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Abstract

Vitamin E and trace minerals are essential for immune status, reproductive health, and productivity in
dairy animals. Vitamin E is an essential, fat-soluble antioxidant that is necessary for maintaining
immunity and reproductive health. Zinc and Copper essential trace minerals. In order to maintain and
develop immunocompetence, zinc is essential, Copper is also importantto maintain
immunocompetence. Copper is a co-factor in hundreds of enzymatic activities as lysyl oxidase,
cytochrome ¢ oxidase that have a role in collagen synthesis, erythropoiesis, energy production, collagen
synthesis, hormone production, and oxidative damage protection. Zinc and Copper are parts of
cytosolic superoxide dismutase, an enzyme that shields cells from reactive oxygen species (ROS)
damage. Along with vitamin E, zinc and selenium, copper is important for maintaining a healthy udder.
Vitamin E and Zinc are also known to be associated with milk production and composition.A
substantial drop in vitamin E levels occurs during the periparturient phase, which affects the neutrophil
functions and immunity of the cow. Micronutrients and vitamin E supplements are considered to be
essential to maximizing animal production and health. To produce a significant amount of colostrum
and milk, periparturient cows show great mammary development and profuse synthesis and release of
carbohydrates, fats, and proteins. Cows require a higher supply of vitamins A and E before calving
because colostrum is loaded with these nutrients. During early lactation period cows require the
highest Cu and Zn supplementation. Due to an increase in colostrogenesis, zinc is diverted from the
plasma pool and directed toward the mammary gland after parturition. Acute phase response due to a
drop in serum Zn concentration at the time of parturition results in uterine inflammation. When
sufficient Cu is supplied, this is especially significant for phagocytic cells and could be the main
mechanism of action for decreased infectious diseases.

Keywords: Immunity, reproductive disorders, milk yield, vitamin e, zinc and copper

Introduction

Periparturient period is a very crucial phase for the dairy animals and is distinguished by a
weakened immune system and low antioxidant levels. Animal production is significantly
influenced by endocrine and cellular changes made during the dry season and the early stages
of lactation. Elevated energy demand and use of oxygen are linked to physiological changes
during the transition period associated with fast secretory parenchyma differentiation, intense
development of mammary glands, and profuse milk production (Gitto et al., 2002) [,
Brezezinska et al. (1994) 6 found that oxidative stress can occur in cows during the
transition phase, which could potentially cause periparturient diseases. For the health status
of cows, the period between 3 weeks before and 3 weeks after calving is crucial (Drackley,
1999) 281, Toyokuni (1999) ["81 observed that peroxidative degradation of lipids along with
other macromolecules caused by oxidative stress results in changes in membrane and other
component of the cell. A substance that delays, prevent, or eliminate oxidative damage
of the target molecule is considered an antioxidant. Antioxidant includes vitamin E and trace
elements like copper and zinc. Vitamin E and selenium plays the role of antioxidants and
help to scavenge ROS (Reactive Oxygen Species) in the body. In dairy cattle, vitamin E and
selenium both have properties of antioxidant and immune responses in reproduction
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(Xiao et al., 2021) 4 The periparturient phase shows a
significant decrease in plasma concentrations of vitamin A,
a-tocopherol, and beta-carotene (Weiss et al., 1997;
Arechiga et al., 1998) [ 31 Particularly in the transition
period of cows, a-tocopherol prevents the formation of
reactive oxygen species, which shields cells from oxidative
damage(Xiao et al., 2021) B4, Zinc is an essential trace
element that is necessary for the development and function
of the immune system (Wessels et al., 2021) [, The
phagocytic oxidative burst enzymes are also associated with
zinc (Chandra and Au, 1980) 12, in cellular development
and activity of Tand B Ilymphocyte. A number of
metalloenzymes, including glutathione peroxidase (Se),
catalase (Fe), and superoxide dismutase (Zn, Cu & Mn), are
also essential in preventing oxidative damage to the internal
components of cells. Trace minerals such as Zn, Mn, Cu and
Co have various roles in protein synthesis, vitamin
metabolism, connective tissue formation and immune
responses (Miller et al., 1988) 8. For dairy cattle to be
fertile and retain the integrity of their claws, copper is
important (Miller et al., 1988; NRC, 2001) [“6. 511, Reduced
neutrophil count, impaired neutrophil function, decreased
macrophage antibacterial activity, reduced proliferation
splenocyte, impaired B cell antibody formation, and
impaired activity of helper T cells and cytotoxic T
lymphocytes the ways that a copper deficiency affects the
development and functioning of the immune system (Cheng
et al., 2022) (4],

Effect of vitamin and micronutrients during different
physiological stages

Vitamin E status during peripartum period

Goff and Stabel (1990) @ found that during the very last
two weeks of gestation to calving, in cattle, the level of a-
tocopherol in plasma dropped from 1.8 pg per millilitre to
0.7 pg per millilitre. Even when the dietary amount of
vitamin E is fed to cows constantly, the plasma a-tocopherol
usually drops 7 to 10 days before calving and stays lower
for 2 to 3 weeks after calving (Hogan et al., 1993) [?8], It has
been observed that the level of a-tocopherol drops from 2.1
- 1.3 =g/ml at parturition and remains low for two to three
weeks after parturition (Hogan et al., 1993) [?8, Reduced
plasma levels of a-tocopherol in the periparturient period
are correlated with variations in vitamin E intake and a
reduction in the vitamin E transport ability in plasma.
During the periparturient period, the immunity status and
functions of neutrophils are decreased due to a significant
drop in o-tocopherol (Hogan et al., 1993) 8 For this
reason, the lactation period’s first month has a higher
incidence of clinical mastitis. There is a negative correlation
between the intramammary infection rate and vitamin E
levels in plasma in dairy cattle. When cows had plasma
levels of a-tocopherol above 3 g/ml during parturition,
clinical mastitis was not observed in them (Weiss et al.,
1997) 801,

Low levels of a-tocopherol in the plasma during parturition
have been identified as a major risk factor for mastitis and
intramammary infections (IMI) in the first 7 days of
lactation (Goff and Stabel, 1990; Kaur et al., 2002) 2233 A
significant decrease in the level of plasma a-tocopherol was
found in the very last 30 days of the gestation period to the
date of parturition (Chatterjee, 2002) 1131, Control cattle had
a 47.22% fall in a-tocopherol level from 20 days before
calving to the date of calving, whereas treatment cattle
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supplemented by 1000 IU of a-tocopherol in the winters
observed a 20.19% decrease (Chandra and Aggarwal, 2010)
(11, Maurya (2011) 4 found that 60 days before parturition
and on the date of parturition, the drop in vitamin E level in
the plasma of the cattle in the treatment group was 25.25%
and in the control groups was 36.30%.When comparing
vitamin E (1000 IU/d/cattle) and Zn (60 ppm/d/cattle)
supplemented treatment cattle to control cattle (2.60+0.05
vs. 2.38+£0.06 pg/ml), the overall mean (xSEM) of vitamin
E level in plasma was found to be considerably (p<0.01)
higher.

Zinc status during peripartum period

Normal zinc levels in plasma in ruminants range from 0.8
pg/ml to 1.2 pg/ml. Zinc levels vary in plasma with stress,
age, and diseases. Milk and colostrum contain 4 and 14 parts
per million of zinc, respectively (NRC, 2001) BY. Zinc is
diverted from the plasma pool and directed into the
mammary gland during parturition as a result of enhanced
colostrogenesis. A decrease in zinc concentration in the
plasma during parturition is related to an acute response due
to inflammation in the uterus. A protein linked to the
distribution of zinc, metallothionein, is synthesized in
response to stress during calving. Zn is thus transferred from
the blood pool to other tissues, primarily the liver (Megliaet
al., 2001) %, About 12 mg of zinc per day are retained by
the cow's uterus and foetus during the very last 190 days of
gestation. (NRC, 2001) DU, Dairy buffaloes had a plasma
zinc level of 0.90 pg/ml at 15 days before parturition, which
dropped to 0.64 pg/ml at the time of parturition and then
returned to normal levels 15 days after parturition (Panda,
2003) %1, In cross-bred cows, zinc level of the plasma 1.51
pg/ml  at five days before parturition decreased to 1.09
pag/ml on that day of calving (Chandra and Aggarwal, 2010)
(11, Maurya (2011) 4 found Zn level dropped by 30.60%
and 16.13%, in control and treatment group (Zn @ 60
ppm/d) respectively, between 60 days before parturition and
the day of parturition. In comparison to the treatment group,
this drop was more pronounced (p<0.01) in the control
group from seven days before parturitionto the day of
parturition. This level stays low in the early stages of
lactation after calving.

Copper status during peripartum period

Hepatic Cu concentrations of the dairy herd were found
much lower in dry cattle than in cattle in late lactation
(Waterman et al., 1991) "1, Copper status of cows under
actual feeding conditions can undergo a drastic change
throughout the dry period (Waterman et al., 1991) [,
Sathler et al. (2017) ®° recommended that in cattle, daily
dietary Cu intake vary from 8 - 20 mg per kg of dry matter
and depend on different factors. Brown et al. (1990)
reported that in primiparous Holstein cows without Cu
supplementation, liver Cu content was lower 30 days
prepartum compared to 30 and 90 days postpartum. Kromm
and Cardoso (2020) 71 reported that cattle have less copper
tolerance than previously thought; copper already
accumulates in bovine liver at the recommended dietary
level, as indicated by recent research. At 190 days of
gestation, the conceptus of Holstein cows (average BW =
715 kg) contained about 20 mg Cu (House and Bell, 1993)
(291, From 190 days of pregnancy to calving, the conceptus
accumulated 1.6 mg per day or 2.3 pg Cu per kg of maternal
Body weight/day (House and Bell, 1993) ?°l, For an average
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lactating Holstein cattle (35 kg milk production, 650 kg
Body weight, 150 days gestation), the total daily
requirement for absorbed Copper is 11.0 mg/day, up from
11.4 mg in the seventh revised edition (NRC, 2001) 54, The
daily requirement for a 700-kg nonlactating cattle at 260
days of pregnancy are 11.7 mg/d (about 20 mg dietary
Copper per kg assuming a daily intake of 13.5 kg),
compared to 7 mg per day calculated using the seventh
revised edition (NRC 2001) B, Cattle require the
highest Cu and Zn (mg/kg DM) during early lactation
(NRC, 2001) 51,

Importance of vitamin E, Zinc and Cu in immunity

During calving, dairy cattle are prone to infectious diseases
such as mastitis than at other times. Usually, immunity
decreases during peripartum period in dairy cattle. In cattle,
vitamin E enhances the killing potential of the circulating
neutrophils and improves the activity of macrophages (Xiao
et al., 2021) B4, It has been observed that vitamin E
increases the ability of bovine blood neutrophils to destroy
Staphylococcus aureus and E. coli intracellularly (Hogan et
al., 1990) 61, Supplementing with vitamin E boosted the
production of IgM and interleukin by bovine peripheral
mononuclear cells in vitro (Judith et al., 1992) 21, Because
prostaglandins reduce a cell's sensitivity to mitogen
activation and subsequent cellular differentiation, they limit
the activity of macrophages and lymphocytes. This indicates
that prostaglandins could influence immune function by
suppressing the cytokine synthesis involved in immune
response control while enhancing differentiation and
proliferation of cells. Peripheral blood lymphocytes and
macrophages of bovine mammary gland function are
increased by vitamin E (Ndiweni and Finch, 1995) [“8l,
Vitamin E (3000 IU/cow/day) oral supplementation
prevented the inhibition of macrophage and blood
neutrophil activity in the early postpartum period. Vitamin E
is necessary for humoral immunity as well as cellular
immunity. This might be induced by its impact on the
stability of cell membranes and its regulatory function in the
production of different inflammatory mediators (Smith et
al., 1997) 31, According to Kuhn and Sordillo (2021) %81, in
bovine, 10 uM a-tocopherol significantly prevents the loss
of the mammary endothelial cell barrier's integrity, that is
induced by pro-oxidants. Oxidant challenge-induced
damage and loss of function in bovine mammary endothelial
cells are successfully prevented by the antioxidant activities
of a-tocopherol. Vitamin E may have a protective impact on
animal health throughout the prepartum and postpartum
period by reducing the immunosuppressive glucocorticoids.
Important  host immunological responses such as
lymphocyte proliferation, antibody formation, and cytokine
generation are known to be suppressed in dairy cattle during
the post-partum period (Sordillo, 2005) 3. Recent studies
have concentrated on the use of nutrition to boost cows'
immune systems against infections. When provided in
adequate amounts, minerals like zinc, copper, and selenium
improve cows' immune systems by making them more
resistant to diseases and reducing their infection severity.
Zinc is an essential component of the immune system.
Research indicates that zinc plays an essential part in the
maintenance and development of immunocompetence. Zinc
is involved in almost every element of immunity. Zinc has
also been associated to the phagocytic oxidative burst-
related enzymes (Chandra and Au, 1980) [4, in the
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development and functioning of T lymphocyte and B
lymphocyte. Zinc impacts the immune system in a number
of ways, including lymphoid cell apoptosis, mitosis, and
gene expression. The major zinc-dependent enzyme is DNA
polymerase, which is important in DNA replication
(Shankar and Prasad, 1998) [, Prasad (1998) ! found that
zinc contributes to immune maintenance in a variety of
ways. The enzyme deoxy-thimidinekinase, which is
involved in DNA synthesis, requires zinc as a necessary
component. Impaired cell cycle and DNA synthesis are
signs of zinc deficiency. Zinc is part of thymulin, a hormone
that depends on the thymus, and Zn is essential for the
expression of its biological activity. Since T-cells have
thymulin receptors on their surface, zinc plays a role in
maintaining cell-mediated immunity. A zinc deficiency is
related to a decrease in the number of blood lymphocytes
and a reduction in macrophage phagocytosis and Killing
(Fraker and King, 1999) [l and caused the thymus and
spleen atrophy. In the animals that are deficient in zinc, T-
lymphocyte response to mitogen is suppressed. Broadway et
al. (2021) [ reported that monocyte counts were affected by
zinc supplementation in mixed way with a propensity to
decrease in quantity. Mucosal surfaces are lined by
epithelial barriers, preventing invasion by pathogens,
particularly in the digestive tract. Supplementing with zinc
oxide nanoparticles (0.8 micrograms/ml) improvedthe
viability of intestinal cells of bovine (Li et al., 2023) 39,
Zinc supplementation in livestock either has no effect on the
overall diversity of the gut microbiome or decreases it a
little (Sanjuan et al., 2022) [, Reduced overall microbiota
activity may benefit the host by limiting the colonization
and proliferation of pathogenic bacteria (like coliforms). Zn
supplementation tended to alter the antioxidant capacity or
concentration of oxidative stress markers, but had no effect
on the levels of immunoglobulins (Oconitrilloet al., 2024)
52 Smerchek et al. (2023) [@ found that Zinc
supplementation of 1,000 mg per day had no effect on the
expression of the activation surface markers (CD44, CD25,
CD16, CD2, and CD45RO0) in natural killer (NK) cells in
steers that are weaned. When CD8+ NK cells were
evaluated using the same surface markers, CD16 expression
increased. This indicated that supplementation with zinc can
alter the phenotypic activation markers.

Non-specific  cellular  immune effectors including
macrophage, monocyte and neutrophil play significant role
in phagocytosis and killing of microbial pathogen.
Peripheral blood granulocyte collected from sheep given a
Cu deficient diet exhibited equal phagocytic ability but were
less effective at killing the consumed Candida albicans than
Cu appropriate controls (Jones and Suttle, 1981) %, In Cu-
rich calves, neutrophil killing capacity rises by 100 percent
but stays low in Cu-deficient animals (Jones and Sulttle,
1981) [ Mice that were infected with Pasteurella
hemolytica showed reduced red blood cell and super oxide
dismutase (SOD) activities due to a copper deficiency
(Jones and Suttle, 1983) 134,

Copper, along with vitamin E and A, as well as zinc and
selenium, is important for maintaining a healthy udder.
Scaletti et al. (2003) 671 discovered that administering
copper reduced the mastitis severity produced by E. coli, but
had no effect on the duration of disease. Furthermore, an
adequate copper content in the diet of animals is required to
optimise the functioning of complete immune system, as
Cu lowers the danger for oxidative stressand metabolic
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stress in dairy cattle (Cortinhas et al., 2010) [, Kromm
and Cardoso (2020) 71 reported that cattle have less copper
tolerance than previously thought; copper already
accumulates in bovine liver at the recommended dietary
level, as indicated by recent research.

Lymphocyte proliferation

The immediate pre & post-partum periods saw less mitogen
induced multiplication in the peripheral lymphocytes taken
from sows that fed a diet low in vitamin E (Waryastuti et al.,
1993) 78, Pollock et al. (1994) 581 observed, 15 calves that
were 7 months old were split up into 4 groups. First group
calves were fed a basal feed with low levels of vitamin
E and selenium (4.9 nM/g p-tocopherol acetate and 0.44
nM/g Selenium). The group 2", 3 and 4" were fed a
basal diet enriched with0.46um per grama-tocopherol
acetate, 2.53nM per gram Selenium (as sodium selenite),
and Selenium (2.53 nM per gram) + a-tocopherol acetate
(0.46 uM per gram), respectively. The proliferation of
lymphocytes was observed during weeks 339, 35" and
38M of treatment. At every step of the trial, the calves fed a
diet enriched with vitamin E had a greater response to
mitogen, regardless of selenium. Only Se supplemented diet
had no impact on the proliferation of lymphocytes.
Lymphocyte proliferation was shown to be considerably
lower in mastitic cows compared to normal cows, and it was
positively related to plasma Vit E level (Sato et al., 1995)
(661 Male rats with a deficit in Cu had less pan-T cells and
CD4+ cells in their spleen (Bala et al., 1991) . However,
the extent to which Cu deficiency inhibited MNCs
sensitivity to T-cell mitogens far outweighed the reduction
in the relative number of mature T cells, implying one or
more abnormalities in Cu deficient cell function. Because
expression of IL-2 receptor, transferrin receptor, and class Il
MHC molecule increased similarly, in rats with copper
deficiency and control rat’s concanavalin-A stimulated
splenic MNCs, it showed up that trace-metal deficiency had
no effect on early T-cell activation events.

Total immunoglobulin

Maurya et al. (2013) [*31 reported that the control cow’s total
immunoglobulin level in plasma was 45.09£1.27 mg/ml 60
days before parturition, and it dropped to 27.24+0.57 mg/ml
on the day of parturition while 60 days before parturition,
the total immunoglobulin level in plasma in the group
supplemented with Zn and vitamin E was 46.91+1.02
mg/ml, and on the day of parturition, it dropped to
31.964£0.46 mg/ml. In the analysis, the drop in total
immunoglobulin level in plasma before parturition to the
day of parturition in the control group was 39.59%, and in
the treatment group it was 31.87%. When comparing the
treatment group to the control group (37.66+0.90 wvs.
34.65+1.14 mg/ml)., the overall mean + SEM of total
immunoglobulin  level in plasmawas found to be
considerably (p<0.01) higher. The total immunoglobulin
concentration in plasma began to rise after 7 days of calving
and continued to do so for 60 days of lactation. The
immunoglobulin level changes during transition period due
to the change in concentration of immunoglobins in the
mammary glands. Chandra and Aggarwal (2009) [
reported, 20 days before parturition tothe day of
parturition in the summer, there was a 25.61% and 14.53%
drop in the total immunoglobulin levels in plasma in the
control group and treatment group cattle, respectively.
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Supplementing with vitamin E boosted the production of
interleukin and Ig M by bovine peripheral mononuclear cells
in vitro (Judith et al., 1992) B2, Roshanzamir et al. (2020)
1621 reported that, compared to cows that were not
supplemented, cows that were supplemented with organic
Copper, Manganese, and Zinc immediately after calving had
elevated level of immunoglobulin A & M. Plasma IgA
concentrations increased after Zinc supplementation (32
mg/kg dry matter) in the form of nano-particles (Pandey et
al.,, 2023) B4 The optimal immunoglobulin production
perhaps sustained only by Zinc methionine supplementation
at 76 mg/kg of dry matter (Cytotoxic T lymphocyte)
(Oconitrillo et al., 2024) B2, Copper's redox characteristics
make it a catalytic cofactor for a variety of enzymes,
permitting protein interaction via complexation with lower
molecular substances and histidine, cysteine, and
methionine (Robinson and Winge, 2010) (64,

Importance of vitamin E, Zinc and copper in
reproduction

The periparturient period is particularly crucial for dairy
cows' health and performance. Dairy cow's reproductive
health has improved when vitamin E and selenium
supplements were given before parturition (Erskine et al.,
1997) 071, Supplementing selenium during the transition
period and milking period enhances the reproductive
performance, it may improve the first-service conception
rate (Ullah et al., 2020) [71. Selenium supplementation after
parturition stimulates the ovulatory follicles, the growth of
the uterus, and stabilizes hormonal balance, so days in the
open period reduce (Ahn et al., 2021) . According to
Lizarraga et al. (2019) 4, bovine oocytes that developed in
the presence of selenium showed a decrease in apoptotic
cells and an increase in embryo hatching rates compared to
non-supplemented bovine oocytes. Molecules like vitamin E
and B-carotene are examples of antioxidant systems; they
function as membrane antioxidants to protect phospholipids
from oxidative damage & lipid peroxidation. An increase in
free radical production could deplete antioxidant defence
systems and disrupt cellular functions (Arechiga et al.,
1998) Bl Due to the sensitivity of spermatozoa, pre-
implanting embryos, and ovarian steroidogenic tissue to free
radical damage, the production of free radicals may be a
contributing factor to infertility. Arechiga et al. (1998) [
reported that A single intra-muscular shot of 680 IU of
vitamin E given to lactating cattle 30 days after
calving significantly decreased the number of services
required for each conception as well as the time between
calving and conception. It was also observed that the
pregnancy rate in cows had improved at the second service.
The total antioxidant capacity of cows supplemented with an
organic methionine-chelated source of copper, manganese,
and zinc increased immediately postpartum than in cows
supplemented with inorganic or glycine-chelated or not
supplemented with copper, manganese, and zinc
(Roshanzamir et al.,2020) 2. Zinc is an important
component for the production of LH which is required for
normal growth of ovaries. Campbell et al. (1999) ! reported
that, supplemented crossbred cattle with 359 mg Zinc as
zinc methionine, 125 mg Copper Lys, and 26 mg Cobalt
glucoheptonate. It was found that the cattle supplemented
with complex trace minerals had fewer days to very first
oestrus, first luteal activity, and first CL than the control
group. Panda (2003) 5% found that supplementing 1500 1U

~ 1127~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

of vitamin E per day to buffaloes from 60 days before to 30
days after parturition, significantly lowered the number of
days needed for postpartum oestrus to occur and the number
of days open. Occurrence of reproductive complications like
retained placenta and metritis were also not observed in
supplemented buffalo. Zinc plays an important role in
reproductive health, being required for oocyte maturation,
fertilization, and the development of the embryo and
placenta in female (Garner et al., 2021) %, Phiri et al.
(2007) [561 observed throughout a two-year trial, giving 400
mg of Zn supplements to cross-bred dairy cattle improved
their reproductive efficiency by shortening the time from
parturition to first oestrous, parturition to conception, and
calving-interval days. Wooldridge et al. (2019) 3 reported
that inner cell mass & total cell numbers increased with
supplementation of Zn during the first eight days after
fertilization that is an indicator of better embryo quality.
Griffiths et al. (2007) 31 supplementing cattle from 35 days
before to 230 days after calving with 360 mg zinc, 200 mg
manganese, 125 mg copper, and 12 mg cobalt from complex
sources and observed a betterment in the conception rate in
comparison to the control group. In the same way, there
were a reduced number of non-pregnant cattle, and the
number of cows in the treatment group that did not conceive
in 48 days of mating was also reduced. Maurya et al. (2013)
43 reported that supplementation of vitamin E and zinc
reduces metritis, retained placenta and pyometra cases in
Karan Fries cows.

Copper  supplementation  affects the  reproductive
performance of cattle. Deficits in zinc, copper, and iodine
have been associated to cow's sensitivity to disease and
reproductive issues (Balamurugan et al., 2017) Bl Galbat
(2020) 9 reported that hypocupremic cows had a mixed
mineral deficiency cobalt, selenium and iodine, all animals
with mineral deficiencies suffered unresponsive ovaries,
silent heat, and postpartum reproductive difficulties. Nazari
et al. (2019) [*7] reported that normal luteal activity in dairy
cattle showed a higher concentration of Cu than cows with
anovulation, delayed ovulation, shortened luteal phase, and
a long luteal phase. Additionally, it was reported that, in
compression to cow that was not pregnant, pregnant cattle
had higher circulatory concentrations of copper. The
average Zn and Cu contents in the fluid of cystic and
normal follicles in cattle and heifers were 3 mg/litre Zn and
2.1 rag/litre Cu, according to Petkov et al. (1969) . There
were no differences in follicular fluid content of each
element between cows and heifersand there were no
significant associations between liver and follicular fluid
Cu and Zn. Zinc and copper concentrations in anestrus cow
follicular cyst fluid drop as fluid volume increases,
demonstrating that content per follicle remains constant and
implying that both of these nutrients are intracellular in the
follicle. The uterine fluid of cattle with cystic endometrial
hyperplasia contains 13 mg/litre Znand 12 mg/litre Cu.
There was an inverse relation between the Zn and Cu
concentrations and volume of fluid (Petkov et al., 1969) [,
Copper deficiency might affect parturition. Regular breeders
had much greater levels of copper and zinc in their sera than
repeat breeders (Manickam et al., 1977) . Increased
dietary iron promotes copper deficiency, which impairs
reproduction, whereas high selenium levels can
cause abortions and stillbirths due to toxicity (Abramowicz
etal., 2019) (4,
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Importance of vitamin E, Zn and Cu in milk production

Rajala et al. (1999) 6% observed that mastitis has a
persistent impact on milk production. Despite curing their
mastitis, the cows did not produce as much milk as they had
before for the remaining lactation period. Sinek et al. (2000)
691 observed an increase in milk production of 13.8% in
animals supplemented with vitamin E at a dose of 9000
IU/kg in the concentrate mixture. It was believed that the
shielding of mammary tissues from free radicals was the
cause of the increase in milk production. Kaur et al. (2001)
341 reported a 20% rise in milk yield in cows
supplemented with 1000 IU per cow per day during the dry
period. It was proposed that the decreased cases of clinical
and subclinical mastitis in supplemented cattle were the
cause of the rise in milk production. Chatterjee (2002) [
suggested that in order to lower the risk of mastitis during
parturition, vitamin E supplemented at a dose of 1000 1U
per day should begin at least thirty days before to
parturition, hence a rise in milk production. Singh et al.
(2020) [ reported that o-Tocopherol (1 g /cow/day)
supplementation for 30 days before and up to 60 days after
parturition remarkably raised the milk yield and decreased
the cases of mastitis in Jersey cattle. Oconitrillo et al. (2024)
521 reported that in the first half of the experiment,
increasing the dietary zinc methionine supplementation 76.0
to 97.0 + 2.5 mg per kg of dry matter over 70 days in cattle
resulted in lower milk production, but during the second half
of the experiment, this was associated with raised milk
production. Salama et al. (2003) %3 reported that the milk
produced by dairy goats supplemented with Zn-met was
marginally (2.5%) higher. The supplementary group’'s milk
fat level was lower thanthe control group. The dilution
effect was most likely the reason of this tendency, as
supplemented goats produced marginally greater quantity of
milk than control goats. According to dietary treatment, a
differential rise in somatic cell count was caused by hand
milking. In the Zn-Met-supplemented group, SCC was
lower than in control goats. This indicated that dairy goats
supplemented with zinc methionine have less damage to
their udders during hand milking. Zn supplementation
reduces somatic cell count in dairy goats and also udder
infection. Kellogg et al. (2003) 1 observed that The SCC
of milk decreased by 12.1% when complexed trace mineral
supplements (360 mg Zn Met, 200 mg Mn Met, 125 mg Cu
Lys, and 25mg Co glucoheptonate) were given to
periparturient cattle from 21 days before to 200 days after
calving. When cattle were supplemented with 1000 IU per
day of a-tocopherol acetate, their milk output elevated by
17.14% as compared to a control group (Chandra and
Aggarwal, 2010) 4. Over the duration of 60 days of
lactation, the group supplemented with zinc and vitamin
E had a 20.90% elevation in milk production compared to
the control group (Maurya, 2011) @4, Copper sulphate
supplementation in dairy cattle has been found to lower the
incidence and severity of IMI in response to experimentally
produced mastitis using endotoxin (Harmon et al., 1994) 24
or live Escherichia coli (Scaletti et al., 2003) [ in
primiparous Holstein heifers.

Importance of vitamin E and Zinc in milk composition

Colostrum contains a significant amount of vitamin E. The
calf has to consume colostrum to get vitamin E after
calving since a-tocopherol does not pass the placenta in

~ 1128~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

significant quantities. Approximately 6-7 times more a-
tocopherol is presentin colostrum compared to milk
(Hidiroglou, 1989) 3. The supplementation of 0.2 ppm
Se and 70 IU vitamin E per kg DM to the diet of dry cows
resulted in a 40% rise in a-tocopherol content in colostrum
i.e. from 5.3 - 7.5 ug per g of milk (Weiss et al., 1990b) 4,
Njeru et al. (1994) B% found that linear rise secretion of
vitamin E in the colostrum of cattle given different amounts
of vitamin E supplements. Nicola et al. (1996) [“% observed
that before 4-5 weeks of calving, cows were fed 25 U dl-o-
tocopheryl acetate per 100 kg BW and 5 mg of selenium as
sodium selenite, which resulted in a 22 percent rise in
colostrum yield from 7.2 to 8.8 Litre per day. Similarly,
Weiss et al. (1997) [ supplemented 66 Jersey & Holstein
cattle at 100 IU/day, 1000 IU/day, and 4,000 IU/day
throughout the dry period and observed that in the
respective groups, the a-tocopherol level in colostrum was
5.62ug/ml, 9.98 pg/ml, and 10.49 pg/ml of milk and
103.1pg/g, 136.9ug/g, and 222.7 pg/g of fat; however, there
was no rise in colostrum yield throughout this trial. During
lactation, cows with elevated leptin levels during pregnancy
had greater percentages of fat in their milk. In cows with
greater leptin levels during pregnancy, the first few months
of lactation were associated with greater percentages of
lactose in the milk, and higher leptin levels all the time were
associated with higher percentages of protein in the milk.
No notable variations were seen for the yields of milk
constituent (lactose, fat and protein in kg), most likely due
to the fact that the percentage of these constituents are often
reduced at larger milk yields (Liefers et al., 2003) 4?1, Other
than a drop in milk fat percentage and an increase in total
milk fat (kg) in the group supplemented with Zn and vitamin
E, there was no discernible change in the composition of the
milk (Maurya, 2011) (441,

Somatic Cell Count

Essential micronutrients such as vitamin E, selenium, zinc,
and copper have been demonstrated to improve udder health
and reduce SCC in milk (Smith et al., 1997) [3l. Oconitrillo
et al. (2024) B4 reported that, in response to Zn
supplementation, the WBC counts stayed unchanged, but
the somatic cell counts in milk improved. For older cattle,
the milk production dropped by 2.04 kg per day for every
unit rise in logie SCC. The percentages of milk yield lost
were 8%, 15%, and 27% for SCC of 1 x 106/ml, 2 x 106/ml,
and 4 x 106/ml of milk (Jones and Suttle, 1981) &%, In 66%
of the cases, SSC in heifers supplemented by 1000 mg of
vitamin E daily throughout the dry period decreased to less
than 2 lakhs (Smith et al., 1985) ["4l. Smith et al. (1997) ["*]
reported that SCC up to 2 lakhs may not be a sign of
inflammation, for healthy quarters SCC should be less than
100,000 cells per ml of milk. SCC more than 2 lakhs
indicates sub-clinical mastitis in that quarter and is
suggestive of inflammation, infection, and decreased
manufacturing properties. Hogan et al. (1994) 21 reported a
significant decrease in SCC in the mastitic cows given 3000
IU of vitamin E with antibiotics; however, no change in the
rates of bacteriological cure was seen. Animal vitamin E
levels in plasma and sub-clinical mastitis have been found to
significantly correlate negatively (Ndiweni and Finch, 1995)
1481, Politis et al. (1995) 7 reported that milk SCC was
significantly reduced by supplementation of vitamin E at a
rate of 3000 mg per cow per day from 4 weeks before to 8
weeks after parturition. SSC and the occurrence of clinical
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mastitis can be decreased by vitamin E and selenium dietary
supplementation in high levels than what is necessary for
adequate nourishment. Koeldeweij et al. (1999) [ reported
that for cows in their first lactation, each cow's milk loss
was 1.29 kg per day for every unit rise in logio SCC.
International recognition exists for somatic cell count as a
metric for evaluating the health of the udder and the quality
of the milk. Leucocytes from blood and udder epithelial
cells that have shed due to natural wear and tear are
components of SCC. About 20% of leucocytes and 80% of
epithelial cells are found in normal milk, whereas over 90%
of all cells are leucocytes in milk from the unhealthy quarter
or mastitic udder. A rise in SCC indicates inflammation in
the udder and lowers milk quality. Milk that has a SCC
which may not always related to the clinical signs of
mastitis carries a price penalty. Although milk pricing in
India is not currently dependent on the SCC, this is expected
to change in the near future as a result of globalization and
the entry of international corporations into the dairy
industry. Therefore, producing milk of a high enough
quality to meet international standards is one of the
challenges of the new millennium. In the buffalo
milk average SCC value is 0.97 to 1.15 x 105 cells per ml,
and there is no significant difference of parity and lactation
stage (Singh et al., 1994) 1, It is conceivable to interpret
the SCC as a physiologically normal secretion of the cow
udder up to 100,000 cells per ml. SCC increase exceeding
100,000/ml is expected to result in a decrease in
milk processing qualities, also large loss in production
of milk. At 15 days of lactation, there was a substantial drop
in SCC in the milk in cattle supplemented by 1000 U
vitamin E per day throughout the dry period (Kaur et al.,
2002) 31, Maurya (2011) 4 observed that the SCC of milk
in the vitamin E and Zn-supplemented group was
considerably lower than the control group.

Conclusion

The transition period is critical for health and subsequent
performance due to the depleted immune status during this
period in dairy animals and high-producing animals at that
time may suffer from various metabolic and reproductive
disorders. Studies shows that supplementation of vitamin E,
zinc and copper during transition period improves energy
status of the animal and increases milk production
significantly without any significant change in milk
composition.  Supplementation of Znand vitamin E
increases total plasma immunoglobulin, which indicates an
improvement in the animal's immune status. Vitamin E, zinc
and copper reduces chances of reproductive disorders like
mastitis, retained placenta, abortion and pyometra and are
essential for reproductive health and production.

References

1. Abramowicz B, Kurek L, Debiak P, Madany J, Lutnicki
K. Hematological parameters in dairy cows with copper
deficiency. Journal of Elementology. 2019;24:501-510.

2. Ahn JH, Han GW, Nam 1S. Effects of selenium
injection on the reproductive performance of Holstein
dairy cows. Journal of Animal Health and Production.
2021;9(3):335-341.

3. Arechiga CF, Flores SV, Ortiz O, Ceron JH, Porras A,
McDowell LR, et al. Effect of injection of 3-carotene or
Vitamin E and Selenium on fertility of lactating dairy
cows. Theriogenology. 1998;50:65-76.

~1129~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

4.

10.

11.

12.

13.

14.

15.

16.

17.

Bala S, Failla ML, Lunney J. Alterations in Splenic
Lymphoid Cell Subsets and Activation Antigens in
copper-deficient  rats.  Journal  of  Nutrition.
1991;121:745-753.

Balamurugan B, Ramamoorthy M, Mandal RSK,
Keerthana J, Gopalakrishnan G, Kavya KM, et al.
Mineral:  An important nutrient for efficient
reproductive health in dairy cattle. International Journal
of Science, Environment and Technology. 2017;6:694-
701.

Brezezinska SE, Miller JK, Quigley JD, Moor JR,
Madsen FC. Antioxidant status of dairy cows
supplemented prepartum with Vitamin E and Selenium.
Journal of Dairy Science. 1994;77:3087-3095.
Broadway PR, Carroll J, Sanchez NB, Word A, Roberts
S, Kaufman E, et al. Zinc source and concentration
altered physiological responses of beef heifers during a
combined viral-bacterial respiratory challenge. Animals
(Basel). 2021;11(3):646.

Brown TF, French DD, Saxton AM, Zeringue LK,
Morgan EB. Effects of dietary mineral level on blood
and liver minerals in Holstein cows 30 days before
calving and 30 and 90 days after calving. Journal of
Animal Science. 1990;68(1):543-554.

Campbell MH, Miller JK, Schrick FN. Effect of
additional cobalt, copper, manganese, and zinc on
reproduction and milk yield of lactating dairy cows
receiving bovine somatotropin. Journal of Dairy
Science. 1999;82:1019-1025.

Chandra G, Aggarwal A. Antioxidative status of high
body condition periparturient crossbred cows with and
without supplementation of «-Tocopherol acetate
during summer and winter seasons. MVSc Thesis,
National Dairy Research Institute (Deemed University),
Karnal, India; c2009.

Chandra G, Aggarwal A. Changes in TNF-a levels,
metabolic status, milk yield and composition in a-
tocopherol acetate supplemented high body condition
periparturient crossbred cows during different seasons.
International Conference on Physiological Capacity
Building in Livestock under Changing Climate
Scenario. Abstract. 2010;2:85.

Chandra RK, Au D. Single nutrient deficiency and cell
mediated immune response (Zinc). American Journal of
Clinical Nutrition. 1980;33:736-740.

Chatterjee PN. Influence of supplementing Vitamin E
on incidence of mastitis and milk quality of cows.
M.Sc. Thesis, National Dairy Research Institute
(Deemed University), Karnal, India; c2002.

Cheng F, Peng G, Lu Y, Wang K, Ju Q, Ju Y, Ouyang
M. Relationship between copper and immunity: The
potential role of copper in tumor immunity. (Abstract);
c2022.

Cortinhas CS, Botaro BG, Sucupira MCA, Renno FP,
Santos MV. Antioxidant enzymes and somatic cell
count in dairy cows fed with organic source of zinc,
copper, and  selenium. Livestock  Science.
2010;127(1):84-87.

Drackley JK. Biology of dairy cows during the
transition period. Journal of Dairy Science.
1999;82:2259-73.

Erskine RJ, Bartlett PC, Herdt T, Gaston P. Effects of
parenteral administration of Vitamin E on health of
periparturient dairy cows. Journal of the American

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

~1130~

https://www.biochemjournal.com

Veterinary Medical Association. 1997;211:466-470.
Fraker PJ, King LE. Changes in regulation of
lymphopoiesis and myelopoiesis in zinc-deficient mice.
Nutrition Reviews; ¢1999;56.

Galbat SA. Effect of some trace element deficiencies on
the reproductive performance of cows in New Valley
Governorate. Assiut Veterinary Medical Journal.
2020;167(66):62-68.

Garner TB, Hester JM, Carothers A, Diaz FJ. Role of
zinc in female reproduction. Biology of Reproduction.
2021;104(5):976-94.

Gitto E, Reiter RJ, Karbownik M, Tan DX, Gitto P,
Barberi 1. Causes of oxidative stress in the pre- and
perinatal period. Biology of the Neonate. 2002;81:146-
157.

Goff JP, Stabel JR. Decrease in plasma retinol, o-
tocopherol, and zinc concentrations during the
periparturient period: Effect of milk fever. Journal of
Dairy Science. 1990;73:3195-3199.

Griffiths LM, Loeffler LH, Socha MT, Tomlinson DJ,
Johnson AB. Effects of supplementing complexed zinc,
manganese, copper, and cobalt on lactation and
reproductive  performance of intensively grazed
lactating dairy cattle on the South Island of New
Zealand. Animal Feed Science and Technology.
2007;137:69-83.

Harmon RJ, Clark TW, Trammell DS, Smith BA, Torre
PM, Hemken RW. Influence of copper status in heifers
on response to intramammary challenge with
Escherichia coli; ¢1994.

Hidiroglou M. Mammary transfer of Vitamin E in dairy
cows. Journal of Dairy Science. 1989;72:1067-1071.
Hogan JS, Smith KL, Weiss WP, Todhunter DA,
Schockey WL. Relationship among Vitamin E,
Selenium, and bovine blood neutrophils. Journal of
Dairy Science. 1990;73:2372-2378.

Hogan JS, Weiss WP, Smith KL. Efficacy of parenteral
Vitamin E for treating bovine mastitis. Agricultural
Practices. 1994;15(6):39-42.

Hogan JS, Weiss WP, Smith KL. Role of Vitamin E
and Selenium in host defense against mastitis. Journal
of Dairy Science. 1993;76:2795-803.

House WA, Bell AW. Mineral accretion in the fetus and
adnexa during late gestation in Holstein cows. Journal
of Dairy Science. 1993;76(10):2999-3010.

Jones DG, Suttle NF. Some effects of copper deficiency
on leucocyte function in sheep and cattle. Research in
Veterinary Science. 1981;31:151-156.

Jones DG, Suttle NF. The effect of copper deficiency
on the resistance of mice to infection with Pasteurella
hemolytica. Journal of Comparative Pathology.
1983;93:143-149.

Judith RS, Timothy A, Reinhardt MAS, Marcus E,
Kehrli JR, Brian JN. Vitamin E effects on in vitro
immunoglobulin M and interleukin 1 B production and
transcription in dairy cattle. Journal of Dairy Science.
1992;75:2190-2198.

Kaur H, Chawla R, Chatterjee PN, Panda N. Mastitis
control — A nutritional approach. Proceedings of the
Technical Symposium on Dairy Mastitis and Milk
Quality. 3rd International Expo and Conference on
Dairy and Food Processing Technology. Sept 4-7, New
Delhi; c2002.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

34.

35.

36.

37.

38.

39.

40.

41,

42.

43,

44,

45,

46.

47.

Kaur H, Chawla R, Panda N. Supplementation of
Vitamin E for controlling mastitis in dairy animals.
Proceedings of the All India Dairy Husbandry Officers’
Workshop. Nov 28-29, National Dairy Research
Institute, Karnal; c2001. p. 45-53.

Kellogg DW, Socha MT, Tomlinson DJ, Johnson AB.
Review: Effects of feeding cobalt glucoheptonate and
metal-specific amino acid complexes of zinc,
manganese, and copper on lactation and reproductive
performance of dairy cows. Professional Animal
Scientist. 2003;19:1-9.

Koeldeweij E, Emanuelson U, Johnson L. Relation of
milk production loss to milk somatic cell count. Acta
Veterinaria Scandinavica. 1999;40(1):47-56.

Krom V, Cardos D. Copper in ruminants: Beware of
going from deficiency to toxicity. International Dairy
Topics. 2020;19:1-2.

Kuhn MJ, Sordillo LM. Vitamin E analogs limit in vitro
oxidant damage to bovine mammary endothelial cells.
Journal of Dairy Science. 2021;104:7154-7167.

Li Y, Pan M, Meng S, Xu W, Wang S, Dou M, et al.
The effects of zinc oxide nanoparticles on
antioxidation, inflammation, tight junction integrity,
and apoptosis in heat-stressed bovine intestinal
epithelial cells in vitro. Biological Trace Element
Research. 2023;202(5):2042-2051.

Liefers SC, Veerkamp RF, te Pas MFW, Delavaud C,
Chilliard Y, van der Lende T. Leptin concentrations in
relation to energy balance, milk yield, intake, live
weight, and estrus in dairy cows. Journal of Dairy
Science. 2003;86(3):799-807.

Lizarraga RM, Anchordoquy JM, Galarza EM,
Farnetano NA, Carranza-Martin A, Furnus CC, Mattioli
GA, Anchordoquy JP. Sodium selenite improves in
vitro maturation of Bos primigenius taurus oocytes.
Biological Trace Element Research. 2019;197:149-158.
Manickam R, Gopalakrisnahn CA, Ramanathan G,
Mookkappan M, Nagarajan R. Studies on the
relationships between trace elements and fertility in
cows. Indian Journal of Animal Research. 1977;11:23.
Maurya PK, Aggarwal A, Chaudhari BK, Panday AK,
Maurya PS. Effect of a-tocopherol acetate and zinc
supplementation on immunity and reproductive health
of Karan Fries cows during dry period and early
lactation. Veterinary Practitioner. 2013;14(1):153-156.
Maurya PK. Leptin level in relation to immunity,
energy metabolites and cellular adaptations during dry
period and early lactation in crossbred cows. MVSc
Thesis, National Dairy Research Institute (NDRI,
Deemed University), Karnal, Haryana, India; c2011.
Meglia GE, Johannisson A, Petersson L, Waller P.
Changes in some blood micronutrients, leukocytes and
neutrophil expression of adhesion molecules in
periparturient  dairy cows. Acta  Veterinaria
Scandinavica. 2001;42:139-150.

Miller JK, Ramsey N, Madsen FC. The trace elements.
In: Church DC, editor. The Ruminant Animal. Prentice
Hall, Englewood Cliffs, NJ; c1988.

Nazari A, Dirandeh E, Ansari-Pirsaraei Z, Deldar H.
Antioxidant levels, copper and zinc concentrations were
associated with postpartum luteal activity, pregnancy
loss and pregnancy status in Holstein dairy cows.
Theriogenology. 2019;133:97-103.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

~1131~

https://www.biochemjournal.com

Ndiweni N, Finch JM. Effects of in vitro
supplementation of bovine mammary gland
macrophages and peripheral blood lymphocytes with a-
tocopherol and sodium selenite: Implication for udder
defences. Veterinary Immunology and
Immunopathology. 1995;47:111-121.

Lacetera DWM, Burnabucci BS, Ronchi B, Nardone A.
Effects of selenium and vitamin E administration during
a late stage of pregnancy on colostrum and milk
production in dairy cows, and on passive immunity and
growth of their offspring. American Journal of
Veterinary Research. 1996;57:1776-1780.

Njeru CA, McDowell LR, Wilkinson NS, Linda SB,
Williams SN. Pre and postpartum supplemental DL-o
tocopherol acetate effects on placental and mammary
vitamin E transfer in sheep. Journal of Animal Science.
1994;72:1636-1640.

National Research Council. Nutrient Requirements of
Dairy Cattle. 7" Rev Ed. Washington, DC: National
Academy Press; c2001.

Oconitrillo M, Wickramasinghe J, Omale S, Beitz D,
Appuhamy R. Effects of elevating zinc supplementation
on the health and production parameters of high-
producing dairy cows. Animals. 2024;14:395.

Panda. Optimisation of Vitamin E dose for improving
immunity and udder health in Murrah buffaloes. PhD
Thesis, National Dairy Research Institute (NDRI,
Deemed University), Karnal; c2003.

Pandey P, Kumar M, Kumar V, Kushwaha R, Vaswani
S, Kumar A, et al. The dietary supplementation of
copper and zinc nanoparticles improves health
condition of young dairy calves by reducing the
incidence of diarrhoea and boosting immune function
and antioxidant activity. Biological Trace Element
Research. 2023;201:3791-3803.

Petkov K, Antonov S, Djovrova E. Investigations into
the zinc and copper content in a liquid of follicles and
ovarian cysts. Veterinary Medicine and Animal
Science; €1969;6:91.

Phiri ECJH, Nkya R, Pereka AE, Mgasa MN, Larsen T.
The effects of calcium, phosphorus and zinc
supplementation on reproductive performance of
crossbred dairy cows in Tanzania. Tropical Animal
Health and Production. 2007;39:317-323.

Politis I, Hidiroglou N, Batra TR, Gilmore JA, Gorewit
RC, Scherf H. Effects of vitamin E on immune function
of dairy cows. Journal of Dairy Science. 1995;70:50-58.
Pollock JM, McNair J, Kennedy S, Walsh DM, Goodall
EA, Mackie DP, Crockard AD. Effect of dietary
vitamin E and selenium on in vitro cellular immune
responses in cattle. Research in Veterinary Science.
1994;56:100-107.

Prasad AS. Zinc and immunity. Molecular and Cellular
Biochemistry. 1998;188:63-69.

Rajala-Schultz PJ, Grohn YT, McCulloch CE, Guard
CL. Effects of clinical mastitis on milk yield in dairy
cows. Journal of Dairy Science. 1999;82:1213-1220.
Robinson NJ, Winge DR. Copper metallochaperones.
Annual Review of Biochemistry. 2010;79:537-562.
Roshanzamir H, Rezaei J, Fazaeli H. Colostrum and
milk performance, and blood immunity indices and
minerals of Holstein cows receiving organic Mn, Zn
and Cu sources. Animal Nutrition. 2020;6:61-68.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Salama AK, Caja G, Albanell E, Duch X, Casa R,
Plaixats J. Effects of dietary supplements of zinc
methionine on milk production, udder health and zinc
metabolism in dairy goats. Journal of Dairy Research.
2003;70:9-17.

Sanjuan JMO, Manzanilla EG, Cabrera-Rubio R,
Crispie F, Cotter PD, et al. Using shotgun sequencing
to describe the changes induced by in-feed zinc oxide
and apramycin in the microbiomes of pigs one week
postweaning. Microbiology Spectrum; ¢2022;10(4).
Sathler DFT, Prados LF, Zanetti D, Silva BC, Filho
SCV, Pacheco MVC, et al. Reducing mineral usage in
feedlot diets for Nellore cattle: 1. Impacts of calcium,
phosphorus, copper, manganese, and zinc contents on
microbial efficiency and ruminal, intestinal, and total
digestibility of dietary constituents. Journal of Animal
Science. 2017;95(4):1715-1726.

Sato S, Suxuki T, Okada K. Suppression of lymphocyte
blastogenesis in cows with puerperal metritis and
mastitis. Journal of Veterinary Medical Science.
1995;57:373-375.

Scaletti RW, Trammel DS, Smith BA, Harmon RJ.
Role of dietary copper in enhancing resistance to
Escherichia coli mastitis. Journal of Dairy Science.
2003;86:1240-1249.

Shankar AH, Prasad AS. Zinc and immune function:
the biological basis of altered resistance to infection.
American Journal of Clinical Nutrition. 1998;68
(Suppl):447S-463S.

Sinek M, Prokop V, Vrzalova I, Sustala M, Zemanova
D. Trace elements (Cr, Se) and vitamin E in dietary
nutrition. Nutrition Abstracts and Reviews Series B.
2000;70(9):708.

Singh AK, Bhakat C, Kumari T, Mandal DK,
Chatterjee A, Karunakaran M, et al. Influence of pre
and postpartum a-tocopherol supplementation on milk
yield, milk quality and udder health of Jersey crossbred
cows at tropical lower Gangetic region. Veterinary
World. 2020;13:2006-2011.

Singh M, Ludri RS, Nair S. Minerals in milk and
plasma of buffalo treated with slow-release
formulations of bovine somatotropin. Indian Journal of
Dairy Science. 1994;47(8):708-711.

Smerchek DT, Branine ME, McGill JL, Hansen SL.
Effects of supplemental Zn concentration and trace
mineral source on immune function and associated
biomarkers of immune status in weaned beef calves
received into a feedlot. Journal of Animal Science.
2023;101:1-12.

Smith KL, Hogan JS, Weiss WP. Dietary vitamin E and
selenium affect mastitis and milk quality. Journal of
Animal Science. 1997;75:1659-1665.

Smith KL, Todhunter DA, Schoenberger PS.
Environmental mastitis: cause, prevalence, prevention.
Journal of Dairy Science. 1985;68:1531-1553.

Sordillo LM. Factors affecting mammary gland
immunity and mastitis susceptibility. Livestock
Production Science. 2005;98:89-99.

Toyokuni S. Reactive oxygen species-induced
molecular damage and its application in pathology.
Pathology International. 1999;49:91-102.

Ullah H, Khan RU, Tufarelli V, Laudadio V. Selenium:
An essential micronutrient for sustainable dairy cows
production. Sustainability. 2020;12(24):10693.

78.

79.

80.

81.

82.

83.

84.

~1132~

https://www.biochemjournal.com

Waryastuti H, Stowe HD, Bull RW, Miler ER. Effect of
vitamin E and selenium on immune responses of
peripheral blood, colostrum and milk leucocytes of
sows. Journal of Animal Science. 1993;71:2464-2472.
Waterman DF, Xin Z, Harmon RJ, Hemken RW.
Relationship of trace mineral status between stages of
production in dairy cattle. Journal of Dairy Science;
€1991;76(9).

Weiss WP, Hogan JS, Todhunter DA, Smith KL. Effect
of vitamin E supplementation in diets with a low
concentration of selenium on mammary gland health of
dairy cows. Journal of Dairy Science. 1997;80:1728-
1737.

Weiss WP, Todhunter DA, Hogan JS, Smith KL. Effect
of duration of supplementation of selenium and vitamin
E on periparturient dairy cows. Journal of Dairy
Science. 1990b;73:3187-3194.

Wessels I, Fischer HJ, Rink L. Dietary and
physiological effects of zinc on the immune system.
Annual Review of Nutrition. 2021;41(1):133-175.
Wooldridge LK, Nardi ME, Ealy AD. Zinc
supplementation during in vitro embryo culture
increases inner cell mass and total cell numbers in
bovine blastocysts. Journal of Animal Science.
2019;97:4946-4950.

Xiao J, Khan MZ, Ma Y, Alugongo GM, Ma J, Chen T,
et al. The antioxidant properties of selenium and
vitamin E; their role in periparturient dairy cattle health
regulation. Antioxidants. 2021;10(10):1555.


https://www.biochemjournal.com/

