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Abstract
The aim of the study was to determine the effect of parenteral application of vitamin 

preparations containing vitamins A, E, and β-carotene to pregnant cows (10–14 days before 
calving) on vitamin concentrations, haematological indices and the total antioxidant status (TAS) 
in their calves. Thirty cows were divided into 3 groups – control, the experimental group 1 
(vitamins A, E), and experimental group 2 (β-carotene). Blood sampling in calves was performed 
immediately after birth, 2 h after receiving colostrum, 24 h after birth and 5–7 days after birth. 
The calves received the first 4 doses of colostrum from their mothers. The highest concentration 
of vitamin E was observed 5–7 days after birth in group 1 compared to the control (P < 0.05) 
and group 2 (P < 0.01). The concentration of β-carotene was the highest in group 2 (2 and 24 h 
after receiving colostrum) compared to group 1 (P < 0.01). The TAS was the highest in group 1 
compared to the control (P < 0.05, P < 0.001) and group 2 (P < 0.01). A significant increase in 
haemoglobin (P < 0.01, P < 0.05) and haematocrit (P < 0.05, P < 0.01) was recorded in group 1 
and group 2, respectively, compared to the control, as well as in the red blood cell count (P < 0.05) 
in group 2 compared to the control. The highest total protein was observed in the control group 
in all samplings. Parenteral application of vitamins to pregnant cows most likely had an effect on 
the concentrations of vitamins, TAS and haematological indices in their calves.

Cattle, total antioxidant status, haemoglobin, erythrocytes, colostrum

Maintaining optimal health in calves has a significant impact on their future health 
condition, production, and reproduction. A healthy and prosperous calf is a prerequisite 
for a healthy adult with high production as well as good reproductive results. The need to 
administer a sufficient amount of quality colostrum to ruminant neonates is already a well-
researched and indispensable fact. It is also well known that in ruminants only a negligible 
amount of fat-soluble vitamins as large molecules are transported through placenta from 
a cow to the fetus (Blum et al. 1997; Zanker et al. 2000).

Insufficiency of vitamins A, E, and β-carotene has negative consequences on the calves’ 
health and viability (Kume and Toharmat 2001). High calf mortality in herds appears to 
be more common due to low levels of α-tocopherol and β-carotene (Torsein et al. 2011). 
The concentration of these vitamins dramatically decreases in cows during the peripartum 
period (Illek et al. 2009; Píšťková et al. 2019). 

Although the quality of colostral immunity is currently checked in standard farming 
practise by monitoring indices such as total protein (TP) and immunoglobulins (IgG), the 
concentrations of vitamins A, E and β-carotene in calves’ serum often escape attention, 
which can have negative consequences on the calves’ health.

As an antioxidant, vitamin E protects cells from oxidative damage and as an 
immunopotentiator, it provides additional immunity, also enhancing the calf’s viability 
when fed to pregnant cows in the peripartum period (Panda and Kaur 2007). It has 
a protective effect on erythrocytes (RBC) against auto- and peroxidative haemolysis 
(Siddons and Mills 1981). In the study by Otomaru et al. (2015), oral supplementation 
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of vitamin E had an effect on the population of leukocytes (WBC) in the peripheral blood 
of calves.

Studies on carotenoids and retinoids have been performed to determine their effect on 
the immune system in vivo and in vitro. Beta-carotene and all-trans retinoic acid (vitamin A 
metabolite) play an important role in the differentiation of immune-competent cells as well 
as in the proliferation of lymphocytes (Rühl 2007); moreover, vitamin A and β-carotene 
supplementation strengthens the immune system of newborns (Chew and Park 2004; 
Rühl  2007). Similarly to vitamin E, β-carotene is a powerful antioxidant, and in addition, 
it can function separately from provitamin A in cattle (Chew 1993). Also the effect of 
vitamin A on RBC and its association with anaemia has been described (Semba and 
Bloem 2002). 

In the present study, two vitamin preparations containing vitamina A, E, and β-carotene 
were administered parenterally to Holstein cows 10–14 days before expected calving. After 
birth, the calves received the first 4 doses of colostrum from their own mothers. Our aim 
was to evaluate the level of vitamins A, E, and β-carotene, haematological indices, TP, IgG, 
albumin (Alb) and the total antioxidant status (TAS) of these calves from birth till 7 days of 
their life, as well as to find out whether this method of administering vitamins can improve 
these indices in neonatal calves and thus contribute to their better health and immunity.

Materials and Methods
Animals and administration of vitamins

The study was carried out from March 2019 to August 2019 following the local Research Ethics Committee 
approval, on the Holstein cattle dairy farm in Nový Jičín, Czech Republic.

Thirty pregnant Holstein cows in 1–3 lactations were selected for the experiment. Only clinically healthy cows 
with the average body condition score of 3–3.5 without any metabolic or infectious disease were selected for the 
experiment. The cows were housed on a deep straw mat with access to water ad libitum and fed a ration for dry 
cows.

The cows were divided into three groups: control; experimental group 1 with the administration of a vitamin 
formula containing vitamins A, E, and D; and experimental group 2 with the administration of β-carotene. The 
vitamin preparations were administered according to each group in the period of 10–14 days before the planned 
calving. Group 1 received 10 ml of ADE - vit injection solution (Bioveta, Ivanovice/Hané, Czech Republic) 
intramuscularly. This vitamin preparation contains 100 000 IU retinoli propionas, 100 000 IU ergocalciferolum, 
and 30 mg tocoferoli alfa acetas. Vitamin D was not taken into account or evaluated in this study. Group 2 
received 20 ml of carofertin 10 mg/ml (Betacarotenum 10.00 mg; Alvetra & Werfft GmbH, Neufeld an der Leitha, 
Austria) subcutaneously. 

The births of all cows in the experiment took place spontaneously. Prompt assistance was provided when 
a controlled thrust was required. The calf’s umbilicus was treated with iodine solution first immediately after birth 
and the second time after transferring to the profilactorium. 

Each calf received the first four doses of colostrum from its own mother. The colostrum of the cows was milked 
and used for the first (within 2 h after birth), the second (within 6 h after birth), the third and the fourth (next day) 
feeding of their own calves. The first dose of colostrum (3 l) was administered to the calves using an oesophageal 
tube according to the operating rules of the farm. The second (2 l), third (3 l), and fourth (3 l) doses of colostrum 
were fed using a bottle with a nipple. The composition of the milk replacer is given in Table 1. Clinical conditions 
of calves such as viability, rectal temperature, heart and respiratory rate, sucking reflex, possible occurence of 
diarrhoea, cough, nasal discharge, faecal consistency, and flexor contractures were monitored at each blood 
collection. 

Sampling and analysis
The first blood sample was taken from the calves by jugular venipuncture after postnatal treatment before 

receiving the first dose of colostrum. The second and third blood samplings were carried out 2 h and 24 h after 
calving, respectively. The fourth blood sample was taken 5–7 days after birth during the period of conversion 
to the milk replacer. The blood samples were collected into Hemos sampling tubes (HEMOS H-02, GAMA 
Group, České Budějovice, Czech Republic) without anticoagulant for serum determination. The blood samples 
for haematology examination were collected into sampling tubes containing ethylenediaminetetraacetic acid 
(EDTA) anticoagulant. 

After the sampling, serum was allowed to clot at room temperature, then separated after centrifugation at 3,000 g 
for 10 min, and then stored at -70 °C until the analysis. The following indicators were determined in the calf 
serum: vitamin A, vitamin E, β-carotene, IgG, TAS, TP, Alb.
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Determination of vitamins 
The concentrations of vitamin A, E and β-carotene were determined using the High-Performance Liquid 

Chromatography (HPLC) system Ultimate 3000 (Dionex, Sunnyvale, USA) according to Sowell et al. (1994) 
with minor modifications. The blood samples for determination of vitamins were extracted (hexane), followed by 
evaporation and dissolution in the mobile phase (methanol).

Determination of IgG 
The determination of IgG was performed by photometric determination (Libra S6, Biochrom, Cambridge, 

United Kingdom) – turbidity test according to McEwan et al. (1970). Precipitation of serum immunoglobulins 
took place with a solution of zinc sulphate (ZnSO4). The intension of turbidity is directly proportional to the IgG 
at a wavelength of 630 nm.

Determination of TAS, TP, and Alb 
The determination of TAS, TP, and Alb was performed using standardized kits supplied by Randox Laboratories 

Ltd, Crumlin, Antrim, United Kingdom (TAS) and BioVendor commercial kits, Brno, Czech Republic (TP and 
Alb) on an automatic Konelab 20XT biochemical analyzer (Thermo Fisher Scientific, Vantaa, Finland). The 
analyses were performed according to the manufacturer’s instructions.

Determination of haematological indices
Blood anticoagulated with EDTA was analysed for WBC, RBC, haemoglobin (HGB), and haematocrit (HCT) 

by an automated veterinary haematology analyser BC–2800 (Mindray, Nanshan, Shenzhen, China). The samples 
for haematological examination were analysed immediately after blood collection.

Statistical analysis
The obtained results were tested for homogeneity of variances (Hartley-Cochran-Bartlett test) and normality of 

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

Results

Concentrations of vitamins A and E, and β-carotene for each group and time of sampling 
are shown in Figs 1–3.

Highly significantly increased vitamin A concentrations were observed in the control 
group compared to group 1 (P < 0.001) in serum taken 5–7 days after birth. Also Vitamin A 
in group 2 was also higher compared to group 1 (P < 0.01) 7 days after birth.

A significant difference between groups was observed for serum vitamin E concentration 
in calves 5–7 days after birth. The highest serum vitamin E concentration in this period 
was found in the calves of group 1 compared to the control (P < 0.05) and group 2 
(P < 0.01). The tendency to the highest concentration of vitamin E was observed in all 
samples of group 1.

Significantly increased (P < 0.01) β-carotene 
concentrations were observed between group 1 and 
group 2 in serum samples taken 2 h and 24 h after 
receiving colostrum. The tendency to the highest 
concentration of β-carotene was observed in all 
samples of group 2.

Concentrations of serum TP, IgG, and Alb are 
shown in Table 2. The concentration of TP was 
significantly increased in the control in all samples 
compared to groups 1 and 2. Significantly increased  
concentration of IgG was observed in group 2 
before receiving colostrum. The Alb concentration 
was significantly increased in group 2 compared to 
the control (P < 0.05) and group 1 (P < 0.01) 24 h 
after the first colostrum intake. Alb concentration in 

Table 1. Composition of the milk replacer.

Components	 Amounts and units
Vitamin A	 25 000 I.U.
Vitamin D3	 10 000 I.U.
Vitamin E	 500 I.U.
Protein	 26%
Fat	 16%
Fiber	 0%
Ash	 7%
Calcium	 0.90%
Natrium	 50%
Phosphorus	 0.70%
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Fig 1. The concentration of vitamin A within groups during all four samplings
1 - first sampling, before receiving colostrum; 2 - second sampling, 2–3 h after receiving colostrum; 3 - third 
sampling, 24 h after receiving colostrum; 4 - fourth sampling, 5–7 days after birth

Fig. 2. The concentration of vitamin E within groups during all four samplings 
1 - first sampling, before receiving colostrum; 2 - second sampling, 2–3 h after receiving colostrum; 3 - third 
sampling, 24 h after receiving colostrum; 4 - fourth sampling, 5–7 days after birth



139

Fig. 3.  The concentration of β-carotene within groups during all four samplings 
1 - first sampling, before receiving colostrum; 2 - second sampling, 2–3 h after receiving colostrum; 3 - third 
sampling, 24 h after receiving colostrum; 4 - fourth sampling, 5–7 days after birth

Fig. 4 The total antioxidation status (TAS) within groups in all four samplings
1 - first sampling, before receiving colostrum; 2 - second sampling, 2–3 h after receiving colostrum; 3 - third 
sampling, 24 h after receiving colostrum; 4 - fourth sampling, 5–7 days after birth
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calves of group 2 was also 
significantly increased 5–7 
days after birth compared 
to group 1 (P < 0.05). The 
control group also showed 
a significantly higher 
concentration of Alb 
(P < 0.05) compared to 
group 1 in this sampling.

The TAS (Fig. 4) was 
significantly increased 
(P < 0.05) 2 h after 
receiving colostrum in 
group 1 compared to the 
control and also 24 h after 
receiving colostrum in 
group 1 compared to the 
control (P < 0.01) and 
group 2 (P < 0.05). Group 
1 also had the highest TAS 
in the last sampling (5–7 
days after birth) compared 
to the control (P < 0.001) 
and group 2 (P < 0.01).

No significant differences 
were found between 
the groups of calves 
within individual WBC 
samples (Table 2). 
On the other hand, 
the HGB concentrations 
recorded in group 1 and 
group 2 were significantly 
increased (P < 0.01, 
P < 0.05, respectively) 
compared to the control 
2 h after receiving 
colostrum and also within 
24 h after receiving 
colostrum (P < 0.01).

A significantly increased 
HCT concentration 
(Table 2) was also 
observed in group 1 
(P < 0.05) and group 2 
(P < 0.05) compared to the 
control 2 h after receiving 
colostrum and also within 
24 h after receiving 
colostrum (P < 0.01). 
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increased (P < 0.05) RBC (Table 2) was also found in the calves of group 2 
compared to the control 2 h after receiving colostrum.

Discussion

The calves in our experiment had the highest concentrations of vitamins in the fourth 
sampling (5–7 days after birth). This also agrees with the results of other authors, where the 
concentration of vitamins in calves significantly increased in the period of 3–7 and more 
days after birth (Zanker et al. 2000; Krueger et al. 2014; Torsein et al. 2018; Kadek 
et al. 2019). The experimental group 1 of calves whose mothers received a parenteral 
injection containing vitamins A, E, and D showed higher concentrations of vitamin E 
compared to the other groups. Similarly, the highest levels of β-carotene in all samplings 
were shown in the experimental group 2 of calves whose mothers received parenteral 
β-carotene. The β-carotene concentrations have been proven to increase rapidly in calves 
following the colostrum intake (Blum et al. 1997). On the other hand, the vitamin A 
concentrations were the highest in the control group at 5–7 days of age. In the study by 
Puvogel et al. (2008) the calves that were fed colostrum from cows orally supplemented 
with a higher amount of vitamin A in the late gestation period had increased plasma retinol 
concentrations from 14 to 30 days after birth compared to the control group. However, 
there was no significant difference in the level of vitamin A up to 5 days after birth. 

All calves from the control group had significantly increased TP compared to the 
experimental groups. Although all calves in our study had been properly fed with colostrum, 
there are several factors that may have affected the level of TP and thus IgG in calf serum 
(Donovan et al. 1986; Villarroel et al. 2013). We considered that in our work the TP, 
Alb, and IgG in calf serum were not influenced by vitamin administrations to pregnant 
cows. On the other hand, in the work by Krueger et al. (2014) newborned Holstein bulls 
injected with a vitamin preparation containg vitamins E, A, and D had increased plasma 
IgG1 concentrations. Beta-carotene supplemented orally did not significantly influence 
antibody titres after vaccination in Japanese black calves (Otomaru et al. 2018). The IgG 
concentration of group 2 was the highest before colostrum intake compared to the other 
groups in this sampling. We believe that this could be due to a viral pathogen. However, the 
cows selected for the experiment were clinically healthy. The IgG concentration of group 2 
was non-significantly lower in the sampling 24 h after colostrum intake and 5–7 days after 
birth compared to the other groups. In our opinion, this may have been influenced by the 
rate of IgG resorption in the intestine. There is also greater variability of values in these 
results.

The TAS is an indicator of antioxidant defense capacity and all antioxidant mechanisms. 
In our results, group 1 showed the highest TAS in all samplings. The mothers of this group 
of calves received a vitamin formula which contained vitamins E, A and D. Vitamin E is 
a potent antioxidant that protects cells from oxidative damage. In the work by Otomaru 
et al. (2018), calves supplemented orally with 20 mg of β-carotene showed reduced 
oxidative stress and increased oxidative capacity. Pišťková et al. (2019) and Mikulková 
et al. (2020) reported the lowest TAS in cows 2–3 days after calving, when the lowest levels 
of vitamin E, vitamin A and β-carotene were also found. In calves of the Aberdeen Angus 
breed, the parenteral administration of subcutaneous vitamins and minerals (including 
vitamins A and E) with antioxidant effects prevented a decrease in TAS (Mattioli et al. 
2020). 

There were no significant changes in WBC in the calves in our study. However, the 
response of bovine WBC to vitamins depends on the age of the calf (Lee and Roth 
1992), the degree of supplementation (Eicher-Pruiett et al. 1992), and the function 
under observation (Hogan et al. 1992). A study performed in Japanese black calves found 



142

that oral supplementation of vitamin E at the dose of 300 IU/day affected the number of 
certain WBC types in the peripheral blood of calves (Otomaru et al. 2015). Vitamins 
can also improve the WBC functions, such as bactericidal activity, phagocytosis, and the 
chemotactic index (Eicher et al. 1994).

All calves from both experimental groups whose mothers were injected with vitamin 
preparations before calving had a tendency to increased haematological indices (RBC, 
HGB, and HCT) in all samples. A significant increase in RBC was observed in group 2 
(β-carotene) 2 h after birth. Another significant increase was observed in HGB and HCT in 
both experimental groups 2 h after calving and 24 h after calving.  

Siddons and Mills (1981) revealed that vitamin E is essential for stabilizing the RBC 
in calves. The calves with low vitamin E intake showed increased auto- and peroxidative 
haemolysis of RBC. On the other hand, in this work, dietary supplementation of vitamin 
E did not affect haematological indices in calves. Similarly, in the study by Stevenson 
and Jones (1989), the sensitivity of sheep RBC was affected by and directly related to the 
concentration of vitamin E. 

The likely mechanism of vitamin A in its effect on haematological indices and anaemia 
is through enhancing the growth and differentiation of erythrocyte progenitor cells, 
strengthening the immune system during infection, and mobilizing iron from tissue 
sources (Semba and Bloem 2002). In the study by Moosavian et al. (2010), the 
injection of vitamin A (alone or in combination with Fe) caused higher RBC in neonatal 
calves. However, the differences were not significant. In another research, neonatal calves 
supplemented with vitamin A in diet had increased RBC. However, a significant increase 
was found for HGB only (Muri et al. 2005). 

Beta-carotene has been shown to be an effective antioxidant for the protection of RBC in 
the field of human medicine (Revin et al. 2019). In addition to being a potent antioxidant, 
β-carotene has a very specific antioxidant effect in RBC phospholipid bilayers compared to 
plasma and other tissues (Nakagawa et al. 1996).

In conclusion, calves whose mothers received vitamin injections 14 days before birth 
had the highest concentrations of vitamins E and β-carotene in all samples. Thus, injecting 
vitamins to pregnant cows before parturition is likely to affect the vitamin E and β-carotene 
levels in the calf serum. Parenteral administration of vitamins to cows did not affect the 
WBC in the blood of their calves, but probably affected the RBC, HGB, and HCT. Group 1 
of calves showed the highest TAS. The control group of calves showed the highest TP. The 
administration of vitamins to cows did not affect the level of TP, IgG, and Alb in the serum 
of calves. Further research is needed on the effect of the application of vitamin preparations 
to cows before parturition in relation to the levels of individual indices, immunity and 
antioxidant status in the blood of their calves. 
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