization (or) boiling of milk before collection,
I Distribution for consumption and product making and

™ Maintaining the proper environment.
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