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Alternative herbal medicine in bovine mastitis: A comprehensive review
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Abstract

Bovine Mastitis is the most widespread disease in dairy cattle occurring throughout the world. The disease is
causing huge economic losses particularly in developing countries like India in terms of reduced milk
production, costs on treatment, culling of chronically infected cows and occasional deaths. Moreover, mastitis
has a serious zoonotic potential associated with shedding of bacteria and their toxins in the milk. The treatment
of choice for mastitis is the administration of antibiotics. However, antibiotics used for the treatment of this
disease are causing antibiotic resistance and its residues passes in milk. Phytochemicals isolated from plants
have exhibited potent activities against bacteria causing mastitis. These agents can act alone or in combination
with antibiotics to enhance the antibacterial activity against a wide range of bacteria. The drugs from plants
are less toxic; side effects are scanty and are also cost effective. They are effective in the treatment of infectious
diseases while simultaneously mitigating many of the side effects that are often associated with synthetic
antimicrobials. This comprehensive review was prepared to know different studies on usage of various

alternative medicines in relation to bovine mastitis.
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India is the world’s largest milk producer, with
contribution of 16 percent to global production (Smith
et al. 1985). The annual economic losses due to
mastitis in India, United States, UK and worldwide
have been estimated at $1.1 billion, $2 billion, $371
million and $35 billion, respectively (Reshi et al.
2015). Mastitis is a multi-etiological complex disease,
which is defined as inflammation of parenchyma of
mammary glands and is characterized by physical,
chemical, and usually bacteriological changes in milk
and pathological changes in glandular tissues
(Radostits et al. 2010). The disease is caused mainly
by bacterial infections and is classified into two types
based on epidemiology, namely contagious and
environmental mastitis (Garcia 2004). The former is
caused by contagious bacteria including
Staphylococcus aureus (S. aureus), Streptococcus
agalactiae (S. agalactiae) and Mycoplasma spp. that
spread from infected cow to a healthy cow usually at
the time of milking through the hands, towels and/or

the milking machine acting as the bacterial reservoirs.
Conversely, environmental mastitis is caused by
bacteria that spread primarily outside of the milking
parlor, i.e., the causative bacteria come from the cow’s
environment such as bedding material, soil, manure,
faeces, and stagnant water (Garcia 2004). Mastitis
may be classified as clinical and subclinical. In
contrast to visible changes in the clinical form of
mastitis, there is absence of gross abnormalities in the
milk or udder in case of subclinical mastitis. The
average incidence of clinical mastitis varies from 10
to 20% in most of the herds and the prevalence of intra
mammary infection is around 50% of quarters
(Radostits et al. 2007). Further, the subclinical
mastitis (SCM) is 3—4 times more prevalent than
clinical mastitis (Bhanderi & Garg 2012). Therefore,
milk production loss is more in subclinical mastitis as
compared to clinical form because of increase in
undesirable milk components like proteolytic
enzymes, salts and increase in somatic cell count,




thereby resulting in decrease in the desirable
components such as protein, milk fat and lactose
(Pyorala 2003). Mastitis causes financial losses to
dairy industries through reduced milk yield, poor milk
quality, increased culling and also due to additional
expenses on treatment and extra labour (Radostits et
al.2007). Those animals, which suffered from mastitis
even once in life, will never return to their natural milk
production state resulting in a great economic loss
(Hamadani et al. 2013).

Reactive oxygen species (ROS) are normally
produced via aerobic metabolism in the mitochondrial
electron transport chain (Decoursey et al. 2005).
These are balanced with host antioxidant defense
systems to maintain cellular homeostasis. Large
amounts of ROS production that exceed host
antioxidant capabilities can cause oxidative stress and
consequent inflammatory reactions and diseases (Shi
et al. 2016). High milk yield can produce oxidative
stress in the mammary tissue. High milk yield is also
known to be associated with bovine mastitis (Bae et al.
2017). Intensive growth of the mammary gland and the
synthesis of milk are causes of oxidative stress and
inflammation in the mammary gland (Jozwik et al.
2012). Both lipid peroxidation and total amount of
antioxidants have been found to increase in lactating
dairy cows (Castillo et al. 2006). When oxidative
stress is occurring in cells, antioxidant systems are
normally reinforced for a host defensive mechanism.
Haeme oxygenase-1 (HO-1) is an antioxidant enzyme
that catalyses the conversion of haeme into biliverdin,
carbon monoxide, and free iron (Wang et al. 2008).
Expression of HO-1 is regulated by oxidative stress in
cells. HO-1 and the haeme-degradation byproducts
play protective roles against cellular oxidative injury
(Lobodaetal.2016).

The role of cytokines in the pathophysiology of
bovine mastitis has been the subject of many studies.
Cytokines play a central role in the regulation of
immune responses against different infections and
variations in their expression are often associated with
disease activity in immune-mediated or inflammatory
disorders. Modulation of cytokine secretion may offer
novel approaches in the treatment of a variety of
diseases. One strategy in the modulation of cytokine
expression may be using herbal medicines. A class of
herbal medicines, known as immune modulators,

alters the activity of immune function through the
dynamic regulation of inflammatory molecules such
as cytokines (Loboda et al. 2016).

Antibiotics are used for the treatment of bovine
mastitis, but these are associated with the problem of
antibiotic resistance. The use of a post-milking
germicide is the most effective hygiene practice the
dairy farmer can use for the prevention of new
intramammary infections (IMI). The number of
bacteria residing on teat skin has a direct correlation to
the incidence of new intramammary infections. Teat
germicides reduce this teat skin bacterial population
and, consequently, reduce the number of new
intramammary infections (Boddie et al. 1993).
Commonly used germicides are iodine, chlorhexidine,
and sodium hypochlorite. lodine-based teat products
are mostly used to disinfect teats before and after
milking (Benavides et al. 2016).

The prevalence of mastitis pathogens and their
antimicrobial resistance have been investigated in
numerous studies around the world. Teat disinfection,
both pre- and post-milking has been successfully used
for many years to prevent new intramammary
infections (Pankey ef al. 1984). These disinfectant
residues pass on to the consumers and effect their
health. Drug residues in milk have a potential health
hazards effects for the consumer and may cause
allergic reactions, interference in the intestinal flora
and resistant populations of bacteria in the general
populations, thereby rendering antibiotic treatment
ineffective (Bharti et al. 2012).

Ethnoveterinary medicine for Mastitis: The use of
plants, parts of plants and isolated phytochemicals for
the prevention and treatment of various health
ailments has been in practice from time immemorial.
It is estimated that about 25% of the drugs prescribed
worldwide are derived from plants and 121 such active
compounds are in use. Of the total 252 drugs in
WHO'’s essential medicine list, 11% is exclusively of
plant origin. India has a rich and diversified flora.
Almost 75% of the medicinal plants grow naturally in
different states of India. In India, about 80% of the
rural population uses medicinal herbs or indigenous
systems of medicine (Sahoo et al. 2010).
Ethnoveterinary medicine, the scientific term for
traditional animal health care, encompasses the
knowledge, skills, methods, practices, and beliefs




about animal health care found among the members of
a community (Matekaire et al. 2004). Veterinary
herbal medicines comprise plant-based medicines and
their therapeutic, prophylactic, or diagnostic
application in animal health care. The side effects of
the synthetic drugs such as presence of antibiotic
residues leads to antibiotic resistance in humans; the
toxic metabolites remain in milk and the byproducts of
synthetic drugs become a matter of concern in the
long-term usage of such drugs in mastitis. Issues like
these have prompted the search for the use of
alternatives such as herbal preparations, as these are
cheap and safe as compared to modern animal health-
care systems (Rastogi et al. 2015).

Plants used medicines that are extracted from the
herbs are used as intramammary infusion in the dry
animals. They are “natural” and usually safe and have
clinical and economical value in treating resistant
bacteria (Buhner ef al. 2014). The herbal treatment
tested for dairy cows in the dry period is found to be an
alternative to antibiotics (Mulled et al. 2013). Herbal
preparation had a positive effect on the time to
recovery from mastitis and increased the rate of
bacteriological cure together with improving the
reduction of somatic cell count in dairy cows. Pinedo
et al. (2013) reported that the herbal treatment tested
did not negatively affect milk production or somatic
cell count and were just as successful as conventional
dry cow therapy in curing infections during the dry
period. Cows treated with the herbal preparation at dry
off had fewer new infections (35%) than no treatment
(49%). The consumption of mastitis-affected milk
may be harmful to humans as antimicrobial resistant
pathogens may be transmitted by contaminated
unpasteurized milk; hence is also a major public health
concern (Oliver ef al. 2012). The emerging potential of
drug resistance of pathogens coupled with high cost
and more side effects of antibiotics have drawn the
interest of researchers and general population towards
ethnomedicinal plants for the potential discovery of
useful compounds (Hassan et al. 2014). This review
article is an overview of the different medicinal plants
used in the treatment of bovine mastitis and highlights
their importance as an alternative natural product
therapeutic resource.

Role of Essential oils in the treatment of mastitis:
Essential oils are natural oils typically obtained by

distillation and having the characteristic odour of the
plant or other source from which they are extracted.
Essential oils are widely prescribed by traditional
systems of medicine, all over the world. These have
various pharmaceutical and biological activities like,
antibacterial, antifungal, anticancer, antimutagenic,
antidiabetic, antiviral, anti-inflammatory and
antiprotozoal properties (Raut and Karuppayil, 2014).
Dalchini (Cinnamon cassia oil): Cinnamon cassia oil
has the antimicrobial activity against major pathogens
causing bacterial bovine mastitis, its miscibility in milk
and possible antimicrobial mechanisms. C. cassia oil
has inhibitory activity against all tested pathogen
isolates from bovine mastitis. In disk diffusion assay it
was found that discs with 20 pL of 2% (v/v) C. cassia oil
solution resulted in inhibition zones 0f 29.6, 19.1, 27.0,
33.3 and 30.7 mm for S. aureus, S. epidermidis, S.
hyicus, S. xylosus and E. coli 29, respectively. The
minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of C.
cassia oil was 0.00625% and 0.025% (v/v) for S. hyicus,
0.025% and 0.10% (v/v) for E. coli 29, and 0.0125% and
0.05% for S. aureus, S. epidermidis and S. xylosus,
respectively (Zhu et al. 2016). The antimicrobial effect
of plant-derived antimicrobials including trans-
cinnamaldehyde (TC), eugenol, carvacrol, and thymol
on major bacterial mastitis pathogens was investigated
in milk. All four plant-derived molecules exhibited
antimicrobial activity against Streptococcus agalactiae,
Streptococcus  dysgalactiae, Streptococcus uberis,
Staphylococcus aureus, and Escherichia coli (Baskaran
etal. 2009).

Neem (Azadiracta indica): The oil of neem is
effective against udder infections. The bark, seeds,
leaves and roots of Azadiracta indica are used as an
insect repellant. Livestock insects such as horn flies,
flow flies and biting flies are controlled traditionally
using Azadiracta indica. Azadiracta indica oil is
effective against E. coli and mastitis. Azadiracta
indica can be used as anti-inflammatory and
antibacterial drug and can be an alternate therapy
against bovine mastitis (Ogbueniu et al. 2011).

Haldi (Curcuma longa): The in vitro antimicrobial
activity of different fractions obtained from rhizome
of Curcuma longa was investigated against standard
strain and clinical isolates of Staphylococcus aureus.
The clinical isolates were found more sensitive for




different fractions, than the standard strain of S. aureus
(Guptaetal.2015).

Kalojira (Nigella sativa): Kalojira extract has
potential as a therapeutic agent for Staphylococcus
aureus infection causing subclinical mastitis of dairy
cows and may contribute to the cow’s recovery from
mastitis. It has been reported that milk somatic cell
count of the quarters infected with Staphylococus
aureus decreased after injection of Nigella sativa
extractin Holstein cows (Azadi et al. 2010).

Senjana (Moringa oleifera): Methanol extract (ME)
of Moringa oleifera leaves has beneficial effects in
bovine mammary epithelial cells through its anti-
inflammatory, antioxidant and casein production
properties. Radical scavenging capacities and anti-
inflammatory properties of ME were examined using
lipopolysaccharide (LPS)-challenged MAC-T cells.
ME showed significant radical scavenging activities.
In addition, ME decreased reactive oxygen species
produced by LPS in cells. ME also attenuated
inflammatory cyclooxygenase-2 expression induced
by LPS by down-regulating NF-kB signaling cascade.
Moreover, ME ameliorated LPS-induced pro-
inflammatory cytokines including tumor necrosis
factor-a, interleukin-1fB, and interleukin-6.
Furthermore, ME up-regulated mRNA expression
levels of heme oxygenase-1, NAD(P)H: quinone
oxidoreductase-1, and thioredoxin reductase 1.
Importantly, ME promoted differentiated MAC-T
cells by increasing mRNA expression levels of -
casein S1, a-casein S2, and a-casein. In conclusion,
ME has beneficial effects in bovine mammary
epithelial cells through its anti-inflammatory,
antioxidant, and casein production properties (Cheng
etal. 2019).

Tulsi (Ocimum sanctum): Immunotherapeutic
potential of aqueous extract of O. sanctum leaf in
bovine sub-clinical mastitis (SCM) was investigated.
Somatic cell count (SCC), total bacterial count (TBC),
milk differential leukocyte count (DLC), phagocytic
activity and phagocytic index and leukocyte
lysosomal enzymes like myeloperoxidase and acid
phosphatase content were evaluated after
intramammary infusion of aqueous leaf extract of O.
sanctum. The results revealed that the aqueous extract
of O. sanctum treatment reduced the TBC and
increased neutrophil and lymphocyte counts with

enhanced phagocytic activity and phagocytic index.
Similarly, the lysosomal enzymes contents of the milk
polymorphonuclear cells (PMNs) were also enhanced
significantly in animals treated with the extract. The
results suggested that the crude aqueous extract of
O. sanctum (leaf) possesses some biologically
active principles that are antibacterial and
immunomodulatory in nature. As such, the present
work substantiates the therapeutic use of medicinal
herb and also emphasizes on the potential of the
commonly available non-toxic substances to enhance
the mammary immunity (Mukherjee ez al. 2005).
Ghrit Kumari (4loe vera): The results show that
treatment with Aloe vera gel extract disrupted the cell
membrane causing lysis in 75% of Staphylococcus
aureus, in 88% of E. coli, in 97% of Streptococcus
uberis, and in 88% of MRSA cells. Cell membrane
disruption is attributed to the presence of
anthraquinones (Forno-Bell etal. 2019).

Essential oils can substitute antibiotics, being
immune enhancers and fight bacterial infections
without any potential side effects and leaving harmful
residues in the animal body. As alternative to
antibiotic treatment, essential oils-based
phytochemical still needs to clarify composition and
mechanism of action in order to assess the appropriate
dose and dosage regimen that should be safely used in
cows with diagnosed intramammary infections such
as mastitis.

Conclusion

Mastitis is one of the major diseases affecting the
productivity of livestock. The antibiotics used for the
treatment are showing antimicrobial resistance and
affecting the health of people by its residues.
Medicinal plant products can be a good alternative to
them. Various in vitro studies have been conducted
and antimicrobial activities of plants have been
established however, few in vivo or clinical studies
have been conducted against mastitis. Phytochemical
studies, identification of active compounds and their
testing by in-vitro and in-vivo studies would help in
identifying new drug molecules and standardized
phytochemicals could find antibiotics place in
different pharmaceutical forms. Mitigation methods
for the tissue irritation by essential oils is also
required. Herbal teat dips, herbal ointments, herbal




disinfectants could be developed to combat mastitis.
These novel drugs would be effective in treating
mastitis and would overcome the problem of antibiotic
resistance. The milk so obtained will be safer for

consumption.
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