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Synopsis

Title

“Comprehensive exploration of antibiotic use in dairy cows: Investigating milk and
curd microbiota, antimicrobial resistance genes in native versus crossbreeds”
Background

The extensive use of antibiotics in dairy farming has significantly contributed to the
emergence and spread of antimicrobial resistance (AMR), posing risks to animal health,
public health, and environmental sustainability. In India, the dairy sector includes both
native and crossbred cattle, where antibiotic usage practices, awareness levels, and
stewardship measures vary widely.

Simultaneously, milk microbiota plays a crucial role in dairy product quality,
fermentation characteristics, and potential transmission of antimicrobial resistance
genes (AMR). Variations in microbial diversity between native and crossbred breeds
may influence both product quality and resistance development patterns. Therefore,
integrating survey-based antibiotic usage data with microbiome profiling and AMR
gene detection provides a comprehensive One Health perspective.

Objectives
To analyze and compare antibiotic use in focusing on the frequency, type, and dosage
of antibiotics administered.

To investigate the composition and diversity of the milk and curd microbiota in native
versus crossbred dairy cows, also examining the pH, moisture content and texture
analysis of milk and curd.

To detect and compare the prevalence of antimicrobial resistance genes in the milk of
native and crossbred dairy cows, assessing the impact of antibiotic practices on the
spread of resistance.

Methodology
A structured questionnaire survey was conducted among veterinary stakeholders to

evaluate antibiotic prescription practices, awareness of AMR, and adherence to
guidelines. Data were analyzed in percentage format.

Milk samples were collected from five cattle breeds: Malnad gidda, Sahiwal, Gir
(native breeds), and Jersey and Holstein Friesian (crossbreeds). Samples were
processed for microbiome analysis, starter culture preparation, and curd production.
Physicochemical parameters including pH and moisture content were measured.
Texture Profile Analysis (TPA) of curd samples was performed to assess hardness,
cohesiveness, springiness, gumminess, chewiness, and resilience.

Metagenomic DNA was extracted from milk, curd, and starter culture samples. DNA
quality and concentration were assessed using Nanodrop and Qubit. PCR amplification
targeted the 16S rRNA gene (1500 bp) for microbiome analysis and the mecA gene
(1900 bp) for AMR detection. Amplicons were confirmed through gel electrophoresis.
Libraries were prepared and sequenced using the Oxford Nanopore platform.
Bioinformatic analysis generated taxonomic classification from domain to species
level. Diversity analysis was done.
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Results

Survey findings revealed that 69.6% of stakeholders expressed concern about antibiotic
use in dairy cows. However, only 35.7% were aware of specific prescription guidelines
or alignment with WHO standards. A high proportion (89.3%) agreed that antibiotics
should only be prescribed by veterinarians, and 76.8% emphasized minimizing
antibiotic use to control AMR. While 86.2% recognized the link between antibiotic
overuse and AMR, only 16.1% believed cattle owners were aware of antibiotic
resistance issues. Mastitis (86.79%) was the predominant condition treated with
antibiotics, followed by metritis (45.94%). Tetracycline (47.6%), and penicillin (30.9%)
were the most frequently prescribed antibiotics, indicating reliance on broad-spectrum
agents.

Milk pH ranged from 6.73 to 6.83 across breeds, while moisture content varied between
82.55% and 90.78%. After fermentation, curd pH decreased to 4.59—4.72, confirming
successful lactic acid fermentation. Texture analysis showed significant breed-based
variation, with Malnad gidda curd exhibiting higher hardness and gumminess compared
to other breeds. PCR amplification of the 16S rRNA gene was successful in all samples
(1500 bp). The mecA gene was detected in milk samples, confirming the presence of
methicillin resistance determinants. Sequencing analysis was done with obtained raw
reads and downstream analysis was carried out by processing the reads further.
Taxonomic analysis revealed substantial microbial diversity across breeds and sample
types. At the phylum level, Firmicutes dominated starter culture and curd samples,
reflecting selective enrichment during fermentation. Genus-level analysis showed
Lactococcus dominance in several milk samples, while Streptococcus was predominant
in curd. Species-level variation indicated breed-specific microbial patterns, including
the presence of Lactococcus lactis and Bacillus cereus group. Upset plot analysis
demonstrated 190 shared species in starter cultures, 114 in curd, and 101 in milk,
indicating both shared core microbiota and breed-specific variations.

Diversity indices (Shannon and Simpson) were higher in milk samples of native breeds
(Gir and Sahiwal). Fermented products showed reduced richness, suggesting selective
microbial growth during fermentation. PCoA analysis indicated no significant
clustering differences among breeds, suggesting broadly similar microbial communities
Conclusion

The study highlights substantial concerns regarding antibiotic usage in the Indian dairy
sector, with widespread recognition of AMR risks but limited awareness of
administration guidelines. Mastitis remains the primary trigger of antibiotic
administration, with broad-spectrum antibiotics frequently prescribed.

Microbiome analysis demonstrated breed-specific variations in milk microbial
diversity, with native breeds exhibiting higher richness. Fermentation resulted in
selective enrichment of Firmicutes, particularly Streptococcus and Lactococcus
species. Detection of the mecA gene confirms the presence of antimicrobial resistance
determinants in milk, underscoring the potential public health implications.

Overall, the findings emphasize the need for strengthened antibiotic stewardship,
enhanced veterinary education, and responsible prescribing practices. Integrating
microbiome profiling with AMR surveillance provides valuable insights for sustainable
dairy management under a One Health approach.
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Chapter 1

“Comprehensive exploration of antibiotic use in dairy cows:
Investigating milk and curd microbiota, antimicrobial resistance genes
in native versus crossbreeds”

1.1 Abstract

The indiscriminate use of antibiotics in dairy farming has raised serious concerns
regarding antimicrobial resistance (AMR), food safety, and variations in dairy
microbiota. This study aimed to analyze antibiotic usage patterns in dairy cows,
investigate the microbiota composition of milk and curd from native and crossbred
cows and assess the occurrence of antimicrobial resistance gene in milk samples. A
structured questionnaire survey revealed that 69.6% of stakeholders expressed concerns
regarding antibiotic use in dairy cows. Significantly, 87.5% acknowledged the devastating
consequences of antibiotic overuse, and 76.8% agreed that minimizing antibiotic use is vital for
controlling AMR. Mastitis was identified as the most common condition treated with antibiotics
(86.79%), with tetracycline (47.6%), gentamycin (38%) and penicillin (30.9%) being the most
frequently prescribed antibiotics. Physicochemical analysis revealed relatively stable
values across different samples of milk, starter culture and curd. Nanopore sequencing
of milk, curd, and starter culture samples generated good-quality reads, enabling
comprehensive microbiome profiling. Taxonomic analysis showed dominance of the
phylum Firmicutes across all fermented samples, while genus level varied among
breeds, with Lactococcus, Streptococcus, and Bacillus being predominant. Native
breeds, particularly Gir and Malnad gidda, exhibited higher microbial richness and
diversity in milk samples. The AMR gene (mecA) analysis in milk samples confirms
the presence of AMR resistance, indicating a potential link between antibiotic usage
practices and resistance. Broadly, the findings highlight the very essential need for
improved antibiotic supervision and promotion of ethno-veterinary practices in disease
management protocols to mitigate AMR in the Indian dairy sector.

Keywords: Antimicrobial resistance, Native cows, Mastitis, Microbiome, Ethno-
veterinary practices.
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1.2 Introduction

The human nutritional needs can be fulfilled at an affordable expense; in particular,
milk, which is one of the least expensive sources of nutrients when compared to other
food products, provides 30% of the daily requirements of eight nutrients (protein,
calcium, iron, fibre, vitamins A, C, D, and E). Whole milk can provide 30% of a healthy
adult's calcium needs, and most dairy products are cost-effective. Dairy products gained
first position in the ranking of the cost of vitamin D and obtained a good position in the
ranking of protein and vitamin A. Due to the diverse range of nutrients found in milk
and dairy products, this allows the consumers to intake the required amounts of
nutrients and ingest foods of dietary quality. Global health authorities acknowledge the
health advantages of dairy products and advise consumption of them as part of a
balanced diet and a healthy diet. Milk and dairy products furnish important micro-
nutrients like phosphorus, magnesium, calcium etc, thus benefits consumers to take in
appropriate amounts of nutrients and ingest dietary quality food [1].

Crossbreeding of dairy cattle has played a major role in India to become the world's top
milk producer.

India has increased milk production from 17 million tonnes in 1950-51 to
approximately 137.69 million tonnes in 2013-14, making it the highest producer
globally. In 2013-14, India had a per capita milk availability of approximately 307
grams, more than the global average of 294 grams per day (Economic Survey- 2014-
15). This was accomplished by crossing Indian descript and non-descript cattle with
exotic dairy breeds such as Holstein Friesian, Jersey, and Brown Swiss.

Crossbreeding programs involve high initial investment and maintenance costs.
Moreover, crossbred animals are more susceptible to infectious diseases like foot and
mouth disease, babesiosis, theileriosis, mastitis, milk fever, and ketosis due to limited
access to high-quality feed and fodder. They also exhibit increased propensity to heat
stress and shock. India has been increased the milk yield by 4 to 6% per year over the
past 20 years. Crossbreeding programmes initiated during the year 1950 in India
between native and crossbreed cattle majorly with Holstein Friesian (HF) and Jersey
for increasing the milk production [2].

According to estimation, by 2030 the global consumption of antibiotics will increase
by up to 200%, in comparison with the 42 billion daily doses administered in 2015. Of
these, 73% of antibiotics are applied to animals to prevent and treat infections like
mastitis, foot and mouth disease, etc., but also to improve weight gain and productivity

[3].

Disease resistance is an important trait of economic importance in livestock. Native
breeds cattle exhibited high resistance to parasitic and tick-borne protozoan diseases.

Studies examining the role of breed in the occurrence of haemoprotozoan diseases
found that Holstein Friesian (HF) and Jersey crossbred cattle have considerably
prevalent to these diseases than native breeds. Staphylococcus aureus is a common
commensal microorganism with ability to become an opportunistic pathogen, which is
leading to superficial and invasive clinical conditions in cattle as well as humans.

Heat tolerance is one of the important traits of economic importance in dairy cattle.
Zebu cattle are more heat tolerant than crossbred cattle, as revealed by the smaller

2
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magnitude of their physiological reactions to heat stress when compared to crossbred
cattle [4].

Milk, a fundamental of human nutrition, has been revered for its nutritional value and
versatility for centuries. Beyond its rich content of proteins, vitamins, and minerals,
milk is also a complex microbial ecosystem teeming with an array of microorganisms
that play a crucial role in its composition, flavour, and safety.

Milk has been widely renowned for its nutritional content and versatility, making it a
crucial part of human diets.

In addition to being high in proteins, vitamins, and minerals, milk is also a complex
microbial ecosystem that is niche to a wide variety of microorganisms that are essential
to its safety, flavour, and composition.

A diverse community of microorganisms, mostly bacteria, yeasts, and molds, find a
unique residence in milk.

As the basic components of the starter cultures used in fermented food products, the
LAB group of bacteria plays a vital role in the fermentation as well as an industrial
significance.

Bacteria are the most important members of the milk microbiota. Lactic Acid Bacteria
(LAB) are of particular importance, as they play an essential role in transforming
lactose (milk sugar) into lactic acid through fermentation. This process not only
contributes to the characteristic tangy flavour of dairy products but also acts as a natural
preservation mechanism by lowering the pH and suppressing the growth of harmful
pathogens. Streptococcus, Lactobacillus, and Lactococcus are common genera of LAB
found in milk.

The microbes such as Lactococcus lactis plays an important role in the food industry,
specifically in the production of dairy products, and in the health zone due to its
exceptional fermentation process. The L. lactis bacteria potentially contributes to the
characteristics such as lactose fermentation capabilities, proteolytic activity,
exopolysaccharide (EPS) production, and flavour production; they also play an
essential role in the formation of aroma, texture and acidity in the final fermented
products [5, 6]

Indian zebu cattle can be identified by their capacity to adapt to harsh weather, survive
on limited feed and nourishment, and have better immunity against tropical diseases
and environmental stress.

There are a wide variety of cattle breeds that are primarily reared for milk and draught
in India. A few of Indian native cattle breeds with superior traits like adaptability were
previously introduced to other nations with the objective to improve and advance their
own native breeds [7].

Even though livestock are the most important animal species in India that contribute
significantly to the country's agricultural economy, some of the prominent cow breeds
have witnessed population declines or breed characteristics becoming diluted due to the
present way of production.
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Gir cow

The Gir breed of zebu cattle is purely dairy-bred, and its name originates from the Gir
forest and hills in the southern part of Gujarat's Saurashtra area, namely in the districts
of Junagadh, Gir-Somnath, Amreli, Bhavnagar, Porbandar, Rajkot, and Jamnagar [8].

Gir cattle are also found in other parts of Gujarat, Rajasthan and Maharashtra states.
Due to its specific fundamental physical traits, this species is better able to withstand
heat and withstand tropical diseases [9].

Pure Gir cattle have wide range of body coat colour. Red colour is the most predominant
colour in 80% animals. In some animals red colour is speckled with white colour or
vice-versa. Some animals also have yellowish light to dark red coat colour.

Sahiwal cow

Sahiwal cow is a milk breed of zebu cattle that got its name from its original habitat the
Sahiwal area in the Montgomery district of Punjab in Pakistan [10].

The Indian states of Punjab, Haryana, Uttar Pradesh, and Madhya Pradesh were home
to the majority of milch breeds Sahiwal cattle. They can thrive easily in high humid
areas [11].

Malnad Gidda cow

Malnad Gidda cows are a small, hardy, dwarf breed native to Karnataka's Malnad
region. They are predominantly black with occasional fawn or brown shades. Their size
makes them ideal for grazing in hilly terrains, with an average height of ~90 cm and
body length of ~87 cm.

Milk yield ranges from 0.5 to 4 litres per day, with a high-fat content of 5.5-8%. Though
low in quantity compared to crossbred cows, their milk is valued for its quality, making
it suitable for traditional dairy products.

The breed is renowned for its resistance to local diseases and its ability to thrive in
challenging environments with minimal care. This resilience makes it a low-cost option
for smallholder farmers in the Malnad region.

Malnad Gidda cows are integral to sustainable farming practices in Karnataka. Their
dung and urine are used for compost and pest control. However, the breed faces threats
of genetic dilution due to crossbreeding [12].

Jersey cow

Jersey cows are smaller compared to many other dairy breeds, such as Holsteins. Adult
cows weigh around 350400 kg and stand about 115-120 cm at the withers. Bulls are
larger, weighing 600-700 kg.

Their coat varies from light fawn to deep brown, often with white markings. Purebred
Jerseys typically have a lighter band around their muzzles, dark tails, and black hooves
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They thrive in a variety of climates due to their small frame, efficient grazing, and
robust health.

Jersey milk is renowned for its richness, containing higher levels of butterfat (around
4.84%) and protein (3.95%) compared to other breeds. This makes their milk ideal for
butter and cheese production.

Jerseys convert feed into milk solids more efficiently than most dairy breeds, producing
high-quality milk relative to their smaller body size and feed intake.

Jersey cows are generally docile and easy to handle, although bulls may be aggressive.
This trait, combined with their size, makes them suitable for smaller farms.

Jersey calves are smaller and more prone to heat loss, requiring attentive care in colder
climates.

These traits make Jersey cows a popular choice worldwide for both small-scale and
commercial dairy operations. Their adaptability and efficient production are key to their
global success.

Holstein Friesian cow

Holstein Friesians are large-framed cows, with noticeable height, broad chest width,
and deep body structure. They have a typical black-and-white or red-and-white coat
pattern, depending on the genetic variant. Their skeletal structure is designed to support
high milk production.

Their udders are well-formed and strongly attached, optimized for high-yield milking
systems. Udder traits are a primary focus in breeding programs.

They have been selectively bred for long productive lifespans, focusing on efficient
reproduction and resistance to environmental stressors.

Known for exceptional milk yields, Holstein Friesians dominate global dairy
production, with lactation periods yielding significantly higher milk quantities than
most other breeds.

Although originally from temperate regions, they have been successfully crossbred to
thrive in tropical and subtropical climates, especially with improved nutrition and
management practices.

This breed is a key contributor to genetic programs worldwide, aimed at improving
dairy traits in crossbred populations [13].

Massive parallel DNA sequencing is made possible by next-generation sequencing
(NGS) technology, which generates enormous amounts of precise information. NGS
platforms are widely used for clinical research.

The bacterial 16S rRNA gene consists of nine variable regions (V1-V9) separated by
highly conserved sequences across various taxa.
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The standard parallel-type short-read sequencer cannot produce reads covering the
whole 16S rRNA gene, several regions of it have been targeted for sequencing, which
often causes ambiguity in taxonomic classification.

New sequencing platforms have overcome these technical restrictions, particularly
those affecting read length. A prime example is the MinlON sequencer from Oxford
Nanopore Technologies, which is capable of producing long sequences with no
theoretical read length limit. Real-time sequencing data generation from MinlON
speeds up data processing turnaround times.

Previous investigations on the intramammary flora using second-generation sequencing
have amplified partial sequences of the 16S rRNA gene, such as V1-V3 or V2-V3, and
analysed them at the genus level [14].

Antimicrobial resistance (AMR) has emerged as a significant public health issue,
particularly in nations with low and middle-income nations. Although there is little
evidence linking the formation of AMR in humans to food intake, resistant strains may
be spread from animals to humans through animal-source foods. Antibiotics used in
farm animals often belong to the same classes of antibiotics used in humans, therefore
posing a risk of resistance transmission between animals and humans [15].

Primers for antimicrobial resistance gene detection were designed based on conserved
gene regions, ensuring specificity and efficient simultaneous amplification in multiplex
PCR, as demonstrated by Strommenger et al.

Staphylococcus aureus strains resistant to methicillin and many other antibiotics are the
main causes of nosocomial infections across the world. The mecA gene is a part of 21
to 60 kb staphylococcal chromosome cassette mec, a mobile genetic element that may
also contain genetic structures such as pUB110 which encode resistance to non-beta
lactam antibiotics.

India being a largest producer of milk worldwide, the issues of MRSA in dairy farms
remain a major challenge. Pathogenic bacteria found in livestock are zoonotic and
develops antibiotic resistance in these pathogenic bacteria which is susceptible to
spread to humans through food chain.

Staphylococcal cassette chromosome mec (SCCmec) typing is crucial for identifying
clones of methicillin-resistant staphylococci. SCCmec are the mobile genetic element
genes encoding for PBP2a, which could be transmitted from one bacterial species to
another.

Infections caused by the resistant bacterial strains in humans are rising, which includes
infection caused by Staphylococcus spp., Escherichia coli, Salmonella spp., and
Campylobacter spp.

Staphylococci cause sickness in humans, more specifically in those whose immune
system is weak. This also is the major diseases in dairy animals, like mastitis, wounds
and other infections [16, 17].

By comparing native and crossbred dairy cows, this study seeks to evaluate antibiotic
usage patterns and their effects on antimicrobial resistance and milk microbiome
diversity. Also, an overall focus on antibiotic frequency and dosage, the composition of
the milk and curd microbiota, physicochemical characteristics, and the occurrence of
resistance genes.
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2.1 Literature Review

The use of antibiotics in dairy farming is widely documented due to growing concerns
over antimicrobial resistance (AMR) and its implications for both animal and human
health.

The use of antibiotics in food-producing animals has been a public health issue for
decades. In 1977, a WHO committee stated that use of antimicrobials in food-producing
animals chooses for resistant bacteria, and such bacteria are transmitted to humans in
food and by means of direct contact with animals. WHO guidelines recommend overall
reduced use of medically significant antimicrobials in food-producing animals [18].

Pol and Ruegg (2007) and Ruegg (2017) report that antibiotics are commonly
administered to dairy cows, primarily to treat infections and prevent diseases like
mastitis. This preventive and therapeutic approach highlights the reliance on antibiotics
in managing dairy cattle health, which, while beneficial for productivity, poses risks for
AMR development [19, 20].

The indiscriminate administration of antibiotics without determining the in-vitro
sensitivity of the causative organisms is considered to be a major contributing factor to
treatment failure [21].

Veterinarians play a critical role in educating prospects about the responsible use of
antibiotics and promoting for measures to mitigate the threat of antibiotic resistance
developing on dairy farms. Actually, the effectiveness of measures to reduce antibiotic
resistance has primarily reliant on evolving viewpoints on the prescription and use of
antibiotics among veterinarians and their clients [22].

Critically, the use of broad-spectrum antibiotics has been associated with higher AMR
risks. Schar et al. (2018) and Chantziaras et al. (2014) emphasize that broad-spectrum
antibiotics, although effective against a range of pathogens, contribute significantly to
resistance development. These studies call for a more targeted approach in antibiotic
administration, advocating for restricted use and closer monitoring of antibiotic
practices to minimize resistance spread [23, 24].

The microbiota composition in milk is vital to dairy cow health, influencing milk
quality and disease resistance. Studies have demonstrated that breed differences
between native and crossbred cows affect microbiota diversity, with native breeds
generally showing higher diversity and resilience against pathogens. Zhang et al. (2019)
and Addis et al. (2016) report that native breeds exhibit a broader range of beneficial
bacteria, enhancing immune function and providing protection against mastitis-causing
pathogens [25, 26].

Seasonal variations and farming practices have been shown to significantly influence
the microbial composition of raw milk. Van De Grift et al. (2025) reported distinct
differences in the milk microbiome between conventional and organic farming systems,
with seasonal shifts further contributing to variations in microbial diversity and
community structure.

Recent integrative studies combining ethnobiological knowledge with multi-omics
approaches have provided deeper insights into the microbial diversity and functional
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potential of Indian fermented foods. Samantaray et al. (2025) highlighted that
traditional fermentation practices harbour complex microbial consortia with significant
roles in nutrition, food safety, and health-promoting functionalities.

Moreover, the crossbreeding of cows has been associated with reduced microbial
diversity, which may compromise immune response and increase susceptibility to
infections (Derakhshani et al., 2018; Barkema et al., 2009). Metcalfet al. (2019) support
these findings, noting that crossbreeding can shift microbiota composition, potentially
weakening pathogen defences. These studies highlight the significance of
understanding breed-specific microbiota to guide breeding practices and inform disease
management strategies in dairy herds [27].

A systematic evaluation of antimicrobial resistance in milk through the decade long
systematic review has highlighted the widespread occurrence and persistence of
resistance genes across dairy systems. Sievers et al. (2025) emphasized that milk serves
as a potential reservoir for antimicrobial resistance genes, with variations influenced by
antibiotic usage, farm management practices, and processing conditions.

The presence of antimicrobial resistance genes (ARGs) in milk raises significant
concerns regarding the transmission of resistance from animals to humans via the food
chain. Research indicates that antibiotic use in dairy farming plays a pivotal role in
ARG occurrence within milk microbiota, with intensive antibiotic practices correlating
with higher ARG levels in these environments. Locatelli et al. (2017) and Tian et al.
(2016) found that herds with frequent antibiotic exposure showed elevated ARG
presence, suggesting a direct link between antibiotic administration and resistance gene
amplification [28].

Furthermore, native breeds appear to have lower ARG levels in their milk microbiota
compared to crossbred cows. Klein-Jobstl et al. (2014) attribute this difference to
variations in antibiotic exposure and potentially distinct immune responses among
breeds. This relationship between breed and ARG occurrence underscores the role of
genetic factors in influencing resistance.

The study focused on the mec4A AMR gene due to B-lactam antibiotics are widely used
as broad-spectrum agents in veterinary settings, leading to strong selective pressure
for resistance. The mecA gene encodes an altered penicillin-binding protein (PBP2a),
which reduces the efficacy of these antibiotics and is a key determinant of methicillin
resistance in staphylococci. The relevance of staphylococcal infections such as
mastitis, serious infection in dairy cattle, mecA serves as a clinically significant and
widely recognized marker for AMR surveillance.

Additionally, the study employed an in-house designed primer specifically targeting
the mecA gene, which was optimized and validated for sensitivity and specificity
within the scope of this work. Due to the targeted objective of assessing B-lactam
resistance, the analysis was limited to this marker.

Although more research is required to increase accuracy, the MinlON sequencer has
shown successful long-read outputs, portability, and real-time analysis in contrast to
short-read sequencing [29].
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From full-length 16S rRNA gene sequences that comprise nine hypervariable regions
(V1-V9) as phylogenetically relevant markers, researchers must choose the most useful
target regions for taxonomic identification. Oxford Nanopore Technologies (Oxford,
UK) has released MinlON, the first commercial sequencer utilizing nanopore
technology. It has significant benefits over other DNA sequencing methods, including
a long-read output, affordability, and the capacity to analyze data quickly in real time
[30].

The application of Ayurvedic formulations in treating mastitis presents an opportunity
to reduce dependency on antibiotics and address antimicrobial resistance (AMR)
concerns. Network pharmacology provides a valuable framework to investigate the
multi-target and synergistic effects of Ayurvedic compounds, allowing a deeper
understanding of how these formulations modulate immune responses and inhibit
bacterial growth. Huang et al. (2014) and Hopkins (2008) outline network
pharmacology's potential to explore these complex molecular interactions, emphasizing
its ability to elucidate the multi-pathway impact of natural compounds [31].

Herbal formulations have shown promise in modulating immune responses and
providing anti-inflammatory and antibacterial effects, particularly relevant in treating
bovine mastitis. Patil et al. (2019) and Zhang et al. (2017) highlight the efficacy of such
herbal treatments, demonstrating their role as complementary therapies to antibiotics in
dairy cattle. These studies observe that specific Ayurvedic compounds can activate
immune-modulating pathways, leading to enhanced resilience against bacterial
infections, a critical advantage in mastitis management.
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2.2 Research Gap

1. Limited Comparative Data on Native vs. Crossbred Dairy Cows: Existing studies
broadly examine antibiotic use in dairy farming but lack direct comparisons of
microbiota and resistance patterns between native and crossbred cows.

2. Insufficient Understanding of Resistance Gene Occurrence: Studies emphasize
the role of broad-spectrum antibiotics in resistance development but provide limited
data on the specific antimicrobial resistance genes present in milk and their variation
between native and crossbred cows.

3. Impact of Crossbreeding on Microbial Diversity: Crossbreeding is linked to
reduced microbiota diversity, but we need more research on how this affects the cows'
health and their ability to resist infections.

4. Understanding How Breed Affects Microbiota: While it's known that native and
crossbred cows have different microbiota, more research is needed to understand how
these differences affect their immune system and ability to fight diseases like mastitis.

2.3 Objectives

* To analyze and compare antibiotic use in focusing on the frequency, type, and
dosage of antibiotics administered.

* To investigate the composition and diversity of the milk and curd microbiota
in native versus crossbred dairy cows, also examining the pH, moisture content
and texture analysis of milk and curd.

* To detect and compare the occurrence of antimicrobial resistance genes in the

milk of native and crossbred dairy cows, assessing the impact of antibiotic
practices on the spread of resistance.
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3. Materials and method

3.1 Assessment of antibiotics use in dairy cows and its impact

Survey was conducted among the veterinarians to analyze the antibiotics use in
focusing on the frequency, type, and dosage of antibiotics administered.

*  Google forms were created with a set of questionnaires with respect to
antibiotics use for the cattle through veterinarians majorly. (Annexure 1)

* Questionnaires were framed by referring the literature, through the guidance of
Ayurvedic doctor suggestions.

* Google forms were circulated among veterinarians in two modes: 1. Online 2.
Offline

3.2 Milk sample collection

Milk samples were collected from both native (3 native breeds such as Malnad gidda,
Sahiwal and Gir) and crossbred (2 crossbreeds such as Jersey and Holstein Friesian)
dairy cows under aseptic conditions to ensure sample integrity and prevent
contamination.

(A)
Malnad Gidda Sahiwal Gir

(D) (E)

Jersey Holstein Friesian

Figure 1. Images of five different breeds of cows in the dairy farm (3 native breeds
and 2 crossbreeds)
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3.3 Milk samples storage and processing

Milk samples were stored in the ice packs after collected, till they are brought to the
laboratory. Then the samples were shifted to -20° C freezer. Milk samples were
segregated for microbiome analysis, for starter culture and curd preparations, also
preserved some amount of sample for physicochemical analysis (pH, moisture, etc).

Formation of Starter culture for curd preparation: Starter culture was prepared
using red chilli.

* Milk was boiled at 80°C and cooled down to 40°C, and red chilli along with the
stalk was dipped in the warm milk and incubated at 37°C for 12 hours. Later
this culture was used to prepare curd.

Preparation of Curd using starter culture: Curd was prepared by boiling milk at
80°C

* Then, cooled down at 40°C, around 10 grams of freshly prepared starter culture
was added.

* After adding starter culture kept in the incubator at 37°C for 4-6 hours for
fermentation to take place to convert it to curd.

* This curd is used for microbiome studies and other analysis like moisture, pH
and texture.

3.4 Physicochemical analysis method

pH: 10ml of sample was used to measure the pH of each sample with the help of pH
meter.

Moisture content: 1 gram of the sample was taken and added into the moisture
analyzer, the moisture content will be absorbed by the instrument at the temperature of
120°C, and the moisture content percentage will be displayed on the moisture analyzer.

Texture analysis: A texture analyzer, with a 5 kg load cell and a cylindrical probe (25.4
mm in diameter) provided with texture exponent programs was used to examine the
texture profiles of curd samples. Initially, the samples were stored at 25°C until TPA
analysis. TPA was carried out by compressing twice with a probe to penetrate 10 mm
at a speed of 5 mm/s. Using software, TPA's hardness, springiness, adhesiveness,
cohesiveness, chewiness, gumminess, and resilience were assessed. Every
measurement was performed three times for every sample.

12
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(b)

Figure 2. Determination of physicochemical properties of milk, starter culture and
curd: (a) pH measurement using a digital pH meter, (b) moisture content
estimation using a moisture analyser, and (c) texture profile analysis using a
texture analyser

3.5 Metagenomic DNA isolation and QC (Quality check of isolated DNA)
DNA isolation was done for all the 5 breeds samples (milk, starter culture and curd
samples) using Dneasy Powerfood Qiagen microbial kit method as per the
manufacturer’s protocol.

The detailed procedure for DNA extraction is as follows mentioned below:
Take 2 ml of sample in the Eppendorf tube

'

Centrifuge at 14000 rpm, for 15 minutes at 4°C

.

Keep the pellet and discard the supernatant

|

Add preheated (70°C) 500ul MBL solution to the pellet

|

Vortex the tube for resuspension

|

Incubate the tube at 70°C for S minutes to dissolve the pellet

|

Transfer the contents of the tube into the powerbead tube provided in the kit

|

Incubate the powerbead tube for 10 minutes at 70°C

l ?
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Vortex the powerbead tube horizontally for 10 minutes at maximum speed

'

Centrifuge at 14000 rpm for 2 minutes at 4°C (Note: Supernatant has DNA)

'

Transfer the supernatant to another Eppendorf tube and discard the pellet

|

Add 100ul of IRS solution for DNA precipitation

|

Incubate the tube at 4°C for 30 minutes

v

Centrifuge at 14000 rpm at 4°C for 2 minutes

'

Keep the supernatant and discard the pellet

|

Add 900pl of MR solution and vortex to mix for 1 second

|

Transfer to the spin column given in the kit and centrifuge at 14000rpm at 4°C for
2 minutes

Remove the flow through and add 650ul of PW solution

!

Centrifuge 14000rpm at 4°C for 2 minutes and remove the flow through

'

Add 650ul ethanol and centrifuge 14000rpm at 4°C for 2 minutes

'

Remove the flow through and dry spin at 14000 rpm at 4°C for 2 minutes

'

Add 20pl of EB in the collection tube and incubate at room temperature for 5
minutes l
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Centrifuge at 4°C, 14000rpm for 1 minute

|

Add 10pl of EB in the collection tube and incubate at room temperature for 5
minutes

Centrifuge at 4°C 14000rpm for 1 minute

'

DNA is obtained. (in the collection tube)

The purity and quantity of the isolated DNA were determined using NanoDrop by
measuring both the 260/280 and 260/230 absorbance ratios.

3.6 Bacterial identification of 16S rRNA gene amplification (V1-V9 region
of the genomic DNA) and QC (Quality check of amplified product)

PCR amplification of the 16S rRNA gene was conducted using KAPA HiFi HotStart
Ready Mix. The conditions for PCR amplification are as follows for 16S rRNA gene:
3 min at 95°C initial denaturation, 34 cycles of 20 seconds at 98°C denaturation, 30
seconds at 61.5°C and 1 min 30 seconds annealing temperature, at 72°C for elongation
followed by final extension at 72°C for 5 min.

Primer | Code Sequence (5°-3’)

no.

1 16S rRNA 27F AGAGTTTGATCATGGCTCAG
2 16S rRNA 1392R | GGTTACCTTGTTACGACTT

Table 1. 16S rRNA bacterial gene identification and amplification primer details

Bacterial identification of AMR gene amplification [Methicillin resistance gene
(mecA)]

The PCR amplification of the AMR gene mecA was performed using KAPA HiFi
HotStart Ready Mix in a total reaction volume of 10 pL, containing 5 pL master mix,
1 uL of each primer (final concentration 1 uM, stock concentration: 10 uM) and 3 pL.
template DNA. An initial denaturation step at 95°C for 3 min was used to ensure
complete template denaturation and activation of the HotStart polymerase, followed
by 34 cycles of denaturation at 98°C for 20 seconds, annealing at 57.5°C for 30
seconds, and extension at 72°C for 1 min 30 seconds. A final extension was carried
out at 72°C for 5 min.

The 98°C temperature was used for the cycling denaturation is mainly to activate the
HotStart polymerase which ensures efficient denaturation for high fidelity enzymes
(could be based on enzyme optimization) in the master mix like KAPA HotStart
Master Mix.
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The extension time was optimized by increasing the longer duration based on the
expected amplicon size which was between 1500 to 2000 base pairs depending on the
different amplicon sizes with regard to the respective primers.

G2P (GeneToProtein) 1 kb DNA ladder was used is a ready-to-use molecular weight
standard designed for sizing linear double-stranded DNA fragments in agarose gels,
ranging from 250 bp to 10,000 bp. This molecular size marker estimated the PCR
amplicon size of 1500bp.

Most commercial ladders (including G2P-type preparations) use recombinant Taq
DNA polymerase-amplified products or restriction-digested plasmid DNA.

The reactions were performed in a BIO-RAD T100 gradient 96-well thermal cycler.

Primer | Code Sequence (5°-3°)

no.

1 mecA new F GTTGTAGTTGTCGGGTTTG
2 mecA new R TGAGCTATATGAGAACGGT

Table 2. mecA AMR gene identification and amplification primer details

All the PCR products were quantified using Nanodrop and Invitrogen Qubit 4
fluorometer. The DNA integrity was checked using a 1% Agarose TAE gel. 1 kb DNA
ladder was also loaded as a molecular size marker to confirm the expected amplicon
size, the amplification of the 16S rRNA gene. The gel was visualized under ultraviolet
(UV) transillumination using a Gel Doc imaging system (Bio-Rad Universal hood II
Gel Doc Imaging system).

3.7 Nanopore Library Preparation and Sequencing using Native Barcode Kit

The DNA amplicons generated from the PCR reactions were subjected to library
preparation using the Native Barcoding Kit 24 V14 (SQK-NBD114.24, Oxford
Nanopore Technologies, UK), which facilitates the multiplexing of up to 24 samples in
a single sequencing run.

*  DNA Quantification and Input

The concentration and quality of DNA were determined using a Qubit fluorometer and
agarose gel electrophoresis. 130 ng of DNA per sample was used as an input for library
preparation.

* End-Repair and dA-Tailing

DNA amplicons were subjected to end-repair and dA-tailing using the NEBNext End
Repair/dA-Tailing Module following the manufacturer’s protocol. This step ensures
that DNA fragments have blunt ends and a 3" adenine tail, to enable efficient ligation of
the native barcodes.

* Native Barcode Ligation

Each DNA sample was ligated to a unique native barcode provided in the kit. Barcodes
were handled carefully, and each well was used only once to prevent cross-
contamination between the samples. The ligation reaction was performed under optimal
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conditions as specified in the protocol, ensuring efficient attachment of barcodes to the
DNA fragments.

* Adapter Ligation and Library Purification

Following barcode ligation, sequencing adapters were attached to the barcoded DNA
fragments. The library was purified using (AMPure beads) magnetic beads based clean
up to remove excess adapters, enzymes, and other reaction components. The purified
libraries were stored temporarily at 4°C if used immediately, or at —20°C for longer-
term storage.

* Flow Cell Preparation and Sequencing

Sequencing was performed on a Oxford Nanopore Sequencer, MinlON Mk1C platform
using R10.4.1 flow cells (FLO-MIN114). Prior to loading the library, the flow cells
were checked and primed according to the manufacturer’s protocol. Libraries were then
loaded, and sequencing was initiated using MinKNOW software, which controls the
sequencing run and performs real-time basecalling. Optionally, downstream analysis
was performed using the Kraken2 platform.

3.8 Data Analysis
Data Processing and Quality Control

Raw sequencing reads were first assessed for quality using NanoQC, which provides a
summary ofread length distributions, quality scores, and sequencing yield. Low-quality
reads and adapter sequences were removed using NanoFilt by applying a minimum
quality score threshold of Q9 and filtering reads within the length range of 1200—1700
bp. After preprocessing, reads were demultiplexed based on their native barcodes to
separate individual samples [32].

Taxonomic Classification and Analysis

Cleaned and demultiplexed reads were subjected to Kraken 2, a k-mer-based
taxonomic classification tool, to assign reads to bacterial, archaeal, and fungal taxa. We
worked with Centrifuge, a created species classification suite, to lower the
computational time needed for species discovery. At the species level, Centrifuge could
identify all bacteria included in the mock community, except Actinomyces
odontolyticus.

The output was used to generate microbial abundance profiles at various taxonomic
levels, providing insights into the composition of the microbial community in each
sample. Sequencing depth, read length distributions, and classification statistics were
carefully evaluated to ensure reliable results. Data visualization, including bar plots,
upset plots, diversity analysis was performed to represent the relative abundance of
different taxa across samples.

Bar plots were plotted using the MS office with required legends, margins and axis.
Upset plots were plotted in the R platform. Diversity analysis including both alpha and
beta metrics was performed for the obtained data [33].

Diversity Analysis
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Diversity analysis was done for the microbiome data obtained from the different
samples of native and crossbreed cows

Alpha Diversity metrics were calculated focusing on Shannon and Simpson indices
using python and conda environment.

Beta Diversity was analyzed using Bray-Curtis and Mann-Whitney distances calculated
with conda package. Principal Coordinate Analysis (PCoA) was performed using
gegplot2 in R packages. Permutational Multivariate Analysis of Variance
(PERMANOVA) was also conducted using R packages to evaluate group differences
based on metadata variables [34].

AMR mecA gene analysis

Raw Nanopore FASTQ files generated for the mec A gene were first subjected to quality
control using NanoFilt to ensure high-quality reads. Reads with a minimum quality
score (Q score) of >12 was retained, and length filtering was applied to include only
sequences between 800-2600 bp. The filtered FASTQ files were then converted into
FASTA format using seqtk (seqtk seq -a) for downstream clustering analysis.

De novo clustering of sequences was performed using vsearch (cluster fast) at a 90%
sequence similarity threshold (id 0.90) to group similar reads into clusters. To improve
reliability and remove unreliable clusters, clusters containing fewer than five reads were
removed. For each retained cluster, the relationship between Cluster ID and Read ID
was extracted, and Read IDs were mapped back to their respective Sample IDs to
determine sample-wise distribution.

A cluster X sample abundance table was generated by calculating the number of reads
per cluster in each sample. To account for differences in sequencing depth across
samples, normalization was performed using Reads Per Million (RPM), calculated as:
RPM = (Reads per cluster / Total reads in the sample) x 1,000,000.

Samples were then categorized into two groups: native breeds and crossbred cattle for
comparative analysis. Representative centroid sequences from each cluster were
annotated using BLASTn against the CARD (Comprehensive Antibiotic Resistance
Database) nucleotide database. Matches were considered significant based on the
following criteria: percentage identity >90%, query coverage >80%, and e-value <le-
10. Finally, CARD metadata were integrated to extract the corresponding ARO
(Antibiotic Resistance Ontology) terms, gene names, and associated organisms,
enabling functional characterization of the identified mecA gene clusters.

To visualize shared and unique mecA gene clusters among different cattle breed
samples, an UpSet plot was generated using the R statistical platform (UpSetR
package), enabling graphical representation of cluster intersections and comparative
abundance across the groups.
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4. Results
The survey responses showed that 69.6% of the stakeholders have concerns
regarding the use of antibiotics in dairy cows, which outlines the widespread
awareness of the problem. But there is only 35.7% reported awareness about the
existence of specific guidelines for the antibiotics prescription and indicated about
the aligning the prescription practices with the WHO guidelines and standards.

Questionnaires Percentage
There are concerns to antibiotic use in dairy cows 69.60%
There are specific guidelines to prescribe antibiotics in India 35.70%
Ensurement of antibiotic prescribing align to WHO guidelines 35.70%
Need to educate cattle owners about responsible use of antibiotics 83.90%

Cattle owners are aware regarding antibiotic use and resistance in India|16.10%

Vets are monitoring effectiveness of antibiotic treatments in disease
management 42.90%

Vets in India are knowledgeable about AMR and its implications 48.20%

Responsible use of antibiotics is being addressed in animal health in
India 35.70%

Animals can be raised without antibiotics 57.10%

Dairy cattle health practitioners could encourage more responsible use
of antibiotics 75%

Antibiotics can be recommended as growth promotors 75%

Antibiotics in animal feed plays a major role for the development of
AMR 64.30%

One should collaborate with specialists when making decisions about
antibiotic use 84%

There is a difference b/w reducing use of antibiotics and reducing the
need for antibiotics 85.70%

There can be devastating result from overuse of antibiotics in livestock |87.50%
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We must decrease the use of antibiotics in livestock 85.70%

Banning of antimicrobials could have negative effects on animal
welfare. 37.50%

There is a need to engage with the expert veterinary community to
share best practices regarding antibiotic use 89.30%

Ethno-veterinary based recipes can be an alternative to antibiotics 75%

There is a need for continuous veterinary education on antibiotic use |83.90%

Farmers should be able to buy antibiotics over counter 16.10%

The dosage and course of the antibiotics are strictly followed by vets
in dairy sector in India 50%

Minimizing the use of antibiotics is very crucial in containing AMR [76.80%

Antibiotics should only be prescribed by a veterinarian 89.30%
Overuse of antibiotics can lead to AMR 86.20%
Human health is depending on animal and environmental health 92.90%

We can manage many infectious conditions without using antibiotics [66.10%

Table 3. Survey-Based evaluation of Antibiotic Use Awareness, Supervision
Practices, and Perceptions of Antimicrobial Resistance in the Indian Dairy Sector

The 50% of the respondents reported that veterinarians strictly adhere to the dosage and
administration protocols of antibiotics in the dairy sector in India, in terms of
monitoring, 42.9% indicated that veterinary practitioners evaluate antibiotic treatment
in disease management.

There are 85.7% responses claims differences between merely reducing antibiotic use
and reducing the need for antibiotics. Also 57.1% respondents noted that animals can
be raised without antibiotics and 66.1% believed many infectious conditions are
manageable without antibiotics, encouraging the alternatives and restricted use of
antibiotics are feasible.

The 75% participants demonstrated the ethno-veterinary based recipes could serve as
alternatives. There are pronounced concerns about the devastating effect of antibiotics,
responses scaling up to 87.5%, there is an identifying link between overuse and AMR
with the response of 86.2%.
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Eventually, 76.8% align with minimizing the antibiotic use is essential for managing
AMR. 89.3% states that antibiotics should only be prescribed by a veterinary
practitioner, emphasizing the importance on the insights of controlling the frequency,
type and dosage of administering antibiotics.

Clinical conditions as per the response |Percentage of response
Mastitis 86.79%
Metritis and reproductive disorders 45.94%
Fever with no symptoms 37.93%
Foot and mouth disease 37.93%
Dermatitis 28.57%

Table 4. Frequency (in %) of major clinical conditions treated with antibiotics as
reported by veterinarians in the survey, showing mastitis as the predominant
cause of antibiotic usage.

The survey unveils mastitis as the most widely treated condition through antibiotics
treatment by showing 86.79% responses report for it, followed by metritis and
reproductive disorders reporting 45.94%, followed by fever without symptoms, foot
and mouth disease voting upto 37.93%.
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Antibiotics prescribed by the | No of responses w.rt
veterinarians recommendation of
veterinarians (%) 42
responses received)
Tetracycline 47.6
Penicillin 309
Gentamycin 38.0
Enrofloxacin 33
Amoxycillin 7.1
Sulphadimidine 4.7
cefriaxone 7.1
Otc (Oxytetracycline) 16.6
Ceftriaxone 9.5
cephalosporins 4.7

Table 5: Major antibiotics (in %) commonly prescribed by the veterinarians for

the disease management of cattle.

Antibiotics prescription patterns by the veterinary respondents unfolds 47.6%
recommendation of tetracyclines, followed by gentamycin comprising 38%, then

enrofloxacin of 33%, and penicillin by 30.9%

The data demonstrate the reliance on broad-spectrum agents, predominantly
tetracyclines and penicillin for disease management in dairy cattle. Regardless of the
observed discrepancies in prescription practices, awareness of the guidelines,
monitoring highlights the need for transformation of antibiotics stewardship protocols

within the dairy sector.
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Milk samples after collected were segregated for curd and starter culture preparation,
microbiome studies and physicochemical analysis. The pH of the milk was assessed

using pH meter.

Milk samples pH (mean = SD) 1(\(/)[/00)is(tll1111;(;1c10;:1tse]l)1;
Malnad gidda 6.73 £ 0.02 84.97 + 0.01
Sahiwal 6.83 +0.02 89.72 + 0.01
Gir 6.73 £ 0.02 89.01 +0.01
Jersey 6.79 +0.03 82.55+0.01
Holstein Friesian 6.76 + 0.03 90.78 £ 0.01

Table 6. pH and moisture content readings of the milk samples from different

cattle breeds

After the starter culture and curd was prepared, pH of the starter culture and curd was
assessed and obtained the readings as follows.

Curd pH (mean + Curd Moisture
Samples Starter culture pH SD) p content (%) (mean
+ SD)
Malnad gidda 5.62 4,72 +0.01 83.86 0.0
Sahiwal 5.58 471 +£0.01 86.70 £ 0.0
Gir 5.53 4.61 +0.01 85.51+0.0
Holstein Friesian 5.49 4.61 +£0.01
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Table 7. pH and moisture content readings of curd samples from different cattle

breeds

The texture analysis obtained the readings as below.

Samples | Hardness | Adhesiveness | Resilience | Cohesiveness | Springiness | Gumminess | Chewiness
“g?éiaad 1O8S7% | 029005 |0.20£006| 052007 | 339026 | )0F |364£135
Sahiwal 4%%2* 0.46 +0.46 |0.05+0.02| 0.36+0.10 |8.12+0.95 [24.47+7.06| 1.98+0.79
Gir 2‘;?;’-’ 0.12+0.02 |0.16+0.03| 0.42+0.08 |6.81+0.88 [14.43+0.90( 0.97 +0.18
Jersey 1597+368| 0.15+0.08 [0.12+0.05| 0.32+0.15 |7.49+1.67 [38.27 +38.07| 2.69 + 2.46
Holstein 34.03 +
Friesian | g9 | 019005 [014+006| 044002 | 533063 |19.9+118 [ 105£017

Table 8. TPA (Texture Profile Analysis) of curd samples

After the DNA extraction from the milk, starter culture and curd samples using the
manufacturer’s protocol, DNA concentration and quality was assessed using the
Nanodrop Spectrophotometry. PCR amplification was subsequently carried out, and the
amplified products were checked by agarose gel electrophoresis by visualizing the
presence and expected amplicon size and checked the nanodrop quantification,
followed by Qubit fluorometer analysis.

gDNA

CONCENTRATION
Samples Sample Type [ ng/ul A260/280 | A260/230
Malnad gidda Milk 5 25 0.18
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Sahiwal Milk 109 104 014
Gir Milk 55.4 15 0.11
Jersey Milk 15.3 1.47 0.04
Holstein Milk
Friesian

10 1.16 0.13
Malnad gidda | Curd

10.5 1.05 0.02
Sahiwal Curd 136 163 0.04
Gir Curd 334 1.23 0.31
Jersey Curd 37.2 1.89 0.07
Holstein Curd
Friesian

37.2 1.89 0.09
Malnad gidda | Starter culture 18.6 18 128
Sahiwal Starter culture 71 184 0.19
Gir Starter culture 327 141 0.15
Jersey Starter culture 16.8 171 0.46
Holstein Starter culture
Friesian

15 1.6 0.5

Table 9. Nanodrop-based assessment of DNA concentration and purity in milk,

curd, and starter culture samples from different cattle breeds

Table 9 summarizes the concentration and genomic DNA purity values of the milk, curd
and starter cultures of 5 different cattle breeds in which DNA concentration was
analysed in ng/pul. DNA concentration and purity were varied across the different breeds
of milk, curd and starter culture samples, however the Gir milk sample yields highest
concentration of DNA ranging at 55.4 ng/pul, although curd samples were providing
higher concentrations and better quality absorbance range than milk. Among the starter
culture samples Malnad gidda and Jersey starter culture showed highest A260/230
absorbance range. Overall, the curd and starter culture samples were optimal for

obtaining high-quality DNA.

The readings of the PCR nanodrop readings can be seen in the table.
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Samples Sample Type PCR product
CONCENTRATION
ng/ul A260/280 A260/230
Malnad gidda Milk 922 4 1.8 1.81
Sahiwal milk 866 1.8 1.56
Gir Milk 742.8 1.88 1.26
Jersey Milk 599.2 1.84 1.32
qustgln Milk
Friesian
775.8 1.79 1.76
Malnad gidda Curd 486.9 1.86 0.96
Gir Curd 601.2 1.85 1.51
Jersey Curd 361 4 1.82 1.27
Holstein Curd
Friesian
673.9 1.85 1.67
Malnad gidda | Starter culture 556.7 1.85 1.85
Sahiwal Starter culture 7781 1.81 1.77
Gir Starter culture 614.5 1.83 1.55
Jersey Starter culture 671.6 1.83 1.74
qust‘e n Starter culture
Friesian
765.7 1.84 1.81

Table 10. QC (nanodrop) of milk, curd and starter culture PCR product samples

16srRNA milk and curd samples
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Figure 3. PCR amplification of 16S rRNA gene from milk and curd samples of

different breeds of cow.

1 kb DNA ladder (250-10,000 bp), with bands at 250, 500, 750, 1,000, 1,500, 2,000,
3,000, 4,000, 5,000, 6,000, 8,000, and 10,000 bp. Figure 3 represents a distinct band
observed at 1500bp corresponds to the expected amplicon size of the 16S rRNA gene.

Gel electrophoresis image representing the successful PCR amplification of the 16S
rRNA gene from milk and curd samples of different breeds of cow amplified at 1500

bp
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Figure 4. PCR amplification of 16S rRNA gene from starter culture samples of
different breeds of cow

1 kb DNA ladder (250-10,000 bp), with bands at 250, 500, 750, 1,000, 1,500, 2,000,
3,000, 4,000, 5,000, 6,000, 8,000, and 10,000 bp. Figure 4 represents a distinct band
observed at 1500bp corresponds to the expected amplicon size of the 16S rRNA gene.

Gel electrophoresis image representing the successful PCR amplification of the 16S
rRNA gene from starter culture samples of different breeds of cow amplified at 1500
bp
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Figure 5. PCR amplification of AMR mecA gene from milk samples of different

breeds of cow

1 kb DNA ladder (250-10,000 bp), with bands at 250, 500, 750, 1,000, 1,500, 2,000,
3,000, 4,000, 5,000, 6,000, 8,000, and 10,000 bp. Figure 5 represents, a distinct band
observed at 1900bp corresponds to the expected amplicon size of the inhouse designed

AMR mecA gene.

Gel electrophoresis image representing the successful PCR amplification of the AMR
gene mecA (methicillin resistance gene) from milk samples of different breeds of cow
amplified at 1900 bp for the inhouse designed primer.

Sample name Sample Type PRf;tﬁngroduct- Qubit l?ll'lel[))itlibrfr;a:li;l/lfl- End
Malnad gidda Milk 20.8 12.2
Sahiwal milk 206 13.6
Gir Milk 98.4 21.4
Jersey Milk 24.8 5.06
e e
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Malnad gidda Curd 62.2 4.88
Sahiwal Curd 61.4 4.08
Gir Curd 150 5.88
Jersey Curd 31.8 4.18
Er?isstl?r? Curd 56.2 3.98
Malnad gidda Starter culture 34.0 5.26
Sahiwal Starter culture 68.6 3.68
Gir Starter culture 106 9.48
Jersey Starter culture 50.8 5.18
Er?ésstizr Starter culture 64.6 5.34

Table 11. QC of Qubit readings (End Prep library) ng/pl

Then library preparation was carried out using an Oxford Nanopore Technologies
sequencing kit following the manufacturer’s protocol and sequencing was completed.
After nanopore sequencing, the table 11 represents read statistics of milk, curd and
starter culture samples from 5 different breeds of cow, which includes raw and
processed read counts followed by their read lengths. Raw reads count differs widely
among the milk and curd samples respectively providing a comprehensive overview of
sequencing depth and quality across sample types and breeds, allowing for the
subsequent microbiome analysis.

Samples Sample Type | Total Raw | Mean raw Total Mean
reads read length Processed |processed read
(bp) reads length (bp)

Malnad gidda Milk 140037 765.8 16151 1575.6

Sahiwal Milk 308401 630.2 26066 1508.6

Gir Milk 130504 715.1 9912 1465.1

Jersey Milk 517902 482.4 10601 1576.6

Holstein Milk 441818 543.3 23805 1594.3
Friesian
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Malnad gidda Curd 390206 683.8 69725 1600.7
Sahiwal Curd 260330 847.1 64090 1582.8
Gir Curd 74484 664.2 2496 1518.2
Jersey Curd 335310 709.7 52057 1584.4
Holstein Curd 673875 567.7 86709 1590.4
Friesian
Malnad gidda | Starter culture | 542743 529.1 56877 1601.1
Sahiwal Starter culture | 383313 624.5 43097 1595.5
Gir Starter culture | 142473 669.8 8077 1567.5
Jersey Starter culture | 296597 631.1 34821 1589.5
Holstein Starter culture | 366069 622.2 41696 1567
Friesian

Table 12. A review of the raw and processed read counts and lengths for milk, curd,
and starter samples from five different cattle breeds is provided by the sequencing
findings summary
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Classification Gir Holstein Friesian Jersey Malnad gidda Sahiwal
Milk | Curd SC | Milk | Curd SC | Milk | Curd SC Milk | Curd SC Milk | Curd SC
Domain 2 2 2 2 2 4 2 2 2 2 2 2 2 2 2
Phylum 7 4 3 8 4 4 4 5 6 3 11 4 4
Class 13 7 4 1 |9 9 10 12 8 7 15 9 8
Order 21 10 6 22 | 19 8 10 20 6 6 31 13 8
Family 32 18 15 28 15 19 33 14 16 41 24 22
Genus 49 33 | 24 22 37 17 25 47 14 20 56 31 30
Species 81 60 | 38 60 79 54 40 48 55 84 54 52

Table 13. Taxonomic distribution of microbial diversity (domain to species level)
identified in milk, curd, and starter culture samples from five different cattle
breeds, SC: Starter Culture

The table outlines the taxonomic diversity of microbial communities detected in milk,
curd and starter culture samples from 5 different breeds at various levels (from domain
to species level). Between the milk samples, in the genus the richness was seen highest
in Gir milk comprising 112 genera and for the species Malnad gidda cow milk showed
the highest richness of 89 species followed by Gir milk sample species with a less
variation of 86 species count. Starter culture samples indicated lower diversity
compared to 5 breeds of milk and curd samples yet contributed with notable counts
across taxonomic classification.

The graphs were plotted for the microbial composition at various levels of taxonomic
classification of milk, starter culture and curd samples.
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Microbial Abundance (%)

Phylum Distribution in different milk samples
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Figure 6. Microbial phylum distribution in the milk of different cow breeds

The graphical illustration depicts the analysis of the microbial composition at Phylum
level displays the diverse microbial communities majorly including Firmicutes in the
various breeds of milk samples.
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Figure 7. Microbial phylum distribution in the starter cultures of different cow
breeds
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The starter culture samples indicated that there is a clear dominance of the phylum
Firmicutes in the starter culture samples of all the breeds of the cow attributing to the
deliberate selection for lactic acid bacteria during starter culture preparation, leading to
play a vital role in fermentation by also shaping the development of texture, taste and
preservation of dairy products.

Phylum distribution in different curd samples
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Figure 8. Microbial phylum distribution in the curd of different cow breeds.

In curd samples, however exclusively Firmicutes were dominated in most of the curd
samples, signifying a selective enrichment of the phylum Firmicutes during
fermentation process.
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Figure 9. Microbial genus distribution in the milk of different cow breeds

The analysis of milk at genus level revealed distinct microbial genus profiles.
Lactococcus was the dominant genus seen in Holstein Friesian, Malnad gidda and
Sahiwal cow milk samples. The figure shows a breed-specific variation in milk
microbiota.
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Figure 10. Microbial genus distribution in the starter culture of different cow
breeds

The microbial genus distribution across the starter culture samples from 5 cow breeds
is illustrated in the figure. The overall microbial profiles of starter culture samples were
breed-specific, which indicates both native and crossbreed cows harbour distinct
microbial distribution in starter culture, influencing fermentation and fermentation
product characteristics. The native breeds showed the dominant presence of
Streptococcus and Bacillus with Planococcus also prevalent, particularly in Gir and
Sahiwal.
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Figure 11. Microbial genus distribution in the curd of different cow breeds
Most of the curd samples microbial communities account for the genus Streptococcus
dominance with the substantial proportions of Bacillus in Gir, Malnad gidda and

Sahiwal curd samples. The presence of Streptococcus in these curd samples exclusively
reflects the genus s level selectivity during the curd fermentation and formation.

Species level
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Figure 12. Microbial species distribution in the milk of different cow breeds

The microbial species profiles are distinct across the different breeds of milk samples.
Malnad gidda milk samples exhibited broader species diversity, with moderate levels
of multiple bacteria including Streptococcus and Enterobacter species. Gir and Jersey
breeds milk showed high relative abundance of Bacillus cereus group. Holstein Friesian
and Sahiwal cow milk marked the dominance of Lactococcus lactis.
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Figure 13. Microbial species distribution in the starter culture of different cow
breeds

Starter cultures samples showed (fig) Streptococcus thermophilus and Bacillus cereus
group in the native breed samples of Malnad gidda, Sahiwal and Gir. Bacillus cereus
group is dominant in Jersey starter culture. Holstein samples are characterized by
moderate Streptococcus thermophilus levels with the presence of notable Bacillus
cereus species. The species composition varied distinctly among breeds impacting
fermentation efficiency and final product microbial quality and composition.
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Figure 14. Microbial species distribution in the curd of different cow breeds

The graph plot depicts the various bacterial species demonstrating the differences in
microbial abundance in curd samples. Bacillus cereus group is the dominant species in
Holstein friesian, Jersey, Malnad gidda and Sahiwal curd samples. Gir curd showed a
more diverse bacterial distribution.
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Figure 15. UpSet plots depicting the number of shared and unique microbial
species among (A)milk samples (B) Starter culture samples and (C) curd samples
from five cattle breeds

The microbial analysis was further elucidated using the Upset plots to visualize the
distribution of the bacterial species across the different samples of different breeds of
cows. The Upset plot figures highlight the common species and core species across the
breeds with respective sample types. Upset plot revealed that the starter culture samples
foster the highest number of 190 commonly shared microbial species among five
different breeds followed by curd comprising 114 species and milk of 101 species. The
data demonstrate considerable microbial diversity with core and common microbial
communities varying across the cattle breeds and samples types.

Diversity analysis

The diversity analysis was carried out for the comprehensive understanding of the
obtained microbiome data of the various breeds and all the different samples
respectively.
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Figure 16. Microbial community diversity in milk, curd, starter culture samples of
different cattle breeds shown through (a) Richness indices (b) Evenness indices
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Richness plot from diversity analysis from above (figure) revealed the highest species
counts in milk samples from native breeds, preferably Gir and Sahiwal, showing
substantial microbial diversity. But the curd and starter culture samples on the other
hand showed reduced richness respectively. The observation of reduction in richness
from milk to fermented product (curd) reflects selective microbial growth during the
fermentation process.

Evenness analysis from diversity analysis from above (figure) revealed significant
differences among the breeds and simple types. Holstein friesian milk sample had
essentially low evenness, while Malnad gidda milk and Gir curd samples among the
different breed, maintained high evenness, displaying greater microbial diversity and
balance with regard to milk samples.

Also, diversity analysis indicated Shannon and Simpson indices displaying highest
microbial diversity from milk samples of native cow breeds along with curd and starter
culture samples, showing elevated diversity values. Holstein milk demonstrated
reduced diversity, with the consistently lower in richness and evenness. While other
starter culture and curd samples tend to maintain moderate diversity suggesting
selective enrichment during fermentation.
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Figure 17. Shannon and Simpson diversity indices depicting microbial diversity in
milk, curd and starter culture samples across different cattle breeds

The PCoA plot signifies no specific differences in the microbial communities of the
milk, starter culture and curd samples from the different cattle breeds.
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Figure 18. Microbial communities in milk, curd, and starter samples from
different cattle breeds show similar compositions with no significant differences,
as visualized by the PCoA plot

The PCoA plot signifies no specific differences in the microbial communities of the
milk, starter culture and curd samples from the different cattle breeds.
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Figure 19. Upset plot showing the distribution of mecA gene clusters across cattle
breeds, GR- Gir, JR- Jersey, HF- Holstein Friesian, SH- Sahiwal, MG- Malnad
gidda

Most clusters were breed-specific, indicating distinct mecA profiles within breeds. The
highest shared clusters were observed between Holstein Friesian and Jersey (42),
suggesting greater similarity between these crossbred breeds. Overall, the plot
highlights both unique and shared mecA cluster patterns among native and crossbred
cattle.

The resistome analysis revealed the presence of the mecA gene (ARO:3000617) in
samples annotated to Staphylococcus capitis. The mecA gene encodes an altered
penicillin-binding protein (PBP2a), which has reduced affinity for B-lactam antibiotics,
including methicillin, penicillin, and other cephalosporins. The presence of mec4 is a
well-established molecular marker of methicillin resistance in staphylococci.
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5.1 Discussion

Milk and dairy products encompass an extensive variety of nutrients, enabling
consumers to acquire adequate nutritional levels and consume food of high dietary
quality. Global health authorities acknowledge the benefits of dairy products for health
and recommend including them as part of a balanced and healthy diet [1] .

Since 1998, India has been the world's largest producer of milk. India often serves as
the oyster of the global dairy Industry. India produced 187.96 million tonnes of milk in
2018-19, an increase over 17 million tonnes (MT) in 1950-51. About 22.29% of the

world's dairy comes from India production.

To facilitate toward increasing milk yield, crossbreeding programs between native and
foreign cattle were started in India in the 1950s, mostly with Holstein Friesian (HF) and
Jersey.

But crossbreed cows are more prone to infectious diseases like foot and mouth disease,
mastitis, babesiosis, theileriosis, milk fever and also exhibit increased susceptibility to
heat stress and shock.

Third-generation cephalosporins and quinolones were the most frequently administered
antibiotics for mastitis. And the most often used antibiotics for metritis were third-
generation cephalosporins, tetracycline and quinolones.

The survey findings expressed concerns with respect to the use of antibiotics in dairy
cows, revealing significant awareness of the possible risks associated with the misuse
of antibiotics in Indian dairy farming. The study reported that concerns could be due to
the antibiotics use by failing to adhere to the treatment period and below the
recommended dosage are the major two factors promoting to AMR, with the proof of
previous research where there was an incident of the community altering in the dosage
with their own initiative and discontinuity without considering the treatment period
range [35].

There is indication that common mastitis pathogens are evolving into increasingly
resistant to antibiotics. It is essential that we analyze the methods and beliefs of the
dairy farmers and managers who choose to treat with antibiotics because numerous
studies show that mastitis pathogens are becoming resistant to the widely used and
accessible antibiotics as well as the spread of resistant bacteria in the dairy industry
[36].

Deepthi Vijay et al. (2021) reported that 74.0% of veterinarians reported using
alternative treatments such herbal medicines, while 67.2% used probiotics, 43.8% used
homeopathic medicine, and 2.4% utilized traditional remedies for various diseases [37].
The World Health Organization reports that at least 80% of people in developing nations
depend significantly on traditional methods to prevent and treat several types of
diseases that affect both people and their animals. Ethnoveterinary methods are easily
accessible, simple to prepare, and administer, and cost the farmer little or nothing. All
livestock species and all veterinary specialties are covered by these traditional practices
[38].

The World Health Organization implemented a list of highly significant drugs whose
use in animals should be restrained in order to sustain their efficacy. The WHO
Southeast Asia region's health ministers adopted the "Jaipur Declaration on
Antimicrobial Resistance" in 2011. Among other things, they agreed to establish a

46




Chapter 5

comprehensive and integrated national strategy to combat AMR, create multi-sectoral
national alliances against AMR, control the use of antimicrobial agents, and enhance
capacity for effective AMR surveillance. The National Program on Containment of
AMR (2012-2017) was established in 2011 with the goals of strengthening infectious
disease control guidelines, encouraging the prudent use of antibiotics, and assisting in
the establishment of an AMR surveillance system (with an initial aim of 30 network
laboratories).

On the other hand, analysis of the microbiota in milk and curd from native versus
crossbred dairy cows revealed notable differences in composition and diversity,
emphasizing the influence of breed-specific factors and management practices
including antibiotic exposure on beneficial LAB populations like Lactococcus lactis.

“Lactic acid bacteria (LAB) comprise a diverse group of Gram-positive, catalase-
negative, non-spore-forming cocci or rod-shaped bacteria that are primarily facultative
anaerobes.”

Lactococcus lactis, one of the most well-known and characterized LAB species, acts as
a model organism for studying LAB. L. lactis has long been utilized in milk
fermentation, both in controlled industrial settings and on a small scale in traditional
operations.

Additionally, L. lactis is a vital microbe in the dairy food fermentation sector since it
aids in acidification, flavour development, and the production of various dairy products
such as cheese, fermented butter, and so on [39].

Weissella, a genus of Gram-positive, facultatively anaerobic lactic acid bacteria, plays
a vital role in human microbiota and has numerous biotechnological and therapeutic
applications.

Weissella species produce bioactive metabolites such as exopolysaccharides (EPS),
bacteriocins, and organic acids with antibacterial, antioxidant, and anti-inflammatory
properties [40].

These bacteria have potential in food fermentation, probiotic applications, and
therapeutic interventions for gut health, obesity, and inflammation.

Streptococcus thermophilus is a Gram-positive, homofermentative lactic acid bacteria
belonging to the Firmicutes phylum. It is known for its probiotic qualities and
contributes to human health.

S. thermophilus stimulates the synthesis of short-chain fatty acids (SCFAs) including
butyrate and acetate, which are crucial for maintaining gut barrier integrity and
immunological function. Clinical evidence shows its effectiveness in lowering

Antibiotic-associated diarrhoea (AAD) and inflammatory bowel disease symptoms,
including ulcerative colitis and Crohn's disease, can be alleviated by restoring microbial
balance and lowering intestinal inflammation.

S. thermophilus, a lactic acid bacteria, exhibits metabolic flexibility and functional
properties that enable its widespread use in food processing, health enhancement, and
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biotechnology.

The reported data says that S. thermophilus produces various bioactive metabolites,
including organic acids (lactic, acetic, and formic acids), EPS, aromatic compounds
(acetaldehyde and phenylacetic acid), and bacteriocins (thermophilins) [41].

This study shows that LAB starters reduce B. cereus from 103-10* CFU/ml to 102-10?
CFU/ml during rice fermentation (pH lowers to <4.0 in 8 hours). The study suggests
that occasional contamination (less than 10* CFU/ml) can be prevented, indicating
control but not concluding that final levels are safe for eating [42].

The previous study investigates B. cereus spore survival (0.7 log reduction after
steaming), growth, and enterotoxin production in fresh rice noodles stored at 4°C, 22°C,
and 32°C. Enterotoxins occur after 12 hours at 32°C or 24 hours at 22°C, with growth
above 5 log CFU/g; no safe intake levels are specified; instead, it cautions of dangers
after 24 hours of room temperature storage [43].

The findings of a study support previous data that S. uberis is an opportunistic pathogen
whose pathogenicity is heavily impacted by environmental exposure, host
characteristics, and management approaches. To reduce infection and reinfection,
effective control methods should focus enhanced home hygiene, bedding management,
teat sanitation, and dry-period interventions, as well as judicious antimicrobial usage
[44, 45].

PCR amplification of the milk samples, followed by agarose gel electrophoresis for
amplicon visualization, the presence of antimicrobial resistance (AMR) gene mecA in
both native and crossbred dairy cow samples were seen on the gel.

The extensive use of antibiotics in dairy farming has significant implications for milk
microbiota, dairy product quality, and the emergence of antimicrobial resistance
(AMR). This study aimed to analyze and compare antibiotic usage patterns, milk and
curd microbiota, and the occurrence of antimicrobial resistance genes in native and
crossbred dairy cows.

Antibiotic usage data were collected to evaluate the frequency, type, and dosage of
antibiotics administered to the dairy cattle. Milk samples were obtained from the native
and crossbred dairy cows, and curd was prepared using natural starter culture under
standardized conditions. The composition and diversity of milk and curd microbiota
were assessed using high-throughput sequencing technique, The Oxford Nanopore
sequencer. In addition, physicochemical properties of milk and curd, including pH,
moisture content, and texture parameters, were analyzed. The occurrence of
antimicrobial resistance genes in milk samples was detected using molecular methods
to determine the impact of antibiotic practices on the spread of resistance.

The study revealed notable differences in antibiotic usage across the dairy cows, with
the dairy cattle showing higher frequency and dosage of antibiotic administration.
Microbial diversity and composition of milk and curd differed between the native and
crossbreed dairy cows, indicating the influence of breed type and antibiotic exposure
on dairy microbiota. Furthermore, milk from crossbred cows exhibited a higher
occurrence of AMR genes, suggesting a potential link between intensive antibiotic use
and AMR dissemination.
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5.2 Limitation of the study

Although with the broad lens view inculcated in this study, a few limitations have to be
acknowledged.

Foremost, the milk sample collection from the dairy farm was very challenging, to
convince the cattle farmers to make them understand the purpose and about the study.
So, awareness and education about dairy farming to the dairy farmers could serve as the
key.

The study did not include the fungal identification of the samples (ITS). The fungal
analysis contributes to the complete analysis of the samples and analysis to be carried
out to serve the complete view.

The study has covered only 3 native cow breeds and 2 crossbreed cows, which could be
extended to more breeds and sample size for better understanding of the microbiome of
the samples.

Other AMR gene identification and investigation have to be performed further.

The study focused on the selected cattle breeds and protocols. Differences arising from
samples from different animals of same breeds, different farm locations, variability
among different breeds was not completely examined.

5.3 Future Directions

= To develop breed specific microbiome profiling to identify beneficial, core
microbial taxa consistently associated with native breeds.

= (Can use culturing technique to grow probiotic bacteria and isolate it, then could
be commercialized into a lyophilized starter culture for curd preparations.

= Establish microbial biomarkers that can be used to assess herd health and
antibiotic exposure status.

= Design of Indigenous Probiotic and Starter Cultures, then isolate and characterize
native milk and curd associated beneficial microbes

= Ayurveda informed translational research: Scientifically validate traditional dairy
practices as microbiome preserving interventions.

= The study can be carried out with more sample size and breed specific microbiome
profiling to evaluate in depth.

5.4 Conclusion

The study is expected to conclude that patterns of antibiotic use differ between native
and crossbred dairy cows in terms of frequency, type, and dosage, and these practices
are closely linked with variations in milk and curd microbiota. Differences in microbial
composition and diversity, along with variations in pH, moisture content, and texture,
may indicate that native breeds potentially harbour more diverse or beneficial
microbiota compared to crossbreds. Furthermore, the detection and comparison of
antimicrobial resistance genes in milk samples will likely reveal an association between
higher or indiscriminate antibiotic usage and increased occurrence of resistance
determinants. Overall, the findings would highlight the importance of prudent antibiotic
administration, preservation of breed-specific microbiota, and continuous monitoring
of antimicrobial resistance to safeguard animal health, product quality, and public
healthcare.
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Annexure 1

Annexure 1
Survey on antibiotic use in Indian Dairy

The scope of the survey

To generate data on common infectious conditions of dairy cows where most of
the antibiotics are used

Common antibiotics in clinical practice

Knowledge attitude and practice towards use and abuse of antibiotics, global
status and alternatives to antibiotics.

1. Demographic details and general interpretation of veterinary practitioners
Part-A
Name

2. Age

3. Educational background
Mark only one oval.
BVSc
MVSc
PhD
. Years of clinical practice
5. Full address

6. Specialization
Mark only one oval.
Gynaecology
Surgery
Oncology
General medicine and pharmacology

Other:

7. Animals of Treatment
Mark only one oval.
Cow
Dog
Goats
Horse
Wildlife

Other:
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8. Area of Interest

Mark only one oval.
Infertility
Udder health
Surgery
Preventive
health
0. Practicing species

10.  Email
11.  WhatsApp number
12.  State

13.  Organization
14.  Date

Example: January 7, 2019
15.  Place:

16.  Signature:

17.  Part-B
Top 10 clinical conditions where you use antibiotics. (Practice based) Order the

diseases where most antibiotics are used in your practice (1 to 10, where 1 is
most 5 is the most often and 10 is least)

Mastitis, Enteritis, Arthritis and hoof disorders, Metritis and other reproductive
disorders, Respiratory diseases, Fever with no symptoms, Foot and mouth
disease,

Dermatitis, Wounds/Maggot wounds, Lumpy skin disease

18.  Common antibiotics used to treat dairy cows in the field. Please list the
antibiotics you use in dairy cows your field practice. Preference of order: 1
is the antibiotic you use most 5 is the often, 10 the least. Please indicate brand
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name and how it is administered (for injection, intra-mammary tubes, oral
etc)
Antibiotics Condition for which it is used

Instruction: Please indicate 10 if you agree, indicate 1 if you disagree 1 2 3
456789 10 agree (for question number 19 to 45)

19. There are concerns related to antibiotic use in dairy cows.

20. There are specific guidelines available to prescribe antibiotics in India

21. 1 ensure that my antibiotic prescribing practices align with WHO
regulations

22. There is a need to educate cattle owners about the responsible use of
antibiotics

23. Cattle owners are aware regarding antibiotic use and resistance in India
24. Vets are monitoring the effectiveness of antibiotic treatments in disease
management

25.  Veterinarians in India are knowledgeable about antimicrobial resistance
(AMR) and its implication

26. Responsible use of antibiotics is being addressed in animal health in India
27. Animals can be raised without antibiotics

28. Dairy cattle health practitioners could encourage more responsible use of
antibiotics

29. Antibiotics can be recommended as growth promotors.

30. Antibiotics in animal feed places a major role for the development of AMR
31. One should collaborate with specialists when making decisions about
antibiotic use

32. There is a difference between reducing use of antibiotics and reducing the
need for antibiotics?

33. There can be devastating result from overuse of antibiotics in livestock

34.  We must decrease the use of antibiotics in livestock

35. Banning of antimicrobials could have negative effects on animal welfare
36. There is a need to engage with the expert veterinary community to share
best practices regarding antibiotic use

37. Ethno-veterinary based recipes can be an alternative to antibiotics

38. There is a need for continuous veterinary education on antibiotic use

39. Farmers should be able to buy antibiotics over counter
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The dosage and course of the antibiotics are strictly followed by vets in

dairy sector in India

41.
42.
43.
44.
45.

Minimizing the use of antibiotics is very crucial in containing AMR
Antibiotics should only be prescribed by a veterinarian

Overuse of antibiotics can lead to AMR

Human health is depending on animal and environmental health

We can manage many infectious conditions without using antibiotics
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