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Abstract
Subclinical mastitis (SCM) particularly affects milk yield, quality and health of lactating animals. It is an apparently invisible problem 
that silently leads to enormous financial damage to the whole dairy industry. It is evident from previous studies that faulty animal 
husbandry practices including microbial infections, poor nutrition, unhygienic microenvironment, poor transition management of 
dairy animals and changing climatic scenarios are major reasons for increased SCM cases. The aim of this manuscript includes 
summarizing the factors associated with SCM and its effects on various performances of affected animals, detection methods and 
management strategies (improved nutrition, maintenance of optimum energy balance, genetic selection of mastitis-resistant animals, 
improved milking practices, hygienic conditions, emerging dry cow therapies, use of bacteriophages, utilization of plant- and animal-
derived products and compounds) to curb the SCM cases in dairy animals. However, special emphasis has been made on the 
management practices that may be helpful in controlling SCM cases in dairy animals. A wide range of practices has been studied 
towards controlling SCM cases but it may not be denied that SCM is likely to be a continued challenge for the dairy herdsman.
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Introduction
SCM has been remarked as the critically most challenging dairy 
production problem which leads to heavy financial damage to the 
dairy industries of both developed and developing nations [1–4]. 
It is obviously an implied point that economically backward and 
developing nations are more prone towards poor production and 
health losses in dairy animals [5–7]. The reason behind this may 
be the availability of poor nutrition, faulty husbandry practices, 
poor dairy infrastructure and lack of knowledge as major reasons 
among others [2, 8, 9]. Mastitis may be understood as mammary 
gland inflammation which results in the alteration of physical, 
chemical and bacteriological attributes of milk and mammary 
gland tissues of the affected animal [6, 10, 11]. Mastitis can be 
broadly characterized into three different stages viz. first being 
SCM, second being clinical mastitis (CM) and third being acute 
mastitis cases. We shall be focusing more on SCM in this review 
along with discussing briefly in regard to CM cases. This disease 
becomes important to be monitored and controlled as it may pose 

a threat to the food security of humans and public health. In this 
review, we will be focusing more on management of SCM because 
“Prevention is better than cure”.

SCM in dairy animals has adverse implications for the milk 
performances and animal health with no visual cues [2, 8, 9, 12] 
unlike that in CM cases where the symptoms are more pronounced 
and clearly visible through naked eyes [12–16]. Milk yield and 
its quality get lowered in SCM cases [2, 6, 12, 17]. Moreover, 
animals experience health issues which are reflected by the 
multidimensional poor performances of dairy animals.

Etiological factors of SCM are complex and directly depend upon 
the causative microbial load (virulence factor, number of microbes, 
blind treatment) in the microclimate surrounding the concerned 
animal (hygiene, housing-bedding, herd size, teat dips pre- and 
post-milking), host animal (breed, production level, age, parity, 
milking intervals, milk somatic cell count, stage of lactation, udder 
characters, dry period, genetic makeup), milking practices (hand 
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milking or machine milking), vectors those may infect the host 
animal, immunity levels and nutritional status of the subject animal 
(plane of nutrition, essential nutrients in diet, fiber and energy levels 
in diet). Major pathogenic microbes include Staphylococcus aureus, 
Streptococcus uberis, Streptococcus dysgalactiae, Streptococcus 
bovis, Escherichia coli [18]. In some cases, some yeast species may 
also cause mastitis. However, Bacteria remain as the major causal 
organisms for mastitis in dairy animals [19]. Both Gram-positive 
and Gram-negative bacteria may cause SCM but Gram-negative 
bacteria remain the most active SCM causal microbes [20]. These 
pathogens may gain entry into the mammary system of dairy 
animals and multiply by utilizing favorable substrates present in 
the mammary system. They majorly utilize milk lactose as a carbon 
source and their proteolytic activity provides them with nitrogen to 
proliferate in milk. However, vitamins may help them to bind with 
proteins and thus, changes in the composition may be encountered 
for SCM milk [18, 21]. Furthermore, it may be a noticeable point 
that injuries in teats or udder (physical, chemical or thermal) 
may lead to SCM cases. SCM-affected animals may become a 
potential source of infection for other animals of the same herd. 
Tropical climate dairy animals suffer more problems of SCM as 
this climatic condition is the suitable breeding place for pathogenic 
microbes for SCM [8, 22–24]. Severe mastitis cases may lead to a 
further reduction in the performances of animals which may raise a 
potential question about animal welfare. Treatment of such disease 
is completely nonfeasible and may be quite a costly issue. SCM 
can be managed but it is completely not feasible to be eradicated 
[18, 25]. The unwanted culling rate of the herd may increase due 
to high and repetitive SCM cases which may also cause loss of 
superior Germplasm. Early detection of SCM becomes necessary 
to overcome it [25]. Several field-level and laboratory tests can be 

done to detect SCM cases as depicted in Fig. 1. Advanced and 
recommended SCM management practices may be considered as 
a benchmark to augment milk quantity, quality and health of dairy 
animals for the overall sound development of profit from the dairy 
business with implied animal welfare.

Reviews over mastitis have been done extensively however, to 
the author’s knowledge, comprehensive and updated reviews on 
SCM management for improved performances of dairy animals 
are scanty. Therefore this manuscript has been framed to provide 
updated knowledge on SCM factors, diagnostic methods and 
husbandry strategies especially improved nutrition, dry cow 
therapy, plant- and animal-based therapies, maintaining optimum 
energy levels and smooth transition management in dairy animals.

Review Methodology
This review is collated after considering a wide variety of articles 
dealing with sub-clinical mastitis. Several reputed journal publishing 
houses including Indian Journals, Elsevier, Springer Nature, Willey 
Online, Taylor and Francis, Royal Society, Sage Publishing, etc. 
and online platforms such as Google Scholar, Research Gate, 
EBSCO, Scilit, ProQuest, etc. have been utilized for preparing 
this manuscript. Information from different published sources has 
been collected from the year 1985 having a cap on the year 2022. 
Different keywords such as “Mastitis and Cattle”, “Mastitis and 
Buffalo”, “Mastitis and Nutrition”, “Mastitis and Milking”, “Mastitis 
and Genetics”, “Mastitis and Dry Period”, “Mastitis and Climate”, 
“Mastitis and Housing”, “Mastitis and Energy Balance and Cattle”, 
“Mastitis and Bacteriophages”, “Mastitis and Phyto-additives”, 
“Mastitis and Hygiene”, “Mastitis and Vaccination”, “Mastitis and 

Fig. 1. Diagram showing various diagnostic tests for subclinical mastitis.
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Economics”, etc. In this paper, special emphasis has been made 
on the management practices that may be helpful in controlling 
SCM cases in dairy animals.

Mastitis detection and prevention
SCM is considered as a silent disease of dairy animals. It kills 
animal health, production and economics of farms with no visual 
cues. And by the time visual symptom of this problem arises, 
major damage has already happened. Therefore, it becomes 
necessary to regularly test the animals for SCM cases. Several 
on-farm and off-farm mastitis tests have been developed as shown in 
Fig. 1. These tests should be done at regular intervals so that early 
detection of mastitis may be done. These tests may be helpful 
in minimizing health, production and economic losses. However, 
National Mastitis Council (NMC, USA) suggested five points plan 
of action for the prevention of mastitis which includes: 1. Effective 
post-milking teat dipping; 2. Antibiotic dry cow therapy; 3. Suitable 
treatment of clinical cases; 4. culling of consistently affected cows; 
and 5. Maintenance of milk equipment.

Prevalence of mastitis and economic 
losses
Typically, milk having around 1,00,000 somatic cell counts (SCC) 
is considered as normal and healthy whereas when SCC crosses 
2,00,000 in number it is considered to enter into SCM case [3, 4, 
26–28]. This problem is apparently invisible but slowly and slowly 
kills down the economics of dairy production and ultimately leads to 
collapses in economic returns [2, 6, 25, 29, 30]. Around 10%–30% 
reduction in the total lactation yield may be observed in case of 
mastitis in dairy animals [25] and correspondingly economic losses 
may be incurred out of the milk that could have been achieved 
besides that, treatment cost also adds to this. As per different 
estimations [31–33] about 100–500 kg of milk loss occurs per 
lactation per cow due to SCM. Due to poor milk quality, sometimes 
the milk is discarded also which increases losses furthermore. 
Many studies showed that the prevalence of SCM may be about 
20%–85% in cows from different regions [25, 31, 33]. For instance, 
in India, about 80% of economic losses in the dairy business occur 
due to SCM [25]. It was observed that SCM may be as high as 
15 to 40 times more common in milch herds as compared to CM 
cases and if we consider only the Indian conditions, about INR 
4151 Crores which is nearly 560 Million USD loss occurs due to 
SCM [34]. Other examples could be taken from the UK where 300 
million Euros are lost due to mastitis cases [35, 36]. In a more 
recent study, it was acclaimed that nearly 147$ per cow per year is 
lost due to mastitis in dairy cows which has been attributed to milk 
loss and culling of prolonged infected animals [37].

Pathogenesis of SCM
Thorough knowledge of the pathogenesis of mastitis becomes an 
inevitable aspect to combat and manage mastitis cases in dairy 
animals. In order to lead considerable growth, pathogens have 
to multiply themselves after gaining entrance through the cistern 
orifice of teats and for this, they have to cross the barrier of the 
immunity defense mechanism of the mammary system of the host 
animal [36]. Generally, sphincter muscles prevent the entry of 
pathogens by tightly closing the cistern canal. The cistern canal is  
lined up from the inner side with keratin. Keratin, a kind of protein 
containing a waxy substance obtained by the outer layer of epithelial 
tissues, has antimicrobial activities through the release of long-
chained fatty acids; however, its antimicrobial activity is up to a 
limited extent [38–40]. Additionally, it is a noticeable aspect that the 
teat canal may remain open during milking and up to 2 hours after 
milking period as sphincter muscles require about 2 hours to get 
tightened again the canal of teats. In connection to that point, when 
the animal approaches parturition, an increased intramammary 
pressure followed by dilation of the teat canal may be observed in 

them. This period is crucial for pathogens to invade the mammary 
system of a host animal. After passing through the immunity barrier 
of animals, these pathogens multiply and produce toxins that exert 
influence upon the accumulation of leucocytes and epithelial cells 
that release chemo-attractants. This whole scenario leads to the 
deployment of various neutrophils at the place of infection. These 
neutrophils contain bactericidal substances which destroy bacteria 
and some epithelial cells resulting in suppressed milk yield and 
quality. This leads to the release of enzymes like N-acetyl-beta-
D-glucosaminidase (NAGase) and lactate-dehydrogenase (LDH) 
(Fig. 2). Leftover neutrophils get diminished either by apoptosis or 
by the ingesting action of macrophages. These damaged epithelial 
cells and dead neutrophils are released into the milking which 
makes it show high SCC. In advanced cases alveoli may severely 
get damaged which may lead to an influx of different ions into milking 
thereby making its pH more, which may be indicative of mastitis [36, 
41–45]. While the results of a study [46] suggest that vitronectin to 
be as an important mediator in the occurrence of mastitis as well 
thus, it can act as a potential marker for the detection of SCM.

Factors associated with mastitis and 
their management strategies
Individual or combinations of pathogen factors, animal factors and 
environmental factors as shown in Fig. 3, may be involved in the 
occurrence of mastitis in dairy animals.

Animal factors on SCM in dairy cattle
SPECIES OF ANIMALS
Prevalence of mastitis is more in cattle as compared to that in 
the case of buffaloes as buffaloes have comparatively more tight 
sphincter muscles than that of cattle. Furthermore, cross-breed and 
exotic cattle are more susceptible to mastitis cases than zebu cattle 
[47, 48]. Pathogens are present over the udder and teat skin and 
whenever they get enough opportunity to enter inside the teat canal, 
they infect the animals leading to an intra-mammary inflammation 
condition that’s why they are also termed as opportunistic 
pathogens. Hence, proper cleaning and regular washing of the 
rear flank region and udder and teats of the concerned animal, in 
particular, should be done. In addition to that milker’s hand should 
also be sanitized before milking in case of hand milking [2, 8, 49].

AGE AND PARITY OF THE ANIMALS
Comparatively older and more parity animals show more mastitis 
cases than younger ones [50]. Whereas, in the case of buffaloes, 
high percentage of mastitis is encountered in their 3rd or 4th parity 
buffaloes [48, 51]. In support of the above-stated point, a recent 
study also suggested that SCC which is considered as the marker 
of SCM was significantly affected by the breed of buffaloes, their 
age, parity, and season of the year [52].

STAGE OF LACTATION
Dairy animals which enter into the milking stage after parturition 
for the first two months in milk, particularly, are more susceptible to 
mastitis cases [48]. The reason behind this may be that during the 
peri-parturient period, the pressure over the teat canal increases 
and leakages from the teat may occur, this creates a scope for 
invasion of pathogens to the udder of the animals. In different 
studies, it was reported that pendulous udder shape, flat or inverted 
teat ends, longer and thick teats had higher possibilities for intra-
mammary infection and increase in milk SCC [48, 53–60].

UDDER AND TEAT CONDITION
Deformity or an injury, that is, any chemical, physical or thermal 
injury in the teat has a high potential of leading to infection. This 
might lead to an uneven flow of milk and asymmetric udder 
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Fig. 2. Representative diagram for major changes occurring during the development of mastitis and immune system against invading pathogens.

Fig. 3. Factors influencing the incidence of mastitis.
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quarters were reported to be more prone to mastitis cases [56]. 
Less pointed and more flattened teats were corroborated with 
higher mastitis rates [61]. However, different studies revealed that 
the rear quarters of udder are more susceptible to mastitis cases 
[62–65]. Hence, it becomes an important aspect to select animals 
with proper udder shape and teat configurations while selecting 
and purchasing dairy animals for milk production [66].

ANIMAL ENERGY BALANCE
Various studies showed that animals that enter into under or over-
body condition, are observed with higher cases of udder health 
problems [4, 67–71]. Hence, it becomes necessary to maintain the 
animals under proper body condition score (BCS) through various 
methods such as regular exercise, feeding management strategies, 
etc. in which feeding management may be considered as a major 
BCS controlling strategy. Recent studies [4, 72–74] suggested that 
the animals which were managed to have proper BCS at calving 
period showed significantly better productive performances with 
reduced cases of udder health problems. Management strategies 
should aim at keeping a close watch over the animals that 
enter into over or under BCS, especially the animals which are 
about to get dried off [2, 4, 75, 76]. Over BCS animals may be 
subjected to high fiber with a low concentrate-based diet [4, 67, 
69, 77], while animals having under BCS state may be subjected 
toward high dense feeds [2, 78]. This may also be achieved by 
increasing concentration in the diet up to a certain limit and usually 
concentrate levels of more than 50% are not recommended as it 
may lead to acidosis cases. Additionally, supplemental fat around 
2%–5% may be added to diet of lactating animals to achieve better 
energy balance with improved production status [2]. However, it 
should be paid attention that n6: n3 poly-unsaturated fatty acids 
ratio should be around 3.9–5.9 for normal immune functions in 
lactating animals during the transition period [79]. Nevertheless, 
the recommended ration offered to the animals must fulfill the 
nutritional requirements to them.

DRY PERIOD LENGTH
Many studies are present in the literature which shows dry period 
lengths from 0 to 7o days [80]. However, recent studies suggested 
that the optimum length (generally considered as 8 weeks period) 
of the dry period assures sufficient time to replenish the nutrient and 
prepare the animal body from a nonproductive stage to a productive 
stage [2, 76]. Provision of considerably below the optimum dry 
period length pushes animals into deeper negative energy balance 
conditions where immunity levels are minimized and chances of 
SCM increase many folds, especially for primiparous milch animals 
whose mammary system is not fully grown [76, 81]. On the other 
side, if more than the required dry period length is provided to the 
animals, it may lead to a loss in the overall production of the herd 
which is considered uneconomical.

Environmental factors on SCM in dairy cattle
Limiting the exposure of pathogens to animals from the surrounding 
contagious environment may economically help in reducing SCM 
cases in animals [17, 82]. Unlike in the case of animal factors, 
environmental pathogens are not present on the skin, udder, or teat 
of the host animal rather they are present in the particular residential 
place of animals: airborne, waterborne, bedding material, climatic 
conditions, and stress levels. Hence, a close and regular monitoring of 
the samples of open air, water and bedding offered to animals should 
be done to find out the specific pathogens that may lead to mastitis in 
animals, and accordingly, preventive measures may be taken.

Climatic conditions
Hot and humid weather always favors the development of pathogenic 
bacteria [17, 82]. Relative humidity coupled with different bedding 
materials has shown dramatic changes in the prevalence of mastitis 
in different studies [83–86]. The rainy season offers the greatest 

scope for the development of pathogens. Studies revealed that the 
least mastitis cases are observed during the winter season followed 
by the summer season than the rainy season which shows the 
maximum number of mastitis cases [87, 88]. The reason behind 
this may be attributed to the anatomical structure of lactating 
animals which makes them differently resistant in particular climatic 
conditions. Hogan et al. [82] considered bedding materials as the 
key source of SCM in dairy animals. From the management point of 
view, it may be noted that the ventilation of animal houses may play 
a key role in the maintenance of relative humidity and temperature 
of the animal house up to a considerable level [89]. However, 
extreme climatic conditions such as too cold or too warm weathers 
may be dealt with the provision of heat sources and cooling facilities 
may be provided to the animals, respectively [90, 91].

Effect of bedding materials
In a recent review [92], it was suggested that the selection of 
bedding materials that remain dry and clean for a longer period 
of time should be preferred to prevent mastitis cases. In addition 
to that, they should provide comfort to farm animals. Recently, 
recycled manure solids (RMS) were tried as bedding materials for 
dairy animals. Some studies suggested that RMS may be useful 
bedding material with comparative SCC in milk [93]. However, 
other studies suggested that maintenance of hygiene and dryness 
of RMS becomes a challenging task for herdsmen [94, 95] and 
the recommended dry matter in RMS was more than 34% [94]. 
Different bedding materials such as rubber mats may be costly 
items; concrete floors may become slippery during wet conditions 
for animals; paddy straws are much prone to attracting and 
retaining moisture that may increase microbial growth to many folds 
[92]. However, sand has been considered as the gold standard 
for improving comfort and reducing SCM cases in dairy animals. 
Provision of about 25 cm layer of sand with regular replacements 
every fortnight is expected to provide good results to control SCM 
cases [95–100]. Furthermore, it was suggested that floor and 
house surfaces exposed to farm animals must be regularly and 
timely cleaned and disinfected for the prevention of SCM cases 
[101]. Additionally, regular changing of the upper layer of bedding 
materials along with timely raking may help in keeping the bedding 
dry and clean for animals to walk and rest. It may improve the 
comfort levels of the animals along with the control of SCM [2, 92].

Oxidative stress levels and SCM
Considerable oxidative stress is experienced during SCM. As 
a result of SCM, NO-derived free radicals are released into the 
milk. These free radicals have association with milk loss, reduced 
antioxidant capacity and vitamin C levels [102]. Hence, from the 
above point, it may be noted that the supplementation of vitamin 
C may be incorporated into the diets of dairy animals [103, 104]. 
While other researchers remarked that the quality and quantity of 
milk were affected adversely by the prolongation of SCM intra-
mammary infection in dairy animals including goats [105, 106]. 
Increased levels of (NO) derived metabolites were associated with 
SCM cases in milk-producing farm animals [107, 108].

Management factors associated  
with SCM
NUTRITIONAL MANAGEMENT
An optimum plane of nutrition must be provided to dairy animals 
during different phases of lactation in order to avoid any deficiency 
[2, 109–111] which may have detrimental influence over the 
immune system. Water is considered as the most crucial nutrient for 
dairy animals and its ad libitum availability should be made for the 
animals [112]. Special attention should be paid to nutrition during 
the dry period in which mostly poor feeding is practiced as animals 
during this period do not give any milk; this is observed also during 
the initial lactation period [2, 6, 113]. As both these period are exposed 
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  to potentially high risk of SCM if any deficiency of essential elements 
occurs [ 2 ,  8 ,  114 ]. Essential nutrients during the transition period (Table 
 1  and Fig.  4 ) include vitamin E & Selenium (which act as antioxidants 
by protecting cellular damages by free radical scavenging [ 3 ,  71 ,  73 , 
 117 ]. Fresh forages are a very good source of vitamin E [ 114 ]. In a 
recent study [ 118 ], it was affirmed that a complex of plant-extracted 
vitamin E and organic selenium prevents mastitis in transition dairy 
cows. Copper (Cu protects host tissue from membrane oxidants); 
ß-carotene (ß-carotene prevents lipid peroxidation [ 117 ]. Vitamin C is 
an antioxidant and adds up to the free radical scavenging activity of 
neutrophils, that is, immune cells [ 47 ,  117 ,  119 ]. It is a notable point 
that vitamin C content in plasma levels of cattle gets reduced when 
they are found to be affected by SCM or CM [ 120 – 123 ]. Vitamin A 

maintains the functional activity of epithelial linings of teat which acts 
as a physical barrier for invading pathogens [ 117 ,  124 ]. Zinc helps 
in enhancing the antioxidant capacity and it helps in maintaining 
the integrity of the skin for rapid recovery against any damage 
in the tissues [ 117 ,  125 – 127 ]. Vitamin D has got an important role in 
the balancing of anti-oxidant status and in the activation of internal 
immunity of host animals which may be helpful in controlling SCM in 
bovines [ 12 ,  128 – 131 ].       

  BODY RESERVES ASSESSMENT THROUGH BCS 
 BCS is a reliable and non-invasive technique to measure the 
energy balance of dairy animals [ 2 ,  75 ,  76 ]. Studies have shown 
a strong corroboration between BCS with SCM in dairy animals; 

 Table 1.    Some important nutrient and their effective levels helpful in the prevention of SCM in dairy animals.  

Nutrients Eff ective levels Remarks References

Vitamin A 110 IU/kg BW/day During dry period and lactation period [ 115 ]

Selenium 0.3 ppm/animal/day Should be present in diet [ 114 ]

Vtamin E 80 IU/kg DMI per animal  
20 IU/kg DMI per animal

During the last two months of gestation  
To lactating animals

[ 115 ]

Vitamin C 30 g/animal/day Dietary supplementation reduced SCC in milk [ 116 ]

Zinc 50 to 60 ppm/animal/day Should be present in diet [ 114 ]

Copper 20 ppm/animal/day Should be present in diet [ 114 ]

 Fig. 4.    Some important nutrients required by dairy animals during the transition period.    
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however, BCS and SCC are inversely correlated with each other 
[2, 26, 67, 76]. Special attention should be paid to maintaining 
animals into optimum BCS range during the dry period and initial 
lactation period for improved udder health so as to reduce SCM 
cases [2, 68, 69, 76, 78]. Recently, some important studies were 
conducted [4, 68, 69, 74, 78] in the field of the transition period 
feeding management suggest that high fiber and low energy diet 
during far off dry period (first 45 days of dry period) as compared 
to higher energy density during close up periods (last 15 days of 
dry period) wherein high dense feed is required to cope up with 
production stress by peri-parturient animals. This type of feeding 
regimen resulted in proper attainment of BCS thereby leading to 
improved performances with reduced SCM in dairy animals [4, 
67–69, 74, 78].

MILKING PRACTICES AND HYGIENE MANAGEMENT
Milking management has direct role in the SCM of dairy animals 
[132]. Un-hygienic methods of milking whether hand or machine 
milking may lead to SCM cases. Underhand milking method, the 
knuckling method may be avoided as it causes injury to the tissues 
of the teats hence full hand method of milking may be preferred 
[113]. In case of machine milking, strict hygienic measures must be 
followed in order to avoid SCM in dairy animals [133, 134]. Various 
studies have shown that unhygienic conditions during milking 
have a strong and direct relationship with the growth of pathogens 
for SCM [113, 135]. Furthermore, it has been observed that 
automation in milking practices with strict hygiene maintenance 
may be helpful in controlling SCM cases [136, 137]. Therefore, it 
is recommended to follow hygienic methods such as washing of 
hands, udder, utensils, machine milking parts and milking area with 
suitable washing solutions.

Iodine-based teat dips/sprays [138–140] or 4% povidone-iodine 
and 1% chitosan containing teat dip was recommended for 
preventing SCM cases [141] during dry period or before and after 
milking in order to prevent favorable conditions for contamination 
with pathogens [138–140].

Milking machines may be cleaned twice to thrice a day for proper 
maintenance and avoidance of SCM cases [132]. It was suggested 
that indirect sanitary parts of milking machines such as pulsator 
airline, back flush system may also become a prominent place 
for bacterial contamination. To overcome this, alkali (commonly 
chlorine 75–200 ppm of NaOCl for milking machines) or acidic 
(which may lead to pH less than 3.5 may be useful) based cleaning 
may be done and additionally, hot water may increase the cleaning 
activity of cleaning agents. However, one should be cautious to 
use high concentrations of acids which may lead to the corrosion 
of metals and high-temperature water may lead to damage 
volatilization of some undesirable constituents.

Chlorine-based disinfectants such as CaOCl and NaOCl in 100 
to 200 ppm concentrations can be used for disinfecting utensils 
used in dairy operations. However, acid-based disinfectants such 
as acetate, lactate, propionate and formic acid are widely used 
acid-based disinfectants. These may clean the alkaline deposits in 
the machines and can remain advantageously useful up to a high 
temperature of 100-degree centigrade. But, they may lead to the 
corrosiveness of exposed metallic surfaces when used in excess 
and they may be quite expensive disinfecting agents. Generally, 
manual cleaning and disinfecting may be followed on a small farm 
where less than 30 cattle are kept; however, where a large number 
of animals are present, there machine washing systems may be 
followed.

GRAZING FACILITIES
Grazing facilities have been suggested to control SCM cases as 
compared to a confined barn having a cut and carry facility of feeds 
and fodders [83]. The reason behind this may be that cows can 
clean and maintain their udders [142]. A recent study conducted by 
Valle-Aguilar et al. [143] suggested that a restricted grazing period 

of 8 hrs may be a good practice to maintain better udder health 
and production performance in dairy cows than in the conventional 
barn feeding system. However, herdsmen should be cautious 
that animals do not overgraze which may otherwise lead to SCM 
and in order to overcome this problem, rotational grazing may be 
practiced for better results [82, 83, 144–146].

Ethological factors
Post-milking lying time may have a great influence on the SCM in 
dairy animals [147–149]. Allocation of the standing period of less 
than 40 minutes had shown higher IMI cases thus, a higher risk 
of SCM chances in dairy animals [148]. The increased standing 
period post-milking may be achieved by the allowance of fresh 
feeds and forages to the milking animals [148–153].

Lower herbage allowance was found to improve the standing 
period of dairy animals post-milking [149, 154]. A study conducted 
in the tropical lower Gangetic region showed that the cows which 
had post milking standing periods of more than 90 minutes had 
significantly lower SCC in milk samples [8, 135]. It may be a 
noticeable point that cows whose standing time post milking was 
increased by fresh feed allocation showed lower intra mammary 
infection cases; however, cows may not be disturbed for lying 
activities as it may lead to discomfort and in turn, it may affect 
performances of animals [155].

Genetic selection of animals
Genetic selection of animals that are resistant to the expression 
of genes present in different proteins may broadly aid in the 
prevention and control of SCM in dairy animals [12, 156]. 
Bobbo et al. [157] Suggested that proper genetic selection of 
animal based upon morphological characteristics such as udder 
characters and production traits of concerned animal have a 
considerable relationship with SCC in milk and their selection 
may help in controlling and preventing mastitis cases; however, 
avant-garde technologies have to be applied to bring this forth 
[158, 159].

Vaccination of dairy animals
Vaccination of dairy animals against mastitis may be satisfactorily 
used as one of the preventive measures. Staphylococcus aureus, 
Streptococcus agalactae and E. Coli are considered to be as the 
major subject of vaccines [17, 160, 161].

Different studies [162, 163] reported that gradual and satisfactory 
results can be obtained by vaccines regarding the prevention of 
mastitis. However, some studies [164, 165] also reported that 
these vaccines were ineffective in improving udder health and 
production performance of dairy animals. Nonetheless, nonuniform 
husbandry practices may be responsible for such happenings [17, 
166]. Therefore, it may be recommended that a combination of 
vaccination and other preventive mastitis management should be 
considered a reliable strategy to overcome mastitis cases.

Dry cow therapy
Intra-mammary insertion, intra-muscular, or intra-venous injection 
of antibiotics such as Streptomycin, Ampicillin, Tetracycline, 
Penicillin, Gentamycin, etc. may be given to the animals during 
drying off time to prevent mastitis cases [17, 167, 168].

Dry cow therapy may be considered as one of the reliable 
management strategies to minimize the chances of mastitis in 
dairy animals during dry and lactation period [17, 169, 170]. As 
milk production is almost negligible during dry period and any 
antibiotic-containing treatment will likely not be mixed into the 
milk and thereby creating a risk of antibiotic residues in the food 
chain [171].
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Teat sealant tubes, containing long-acting antibiotics, can be infused 
in the teat orifices, and along with that suitable antibiotics can be 
incorporated intra-muscularly into animals’ bodies so that lower 
rates of mastitis may be achieved [17, 171, 172]. Teat sealant may 
form a blockage, after adjoining with the keratin plug of the natural 
teat sealing mechanism, for entry of pathogens in the teat orifice, 
thus reducing the risk of mastitis. It has been suggested that long-
acting antibiotics may lead to pose a threat to antibiotic residues 
[17]. Additionally, an accurate idea of specific pathogens may help 
to select more suitable antibiotics to further maximize the effect 
of antibiotic therapy. Antibiotic-based prevention and treatment 
of dairy animals offers a great scope to control mastitis cases 
however, it may not be denied that the irreparable loss to the udder 
health of the infected animal will lead to compromise the overall 
productivity of the animal during its lactation life and it poses a risk 
of antibiotic resistance [17, 45, 173]. Nevertheless, some alternative 
approaches such as using plant- and animal-derived products, etc. to 

manage mastitis are emerging which are considered to be much 
safer than antibiotic use [17].

Phyto-additives approach
Plant-derived compounds and essential oils have been observed to 
elucidate properties that may be beneficial to control and prevent 
mastitis in dairy animals [174–176]. Plants utilized for the production 
of such compounds and essential oils contain compounds that show 
properties including antimicrobial [177–180]; detoxifying [181–183]; 
anti-inflammatory [184, 185]; cell protecting [186–190] among other 
beneficial properties. An added advantage of using these products 
may be that they are much safe (not having resistance effects) and 
they are negligibly low toxic in prescribed amounts [180–183]. Some 
of the major plant and animal based compounds and essential oils 
with their properties that may be useful in the prevention and control 
of mastitis have been presented in Table 2.

Table 2. List of some major plant and animal based compounds and essential oils with their properties that may be useful in the prevention and control of mastitis.

Utilized items Potential properties useful for mastitis prevention 
and control

References

Plant-derived compounds

Baicalin Inhibitory effect on apoptosis
Antimicrobial action against E. coli
Reduces antimicrobial resistance effects
Inhibitory effect upon Staphylococcus aureus

[187, 191–193]

Citral and linalool Inhibitory effect upon Staphylococcus aureus and 
suppressing effect upon virulence of other microbes

[194]

Eucalyptus and Juglans extracts Inhibitory effect upon Staphylococcus aureus [177]

Limonene Inhibitory antimicrobial effect upon Streptococcus 
uberis, immuno-modulatory effects, improves 
phagocytic activities of immune cells

[178]

Liquidambar leaf extracts Inhibitory effect upon Staphylococcus aureus and 
Staphylococci spp.

[195]

Poncirus fruit extracts Inhibitory effect upon, Clostridium perfringes, E. coli, 
Haemophilus spp., Pantoea spp.

[188]

Terminalia fruit extracts Inhibitory effect upon Staphylococcus aureus, 
Pseudomonas spp., E. coli, Bacillus spp.

[196]

Thymol Inhibitory effect upon Staphylococcus aureus [197, 198]

Herbal choline obtained from a combination of  
Achyrantes Aspera, Trachyspermum ammi, Azadirachta 
Indica, Citrullus Colocynthis and Andrographis paniculata

Reduced both clinical and subclinical mastits [199]

A combination of Trachyspermum ammi L., Curcuma 
longa L., Cuminum cyminum L., Trigonella foenum- 
graecum L., Foeniculum vulgare Mill., Anethum 
graveolens L and Zingiber officinale Roscoe

Significantly improved neutrophils function was 
observed thereby leading to better immunity response 
in dairy buffaloes

[200]

Animal Based Sources

Bee venom Anti-inflammatory property [201]

Lactic acid bacteria derived from honey Shown potential antibacterial activity against major 
mastitis pathogens under in vitro conditions

[202]

Lactoferrin Potential anti-microbial and Anti-inflammatory 
properties

[203]

Propolis Inhibitory effect upon Staphylococcus aureus, E. coli; 
Anti-inflammatory property

[204]

Continued
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Bacteriophages in mastitis control
A group of viruses that have the capacity to destroy bacteria may 
be termed as bacteriophages [214]. There are several studies that 
show that bacteriophages have ability to destroy mastitis bacteria 
[215–217]. They may be potentially used for safeguarding food 
chain against damage through antibiotic resistance by antibiotic 
treatment of mastitis pathogens [216, 218]. They are termed as 
emerging green technology to improve food safety. However, while 
utilizing bacteriophages as a potential candidate for controlling 
food safety precautionary measures should be taken as it may 
lead to natural resistance in pathogens; safety issues may prevail 
while using it as a therapeutic agent [219, 220]. Bacteriophages 
have mostly been tested under in vitro conditions which need 
to be validated under in vivo model with a large sample size, its 
replications under different climatic conditions in different dairy 
animals for recommending it on a result basis [12, 221].

Conclusions
Mastitis has emerged as one of the major challenges for the dairy 
industry which has led to enormous economic loss. In addition to 
this, the loss in health and production occurs due to mastitis in 
dairy animals. Nonetheless, recent management techniques such 
as genetic selection of animals resistant to mastitis; improved 
nutrition; dry cow therapies; use of animal; and plant-derived 
products and compounds; use of bacteriophages; vaccines 
have shown encouraging results. Latest in vitro studies showed 
substantial results in the prevention and control of mastitis through 
natural antioxidant agents utilizing animal, plant-derived products. 
Such tested products need to be validated with the use of farm and 
field trials. Characteristics and prevalence of mastitis suggest that 

this disease will remain as a continuous challenge in the coming 
future. Nonetheless, continuous and upgraded information on 
the behavior of opportunistic pathogens, prompt detection, and 
effective management strategies may bring out promising results 
in the prevention and control of mastitis.
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