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Bovine mastitis is one of the main diseases that affect dairy farming, resulting in economic
losses and impacts on animal health and milk quality. Conventional antibiotic treatment
faces increasing challenges due to antimicrobial resistance, driving the search for natural
and sustainable alternatives, such as the use of herbal medicines and essential oils from
medicinal plants. Recent studies highlight the potential of several plant extracts with
antimicrobial properties. Research has demonstrated the effectiveness of plants such as
Psidium cattleianum, Tagetes minuta and Psidium guajava against Staphylococcus aureus
and Corynebacterium bovis. Other studies have indicated that essential oils of species such
as Origanum vulgare, Zataria multiflora and Thymus vulgaris are effective in controlling
mastitis, reducing bacterial and somatic cell counts, in addition to improving the clinical
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conditions of the animals. Experiments carried out with animal models and dairy cows have
shown promising results. Essential oils, applied intramammary or topically, have
demonstrated antimicrobial, immunomodulatory and anti-inflammatory effects, without
compromising milk quality or causing significant adverse effects. The use of natural
alternatives, such as herbal medicines and essential oils, can reduce dependence on
antibiotics, minimize risks of chemical residues in milk, and provide a more sustainable
approach to mastitis management. The combination of these strategies with hygienic
management practices and early diagnosis is essential for effective and integrated disease
control, benefiting animal health and milk production.

Antimicrobial resistance, Veterinary phytotherapy, Essential oils, Sustainable
management, Animal health.
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The entire milk production system, from small farms to the dairy industry, is
extremely important to ensure the quality of the final product. Several factors influence the
quality of milk, such as animal genetics, management, nutrition, herd health and the milking
method applied. One of the great challenges of the global dairy sector is the presence of
mastitis in the herd, a very common disease in Brazil and in the world and that significantly
affects the performance of the entire dairy system until it reaches the consumer's table
(SAAB et al., 2014; BELOTI, 2015).

Mastitis is the inflammation of the parenchyma of the mammary gland, which can
present itself in different forms, such as acute, superacute, subacute or chronic,
characterized by a series of physical and chemical changes in the milk, as well as
pathological changes in the glandular tissue. Mastitis can also be classified according to the
clinical condition that the patient presents, into clinical and subclinical mastitis, and
according to the mode of contagion and causative pathogens, into contagious and
environmental (RADOSTITS, 2000; SEW; LEE; COSTA, 2012). The disease can be caused
by stress, trauma to the mammary gland, infection by microorganisms such as fungi,
yeasts, viruses and bacteria, these being the most frequent agents. The most important
changes observed in milk are discoloration, the appearance of clots and the presence of a
large number of defense cells (leukocytes) (LOPES; L; RONDA, 2013; COELHO et al.,
2016).

The presence of this disease in the herd ends up compromising the quality of the
milk, putting at risk the safety of its handlers and the final consumer, which makes mastitis
the most important disease among the pathological conditions that plague the dairy herd
around the world, since this disease generates great losses in the economic sphere for both
the producer and the industry, in addition to public health problems (MASSOTE et al.,
2019).

Mastitis has a great prominence in the international context due to the high cost of its
treatment, and is also considered the disease that most affects the dairy sector (SANTOS
et al., 2017). According to Peres Neto (2011), approximately 38% of the mortality of the
dairy cattle herd is caused by mastitis. Every year, on average, 1 in 3 dairy cows shows
signs of apparent inflammation in the udder. Among this number, 7% are discarded and 1%

die as a result of the disease. Another important aspect is that more than 25% of the
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economic losses resulting from diseases in the dairy herd are influenced by mastitis
(PERES NETO, 2011).

In addition to the economic aspect of the activity, the dairy segment plays a very
important social role for the country. The dairy sector is responsible for the manufacture of
milk and dairy products, intended to meet the needs of thousands of rural families and for
the generation of numerous direct and indirect jobs (DEMEU, 2009). According to
Maliszewski (2020), Brazil is an important player on the world stage, reaching the fourth
position among the countries with the highest milk production. Even with all the country's
growth in this area, there is still a great concern about productivity, milk quality, and
producers' income (MALISZEWSKI, 2020).

According to Lopes, Manzi and Langoni (2018), in Brazil the economic impact
caused by clinical mastitis was estimated at around R$0.1090 to R$0.5985/kg of milk for
average annual frequencies of 1 and 15% of mastitis (LOPES; MANZI; LANGONI, 2018).
Bovine mastitis causes several losses in all sectors of milk and dairy production. The
economic repercussions range from expenses with medicines and specialized services, to
the disposal of the positive animal and the already contaminated milk. This is because, in
addition to being a risk to public health as a result of the elimination of pathogens that
cause zoonoses and toxins produced by milk microorganisms, milk has a drop in quality. Of
all the losses mentioned, the disposal of milk, either because an animal is complying with a
grace period for the use of antibiotics, or because of the poor quality related to its chemical
compounds, is the largest in the production chain, second only to the disposal of animals
(MAIOCHI; RODRIGUES; WOSIACKI, 2019).

Another aspect to be considered is the concern with public health, since several
microorganisms present in the milk of contaminated animals are capable of causing
foodborne infections or toxinfections, as a result of the production of toxins, which are not

inactivated by pasteurization or boiling methods (OLIVEIRA et al., 2016).

Bovine mastitis is a medical condition of great importance in dairy farming, which
affects not only the health of the animals, but also the quality and quantity of the milk
produced. Characterized by inflammation of the mammary gland, mastitis can be triggered
by a variety of pathogens, including bacteria, fungi, viruses, and, in rare cases, algae
(TOZZETTI et al., 2008; SILVA; MOTA, 2009). These causative agents differ in their modes

of transmission, virulence, and impact on milk production, which makes a comprehensive
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understanding of each essential for the development of effective prevention and control
strategies (ELHADIDY; ZAHRAN, 2014).

Bacteria are by far the most common pathogens associated with bovine mastitis,
accounting for the majority of clinical and subclinical cases of the disease. They can be
classified into two major groups: contagious agents and environmental agents. Contagious
agents are mainly spread during milking and through direct contact between cows.
Pathogens such as Staphylococcus aureus, Streptococcus agalactiae and Mycoplasma
spp. are significant examples of this group. Staphylococcus aureus is particularly
problematic due to its ability to adhere to the mammary duct epithelium and form biofilms,
which makes it difficult for the animal's immune system and antibiotic treatment to eliminate
it (KHAZANDI et al., 2018). In addition, S. aureus often has resistance to multiple drugs,
further complicating treatment (FERREIRA, 2020; RUEGG, 2021). S. agalactiae is another
common contagious pathogen that is usually limited to the mammary gland, facilitating its
spread during milking. This microorganism is one of the main causes of chronic subclinical
mastitis, characterized by persistent inflammation that may go unnoticed until significant
damage has occurred (ANDREIS; PERRETEN; SCHWENDENER, 2017; KHAZANDI et al.,
2018). Mycoplasma spp., especially M. bovis, are less common pathogens but cause
severe mastitis that is refractory to treatments. Due to the absence of a cell wall,
Mycoplasma is resistant to many conventional antibiotics, making eradication of this
pathogen a challenge (NICHOLAS; FOX; LYSNYANSKY, 2016).

Figure 1 - Characteristic staining of colonies of mastitis-causing microorganisms inoculated into chromogenic
culture media triplate: 1 - Streptococcus uberes; 2- Streptococcus agalactiae/dysgalactiae; 3 - Enterococcus
spp. ; 4 - Lactococcus spp.; 5 - Staphylococcus aureus; 6 - Klebsiella spp./Enterobacter spp.; 7 - Prototheca
spp./Leaven; 8 - Escherichia coli.

1

Source: GRANJA (2020);/

In addition to contagious pathogens, there are environmental agents that are found

in the environment around cows, such as soil, feces, and water. Infection usually occurs
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when these microorganisms enter the teat canal, especially during or shortly after milking
when the teat sphincter is open. Among the environmental pathogens, Escherichia coli and
Klebsiella spp. are particularly remarkable. E. coli is an opportunistic environmental
pathogen that causes acute clinical mastitis, often resulting in severe inflammation and
severe systemic symptoms. The adaptation of E. coli to the bovine mammary gland is a key
factor in its pathogenicity (KLAAS; ZADOKS, 2018; MURINDA et al., 2019). Klebsiella spp.,
in turn, are associated with humid and dirty environments and cause severe acute mastitis.
These bacteria are often resistant to many commonly used antibiotics, complicating
infection management (MURINDA, 2019). Another significant environmental pathogen is
Streptococcus uberis, which can cause both clinical and subclinical mastitis. This
microorganism is prevalent in humid environments rich in organic matter (ALVAREZ-URIA
et al., 2018; CHENG et al., 2020).

Although less common, fungal infections are becoming increasingly relevant,
especially in herds where antibiotics are frequently used, which can alter the natural
microbial flora of the mammary gland and allow fungi to proliferate. Candida spp. and
Aspergillus spp. are the main fungi involved (DUBIE et al., 2015). Yeasts of the genus
Candida can cause both subclinical and clinical mastitis, often associated with
immunosuppression or long-term use of antibiotics (DUBIE et al., 2015; MOUSA,;
ELMONIR; ABDEEN, 2016). Fungi of the genus Aspergillus are responsible for rarer
infections, which usually occur in cases of contamination of milk or milking equipment (ABD
EL-RAZIK et al., 2011).

Viruses, although less often associated with bovine mastitis, can play a significant
role in certain conditions. Bovine herpesvirus (BHV) and Bovine Viral Diarrhea Virus
(BVDV) are notable examples. Bovine herpesvirus can cause mastitis as part of a systemic
infection, although it is best known for its association with respiratory and reproductive
diseases (ALTUN; OZDEMIR; SAGLAM, 2019). The Bovine Viral Diarrhea Virus can also
affect the mammary gland, leading to inflammation and changes in milk quality, even if its
main clinical presentation is systemic (BRODERSEN, 2014).

Algal infections are extremely rare, but they can occur in regions with contaminated
water problems. Prototheca algae is the main cause, leading to chronic mastitis that is
often refractory to treatment. This condition is especially difficult to treat due to algae's
resistance to conventional mastitis control methods (JAGIELSKI et al., 2019; KANO, 2020).
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Bovine mastitis can be identified by changes in the udder, such as swelling, warmth,
redness, hardness, or pain when it is clinical mastitis. Other indicators include abnormalities
in the milk, such as watery appearance, presence of flakes or clots (ACOSTA et al., 2016).
In cases of subclinical mastitis, no signs of udder infection or changes in milk are visible.

The most evident symptoms of clinical mastitis include moderate to severe swelling
of the udder, which also presents excessive heat to the touch and reddish color (AMORIM;
SANTANA, 2021). The udder can also cause discomfort to the cow when handled
(FONSECA, 2021). In severe situations, the cow's body temperature may increase and the
milk produced may have a watery appearance, as well as flakes, clots, pus or even blood
(LANGONI et al., 2017).

Figure 2 - Detection of hardened, swollen and painful parts of the udder during palpation.

Fonte: OLIVEIRA et al. (2015).

Other symptoms associated with mastitis may include reduced milk production, lack
of appetite, sunken eyes, decreased mobility (due to udder pain or general malaise), and
signs of diarrhea and dehydration (AMORIM; SANTANA, 2021). In acute cases of clinical
mastitis, the cow may appear extremely debilitated. In contrast, subclinical mastitis may not
present with immediately obvious symptoms, other than an elevated somatic cell count in
the milk (ACOSTA et al., 2016).

An early diagnosis of clinical mastitis is crucial to prevent losses in milk production

and enable effective treatment from the beginning of the disease, in addition to avoiding
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dissemination to other animals and alteration of milk properties (BORGES et al., 2020).
Common diagnostic methods include visual inspection of the animal's udder and analysis of

milk characteristics, such as the presence of lumps during milking (SANTOS et al., 2017).

Figure 3 - Milk with changes in consistency and color.

:
3
:
2
%

Fonte: Oliveira et al. (2015).

Animals with a history of significant recurrence of infections should be isolated to
avoid transmission to other healthy animals. Those who are being treated for the first time
must strictly follow the waiting periods of the medications used (ACOSTA et al., 2016).
Effective strategies for mastitis control should include a preventive program that identifies
the pathogens involved and prevents the development of antimicrobial resistance, a serious
threat to human and animal health (SILVA; MOTA, 2019).

Identifying the causative agent of the infection is essential to determine the
appropriate treatment of mastitis, as different pathogens require different management
approaches. This allows dairy farmers to work together with veterinarians to develop
personalized disease control strategies that adapt to the specific needs of their dairy
operation (FONSECA, 2021).

Treatment of mastitis usually involves the use of antibiotics, although in resistant
cases, other therapeutic approaches may be necessary to combat chronic infections

(RODRIGUES et al., 2018). Effective mastitis management is not only one of the biggest
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costs for the dairy industry, but also a crucial factor for the well-being of dairy cows
(AMORIM; SANTANA, 2021).

Antimicrobial therapy is widely used to prevent and control mastitis. However, even
with the best antimicrobial treatments available, bacterial cure failures are frequent,
especially in the case of mastitis caused by S. aureus and antimicrobial resistance. In
addition, antimicrobial resistance in bacteria constitutes a danger to public health, and the
long-term use of antimicrobials is seen as an important contributing factor to this resistance.
Several strains isolated from mastitis cases have demonstrated resistance to multiple
antimicrobials, such as penicillin-G, gentamicin, streptomycin, ampicillin, ciprofloxacin, and
oxytetracycline (CHANDRASEKARAN et al., 2014). To achieve effective antibacterial
therapy against mastitis, it is necessary for the active drug to achieve and maintain
concentrations above the minimum necessary to inhibit infection at the affected site for the
time required to suppress the production and release of toxins by the pathogen responsible.
Several elements can interfere with this process, including pathological changes in the
glandular tissue of the mammary gland, bacterial factors associated with mastitis,
inadequate selection and overuse of antibiotics, and also the way medications are
administered (HOSSAIN et al., 2017).

Antibiotic therapy for mastitis should be targeted to achieve therapeutic efficacy and
economic advantages, both in terms of increasing productivity and reducing sources of
infection. Acute and hyperacute cases of mastitis can be managed with antibiotics and
always require additional therapeutic support (including fluid administration, electrolyte
replacement, and nonsteroidal anti-inflammatory agents). In the case of cows in the dry
period, the most effective treatment for subclinical mastitis involves the intramammary
application of long-acting antibiotics, combined with drying of the mammary glands
(BENEDETTE et al., 2008). However, due to the type of microorganism involved, location of
the infected sites, degree of mammary gland hardening, duration of infection, and other
undefined factors, it is difficult to quantify the clinical efficacy of an antimicrobial (TOZETTI
et al., 2008).

An analysis of the antimicrobial activity of several antibiotics was conducted against
S. aureus samples obtained from 63 cows. Drugs tested included: ampicillin, cephalexin,
ciprofloxacin, streptomycin, gentamicin, norfloxacin, and tetracycline. The results revealed
that more than half of the agents tested demonstrated sensitivity, with efficacy exceeding
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50%. Among the antibiotics evaluated, those that stood out for their efficacy were
gentamicin, cephalexin, and ciprofloxacin, with a success rate of 100%. Then, norfloxacin
showed an efficacy of 94.6%. On the other hand, the least effective antimicrobials were
tetracycline and ampicillin, with resistance rates of 10.82% and 13.51%, respectively
(SAEKI et al., 2011). Another analysis was conducted using the Disk Diffusion procedure
with the commercial strains of S. aureus. A total of 16 antimicrobial agents were examined:
Florfenicol 30 ug, Enrofloxacin 5 pg, Gentamicin 10 pg, Amikacin 30 ug, Tetracycline 30 ug,
Norfloxacin 10 pg, Cephalothin 30 ug, Cephalexin 30 pg, Gentamicin 30 ug, Neomycin 30
Mg, Amoxicillin 30 pg, Ampicillin + Sulbactam 10/10 pg, Cefoxitin 30 pg, Bacitracin 10 ug,
Ampicillin 10 ug, and Penicillin 10 pg. Total resistance to the drugs Ampicillin and Penicillin
was observed. Cefoxitin and Bacitracin showed reduced efficacy, while the others proved to
be effective in combating the bacteria responsible for mastitis (SILVA et al., 2022).

With the emergence of evidence of drug-resistant strains, it becomes evident that
antibiotics will no longer be effective in combating mastitis. This is a consequence of
decades of antimicrobial use and abuse in both human and veterinary medical practice. As
a result, there is international attention focused on the search for alternative options for the

treatment of bacterial diseases (LI et al., 2023).

The overuse of antibiotics in dairy herds has increased, leading to microbial
resistance and making it difficult to treat diseases (ALVES et al., 2020). In relation to S.
aureus, durability varies among herds due to its ability to develop immunity, being one of
the pathogens that cause mastitis with a significant economic impact (COSTA et al., 2013).

Streptococcus agalactiae is a bacterium commonly found in milk and has become a
major obstacle for farms by causing persistent and chronic infections. The presence of
antibiotic resistance genes in this bacterium increases concern about the effective
treatment of infections (FONSECA, 2021).

Therefore, from a hygienic point of view, milk should be pleasant, clean, fresh and
safe (LEITE JUNIOR et al., 2011). Antibiotic residues in milk pose health risks to consumers
and cause technological problems in the dairy industry, negatively affecting fermentation
processes during the production of derived products (FERREIRA et al., 2014). Milk may
contain residues of substances such as antibiotics, disinfectants, and pesticides that are
administered to animals or used on the farm. Antibiotics can be detected in milk after being
administered intramammary, intramuscularly, intrauterinely, orally or subcutaneously (LEITE
JUNIOR et al., 2011).

Science and Connections: The Interdependence of Disciplines
Acetylsalicylic acid treatment in wastewater by electrocoagulation using aluminum electrodes: Electrical voltage effect



The use of herbal medicines can be a more accessible and natural alternative in the
fight against bovine mastitis, since the plant source for this treatment is often easy to
access and low cost, providing the producer with an alternative for the treatment of this
disease (DANTAS et al., 2010). Because this disease is commonly caused by bacteria,
there is the use of natural products that have antimicrobial activity, making the need for
scientific research in this area increasingly greater (SPERANDIO et al., 2019).

A study conducted by Krummenauer, Ponzilacqua, and Zani (2019) investigated the
antimicrobial activity of Brazilian medicinal plant extracts against bacterial strains of S.
aureus and Corynebacterium bovis isolated from cases of bovine mastitis. Among the
extracts tested, decocts of Psidium cattleianum, Tagetes minuta and Psidium guajava were
observed to demonstrate effective activity against both bacterial species. In addition, the
extracts of Polygonum hydropiperoides, Casearia sylvestris, Achyrocline satureioides, and
Bidens pilosa exhibited specific antimicrobial activity against S. aureus, but not against C.
bovis. On the other hand, the extracts of Allium sativum and Matricaria chamomilla did not
show antimicrobial activity against the strains analyzed. The results of this study highlight
the potential of medicinal plants from the Brazilian flora in the treatment of bovine mastitis,
offering new perspectives for the development of effective and selective active ingredients
against specific pathogenic bacteria, especially S. aureus (KRUMMENAUER,;
PONZILACQUA; ZANI, 2019).

The use of natural products in the treatment of mastitis has been an interesting
alternative, since most bacteria have a resistance against the drugs already used, making
treatment difficult (AUSTREGESILO-FILHO et al., 2023). Based on the positive results, and
the great potential of several plant species, the field of veterinary phytotherapy can benefit
greatly from these studies, offering a viable alternative to the antibiotics that are generally
used (BEZERRA et al., 2009).

The study conducted by Montironi et al. (2019) tested the efficacy of Minthostachys
verticillata essential oil in the treatment of mastitis caused by the pathogenic agent
Enterococcus faecium through a murine model. The immunomodulatory and protective
effects of the EO of M. verticillata, at different concentrations, were evaluated against
macrophage phagocytosis analysis, reactive oxygen species (ROS) production,
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polymorphonuclear neutrophil (PMNSs) infiltration, cytokine mRNA expression (IL-18, TNF-a
and IL-10) and bacterial count in the mammary glands of mice that received intramammary
injections of E. faecium to induce mastitis. It was observed that the intramammary
application of EO at a concentration of 3.6mg/ml activated the phagocytosis mechanisms of
macrophages, inducing the production of ROS, in addition to reducing the infiltration of
PMNs and the expression of proinflammatory cytokines (IL-18 and TNF-a). Increased
production of IL-10, an anti-inflammatory cytokine, has also been reported. In addition, a
decrease in bacterial load was observed compared to the control groups, which suggests
that the immunomodulatory effect of M. verticillata EO contributes efficiently against the
pathogen that causes mastitis (MONTIRONI et al., 2019).

A study conducted in South Korea evaluated the therapeutic effect of oregano
essential oil (Origanum vulgare) in a group of 18 dairy cows diagnosed with subclinical
mastitis caused by S. aureus and E. coli. The cows were separated into 4 groups —
Negative Control Group (CON), which was treated only with saline solution; Positive Control
Group (GEN), treated with gentamicin ointment (10g/tube); OEO-1 group, treated with a
dose of 0.9ml of oregano OE ointment, twice a day for three days, and finally, the OEO-2
group, treated with twice the dose of OEO-1 group EO for the same period of time. Before
and after the stipulated period of time, the physical conditions of the udder, the Somatic Cell
Count (SCC) and the leukocyte count (WBC) and the presence of bacteria (S. aureus and
E. colli) were evaluated. As a result, a significant improvement in udder physical conditions
was observed in the groups treated with gentamicin and EO. A considerable reduction in
SCC and leukocyte count was also reported compared to the control group. The presence
of S. aureus and E. colli was not detected in the milk of the groups treated with OEO. The
results of the research indicate that oregano essential oil is effective in the treatment of
bovine subclinical mastitis, as it not only reduced somatic cell count and leukocyte count,
but also eliminated the pathogens that cause the infection. In addition, treatment with EO
improved the physical conditions of the udder without causing significant damage, making it
a promising and natural alternative to antibiotics (CHO et al., 2015).

Harati et al. (2022) evaluated in Iran the efficacy of Zataria multiflora essential oil in
the treatment of subclinical bovine mastitis caused by S. aureus. The study was carried out
with 40 dairy cows that were separated into two groups — Control Group, which was treated
with gentamicin and OEZM Group, which was treated with an intramammary ointment
containing the essential oil of Z. multiflora at a concentration of 10% (v/v). Both groups were
treated twice daily for the three-day period. Milk and blood samples were collected before
treatment (TO) and at regular intervals after the start of treatment (T24, T48 and T72 hours)
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for the analyses of Somatic Cell Count CCS, bacterial count, milk composition parameters
and hematological and biochemical parameters. The results demonstrated that Z. muiltiflora
EO was effective in reducing bacterial count and SCC, without altering milk composition
parameters or causing systemic adverse effects, making it a promising alternative for the
treatment of subclinical mastitis (HARATI et al., 2022).

In the study conducted in Lebanon by Abboud et al. (2015), the efficacy of thyme
(Thymus vulgaris) and lavender (Lavandula angustifolia) essential oils against pathogens
that cause bovine mastitis (S. aureus and Streptococcus spp.) was evaluated. The
experiment was conducted on four farms, where dairy cows were examined weekly for five
months for the presence of clinical mastitis using the California Mastitis Test (CMT). Farm 1
had 5 positive cows for mastitis, while Farm 2, 3 and 4 had 6, 4 and 7 diagnosed cows,
respectively. The treatment differed in each farm, with Farm 1 treated with intramammary
(IM) injection of 10% thyme EO in methanol, Farm 2 with IM of 10% lavender EO in
methanol, Farm 3 IM with the combination of the two essential oils at 10% methanol and
Farm 4, in which 4 cows received external application of thyme EO in petroleum jelly and 3
cows received external application of the OE of lavender in petroleum jelly. All treatments
were performed for 4 consecutive days and there was clinical evaluation and milk collection
to evaluate the parameters of its composition and bacterial count during all days. The
results showed that both application methods (intramammary and external) showed a
significant reduction in bacterial count and an improvement in the clinical conditions of the
affected cows, without significant adverse effects. Farm 1 obtained the best result,
demonstrating the highest efficiency of thyme EO compared to lavender in combating
bovine mastitis (ABBOUD et al., 2015).

Therefore, bovine mastitis represents a major challenge for dairy farming, impacting
both the health of the animals and the quality and quantity of milk produced. The diversity of
causative agents requires a comprehensive approach to diagnosis, treatment, and
prevention. While antibiotics are widely used, growing antimicrobial resistance and the
adverse effects associated with their long-term use highlight the need for more sustainable
and effective alternatives.

Recent studies suggest that treatments based on plant essential oils may offer a
promising solution, with several extracts showing significant antimicrobial efficacy against

common mastitis pathogens. In addition, the use of herbal medicines can reduce
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dependence on antibiotics and reduce the risks of chemical residues in milk, benefiting both
animal and human health.

Thus, the implementation of integrated strategies, combining hygienic management
practices, early diagnosis, thoughtful use of antibiotics and adoption of natural treatments,

is essential to control bovine mastitis in an effective and sustainable way.
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