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AbstrAct

The aim of the study was to determine the effect of parenteral application of two vitamin prepa-
rations to pregnant cows (vitamins E and A to the1st experimental group, and β-carotene to the 
2nd experimental group) in the period of 10-14 days before parturition on the following selected 
parameters in their serum: the levels of vitamins E, A, β-carotene, total antioxidation status 
(TAS), haematological parametres, and in their colostrum: vitamins E, β-carotene, evaluation 
according to the Brix scale with a refractometer. The cows’ blood samples were collected  
three times: 10-14 days before expected calving, on the day of calving and 7 days after calving. 
Colostrum samples were collected once, immediately after calving. A statistically significant 
difference in the β-carotene levels after parenteral application was observed in the 2nd experi-
mental group (6.05 µmol l-1; P<0.01) at the day of calving when compared to the control group 
(3.61 µmol l-1), and 7 days postpartum (5.35 µmol l-1; P<0.001) when compared to the control 
group (3.41 µmol l-1). The level of TAS was significant (P<0.001) for this group in the second 
(0.51 mmol l-1) and third sampling (0.88 mmol l-1; P<0.01) when compared with the control group 
(0.50 mmol l-1; respectively 0.75 mmol l-1) and the 1st experimental group (0.44 mmol l-1; respec-
tively 0.70 mmol l-1). There were no significant changes in the level of vitamin E and vitamin A 
in cow serum, in haematological parametres and in the quality and concetrations of vitamins in 
colostrum between the groups. The parenteral application of synthetic β-carotene had an effect 
on the level of β-carotene in the 2nd experimental group and was likely to affect also the level  
of TAS in this group. On the other hand, the level of vitamin E, A in serum and the quality  
of colostrum were not influenced by parenteral vitamin application.
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INTRODUCTION

The peripartum period (3 weeks before and 3 weeks after calving)  
is a challenging period for high-yielding dairy cows (SpearS,WeiSS 2008).  
It is considered critital as regards health, immunity, metabolism, fertility, 
milk production and hormonal changes (Goff, HorSt 1997, illek et al. 2009, 
leBlanc 2013, Mikulková et al. 2020). In transiting cows, vitamins and anti-
oxidants play an important role in preventing the weakening of immunity 
and the outbreak of diseases. Vitamins and non-enzymatic antioxidants are 
also an important part of the antioxidant system. 

Vitamin E, presents in 8 different forms, is one of the most important 
components of cellular antioxidant systems in nature. Of the 8 forms,  
the most biologically active one is alpha-tocopherol, which is effective in pro-
tecting tissue from oxidative damage and thus suppressing or preventing  
the development of diseases. Its supplementation with supra-nutritional  
concentrations can lead to improved immune functions (Baldi 2005). Simi- 
larly to vitamin E, β-carotene is a lipid-soluble antioxidant, precursor (provi-
tamin) of vitamin A. β-carotene may affect the immune response (cHeW, park 
2004).

A study by JoHanSSon et al. (2013) concluded that cows in organic dairy 
production can fulfill their requirements for vitamins A and E without sup-
plementation. The exception is the period around calving, when the require-
ments for vitamins are higher than in the other periods. Also, non-supple-
mented cows in this study had a higher incidence of mastitis. Deficiency  
of vitamins, as well as minerals, occurs because of the requirements of the 
growing fetus, colostrum formation and the onset of lactation (Goff, HorSt 
1997, leBlanc et al. 2004, rizzo et al. 2013). However, the loss of vitamins 
in colostrum can be attributed not only to reduced dry matter intake during 
this period, but also to impaired vitamin distribution (drackley 1999, Baldi 
2005). Vitamins can be supplemented in prepartal cows, which can have an 
influence on the level of vitamins postpartum. Vitamin status of dairy cows 
can be also affect by genetic traits, biological factors, dry matter intake, time 
around calving (Goff, StaBel 1990, JenSen et al. 1999) and decreased concen-
tration of lipoproteins (GruMMer, carroll 1991). 

The aim of the present study was to determine whether the parenteral 
administration of vitamins E, A and β-carotene to pregnant cows 10-14 days 
before calving can affect the level of vitamins and total antioxidation status 
(TAS) in the serum of cows and the level of vitamins and the quality of colos-
trum according to the BRIX scale.
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MATERIALS AND METHODS 

Animals
The work was performed on a Holstein cattle farm with a number of 498 

lactating cows and an average yield per lactation 10.249 litres of milk. Only 
clinically healthy adult cows in the first, maximum in the third lactation, 
with an average body condition score 3-3.5 without past metabolic or infec-
tious diseases were selected for the experiment. The cows were housed  
on a deep straw mat; they had an at libitum access to water and were fed  
a ration for dried cows (Table 1). The cows were divided in three groups  

of 10 animals in each – the control group (without the application of any  
vitamin preparation), the 1st experimental group (application of a vitamin 
formula containing vitamins A, E and D) and the 2nd experimental group 
(application of a β-carotene formula). The first blood sampling (venipuncture 
of vena coccygea media) and the application of vitamins were performed  
10-14 days before expected calving. Blood was collected in plastic tubes  
(HEMOS H-02, GAMA Group, Czech Republic) without an anticoagulant  
for serum determination. Blood samples for haematology examination were 
collected into sampling tubes containing ethylenediaminetetraacetic acid 
(EDTA) as an anticoagulant. The 1st experimental group was intramuscu- 
larly (gluteal muscles) applied 10 ml of ADE inj. vitamin solution. This vita-
min preparation contains Retinoli propionas – 100 000 IU, Ergocalcif-
erolum – 100 000 IU, Tocoferoli alfa acetas – 30 mg. Vitamin D has not been 
taken into account and evaluated in our work. The 2nd experimental group 

Table 1
Composition of the total mixed ration fed to cows in kg per day per cow

Ingredients Antepartum Postpartum
Alfalfa hay 2 1
Barley straw 2.2 0
Concentrate (DOVP a.p.) 2.8 0
Concentrate (DOVP) 0 6
Post-extraction repessed meal 0.8 0
Palmitate 0 0.15
MP ion 0.5 0
High moisture corn 0 3
Brewers grain 0 4
Alfalfa haylage 0 6
Maize silage 15 19

DOVP a.p. – complementary feed for lactating dairy cows – antepartum, DOVP – complemen- 
tary feed for dairy cows; MP ion – mineral supplements and protein concentrate (to prevent 
hypocalcaemia postpartum), mixture of anions
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received 20 ml per animal of Carofertin 10 mg ml-1 (Betacarotenum 10.00 mg) 
subcutaneously (praescapular area). The calving of all cows in the experi-
ment took place spontaneously. Prompt assistance was prepared and provi- 
ded if needed by controlled pull. The foetal membranes were delivered spon-
taneously within 12 h after calving. The second blood sampling of cows was 
performed immediatelly after calving. The third blood sampling was per-
formed 5-7 days after calving. 

Sampling and analyses
The samples for hematological examination were analyzed immediately 

after the blood collection. Anti-coagulated blood with EDTA was analyzed  
for hematological parametres WBC (white blood cell), RBC (red blood cell), 
(HGB) haemoglobin, (HCT) haematocrit, PLT (platelets) by an automatic vet 
hematology analyzer BC–2800 (Mindray, China). 

After sampling, the serum was allowed to clot at room temperature and 
then separated after centrifugation at 3000 g for 10 min and subsequently 
stored at -70°C until analysis. The following parameters were determined  
in the cow serum: vitamin E, vitamin A, β-carotene and TAS. The determi-
nation of TAS was performed using standardized kits (Randox Laboratories 
Ltd, Crumlin, Antrim, United Kingdom) and measured by an automatic  
Konelab 20XT biochemical analyzer (Thermo Fisher Scientific, Vantaa,  
Finland).

Colostrum samples from the first milking (after calving) were collected 
into special plastic samplers for colostrum collecting. The quality of colos-
trum was checked and evaluated with a digital pocket refractometer on the 
Brix scale and expressed as a percentage. A Brix scale value of 22 or more 
indicated quality colostrum. The colostrum samples were stored at -70°C 
until the laboratory analysis.

The concentrations of vitamins A, E and β-carotene in the cow serum 
were determined using a High-Performance Liquid Chromatography (HPLC) 
system Ultimate 3000 (Dionex, Sunnyvale, USA) according to SoWell et al. 
(1994) with a minor modification. The blood samples for vitamin determina-
tion were extracted (hexane) followed by evaporation and dissolution  
in a mobile phase (methanol). The concentration of these vitamins in colos-
trum was determined by the same method according to uBaldi et al. (2005). 

Statistical analysis 
The results were tested for homogeneity of variance (Hartley- 

-Cochran-Bartlett test) and normality of distribution (Shapiro-Wilk test).  
The data were analysed statistically by one-way analysis of variance  
(ANOVA) followed by the Fisher’s LSD post hoc test. All results were  
expressed as a mean value (x) ± standard deviation (SD). P<0.05 was 
considered as statistically significant.



605

RESULTS

The values of vitamins A, E and β-carotene in cow serum are shown  
in Figures 1, 2 and 3. There was no statistically significant difference in the 

Fig. 1. The concentration of vitamin E (µmol l-1) in cow serum in all samplings:
1 – first sampling, 10-14 days before calving, 2 – second sampling, the day of calving,  

3 – third sampling, 5-7 days after calving

Fig. 2. The concentration of vitamin A (µmol l-1) in cow serum in all samplings: 
1 – first sampling, 10-14 days before calving, 2 – second sampling, the day of calving,  

3 – third sampling, 5-7 days after calving

Fig. 3. The concentration of β-carotene (µmol l-1) in cow serum in all samplings:
1 – first sampling, 10-14 days before calving, 2 – second sampling, the day of calving,  

3 – third sampling, 5-7 days after calving
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serum level of vitamin E in cows between group 1 (vitamin E), 2 (β-carotene) 
and the control group after the vitamin application. Only in the first sam-
pling, the 1st experimental group showed the highest levels (6.55 µmol l-1, 
P<0.01) of vitamin E compared to the control (5.91 µmol l-1), and the control 
group (P<0.05) when compared with the 2nd experimental group (4.97 µmol l-1). 
However, these levels of vitamin E decreased in the second and third sam-
pling in all groups.

A statistically significant difference in the level of β-carotene was record-
ed between the 2nd experimental group (6.05 µmol l-1, P<0.01), and the con-
trol group (3.61 µmol l-1) when taken on the day of calving. A statistically 
highly significant difference (P<0.001) was observed between the 2nd experi-
mental group (5.35 µmol l-1) and the control group (3.41 µmol l1) 5-7 days 
after calving. The level of β-carotene was also significantly higher (P<0.01)  
in this sampling in the 1st experimental group (4.66 µmol l-1) compared  
to control group (3.41 µmol l-1). 

No statistically significant differences in vitamin A levels in cow serum 
were observed.

The determined values of vitamins E and β-carotene in colostrum are 
shown in Table 2. There were no significant changes in the level of vitamins 

in colostrum between the groups. Although a tendency to higher vitamin 
concentrations was observed in the colostrum of the experimental groups. 
According to the Brix scale, the 1st experimental group showed the highest 
values (26.2 %) compared to other groups.

The level of TAS (Figure 4) was significantly the highest (P<0.001) in the 
2nd experimental group (0.86 mmol l-1) in the first sampling before the appli-
cation of the vitamin preparations when compared to the control (0.74 mmol l-1) 
and the 1st experimental group (0.63 mmol l-1). Also in the second and third 
sampling, the level of TAS remained significantly higher (P<0.001)  
in the 2nd experimental group (0.51 and 0.88 mmol l-1, respectively) compared 

Table 2
Values of parameters in colostrum – Brix (%), vitamin E and β-carotene (µmol l-1)

Parameters CO Vit E BETA

Brix
(%)

x 25.7 26.2 22.2
SD 5.5 5.2 6.9

Vit E
(µmol l-1)

x 11.86 15.80 16.27
SD 4.48 8.38 6.45

bKar
(µmol l-1)

x 4.40 6.05 5.37
SD 1.74 2.56 2.30

x – mean value, SD – standard deviation, no significant differences between groups were recorded 
P>0.05, CO – control group, Vit E – 1st experimental group (vitamin E), BETA – 2nd experimen-
tal group (β-carotene)
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to the 1st (0.44 and 0.70 mmol l-1, respectively) and the control group (0.50 
and 0.75 mmol l-1; P<0.01 for third sampling, respectively). 

A statistically significant difference (P<0.05) in hematological parame-
ters (Table 3) was observed in the control group (16.5 109 l-1) in the WBC 

Fig. 4. The concentration of TAS (mmol l-1) in cow serum in all samplings: 
1 – first sampling, 10-14 days before calving, 2 – second sampling, the day of calving,  

3 – third sampling, 5-7 days after calving

Table 3
Values of hematological parameters in cows in all samplings

Parametres

10-14 days before 
calving Day of calving 7 days after calving

CO 1st exp. 
group

2nd exp. 
group CO 1st exp. 

group
2nd exp. 
group CO 1st exp. 

group
2nd exp. 
group

WBC
(109 l-1)

x 9.9 9.7 9.0 16.5α 13.3α 15.3 8.7 9.0 8.9

SD 2.2 2.4 1.1 3.5 2.9 1.9 1.6 2.9 2.0

RBC
(1012 l-1)

x 7.41 6.95 6.97 8.16 7.74 7.64 7.17 6.86 6.61

SD 0.60 0.76 0.68 0.82 0.80 0.86 0.41 0.90 0.50

HGB
(g l-1)

x 106 104 101 119 118 113 102 108 99

SD 10 9 8 9 10 8 9 8 5

HCT
(%)

x 37.1 36.6 35.9 40.9 41.8 38.8 36.1 37.5 34.8

SD 3.5 3.2 2.9 4.2 3.3 5.5 2.9 4.7 2.0

PLT
(109 l-1)

x 331α 231α 285 358 347 336 404 340 338

SD 83 132 101 85 103 112 173 121 93

x – mean value, SD – standard deviation, significant differences between groups within a given 
sample are recorded using the same notation, α, β – P<0.05, CO – control group, 1st exp. group 
– 1st experimental group (vitamin E), 2nd exp. group – 2nd experimental group (β-carotene), WBC 
– white blood cells, RBC – red blood cells, HGB – haemoglobin, HCT – haematocrit, PLT – 
platelets
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level compared to 1 experimental group (13.3 109 l-1) (day of calving) and  
in control group in the level of PLT (331 109 l-1) compared to 1 experimental 
group (231 109 l-1) (10-14 days before calving).

DISCUSSION

It is a well-known fact that the highest need for vitamins in dairy cattle 
occurs around calving. This may be due to reduced feed intake, high milk 
production, losses in colostrum, but it may also be due to impaired vitamin 
distribution (drackley 1999). When producing 10 kg of colostrum, 43 mg  
of retinol, 19 mg of alpha-tocopherol and 140 mg of zinc are removed from 
the plasma pool on the day of calving. After 3 day postpartum, plasma reti-
nol and alpha-tocopherol levels do not decrease further or return to normal 
levels (Goff, StaBel 1990). Similarly, in a more recent study by Píšťková  
et al. (2019), a significant decrease in the level of vitamin A, vitamin E and 
β-carotene was observed immediately after calving. 

A single intramuscular application of a vitamin preparation containing 
vitamins E and A had no effect on increasing the levels of these vitamins  
in cow serum. This may have been related to the transfer of vitamins from 
the blood to colostrum. During the synthesis of colostrum, a considerable 
amount of alpha-tocopherol is reduced from bodypools (Goff, StaBel 1990, 
WeiSS et al. 1992). There were different results achieved by leBlanc et al. 
(2002), where an injection of 3000 IU of vitamin E (RRR-aplha-tocopherol 
acetate) to pregnant cows 7 days before calving increased the serum  
alpha-tocopherol levels 3 days before calving, on the day of calving and 5-7 
days after calving. Similarly, in WeiSS et al. (1992), an injection of dl-alpha 
tocopherol (3000 IU, subcutaneously, 10 days prior to expected calving)  
increased the vitamin E levels 5 days before calving and on the day  
of calving. However, this effect was no longer detectable 7 days after calving. 
In the work of SoBiecH et al. (2015), cows given intramuscular administration 
of a preparation containing tocopherol acetate and sodium selenite 5 days 
before calving showed an increased serum vitamin E concentration compared 
to the control group 5 days after calving. Vitamin E levels in cows were kept 
stable and high until the end of this experiment. 

On the other hand, subcutaneous administration of β-carotene in the  
2nd experimental group proved to be the most effective in terms of the subse-
quent significant increase in its serum level in cows on the day of calving 
and 5-7 days after calving. In studies performed by ScHWeiGert and eiSele 
(1990), a single intramuscular injection of β-carotene in cows led to a signi- 
ficant increase in plasma concentrations of β-carotene (not retinol).  
The β-carotene levels remained elevated for 10 days after intramuscular  
administration. In the most recent study (Hye et al. 2020), cows were admini- 
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stered postpartum with the same β-carotene product as used in our study 
twice at 14-day intervals. The level of β-carotene in cows increased in the 
experimental group one week after the administration and reached a peak  
on 49 - 55 day postpartum. The TAS levels are considered an indicator  
of the balance between antioxidants and prooxidants. The TAS therefore 
evaluates the overall antioxidant capacity of the organism and provides  
information on total serum antioxidants (GHiSelli et al. 2001). In the research 
by Píšťková et al. (2019), the lowest concentration of TAS as well as the low-
est concentration of vitamins A, E and β-carotene were found 2-3 days after 
calving. Also in our work, the level of TAS in cows decreased at the day  
of calving and increased at the third sampling (5-7 days after calving).  
The 2nd experimental group showed the highest levels of TAS in all sam-
plings when compared to the other groups. Supplementation of calves with 
20 mg β-carotene daily has been shown to be effective in reducing reactive 
oxygen metabolites (d-ROMs) and increasing the biological antioxidant  
capacity by biological antioxidant potential (BAP) test (otoMaru et al. 2018). 
However, in our work, the 2nd experimental group showed the highest level 
of TAS even before the application of the vitamin preparation itself, which 
could also keep its levels higher after calving. 

In our study, we evaluated the quality of colostrum using the Brix scale 
with a digital refractometer. Digital brix refractometers (as well as the opti-
cal ones) are capable of differentiating between good and poor quality  
of colostrum and have an acceptable sensitivity and specifity when compared 
with the gold laboratory standart test, i.e. radial immunodiffusion assay.  
The 22% cut-off point according to the Brix scale ensures high-quality colos-
trum (BielMann et al. 2010). The quality of colostrum according to the Brix 
scale was not significantly affected by the application of the vitamin prepa-
ration. In some other studies, too, there was no evidence of an increase  
in colostral IgG concentration after vitamin E (Horn et al. 2010, MoGHiMi- 
-kandelouSi et al. 2020) or β-carotene (niSHiJiMa et al. 2017) supplementation 
in cows. Opposite results were observed in the work of iSHida et al. (2018) 
after the supplementation of dry carrot in the cows’ diet or in the work  
of SinGH et al. (2013) after the vitamin E supplementation to prepartal buf-
falo cows.

Although the concentrations of vitamins E, A and β-carotene in colos-
trum of the experimental groups tended to be higher, the differences were 
not statistically significant. In the aforementioned work of WeiSS et al. 
(1992), the cows of the experimental group had significantly higher levels  
of tocopherol in colostrum than the cows injected with placebo. In Japanese 
black cows, the supplementation with 500 mg per day of β-carotene in a diet 
21 days before the expected calving did not affect the concentration  
of β-carotene in the colostrum. On the other hand, the supplementation was 
effective in increasing β-carotene in the plasma of these cows from calving  
to 60 days postpartum (iSHida et al. 2018). 
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A statistically significant difference in hematological parameters was 
observed only in the control group in the WBC level compared to 1 experi-
mental group (day of calving) and in control group in the level of PLT com-
pared to 1 experimental group (10-14 days before calving). In the control 
group, the levels of these parameters were higher. However, these significant 
differences are probably not related to the application of vitamin prepara-
tions. The effects of vitamin application on hematological parameters were 
observed in calves (MooSavian et al. 2010, otoMaru et al. 2015). In a study 
performed by SnarSka et al. (2018), supplementation of fallow deer with vita-
min E and selenium induced a prompt increase in red blood cells and hemo-
globin. 

CONCLUSION

A single injection of β-carotene (subcutaneously) before calving proved  
to be effective in significantly increasing its serum levels in cows on the day 
of calving as well as 5-7 days after calving. At the same time, the cows  
in this experimental group showed the highest serum TAS levels. On the 
other hand, the application of vitamins E and A (intramuscularly) had no 
significant effect on the increase in serum levels of these vitamins in cows, 
which may have indicated the consumption of these vitamins in the colos-
trum. Although the levels of these vitamins and β-carotene in the colostrum 
were shown to be higher compared to the control group, the changes were 
not statistically significant. Also, this treatment had no effect on the hema-
tological parameters of the cows.

REFERENCES 
Baldi A. 2005. Vitamin E in dairy cows. Livest. Prod. Sci., 98: 117-122. DOI: 10.1016/j.livprod-

sci.2005.10.004
BielMann V., Gillan J., perkinS n.r., SkidMore a.l., Godden S., leSlie k. 2010. An evaluation 

of Brix refractometry instruments for measurement of colostrum quality in dairy cattle.  
J. Dairy Sci., 93: 3713-3721. DOI: 10.3168/jds.2009-2943

cHeW B.p., park J.S. 2004. Carotenoid action on the immune response. J. Nutr., 134: 257-261. 
DOI: 10.1093/jn/134.1.257S

drackley J.k. 1999. Biology of dairy cows during the transition period: The final frontier? J. 
Dairy Sci., 82: 2259-2273. DOI: 10.3168/jds.S0022-0302(99)75474-3

GHiSelli a., Serafini M., natella f., Scaccini c. 2001. Total antioxidant capacity as a tool to assess 
redox status: critical view and experimental data. Free Radic. Biol. Med., 29: 1106-1114. 
DOI: 10.1016/S0891-5849(00)00394-4

Goff J.p., HorSt r.l.1997. Physiological changes at parturition and their relationship to meta-
bolic diseases. J. Dairy Sci., 80: 1260-1268. DOI: 10.3168/jds.S0022-0302(97)76055-7

Goff J., StaBel J. 1990. Decreased plasma retinol, α-tocopherol and zinc concentration during 
the periparturient period: effect of milk fever. J. Dairy Sci., 73: 3195-3199. DOI: 10.3168/jds.
S0022-0302(90)79010-8



611

GruMMer R.R. and carroll D.J. 1991. Effects of dietary fat on metabolic disorders and repro-
ductive performance of dairy cattle .  J.  Anim. Sci. ,  69: 3838-3852. DOI: 
10.2527/1991.6993838x

Horn M.J.,van eMon M.l., Gunn p.J., eicHer S.d., leMenaGer r.p., BurGeSS J., pyatt n., lake S.l. 
2010. Effects of maternal natural (RRR alpha-tocopherol acetate) or synthetic (all-rac alpha- 
-tocopherol acetate) vitamin E supplementation on suckling calf performance, colostrum  
immunoglobulin G, and immune function. J. Anim. Sci., 88(9): 3128-3135. DOI: 10.2527/ 
/jas.2009-2035

Hye n., klein JöBStl d., BleSSinG a., BurMeiSter J., HaMann n., auricH c., drillicH M. 2020. 
Effect of two postpartum intramuscular treatments with β-carotene (Carofertin®) on the 
blood concentration of β-carotene and on the reproductive performance parameters of dairy 
cows. Theriogenology, 148: 1-7. DOI: 10.1016/j.theriogenology.2020.02.042

iSHida M., niSHiJiMa y., ikeda S., yoSHitani k., oBata a., SuGie y., aoki y., yaMaJi t., fuJita M., 
nakatSuJi y., kuMe S. 2018: Effects of supplemental β-carotene on colostral immunoglobulin 
and plasma β-carotene and immunoglobulin in Japanese black cows. Anim. Sci. J.,  
89: 1102-1106. DOI: 10.1111/asj.13032

Illek J., kumPrechtova D., mateJíček m., vlček m. 2009. Metabolic profile in high-producing 
dairy cows in different phases of the calving-to-calving interval. Folia Vet., 1: 7

JenSen S.k., JoHannSen a.k., HerManSen J.E. 1999. Quantitative secretion and maximal  
secretion capacity of retinol, beta-carotene and alpha-tocopherol into cows’ milk. J. Dairy 
Res., 66: 511-522. DOI: 10.1017/s0022029999003805 

JoHanSSon B., Waller perSSon k., JenSen S.k., lindquiSt H., nadeau e. 2013. Status of vita-
mins E and A and β-carotene and health in organic dairy cows fed a diet without synthetic 
vitamins. J. Dairy Sci., 97: 1682-1692. DOI: 10.3168/jds.2013-7388

leBlanc S.J. 2013. Managing transition period health for reproductive performance in dairy 
cows. Cattle Pract., 21: 209-215.

leBlanc S.J., duffield t.f., leSlie k.e., BaterMan k.G., tenHaG J., Walton J.S., JoHnSon W.H. 
2002. The effect of prepartum injection of vitamin E on health in transition dairy cows.  
J. Dairy Sci., 85: 1416-1426. DOI: 10.3168/jds.S0022-0302(02)74209-4

leBlanc S.J., Herdt t.H., SeyMour W.M., duffield t.f., leSlie k.e. 2004. Peripartum serum 
vitamin E, retinol and beta-carotene in dairy cattle and their association with disease.  
J. Dairy Sci., 87: 609-619. DOI: 10.3168/jds.S0022-0302(04)73203-8

Mikulková k., kadek r., filípek J., illek J. 2020. Evaluation of oxidant/antioxidant status, 
metabolic profile and milk production in cows with metritis. Ir. Vet. J., 73: 8. DOI: 10.1186/ 
/s13620-020-00161-3

MoGHiMi-kandelouSi M., alaMouti a.a., iMani M., zeBeli q. 2020. A meta-analysis and meta- 
-regression of the effects of vitamin E supplementation on serum enrichment, udder  
health, milk yield, and reproductive performance of transition cows. J. Dairy Sci.,  
103(7): 6157-6166. DOI: 10.3168/jds.2019-17556

MooSavian H.r., MoHri M., Seifi H.a. 2010. Effects of parenteral over-supplementation of vita-
min A and iron on hematology, iron biochemistry, weight gain and health of neonatal dairy 
calves. Food. Chem. Toxicol., 48: 1316 -1320. DOI: 10.1016/j.fct.2010.02.030

niSHiJiMa y., taniGucHi S., ikeda S., yoSHitani k., HaMano t., tani H., fuJita M., MurakaMi k., 
koGuSa k., Sato k., SuGiMoto M., kuMe S. 2017. Effects of β-carotene-enriched dry carrots 
on β-carotene status and colostral immunoglobulin in β-carotene-deficient Japanese Black 
cows. J. Anim. Sci., 88(4): 653-658. DOI: 10.1111/asj.12693

otoMaru k., oGaWa r., oiSHi S.H., iWaMoto y., HonG H., naHai k., Hyakutake k., kuBota cH., 
kaneSHiGe t. 2018. Effect of beta-carotene supplementation on the serum oxidative stress 
biomarker and antibody titer against live bovine respiratory syncytial virus vaccination  
in Japanese Black calves. Vet. Sci., 5(4): 102. DOI: 10.3390/vetsci5040102.

otoMaru k., Saito S., endo k., koHiruiMaki M., oHtSuka H. 2015. Effect of supplemental vita-
min E on the peripheral blood leukocyte population in Japanese Black calves. J. Vet. Med. 
Sci., 77: 985-988. DOI: 10.1292/jvms.15-0060



612

Píšťková k., Illek J., kaDek r. 2019. Determination of antioxidant indices in dairy cows during 
the periparturient period. Acta Vet. Brno, 88: 3-9. DOI: 10.2754/avb201988010003

rizzo a., pantaleo M., Mutinati M., Minoia G., triSolini c., ceci e., SciorSci r.l. 2013. Blood 
and milk oxidative status after administration of different antioxidants during early post-
partum in dairy cows. Res. Vet. Sci., 95: 1171-1174. DOI: 10.1016/j.rvsc.2013.07.016

ScHWeiGert f.J., eiSele W. 1990. Parenteral beta-carotene administration to cows: effect on pla-
sma levels, lipoprotein distribution and secretion in milk. Z. Ernahrungswiss., 29: 184-91. 
DOI: 10.1007/BF02021557

SinGH a.k., pandita S., paMpoori z. a., HuozHa e., aSHutoSH M. 2013. Effect of pre-partum sup-
plementation of vitamin E to Murrah buffaloes on immune functions and viability of calves. 
J. Anim. Physiol. Anim. Nutr. (Berl)., 97(2): 255-262. DOI: 10.1111/j.1439-0396.2011. 
01264.x

SnarSka a., WySocka d., rytel l., Żarczyńska k., sobIech P., GonkoWSki S. 2018. The influence 
of selenium and vitamin E supplementation on cytological assessment of red blood cell line 
of bone marrow in fallow deer kept in captivity. Pol. J. Vet. Sci., 21(3): 431-436. DOI: 
10.24425/122614

SoBiecH p., Żarczyńska k., rękawek w., snarska a., eleuSizoWa a., koWalczyk e., illek J. 2015. 
Effect of parenteral supplementation of selenium and vitamin E on selected blood biochemi-
cal parameters in H-F cows during the transition period. Med. Wet., 71(11): 683-689.

SoWell a.l., Huff d.l., yeaGer p.r., caudill S.p., Gunter e.W. 1994. Retinol, alpha-tocophe-
rol, lutein/zeaxanthin, beta-cryptoxanthin, lycopene, alpha-carotene, trans-beta-carotene, 
and four retinyl esters in serum determined simultaneously by reversed-phase HPLC with 
multiwavelength detection. Clin. Chim. Act., 27: 411-416.

SpearS J.W., WeiSS W.p. 2008: Role of antioxidant and trace elements in health and immunity 
of dairy cows. Vet. J., 176: 70-76. DOI: 10.1016/j.tvjl.2007.12.015 

uBaldi a., delBono G., fuSari a., Serventi p. 2005. Quick HPLC method to determine vitamin 
E concentration in cows milk. Ann. Fac. Medic. Vet. di Parma, 25: 101-110.

WeiSS W.p., HoGan J.S., SMitH k.l., todHunter d.a., WiliaMS S.n. 1992. Effect of supplemen-
ting periparturient cows with vitamin E on distribution of α-tocopherol in blood. J. Dairy 
Sci., 75: 3479-3485. DOI: 10.3168/jds.S0022-0302(92)78124-7


