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ABSTRACT

The aim of this study was to evaluate the effects of prepartally injections of antioxidants on total antioxidant
status (T'AS), total oxidant status (TOS) and udder health parameters on day 14 postpartum in Holstein-Friesian
cows. Sixty-eight multiparous cows were divided into treatment (TRE; n=33) and control (CON; n=35) groups.
Injections of vitamins (A, D and E) and trace elements (Se, Cu, Zn and Mn) were administered intramusculatly to
cows into the TRE group on 21+5 and 10£5 days prepartum. Blood and milk samples were collected to evaluate
beta-hydroxybutyric acid (BHBA), TAS, TOS and udder health (somatic cell count (SCC), total bacterial count
(individual bacteria count (IBC) and colony formation unit (CFU)). TAS levels were higher in the TRE group
than the CON group. And TOS levels were lower in the TRE group than the CON group (P<0.001). Cows in
the TRE group had lower SCC than the cows in the CON group (p=0.042). In conclusion, prepartally
supplements of antioxidants were effectively reduced levels of serum TOS and SCC and increased levels of serum
TAS. But, it was detected that it did not affect on IBC and CFU levels.
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kksk

Holstein-Friesian Ineklerde Prepartal Vitamin ve Iz Element Takviyelerinin Postpartum 14. Giinde
Toplam Antioksidan ve Oksidan Durumlari ve Meme Saglig1 Parametreleri Uzerine Etkileri

oz

Bu calismanin amaci, Holstein-Friesian 1rki ineklerde prepartal vitamin ve iz element enjeksiyonlarinin postpartum
14. giinde toplam antioksidan ve oksidan seviyeleri (TOS ve TAS) ile meme saghigi parametreleri Uzerine
etkilerinin degerlendirilmesiydi. Altmis sekiz multipar inek tedavi (TED; n=33) ve kontrol (KON; n=35) grubu
olarak ikiye ayrildi. TED grubundaki ineklere prepartum 215 ve 1015 giinlerde intramuskuler vitamin (A, D, E)
ve iz element (Cu, Zn, Se, Mn) enjeksiyonlari yapildi. Beta hidroksi bitirik asit BHBA), TOS ve TAS ile meme
sagligint (somatik hiicre sayist (SHS), toplam bakteri sayist (bireysel bakteri sayisi (BBS) ve koloni olusturan birim
(KOB)) degerlendirmek i¢in kan ve siit 6rnekleri toplandi. TAS seviyesi kontrol grubuna gore tedavi grubunda
daha yitksek bulunurken TOS seviyesi daha dusiik bulundu. Tedavi grubundaki ineklerin SHSleri, kontrol
grubundakilerden daha disiiktii (p=0.042). Sonug olarak, prepartal antioksidan takviyelerinin serum TOS ve siit
SHS seviyelerini etkili bir sekilde distirdigh ve serum TAS seviyesini arttrdigt gorildi. Ancak BBS ve KOB
seviyelerine etki etmedigi tespit edildi.

Anahtar Kelimeler: Antioksidan, inek, meme sagligl, somatik hiicre sayisi, toplam bakteri sayist.
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INTRODUCTION

Vitamins and trace elements are antioxidant
substances and they play a role in the body's
antioxidant defense system (Sen and Chakraborty
2011). Antioxidants are defined as substances that
inhibit oxidative damage (Abuelo et al. 2015) and are
obtained in two different ways as endogenous
(enzymatic and non-enzymatic) and exogenous (Sen
and Chakraborty 2011). The most common
antioxidant substances which exogenously obtained
are vitamin A, vitamin E, vitamin D, vitamin C,
selenium (Se), copper (Cu), manganese (Mn) and zinc
(Zn) (Mavangira and Sordillo 2018). Exogenous
antioxidant substances have also clinical importance
because they are used in the structure of endogenous
antioxidants  (superoxide  dismutase  (SOD),
glutathione peroxidase (GPX) and catalase (CAT))
(Sen and Chakraborty 2011). Oxidant substances (free
radicals) generally classified into two categories as
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) (Lykkesfeldt and Svendsen 2007). They
are produced as natural by-products during the
conversion of foods into a form of ATP using O in
the mitochondria (Mavangira and Sordillo 2018). But,
ROS (such as RO, RCOO,, H,O,, HO,, HO;, O,
O3) are the most abundant oxidant substances in
biological systems (Puppel et al. 2015). ROS are
reduced to a new molecule such as H>O by
antioxidant substances, or they are enzymatically
repaired by antioxidants. ROS are reduced to a new
molecule such as H>O or they are enzymatically
repaired by antioxidants (Sordillo and Aitken 2009).
But, when the production of free radicals exceeds the
antioxidants defense capacity, oxidative stress occurs
(Batistel et al. 2018). It has been reported that
oxidative stress impairs cells' structures (especially
immune cells) by damaging their macro components
such as DNA, lipid and protein (KKuhn et al. 2018). In
addition, it is known that excessive oxidative stress
can cause pathologic disorders of tissue and organ.
These pathologic disorders begin with function,
activity and immunological deficits particularly in the
heart, skeletal muscle, liver and blood cells that
require high energy (Puppel et al. 2015). The
periparturient periods are critical for oxidative stress
in dairy cows. The use of O during the transition
period in the cows increases due to the acceleration
of metabolic activities (Castillo et al. 2005). Moreovert,
the cows enter a negative energy balance (NEB)
because of increased metabolic demands in this
period (Abuelo et al. 2015). NEB induces more
lipolysis that gives rise to increased ROS production
and results in enhanced blood non-esterified fatty
acids (NEFA) (Song et al. 2014) and beta-
hydroxybutyric  acid  (BHBA)  concentrations
(Wankhade et al. 2017). Therefore, the oxidant
concentration significantly increases while the total
antioxidant capacity decreases with antioxidant

overuse during this period (Mavangira and Sordillo
2018). It was reported that inadequate levels of
antioxidants result in leukocyte dysfunction and then
health problems are enhanced (Sordillo and Aitken
2009, Mavangira and Sordillo 2018). Furthermore, it
is known that udder health is affected negatively in
the case of oxidative stress (Abuelo et al. 2015).

For these reasons, antioxidant administrations have
clinical importance in the periparturient period
(Spears and Weiss 2008). Therefore, this study was
aimed to evaluate the effect of prepartally injections
of some vitamins and trace elements on total
antioxidant status (TAS), total oxidant status (TOS)
of serum samples and udder health parameters
involving in SCC and total bacteria count (individual
bacteria count (IBC) and colony formation unit
(CFU)) on day 14 postpartum in Holstein-Friesian

Cows.
MATERIAL and METHODS

Animals, Housing, Diets and Management
Sixt-yeight pregnant multiparous Holstein-Friesian
dairy cows were used in this study. The farms were
visited before starting the study and the cows used
were selected from the Holstein-Friesian cows which
in the dry period and without any clinical disease,
then they were divided into treatment (TRE; n=33)
and control (CON; n=35) groups by the randomized
grouping method. The cows were managed in free-
stall barns, were fed according to their individual
needs with a total mix ration (TMR) and had free
access to water. Chemical analysis of TMR into far-
off, close up and fresh periods were done according
to the AOAC method (Joel, 1990; Table 1). Milk yield
of the previous lactation (305-d) and lactation
number of the cows in both groups were similar
(p>0.05; Table 2). The cows were milked with an
automatic milking system twice daily. The herds had
periodic systematic vaccination and controlled health
monitoring programs.

Experimental Design

This study was conducted between December 2018
and March 2019. In this study, 8 ml of solution
(Ademin®, Ceva) containing vitamins A, D and E
(500,000 L.U. of vitamin A, 75,000 L.U. of vitamin D
and 50 mg of vitamin E per ml) and 10 ml of solution
(Activate®, Alke) containing Se, Cu, Zn and Mn trace
elements (2.5 mg of copper gluconate, 1.25 mg of
sodium selenite, 5 mg of manganese gluconate, 5 mg
of zinc gluconate per ml) were administered
intramuscularly (im) using a 18-G cannula to each
cow into the TRE group on 21%5 and 10%5 days
before expected parturition (280 days) (Figure 1). In
the CON group, it was performed the same amounts
of saline injections as a placebo to each cow.
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Sampling and Laboratory Analysis

Blood samples (9 ml) were collected from the
coccygeal vein into vacutainer tubes (Hema & Tube®)
containing clot activator at postpartum 14t days. The
blood samples were centrifuged (Nive, NEF 200
centrifuge®) at 1.500g and 4°C for 10 min within 1 h
after the sampling and serum were stored at —20°C
until analyses. Milk samples (10 ml) were collected to
a sterile falcon equally from 4 lobes of udder on 14th
days postpartum. The samples were kept chilled on
ice-packs immediately during collection and were
transported to the laboratory +4°C for analyses
within 8 hours. TOS and TAS were measured using
autoanalyzer (Erba XL 600®) and commercial kits
(LOT: OK181040 and OK18095A respectively, Rel
Assay Diagnostics, Gaziantep). Milk SCC and total
bacterial count (IBC and CFU) was determined by an
automated fluorescent microscopic somatic cell
counter (Bentley IBC-M®; Bentley Instruments Inc.,
Chaska, MN, USA). And also, BHBA levels were
measured instantly using a hand-held meter (Vet TD-
4235, Hasvet®, Turkey) B-ketone monitoring system
and commercial kits (LOT: WK18D923-BOE) on day
14th postpartum.

Statistical Analysis

Kolmogorov-Smirnov and Levene test were used for
normality and homogeneity of wvariance of data,
respectively. When data were not distributed
normally, logarithmic conversations (logl0) were
done. Independent sample t-test was used to compare
means of all variables. Results were presented as the
mean T standard error of the mean (x* SEM). SPSS
14.01 (SPSS Inc., Chicago, Illinois, USA; License No:
98692604) software package program was used for all
statistical analyses. P<0.05 was considered as
significant.

RESULT and DISCUSSION

Beta-hydroxybutyric acid levels were found similar in
the TRE (0.66+0.08 mmol/L) and CON (0.88£0.19
mmol/L) groups (p=0.186). Results from this study
showed that prepartally supplements of vitamins and
trace elements were effectively decreased levels of
TOS (p<0.001) and were effectively increased levels
of TAS (p=0.0306; Table 3). And also, it was detected
that it can be used to reduce the incidence and
damage of oxidative stress in dairy cows.

The SCC level in the TRE group (559.94+199.88
cells/ml) had lower than the CON group
(1173.03+£321.32 cells/ml) (p=0.042). However, IBC
level in the TRE group (771860.82£324756.90) was
similar ~ compare to  the CON  group
(658889.711289864.33 IBC/ml). Also, CFU levels
were found similar the TRE group (228.58193.38)
and the CON group (186.17+£80.19 CFU/ml)
(p>0.05; Table 4).

Free radicals play an important role in the host
immune system and low levels of ROS are required
for antibacterial activities of neutrophils (Andrei et al.
2011). It was reported that when more than normal
of ROS is produced if there are not enough
antioxidant substances in the body, pathologies of
organ and tissue occur as a consequence of oxidative
damage (Lykkesfeldt and Svendsen 2007). Dazry cows
are vilnerable to oxidative stress, particularly during the
transition period. Some researchers described that the
production of ROS and the use of antioxidants
substances are importantly increased due to increased
metabolic activity in the periparturient period (Spears
and Weiss 2008, Sordillo and Aitken 2009).
Moreover, Song et al, (2014) reported that ROS
generation increases due to increased lipolysis as a
consequence of NEB during the transition period.
Blood concentration of BHBA is directly
proportional to NEB (Barletta et al. 2017). In our
study, however, BHBA levels were found similar in
the TRE and CON group (p=0.1806). Therefore, this
result showed that the effect of lipolysis on the
production of ROS was homogenous in both groups.
Antioxidant supplementation has improving effects
on the health and performance of dairy cows (Spears
and Weiss 2008, Abuelo et al. 2016). In other words,
antioxidant administrations can be used to diminish
the destructive effects of excessive ROS generation
(Abuelo et al. 2016). For this reason, antioxidant
supplementation can be performed by the addition of
vitamins, minerals and trace elements to the diet of
the cows, especially in the form of premixes added to
the TMR. Besides, it can be done with commercial
vitamins and trace element injections for facilitating
the supplementation without requiring particular
management (Abuelo et al. 2015). Many researchers
have reported that when trace elements are used as
feed additives in organic form, more positive results
are obtained than other approaches (Ballantine et al.
2002, Andrieu 2008, DeFrain et al. 2009). It is stated
that this is due to interactions in the gastrointestinal
tract (Gressley 2009). Previous studies showed that
positive results were obtained with parenteral
supplementation of commercial formulations of
vitamins and trace elements with antioxidant
properties in dairy cows. However, in order to
compare the effectiveness of administration of the
organic or inorganic forms as well as of feed additives
or injections, more detailed studies on antioxidant
supplementation methods should be catried out
especially during the transition period in which
changes in the gastrointestinal environment and pH
due to ration changes. Although it is suggested that
TAS and TOS can be effective in monitoring the
feeding status (Mandebvu et al. 2003) and some
diseases in dairy cows (Atakisi et al. 2010), the results
may vary depending on the measurement method
(Andrei et al. 2016) and the feeding differences
(Mandebvu et al. 2003). TAS represents the sum of all
the antioxidants present in serum (Castillo et al. 2005,
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Lykkesfeldt and Svendsen 2007). TAS levels
significantly decrease during early lactation and dairy
cows have a low antioxidant defense in this period
(Gong and Xiao 2016). It was reported that
prepartum antioxidant administrations increase serum
TAS in cows (Omur et al. 2016). Omur et al. (2016)
reported that administration of vitamin (A, D and E)
and trace element (Se, Cu, Mn, Zn) combinations in
three weeks before parturition caused an increase in
the total antioxidant capacity and a decrease in the
total oxidant capacity in three weeks after parturition.
In our study, it was found that administrations of
vitamins and trace elements on 215 and 10£5 days
before parturition were increased the level of TAS
(P=0.036) while decreasing TOS (P<0.001) level in
two weceks after parturition. Oxidative stress is
associated with many health disorders and it may
cause impairment of udder health which has
economic importance in dairy cows (Turk et al. 2017).
It was reported that milk SCC reflects udder health
and administration of trace elements parenterally (Se,
Cu, Zn and Mn) improve udder health by reducing
SCC in dairy cows. (Abuelo et al. 2015). Yang and Li
(2015) reported that supplements of some antioxidant
(vitamin A, B, C, E and B-carotene, Se, Zn and Cu)
successfully prevent mastitis. Antioxidant
administrations  increase the bactericidal —and
phagocytic activity of immune cells and decrease the
SCC rate in dairy cows (Yang and Li 2015). It was
stated that injections of vitamin E about 10 and 5 d
before parturition increased neutrophil a-tocopherol
concentrations in the periparturient period in cows.
In addition, it was also reported that vitamin E and Se
supplementations improve the bactericidal activity of
neutrophils and at the same time, Se administration
reduce the bacterial CFU in milk (Hogan et al. 1993).

The administration of combinations or separately of
vitamins and trace elements has significant effects
synergistically on the improvement of udder health
(Yang and Li 2015). In our study, it was determined
that prepartally supplementation of vitamins and trace
elements decreased SCC (47.73%) significantly in the
TRE group compared to the CON group (P = 0.042)
and therefore it had a positive effect on udder health.
In contrast to similar studies, however, no significant
difference was found in levels of milk IBC and CFU
(p>0.05) when compared the TRE group to the
CON group. The reason for this situation is thought
that the dominant type of bacteria responsible for
mastitis is Staphylococcus anrens. Reduction in the SCC
may be interpreted as a decrease in the severity of
inflammation due to intramammary infection rather
than bacteriological recovery. Although antioxidant
supplementations can improve the function of
immune system cells, the bacteriological recovery rate
is insufficient because bacteria such as S. awreus have
the ability to escape from immune system cells and
even the ability living intracellularly in macrophages
and in alveolar cells (Batistel et al. 2018). In addition,
the SCC level according to the bacterial species is
significantly different. Therefore, the SCC threshold
value has a different level of specificity and sensitivity
depending on the type of bacteria (Petzer et al. 2017).
Similarly, SCC is an effective indicator in determining
the presence of intramammary infection, but it is not
sufficient to the evaluation of the difference in
mastitis pathogen because correlation level of
differences between SCC and total bacterial count
(IBC and CFU) varies according to the type of
pathogen (Junior et al. 2012).

8 AM

- 8 ml Ademin (Ceva, Turkey)

- Blood sampling
‘ - BHBA

Treatment group

- 10 ml Activate (Alke, Turkey)

| - TAC
' ‘ - TOC

8§ AM
Control group ——

- 8 ml % 0.9 NaCl
- 10 ml % 0.9 NaCl

- Milk sampling
- Scc

- IBC
- CFU

-21£5

-10+5 Parturition +14

Figure 1. Prepartum supplements of vitamins and trace elements and parameter measurement on day

14th postpartum in Holstein dairy cows
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Table 1. Ration content (100% dry matter basis) of cows in two
groups in the dry period (Far-off and Close-up) and fresh period

Far-off Close-up Fresh
Crude Protein 14,29 16,53 16,48
Crude Ash 6,76 6,68 7,04
Fiber 20,46 21,20 20,93
Fat 2,90 2,34 2,59
Starch 6,76 20,37 22,78
Nel 1495,56 1508,93 1513,39
Ndf 38,80 38,23 36,85
ADF 20,27 18,03 20
ADL 5,79 5,84 5,93
MEX1 2540,42 2553,62 2564,54

Nel: Dietary value of net energy, Ndf: Neutral detergent fiber, ADF: Acid
detergent fiber, ADL: Acid detergent insoluble lignin, MEX1: Energy that
can be metabolized.

Table 2. Comparison of descriptive data in both groups

Treatment Control p
(n:33; MeantSEM) (n:35; MeantSEM)
Milk yield of the previous lactation (L) 10374.88+452.13 11374.26£582.92 0.184
Number of lactation 3+0.21 3.51£0.21 0.097

Table 3. Comparison of the levels of total oxidant status (TOS) and total antioxidant status
(TAS) of serum samples in both groups

Treatment Control p
(n:33; Mean+SEM) (n:35; MeantSEM)
TOS (umol/L) 9.65%0.51 13.6£0.46 <0.001
TAS (mmol/L) 2.4610.02 2.3910.02 0.036

Table 4. Comparison of udder health parameters in both groups

Treatment

(n:33; Mean+SEM)

Control P
(n:35; Mean+SEM)

SCC (x103 cells/ml) 559.94+199.88
IBC (ibc/ml)

CFU (cfu/ml) 228.58%93.38

771860.821+324756.90

1173.03£321.32 0.042
658889.711+289864.33 0.554
186.17180.19 0.674

SCC: Somatic cell count, IBC: Individual bacteria count, CFU: Colony formation unit.

CONCLUSION

Cows supplemented parentally with vitamin (A, D
and E) and trace elements (Se, Zn, Cu and Mn)
before parturition showed improved udder health,
TAS and TOS levels in the second weeks of lactation,
thus decreasing effects of oxidative stress on health in

dairy cows. But, milk bacteria count was not affected
by antioxidant administrations. Further studies are
needed to investigate in more detail the effects of
antioxidant administrations on milk bacterial
populations.
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