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1. Introduction

ilk is a rich source of minerals, high quality
proteins with essential amino acids, fat- and
water-soluble vitamins. Quality milk produc-

tion in modern dairy systems is facing many challenges.
Salient in them is mastitis which is responsible for de-

cline in milk production, altered milk composition and
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Quality milk production in modern dairy systems is facing many chal-
lenges. Salient in them is mastitis which is responsible for decline in milk
production, altered milk composition and compromised udder health. The
malaise consists of multiple bacterial etiologies which can be broadly
classified into contagious pathogens and environmental pathogens S. au-
reus is being isolated invariably in all epidemiological studies, followed
by E. coli. Pathogenic virulence in mastitis is often accounted due to mi-
crobial ability of producing wide array of virulence factors that enhances
pathogenicity and sustainment potential in the epithelial linings of udder.
Mastitis affects quality parameters of milk i.e. constitutional as well as
mineral profile due to local damage and inflammatory mediators. It de-
creases the lactose secretion because of oxidative stress generated due to
the formation of free radicals in the milk. In mastitic milk, IgG2 becomes
the predominant antibody which is thought to be the main opsonin sup-
porting neutrophil phagocytosis in the bovine mammary gland. Therefore,
it plays a significant role in the battle against mastitis pathogens. Mastitis
infected cow shows a notable elevated level of the sodium and chloride
and demoted level of calcium, potassium and inorganic phosphorus. In
micro minerals, mastitis effects are pretty much same as in most macro
minerals i.e. lower down their concentration in milk secretion. Consistent
preventive strategy alongside strict surveillance and biosecurity is recom-
mended for combating this challenge.

compromised udder health !". Mastitis is inflammation of
parenchymatous tissue of mammary gland irrespective
of cause. It is described as tissue alteration resulting into
progressive impairment in the secretory apparatus and
decrease milk yield in both clinical and sub clinical form
of mastitis . White blood cells are released in the local
area to tackle the invading pathogenic entities, resulting in
clinical symptoms i.e. udder swelling, heat, redness, hard-
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ness, pain, flakes or clots in the milk 3

Mastitis is a devastating challenge of global dairy in-
dustry. The malaise consists of multiple bacterial etiolo-
gies where S. aureus is being isolated invariably in all ep-
idemiological studies, followed by E. coli . Mastitis can
also occur through chemical, mechanical, or thermal inju-
ry. Mastitis usually appears in two forms i.e. clinical and
subclinical. Clinical mastitis includes all signs like inflam-
mation, pain, redness, affected milk quantity and quality.
In subclinical mastitis, no obvious signs are present, but it
is 15 to 40 times more extensive than clinical mastitis and
exist for long time, difficult to detect, adversely affects
milk quality and quantity . Subclinical mastitis is diffi-
cult to diagnose as indirect detection methods are needed
for this purpose such as electrical conductivity, California
mastitis test, detection of body enzymes in milk released
due to tissue damage . It is 2nd most important disease
of dairy animals after FMD "

Despite of the great advancements in genetics, milking,
housing and feeding systems of high producing flocks,
there is a noteworthy increase in set of multi-factorial
diseases called as production diseases. In these illness-
es “Mastitis” is an economically significant disease that
leads to serious milk losses, premature culling of geneti-
cally superior cows, veterinary cost, medication cost, milk
withholding after care, increase in labour and decrease in
genetic development *'. Pathogenic virulence in mastitis
is often accounted due to microbial ability of producing
wide array of virulence factors that enhances pathoge-
nicity and sustainment potential in the epithelial linings
of udder. These virulence factors contribute in microbial
attachment, colonization, longer persistence and escaping
the immune response . Mastitis is most costly disease of
dairy animals. Its losses include direct losses due to lower
milk production, lower milk quality and milk rejection
at consumer or processing level. Indirect losses include
animal culling, lower animal price, diagnostic tools cost,
veterinary and medication costs !". This review covered
the effects of mastitis on milk quality parameters, in terms
of constituents and mineral profile.

2. Mastitis causing Bacteria

Mastitis etiologies account for more than 140 pathogens
which can be broadly classified into contagious pathogens
and environmental pathogens. S. aureus is on top in the
list of contagious pathogens followed by Streptococci,
Mycoplasma and Corynebacterium while E. coli is the
prominent challenge in case of environmental pathogens,
followed by coagulase negative Staphylococci, Klebsiella,
Listeria and clostridial infections. Other etiological enti-
ties are reported to be least common ',
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3. Milk Quality Parameters Deterioration in
Mastitis

Mastitis has significant impact on milk quality parameters.
Alteration in protein, fat, carbohydrates (Figure 1), and
mineral profile has been measured in multiple studies """
I This review briefly covers these aspects.

M Normal milk (%) M Mastitic milk (%)

LACTOSE TOTAL PROTEIN

Figure 1. Milk constituents’ alterations associated with
mastitis

3.1 Alteration in Carbohydrates

In milk, lactose is a major carbohydrate. Lactose is com-
posed of two components named as glucose and galactose.
Average content of lactose in milk varies between 4.3 and
4.9% (Figure 2). Mastitis decreases the lactose secretion
"] Decrease in lactose concentration increases the plas-
min activity. Plasmin activity not only decreases the milk
secretion but also changes the production of organic com-
pound such as lactose "'*'”.

M Cattle M Sheep M Goat M Buffalo

4.93

4.76
69

433

LACTOSE (%)
Figure 2. Lactose variation in different species

The decline in milk lactose is due to the damage of al-
veolar epithelial cells. The important role of lactose is to
regulate milk production "*. The reduced concentration
of lactose is due to reduced synthesis at cellular level and
inflammatory mediators. There is an increased influence
of electrolytes on lactose synthesis during mastitis. This
is because sufficient water would be drawn into the cell to
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maintain normal osmotic equilibrium "®'”. Other reason
in the reduction of lactose is leakage of lactose out of milk
during mastitis. Lactose concentration depressed if concen-
tration of the major ions i.e. potassium, sodium, chloride
and bicarbonate is disrupted. Mammary cells can alter the
concentration of ions to maintain osmotic equilibrium and

lactose accumulation 2",

3.2 Effect of Mastitis on Immunoglobulin

Pathogenic invasion in the mammary tissue and patho-
gen-specific activation of the immune response influence
the permeability of the blood-milk barrier **. In addition
to the local immune response, systemic immunoglobulins
are also an important component that transfer from blood
to milk during mastitis. The increase of IgG in milk seems
to be pathogen-dependent. The increase of this IgG is
mostly observed in response to gram negative bacteria but
not from gram positive . Hence, the transmission of IgG
from blood to milk seems to be an important indicator for
the type of bacteria that is present in the udder and also,
the expected course of the disease. This information can
provide insight about therapies for particular cases of mas-
titis and help in prudent use of antibiotics. The calculation
of IgG, however is complex and not readily accessible to
farmers **.

During the transfer of passive immunity from mother
to the offspring, antibodies are considered to be the cen-
tral part in the immunological association, as they are the
most important component that linked to the immunolog-
ical response and are present in the milk and colostrum
(23261 Antibodies found in the secretion of mammary gland
are basically preserved in the form of memory to the an-
tigen whom once mother exposed and respond by the im-
mune system. In mastitic animal, particularly during the
lactation period, oxidative stress is generated due to the
formation of free radicals in the milk. This formation of
free radicals is linked to both the clinical and subclinical
mastitis 7,

Immunoglobulin G is the major immunoglobulin in
ruminant milk. The subclass IgG1 is the major antibody
present in milk from healthy quarters because of an
active, selective IgG1 transport across the blood milk
barrier via the neonatal Fc receptor (FcRn) system. In
mastitic milk, IgG2 becomes the predominant antibody
which is thought to be the main opsonin supporting
neutrophil phagocytosis in the bovine mammary gland.
Therefore, it plays a significant role in the battle against
mastitis pathogens **". But in case of mastitis, the in-
crease in IgG concentration of milk from infected quar-
ters is involved in humoral immune mechanisms in the
process of elimination of infection. Such failure against
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infections increases the substantially humoral or local
immunity, which may contribute to the establishment of

persistent infections !'”.

3.3 Effect of Mastitis on Mineral Profile of Milk

Milk is a wholesome food comprised of macronutrients
(carbohydrates, proteins and lipids) along with the mi-
cronutrients (minerals, enzymes and vitamins). Levels of
minerals and enzymes in the milk are important factors
that can be used to detect and diagnose a disease ",
Similarly, minerals and vitamins are used for ameliorated
production, reproduction and treatment of different diseas-
es "%, Likewise, in mastitis treatment, feeding of minerals
to the animals boosts their immunity by reducing the oxi-
dative stress **. Normally both micro and macro minerals
have specific concentration present in milk and this level
or concentration is affected by any abnormality (intrin-
sic or extrinsic) to the animal body. Mastitis affects the
concentration of minerals in milk that affects the quality
of milk from dairy animals results in lower quality dairy
products ',

3.3.1 Macro Minerals

Summarizing the studies, it is clear that concentration
of potassium is lower and sodium is higher in the milk
of mastitis infected cows either of subclinical or clinical
cases. Sodium and potassium ratio (Na: K) of the milk
with respect to that of blood can be used to detect and di-
agnose the mastitis ***. Mastitis uplifts the milk sodium
level in buffalo (38.924+0.20 to 46.60+£0.26mg/100ml)
and lowers down the potassium (23.08+0.56 to
13.62+1.33mg/100ml) ',

As compared to the healthy cow, milk from mastitis
infected cow shows a notable elevated level of the sodium
and chlorine and demoted level of calcium, potassium
and inorganic phosphorus. Similarly, higher sodium and
chloride and lowered potassium level has been seen in the
Holstein cows infected with mastitis. Correlation or rela-
tive ratio of sodium and chlorine (Na: Cl) can also be used
for diagnostic tool "%,

Calcium and phosphorus levels are decreased in case
of major mastitis pathogens namely E. coli and S. aureus.
While no or very little changes have been seen in case of
other less pathogenic organisms like Corynebacterium
and Streptococcus strains '*!. That’s why, no any defin-
itive pattern of calcium level has been concluded. Cattles
suffering from mastitis showed no remarkable variation
in blood mineral level except that of calcium which de-
picted noteworthy boost %%
cases of cows, goat and sheep, demoted level of calcium

1 In some subclinical mastitis
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and inorganic phosphorus has been observed. Higher
phosphorus level has also been seen in clinical mastitis.
Mastitis in buffalo lowers the calcium (49.45+0.62 to
37.80 £0.50mg/100ml), magnesium (15.78+0.27 to 14.41
+0.18mg/100ml) and manganese (21.204+0.39 to 20.02
+0.77mg/100ml). Similar findings have been obtained in
Cholistani cattle ",

3.3.2 Micro Minerals

Micro minerals although needed in lower concentration
by the body but they are equally crucial for proper body
functioning. All these minerals help animal body in main-
taining physiological functions and boost immunity such
as enhancing phagocytic activity by selenium, improving
antioxidant role by copper and protecting epithelial barrier
against infection by zinc **. In micro minerals, mastitis
effects are pretty much same as in most macro minerals,
means it lower down their concentration in mastitis in-
fected buffalos as iron (22.06+£0.36 to 18.87+0.27), zinc
(43.24+1.02 to 37.10+1.22) and copper (13.18+0.38 to
9.07+0.22) . Similarly, in Cholistani cattle concentra-
tion of zinc and iron lowers down in milk and blood of
the mastitis infected animals **. Human milk composition
also varies by mastitis and with reference to the mineral
composition it reduces phosphorus and increases selenium
in the milk "

4. Conclusion

Quality milk production in modern dairy systems is
facing many challenges. Salient in them is mastitis
which is responsible for decline in milk production, al-
tered milk composition and compromised udder health.
Mastitis is a devastating challenge of global dairy in-
dustry. Mastitis usually appears in two forms i.e. clin-
ical and subclinical. The malaise consists of multiple
bacterial etiologies which can be broadly classified into
contagious pathogens and environmental pathogens. S.
aureus is being isolated invariably in all epidemiologi-
cal studies, followed by E. coli. Pathogenic virulence in
mastitis is often accounted due to microbial ability of
producing wide array of virulence factors that enhances
pathogenicity and sustainment potential in the epithe-
lial linings of udder. Mastitis is most costly disease of
dairy animals. Its losses include direct losses due to
lower milk production, lower milk quality and milk re-
jection at consumer or processing level. Indirect losses
include animal culling, lower animal price, diagnostic
tools cost, veterinary and medication costs. Mastitis
decreases the lactose secretion due to the damage of
alveolar epithelial cells. In mastitic animal, particularly
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during the lactation period, oxidative stress is generated
due to the formation of free radicals in the milk. More-
over, the transmission of IgG from blood to milk seems
to be an important indicator for the type of bacteria that
is present in the udder and also, the expected course of
the disease. Mastitis affects the level of concentration
of minerals in milk that affects the quality of milk from
dairy animals results in lower quality dairy products.
Mastitis infected cow shows a notable elevated level of
the sodium and chlorine and demoted level of calcium,
potassium and inorganic phosphorus. In micro miner-
als, mastitis affects are pretty much same as in most
macro minerals i.e. lower down their concentration in
milk secretion. Consistent preventive strategy along-
side strict surveillance and biosecurity is recommended
for combating this challenge.
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