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Simple Summary: Weaning is a stressful phase for calves; the stress due to separation from the cow
results in weight loss and may lead to a decrease in the immune system, making calves more prone to
diseases, even in a low-stress (fence-line) weaning system. Mineral and vitamin supplementation
can improve the immune system and could therefore be of assistance for calves during weaning.
We studied the effects of injectable (subcutaneous) supplementation with copper, zinc, selenium,
manganese, and vitamins A and E. Calves were supplemented twice, before weaning and on the day of
weaning. We evaluated variables related to the immune status and the immune response to a vaccine
containing bovine herpesvirus type 1, as well as body weight and average daily gain. Parenteral
supplementation of minerals and vitamins with antioxidant effects in a low-stress weaning system
prevented the decrease in variables related to the immune system, improved antibody response,
and had positive effects on body weight.

Abstract: We aimed to evaluate the effects of injectable mineral and vitamin supplementation on
weaning calves subjected to a low-stress (fence-line) weaning system. Seven-month-old Aberdeen
Angus female calves (n = 40, 152 ± 11 kg body weight) from a selenium-deficient area of extensive
cattle production on natural grass were randomly assigned to two groups (n = 20 each). One group
received subcutaneous supplementation with copper, zinc, selenium, manganese and vitamins A and
E (SG), and the other was given sterile saline solution (CG). The animals were supplemented twice,
seven days before weaning (day −7) and on the day of weaning (day 0), and they were evaluated
30 (+30) and 60 (+60) days after weaning. Total antioxidant status (TAS), selenium-dependent
glutathione peroxidase (GPx) activity, body weight, and average daily gain (ADG) were evaluated.
Additionally, antibody titers were assessed prior to and after each immunization with a vaccine
containing bovine herpes virus type 1 (BoHV-1). On day +30, body weight (p = 0.03) was higher in
SG, whereas TAS (p = 0.02) and GPx (p = 0.0038) activity were lower in CG and remained constant in
SG. Antibody titers increased in SG and CG following immunization, being higher in SG on days
+30 and +60 (p < 0.05). In conclusion, parenteral supplementation of minerals and vitamins with
antioxidant effects in a low-stress weaning system prevented the decrease in TAS and GPx activity,
improved antibody response and had positive effects on body weight.
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1. Introduction

Weaning is an important calf management system carried out in beef and dairy farms through
different methods [1]. During weaning, calves are exposed to several stressful factors, which can lead
to increases in disease susceptibility and reduced production, with decreases in body weight (BW) [2,3].
Weaning stress leads to a catabolic state in which oxygen reactive species are highly produced, posing a
challenge for antioxidant defenses in calves [4]. In this context, any alteration in prooxidant/antioxidant
balance causes oxidative stress and induces immune dysfunction [5], indirectly affecting growth [6].
Total antioxidant status (TAS) is a parameter used to assess antioxidant defense capacity, including all
antioxidant mechanisms [7]. One of the main antioxidant enzymes is glutathione peroxidase (GPx),
whose activity depends on selenium (Se), and is therefore used as an indicator of Se status in cattle [8,9].
Selenium deficiency is usually endemic and can affect extensive cattle production without mineral
supplementation [10]. This is the case of the Salado River Basin (SRB), the main cattle breeding area in
Argentina, producing 2.8 million calves per year and showing low Se concentrations in pasture and
cattle plasma [11], together with sporadic cases of nutritional muscular dystrophy [12].

Minerals such as Se, copper (Cu), zinc (Zn), chromium (Cr), and manganese (Mn), as well
as vitamins A and E, increase the antioxidant capacity and consequently the immune response
in calves [2,13]. Evidence in the literature shows that combined parenteral supplementation with
Se, Cu, Zn and Mn improved immunological parameters [14] by increasing antibody response to
vaccination against bovine herpes virus type 1 (BoHV-1) in steers [15] and bovine viral diarrhea
virus (BVDV) in calves [16]. This type of supplementation also contributed to higher daily weight
gain in heifers [17] and steers [18], improved health and antioxidant status and reduced bacterial
infections in newborn calves [19]. Likewise, the use of injectable vitamin E and Se in prepartum dairy
cattle enhanced antioxidant capacity [20] and decreased the incidence of postpartum mastitis [21].
However, average weight gain (AWG) was not improved in weaning calves [22]. Whereas oral
vitamin E supplementation improved the health of calves at feedlot entrance [23], parenteral vitamin E
(1 mg/kg) and Se (0.1 mg/kg) supplementation improved immunoglobulin G titers against Mannheimia
haemolytica in shipping-stressed calves [24]. Injectable vitamin A is not commonly used because cattle
fed fresh grass are not normally deficient, even though rare cases of hypovitaminosis A can occur in
extensively grazed beef cattle [25,26]. On the other hand, parenteral vitamin A supplementation has
been reported to increase weight gain in calves [27]. Similarly, oral vitamin A supplementation after
bovine coronavirus (BCoV) immunization increased antibody titers [28].

Previous studies have reported different results regarding the utilization of parenteral
supplementation of beef cattle with minerals and vitamins. Swecker et al. [22] evaluated the effects
of Se and vitamin E separately or combined, without finding a significant effect on calf growth rate.
Arthington et al. [14], using three consecutive intramuscular supplementations of trace minerals
(Zn, Mn, Cu, and Se), showed that they increased Cu and Se status without affecting calf BW gain,
but increased heifer BW gain and humoral immune response. Conversely, Mattioli et al. [29] found
that Cu and Zn supplementation resulted in higher weight gain and higher humoral immune response
in pre-weaning calves. Differences in the results obtained could be related to the minerals and
vitamins used, the feed condition (deficient, marginal or sufficient mineral/vitamin nutrition), and the
supplementation protocols, i.e., different frequencies of supplementation and age of the supplemented
animals. Here, we propose an innovative protocol that combines parenteral supplementation of
minerals (Cu, Zn, Se and Mn) and vitamins (A and E), which has not been evaluated so far. The protocol
was specifically designed for beef calves raised under marginal mineral/vitamin conditions and consists
of two consecutive supplementations seven days prior to and on the day of weaning.
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In order to minimize weaning stress on calves, a two-step weaning system that promotes better
feeding and reduced walking is proposed [30–32]. This is the case of fence-line weaning, a method
consisting of separating calves from their dams, which are moved to an adjacent paddock [33]. Thus,
we aimed to evaluate the effects of parenteral supplementation with minerals (Cu, Zn, Se and Mn)
and vitamins (A and E) on animal production, antioxidant status, and humoral immune response in
fence-line weaned calves from a farm with reported Se deficiency.

2. Materials and Methods

All experimental procedures were approved by the Committee for the Care and Use of Laboratory
Animals (CICUAL, for its Spanish acronym), School of Veterinary Sciences, La Plata National University,
Argentina (Protocol no. 105-2-20P). The trial was carried out on the experimental farm Manantiales
(Chascomús, Buenos Aires; 35◦44′31.5” S 58◦06′11.7” W), with characteristics similar to those in the
SRB, i.e., poor drainage, floods and higher quantity and quality of grass production during spring.

2.1. Animals

Forty healthy Aberdeen Angus suckling female calves were used. Calves were 7 months old,
had a BW of 152 ± 11 kg, and were negative to BoHV-1 antibodies. During the study, calves were kept
in a paddock with grass of native and naturalized species (Chaetotropis elonga, Stenotaphrum secundatum,
Paspalum dilatatum, Lolium perenne, Lotus tenuis) and had access to water ad libitum.

2.2. Groups and Treatments

A completely randomized design was used. All animals were evaluated at four moments:
seven days before weaning (day −7), on weaning day (day 0), and 30 (+30) and 60 (+60) days after
weaning. Calves were randomly assigned to two groups with similar age and weight (n = 20 each).
On day −7 and day 0, one group (SG) received a mineral supplement containing Cu (10 mg/mL as
edetate), Zn (40 mg/mL as edetate), Se (5 mg/mL as sodium selenite) and Mn (10 mg/mL as edetate)
(Adaptador Min®, Biogénesis Bagó SA, Garín, Argentina), and a vitamin supplement (1 mL/50 kg)
containing 3.5% vitamin A retinyl palmitate and 5.0% vitamin E acetate (Adaptador Vit®, Biogénesis
Bagó SA, Garín, Argentina). The other group (control, CG) received the same volume (1 mL/50 kg) of
sterile saline solution on the same days. Weight was recorded early in the morning (7:00 a.m.) without
prior fasting at the beginning of the trial (day −7) and on days +30 and +60. The average daily gain
(ADG) was calculated on days +30 and +60.

2.3. Oxidative Stress Analysis

For oxidative stress evaluation, we analyzed TAS and GPx activity as indicators of Se status.
Both variables were analyzed in 10 calves per group due to financial limitations, on days −7 and +60.
Measurements were performed in duplicate, and they were repeated when the coefficient of variation
was greater than 10%. Blood samples were obtained by jugular venipuncture early in the morning.
Blood was collected in tubes containing sodium heparin and kept in a refrigerator (4–5 ◦C) until they
were centrifuged within 6 h after collection. Subsequently, the samples were used to measure whole
blood GPx activity and plasma TAS using the Ransel and TAS kits (Randox Laboratories, Crumlin,
UK), respectively.

2.4. Humoral Immune Response Evaluation

To evaluate the humoral immune response, we assessed the antibody titer to a commercial vaccine.
Calves were vaccinated with inactivated BoHV-1 vaccine (Bioqueratogen OLEO MAX®, Biogénesis
Bagó SA, Garín, Argentina) on days 0 and +30. Blood samples without anticoagulant were stored in
a refrigerator for 6 h. Then, they were centrifuged at 1000× g within 4 h of collection and stored at
−20 ◦C until analyzed. Antibody titers were measured on days −7, +30 and +60. Serum was used for
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virus neutralizing (VN) antibody titer calculation, which was performed in primary fetal bovine testis
(FBT) cultures using the constant virus-variable serum method. Serial serum dilutions were prepared,
and 0.1 mL of diluted samples were mixed with 0.1 mL of virus. Each dilution was tested in four wells
containing FBT cell monolayers and adsorbed for 1 h. The unadsorbed virus was removed. Plates were
then incubated for 3 days at 37.8 ◦C and the cytopathogenic effect was read microscopically. Log10 of
the reciprocal value of the highest serum dilution in which a cytopathogenic effect was prevented was
considered as the VN titer. [34].

2.5. Statistical Analysis

Data were analyzed using a mixed model for repeated measures over time with SAS statistical
software (9.1). Treatment (SG and CG), time (day) and their interactions were fixed variables and
animals were the random variable. The SLICE option of the program was used for mean separation
when differences in group (treatment) or time × treatment interaction were significant. Significance for
the main effects and their interaction was set at p < 0.05. p-values < 0.1 were considered as a trend.
For statistical analysis, antibody titers were normalized using log transformation.

3. Results

All the animals remained clinically healthy during the trial. In CG, GPx activity significantly
decreased to half of its baseline concentration on day +60 (Table 1). In SG, mineral and vitamin
supplementation maintained the same TAS level after weaning (day +60) compared with baseline (day
−7). By contrast, CG had a marked decrease in TAS on day +60, reducing to one third of its baseline
value. Both TAS and GPx activity were higher in SG on day +60 when compared with CG (p < 0.05).

Table 1. Total antioxidant status, glutathione peroxidase activity, body weight and average weight gain
in weaned calves supplemented with minerals and vitamins or sterile saline solution.

Day
SG CG

SEM
p-Value

LSM Treatment Time Treatment × Time

TAS (µg/dL)
−7 1.07 0.76
+30 ND ND 0.17 0.02 0.15 0.25
+60 1.00 a 0.27 b

GPx (U/g Hb)
−7 113.8 85.8
+30 ND ND 11.55 0.004 0.15 0.10
+60 117.0 a 45.6 b

Body weight (kg)
−7 153 152
+30 165 a 160 b 2.21 0.23 0.0001 0.04
+60 168 163

ADG (kg/day)
−7 ND ND
+30 0.328 a 0.197 b 0.039 0.15 0.0001 0.07
+60 0.855 0.101

SG, supplemented group (1 mL/50 kg containing 10 mg% Cu, 40 mg% Zn, 0.5 mg% Se, 10 mg% Mn, 3.5% retinol
palmitate and 5.0 % vitamin E acetate on days −7 and 0); CG, control group (saline sterile solution on days −7 and 0);
LSM, least square mean; SEM, standard error of the mean; TAS, total antioxidant status; GPx, peroxidase glutathione;
AWG, average weight gain; ND, not determined. a,b Different superscript letters in the same row indicate p < 0.05
SLICE option.

Body weight showed time × treatment interaction (p = 0.03; Table 1). Differences were established
on day +30 (trend; p = 0.09), but not on day +60 (p = 0.13). When considering ADG, a time × treatment
interaction trend was observed (p = 0.07), with a higher ADG in SG only on day +30 (p = 0.024).
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The response to the inactivated BoHV-1 vaccine also changed with supplementation. Antibody
titers increased with the second dose in both groups, but they were higher in SG at both evaluated
moments (day +30 and day +60) (Figure 1).

Figure 1. Log-transformed titer responses to BoHV-1vaccine in weaning calves (n = 10 per group).
SG, supplemented group (1 mL/50 kg containing 10 mg% Cu, 40 mg% Zn, 0.5 mg% Se, 10 mg% Mn,
3.5% retinol palmitate and 5.0 % vitamin E acetate on days −7 and 0); CG, control group (saline sterile
solution on days −7 and 0). SG and CG were vaccinated with inactivated BoHV-1 on days 0 and +30.

4. Discussion

It is known that any situation causing stress produces oxygen reactive species that inhibit
antioxidant enzymes and can produce oxidative damage [4]. Thus, the presence of several stressors
worsens the situation and is likely to increase their impact [30]. In high-stress weaning systems,
including transport and feedlot entrance, antioxidant capacity is reduced, and it is only restored
28-60 days post-weaning [35,36]. Even though stressors were minimized in the present study, weaning
decreased TAS to a third in non-supplemented animals, which is in agreement with previous findings
indicating that cow-calf separation itself induced higher social stress [37].

Whole blood GPx activity was constant in SG, despite the two Se doses administered; however,
it decreased in CG. These results differ from the increased whole blood GPx activity reported in
other stress models, such as calving and early lactation in cows [38,39]. According to these authors,
high oxidative stress stimulates GPx synthesis when Se requirements are met by the diet and even
when prepartum Se supplementation is higher than required, increasing postpartum GPx activity
even more [39]. However, when the diet does not provide enough Se, which is typical of extensive
production systems without supplementation, GPx levels remain the same or even decrease [10].
The marginal GPx activity observed at the beginning of the current trial warned us about the risk of Se
deficiency [40]. Thus, 60 days after Se supplementation was an adequate time to evaluate differences
in GPx activity between SG and CG, as reported in other studies performing such assessment 45 and
75 days after Se supplementation [41,42]. Whereas whole blood GPx activity is a long-term indicator
of Se status, plasma and white blood cell Se levels reflect short-term Se status [43,44], probably because
Se is incorporated into the erythrocyte during erythropoiesis, as GPx activity is conditioned by its long
half-life [9,42]. It is noteworthy that diets supplemented with organic and inorganic forms of selenium
produced different alterations on oxidative stress and Se status [45,46]. Further studies are required to
evaluate the differences related to parenteral and dietetic Se supplementation.

In this trial, body weight and AWG changes were considered as health indicators, since the number
of animals used, besides being appropriate for the immune and antioxidant response, was limited
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to evaluate productive responses in cattle due to the great variances observed, especially during
weaning [2]. When protein oxidation occurs, the body might use energy to generate antioxidant
defenses rather than to develop tissue [47]. Furthermore, it has been demonstrated that protein
oxidation is associated with reduced feed efficiency [48]. In this sense, injectable trace minerals
improved feed efficiency in feedlot calves, with [13] or without [49] an increase in ADG. Likewise,
mineral (Cu and Zn) supplementation produced a marked increase in ADG of buffalos from a deficient
area [50]. Combined stressing factors led to deeper adaptation changes, with concomitant productive
and immunological consequences [30]. In weaning heifers, injectable trace mineral supplementation
increased ADG when weaning stress was minimized; however, this effect was not observed when
heifers were weaned and then submitted to transport stress [14]. In steer beef calves transported over
3106 km, oxidative damage assessed on plasma malondialdehyde levels was three times higher [35].
It could therefore be assumed that injectable trace mineral supplementation might be beneficial for
weaning calves, even though its efficacy would depend on the stress generated. In this context,
combined vitamin injection could have a role, considering that vitamin E was effective in reducing the
consequences of feedlot entrance [51], although its effect disappeared when its concentration exceeded
the requirements [23].

Titers of BoHV-1 have been used as immune capacity markers during stress periods [29,34].
In this trial, the differences in BoHV-1 titers found in SG confirmed the importance of mineral and
vitamin supplementation with antioxidant effects before and during weaning stress. Similar studies
using modified live virus vaccines with higher antigenicity have shown higher [15] or unchanged [16]
BoHV-1 titers with increased BVDV 1 and 2. Although these vaccines are banned in Argentina and
only inactivated virus (with lower antigenic capacity) can be used [52,53], BoHV-1 titers generated by
the inactivated vaccine were an accurate marker of humoral immune capacity in this trial, as well as in
a previous one evaluating Cu deficiency in calves [29].

5. Conclusions

Parenteral supplementation combining minerals and vitamins preserved TAS and GPx activity
levels in fence-line weaned female calves. The implemented protocol with two consecutive mineral
and vitamin supplementations seven days before and on the day of weaning increased humoral
immune response and had a positive effect on calf body weight. The protocol proposed here can be
recommended for beef cattle management systems raised under marginal conditions of mineral and
vitamin intake.

Author Contributions: G.A.M. and L.E.F. conceived and designed the experiments; D.E.R., and S.J.R. conducted
the experiments; S.J.P. analyzed the data; A.H.H.M., E.T., G.A.M., and L.E.F. critically wrote and revised the paper.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This study was supported by a research grant from the National Program of Incentives to
Teaching and Research, Secretary of University Policies, Ministry of Education of Argentina (Grant No. V243,
School of Veterinary Sciences, National University of La Plata). The sponsor had no involvement in the study
design, collection, analysis, or interpretation of the data presented in this paper. A.H.H.M. has a research
productive fellowship from the National Council for Scientific and Technological Development (CNPq), Brazil.

Conflicts of Interest: The authors E. Turic and S. J. Raggio work for a commercial company that produces the
supplement containing minerals and vitamins. G. A. Mattioli and A.H.H. Minervino worked as independent
consultant for the same company in the past. The company had no involvement in the study design, collection, or
analysis of the data presented in this paper. The authors declare that there is no additional conflict of interest.

Ethics Statement: All authors have been personally and actively involved in the manuscript and are jointly and
individually responsible for their content.



Animals 2020, 10, 1298 7 of 9

References

1. Orihuela, A.; Galina, C.S. Effects of separation of cows and calves on reproductive performance and animal
welfare in tropical beef cattle. Animals 2019, 9, 223. [CrossRef]

2. Sousa, I.K.F.; Sousa, R.S.; Mori, C.S.; Morini, A.C.; Neves, K.A.L.; Minervino, A.H.H.; Ortolani, E.L. Influence
of organic chromium supplementation on the performance of beef calves undergoing weaning-related stress.
Pesqui. Veterinária Bras. 2020, 40, 97–101. [CrossRef]

3. Wang, C.; Li, D.; Yang, J.; Xia, Y.; Tu, Y.; White, R.; Gao, H.; Diao, Q.; Mao, H. Weaning performance of beef
cattle calves based on concentrate intake. Animals 2019, 10, 18. [CrossRef]

4. Eitam, H.; Vaya, J.; Brosh, A.; Orlov, A.; Khatib, S.; Izhaki, I.; Shabtay, A. Differential stress responses among
newly received calves: Variations in reductant capacity and Hsp gene expression. Cell Stress Chaperones 2010,
15, 865–876. [CrossRef] [PubMed]

5. Lykkesfeldt, J.; Svendsen, O. Oxidants and antioxidants in disease: Oxidative stress in farm animals. Vet. J.
2007, 173, 502–511. [CrossRef] [PubMed]

6. Gifford, C.A.; Holland, B.P.; Mills, R.L.; Maxwell, C.L.; Farney, J.K.; Terrill, S.J.; Step, D.L.; Richards, C.J.;
Burciaga Robles, L.O.; Krehbiel, C.R. Growth and development symposium: Impacts of inflammation on
cattle growth and carcass merit. J. Anim. Sci. 2012, 90, 1438–1451. [CrossRef] [PubMed]

7. Haga, S.; Ishizaki, H.; Nakano, M.; Nakao, S.; Hirano, K.; Yamamoto, Y.; Kitagawa, M.; Sasaki, H.; Kariya, Y.
Increase in plasma total antioxidant capacity of grazing Japanese black heifers and cows in forestland in
Japan. Anim. Sci. J. 2014, 85, 135–142. [CrossRef] [PubMed]

8. Celi, P. Oxidative Stress in Ruminants. Reprod Fertil Dev. 2011, 23, 527–533. [CrossRef] [PubMed]
9. Thompson, K.G.; Fraser, A.J.; Harrop, B.M.; Kirk, J.A. Glutathione peroxidase activity in bovine serum and

erythrocytes in relation to selenium concentrations of blood, serum and liver. Res. Vet. Sci. 1980, 28, 321–324.
[CrossRef]

10. Wichtel, J.J. A review of selenium deficiency in grazing ruminants part 2: Towards a more rational approach
to diagnosis and prevention. New Zealand Vet. J. 1998, 46, 54–58. [CrossRef]

11. Gil, S.; Hevia, S.; Dallorso, M.; Resnizky, S. Selenium in bovine plasma, soil and forage measured by neutron
activation analysis. Arq. Bras. Med. Vet. Zootec. 2004, 56, 264–266. [CrossRef]

12. Rodriguez, A.M.; Schild, C.O.; Cantón, G.J.; Riet-Correa, F.; Armendano, J.I.; Caffarena, R.D.; Brambilla, E.C.;
García, J.A.; Morrell, E.L.; Poppenga, R.; et al. White muscle disease in three selenium deficient beef and
dairy calves in argentina and uruguay. Cienc. Rural 2018, 48, e20170733. [CrossRef]

13. Richeson, J.T.; Kegley, E.B. Effect of supplemental trace minerals from injection on health and performance of
highly stressed, newly received beef heifers. Prof. Anim. Sci. 2011, 27, 461–466. [CrossRef]

14. Arthington, J.D.; Moriel, P.; Martins, P.G.M.A.; Lamb, G.C.; Havenga, L.J. Effects of trace mineral injections
on measures of performance and trace mineral status of pre- and postweaned beef calves. J. Anim. Sci. 2014,
92, 2630–2640. [CrossRef]

15. Arthington, J.D.; Havenga, L.J. Effect of injectable trace minerals on the humoral immune response to
multivalent vaccine administration in beef calves. J. Anim. Sci. 2012, 90, 1966–1971. [CrossRef]

16. Palomares, R.A.; Hurley, D.J.; Bittar, J.H.J.; Saliki, J.T.; Woolums, A.R.; Moliere, F.; Havenga, L.J.; Norton, N.A.;
Clifton, S.J.; Sigmund, A.B.; et al. Effects of injectable trace minerals on humoral and cell-mediated immune
responses to Bovine viral diarrhea virus, Bovine herpes virus 1 and Bovine respiratory syncytial virus
following administration of a modified-live virus vaccine in dairy calves. Vet. Immunol. Immunopathol. 2016,
178, 88–98. [CrossRef]

17. Harsh, B.N.; Dilger, A.C.; Boler, D.D.; Shike, D.W. Effects of a multielement trace mineral injection and
vitamin E supplementation on performance, carcass characteristics, and color stability of strip steaks from
feedlot heifers. J. Anim. Sci. 2018, 96, 1745–1756. [CrossRef]

18. Genther, O.N.; Hansen, S.L. A multielement trace mineral injection improves liver copper and selenium
concentrations and manganese superoxide dismutase activity in beef steers. J. Anim. Sci. 2014, 92, 695–704.
[CrossRef]

19. Glombowsky, P.; da Silva, A.S.; Soldá, N.M.; Galli, G.M.; Biazus, A.H.; Campigotto, G.; Bottari, N.B.;
Sousa, R.S.; Brisola, M.C.; Stefani, L.M.; et al. Mineralization in newborn calves contributes to health, improve
the antioxidant system and reduces bacterial infections. Microb. Pathog. 2018, 114, 344–349. [CrossRef]

http://dx.doi.org/10.3390/ani9050223
http://dx.doi.org/10.1590/1678-5150-pvb-6355
http://dx.doi.org/10.3390/ani10010018
http://dx.doi.org/10.1007/s12192-010-0195-9
http://www.ncbi.nlm.nih.gov/pubmed/20401744
http://dx.doi.org/10.1016/j.tvjl.2006.06.005
http://www.ncbi.nlm.nih.gov/pubmed/16914330
http://dx.doi.org/10.2527/jas.2011-4846
http://www.ncbi.nlm.nih.gov/pubmed/22573836
http://dx.doi.org/10.1111/asj.12102
http://www.ncbi.nlm.nih.gov/pubmed/23905879
http://dx.doi.org/10.1071/RD10268
http://www.ncbi.nlm.nih.gov/pubmed/21557919
http://dx.doi.org/10.1016/S0034-5288(18)32716-4
http://dx.doi.org/10.1080/00480169.1998.36056
http://dx.doi.org/10.1590/S0102-09352004000200018
http://dx.doi.org/10.1590/0103-8478cr20170733
http://dx.doi.org/10.15232/S1080-7446(15)30519-2
http://dx.doi.org/10.2527/jas.2013-7164
http://dx.doi.org/10.2527/jas.2011-4024
http://dx.doi.org/10.1016/j.vetimm.2016.07.003
http://dx.doi.org/10.1093/jas/sky124
http://dx.doi.org/10.2527/jas.2013-7066
http://dx.doi.org/10.1016/j.micpath.2017.12.012


Animals 2020, 10, 1298 8 of 9

20. Abuelo, A.; Alves-Nores, V.; Hernandez, J.; Muiño, R.; Benedito, J.L.; Castillo, C. Effect of parenteral
antioxidant supplementation during the dry period on postpartum glucose tolerance in dairy cows. J. Vet.
Intern. Med. 2016, 30, 892–898. [CrossRef]

21. Bayril, T.; Yildiz, A.S.; Akdemir, F.; Yalcin, C.; Köse, M.; Yilmaz, O. The technical and financial effects of
parenteral supplementation with selenium and vitamin E during late pregnancy and the early lactation
period on the productivity of dairy cattle. Asian-Australas. J. Anim. Sci. 2015, 28, 1133–1139. [CrossRef]

22. Swecker, W.S.; Hunter, K.H.; Shanklin, R.K.; Scaglia, G.; Fiske, D.A.; Fontenot, J.P. Parenteral selenium
and vitamin E supplementation of weaned beef calves. J. Vet. Intern. Med. 2008, 22, 443–449. [CrossRef]
[PubMed]

23. Cusack, P.; McMeniman, N.; Rabiee, A.; Lean, I. Assessment of the effects of supplementation with vitamin E
on health and production of feedlot cattle using meta-analysis. Prev. Vet. Med. 2009, 88, 229–246. [CrossRef]
[PubMed]

24. Droke, E.A.; Loerch, S.C. Effects of parenteral selenium and vitamin E on performance, health and humoral
immune response of steers new to the feedlot environment. J. Anim. Sci. 1989, 67, 1350–1359. [CrossRef]
[PubMed]

25. Hill, B.D.; Holroyd, R.G.; Sullivan, M. Clinical and pathological findings associated with congenital
hypovitaminosis A in extensively grazed beef cattle. Aust. Vet. J. 2009, 87, 94–98. [CrossRef] [PubMed]

26. Parker, E.M.; Gardiner, C.P.; Kessell, A.E.; Parker, A.J. Hypovitaminosis A in extensively grazed beef cattle.
Aust. Vet. J. 2017, 95, 80–84. [CrossRef]

27. Harris, C.L.; Wang, B.; Deavila, J.M.; Busboom, J.R.; Maquivar, M.; Parish, S.M.; McCann, B.; Nelson, M.L.;
Du, M. Vitamin A administration at birth promotes calf growth and intramuscular fat development in Angus
beef cattle. J. Anim. Sci. Biotechnol. 2018, 9, 55. [CrossRef]

28. Jee, J.; Hoet, A.E.; Azevedo, M.P.; Vlasova, A.N.; Loerch, S.C.; Pickworth, C.L.; Hanson, J.; Saif, L.J. Effects
of dietary vitamin A content on antibody responses of feedlot calves inoculated intramuscularly with an
inactivated bovine coronavirus vaccine. Am. J. Vet. Res. 2013, 74, 1353–1362. [CrossRef]

29. Mattioli, G.A.; Rosa, D.E.; Turic, E.; Testa, J.A.; Lizarraga, R.M.; Fazzio, L.E. Effect of injectable copper and
zinc supplementation on weight, hematological parameters, and immune response in pre-weaning beef
calves. Biol. Trace Elem. Res. 2019, 189, 456–462. [CrossRef]

30. Enríquez, D.; Hötzel, M.J.; Ungerfeld, R. Minimising the stress of weaning of beef calves: A review. Acta Vet.
Scand. 2011, 53, 28. [CrossRef]

31. Price, E.O.; Harris, J.E.; Borgwardt, R.E.; Sween, M.L.; Connor, J.M. Fenceline contact of beef calves with their
dams at weaning reduces the negative effects of separation on behavior and growth rate. J. Anim. Sci. 2003,
81, 116–121. [CrossRef] [PubMed]

32. Haley, D.B.; Bailey, D.W.; Stookey, J.M. The effects of weaning beef calves in two stages on their behavior and
growth rate. J. Anim. Sci. 2005, 83, 2205–2214. [CrossRef] [PubMed]

33. Lefcourt, A.M.; Elsasser, T.H. Adrenal responses of Angus x Hereford cattle to the stress of weaning. J. Anim.
Sci. 1995, 73, 2669–2676. [CrossRef] [PubMed]

34. Lippolis, K.D.; Ahola, J.K.; Mayo, C.E.; Fischer, M.C.; Callan, R.J. Effects of two-stage weaning with nose flap
devices applied to calves on cow body condition, calf performance, and calf humoral immune response. J.
Anim. Sci. 2016, 94, 816–823. [CrossRef] [PubMed]

35. Chirase, N.K.; Greene, L.W.; Purdy, C.W.; Loan, R.W.; Auvermann, B.W.; Parker, D.B.; Walborg, E.F.;
Stevenson, D.E.; Xu, Y.; Klaunig, J.E. Effect of transport stress on respiratory disease, serum antioxidant
status, and serum concentrations of lipid peroxidation biomarkers in beef cattle. Am. J. Vet. Res. 2004, 65,
860–864. [CrossRef] [PubMed]

36. Pregel, P.; Bollo, E.; Cannizzo, F.T.; Biolatti, B.; Contato, E.; Biolatti, P.G. Antioxidant capacity as a reliable
marker of stress in dairy calves transported by road. Vet. Rec. 2005, 156, 53–54. [CrossRef]

37. Hickey, M.C.; Drennan, M.; Earley, B. The effect of abrupt weaning of suckler calves on the plasma
concentrations of cortisol, catecholamines, leukocytes, acute-phase proteins and in vitro interferon-gamma
production. J. Anim. Sci. 2003, 81, 2847–2855. [CrossRef]

38. Pilarczyk, B.; Jankowiak, D.; Tomza-Marciniak, A.; Pilarczyk, R.; Sablik, P.; Drozd, R.; Tylkowska, A.;
Skólmowska, M. Selenium concentration and glutathione peroxidase (GSH-Px) activity in serum of cows at
different stages of lactation. Biol. Trace Elem. Res. 2012, 147, 91–96. [CrossRef]

http://dx.doi.org/10.1111/jvim.13922
http://dx.doi.org/10.5713/ajas.14.0960
http://dx.doi.org/10.1111/j.1939-1676.2008.0054.x
http://www.ncbi.nlm.nih.gov/pubmed/18346143
http://dx.doi.org/10.1016/j.prevetmed.2008.12.002
http://www.ncbi.nlm.nih.gov/pubmed/19167116
http://dx.doi.org/10.2527/jas1989.6751350x
http://www.ncbi.nlm.nih.gov/pubmed/2737988
http://dx.doi.org/10.1111/j.1751-0813.2009.00398.x
http://www.ncbi.nlm.nih.gov/pubmed/19245619
http://dx.doi.org/10.1111/avj.12560
http://dx.doi.org/10.1186/s40104-018-0268-7
http://dx.doi.org/10.2460/ajvr.74.10.1353
http://dx.doi.org/10.1007/s12011-018-1493-9
http://dx.doi.org/10.1186/1751-0147-53-28
http://dx.doi.org/10.2527/2003.811116x
http://www.ncbi.nlm.nih.gov/pubmed/12597380
http://dx.doi.org/10.2527/2005.8392205x
http://www.ncbi.nlm.nih.gov/pubmed/16100076
http://dx.doi.org/10.2527/1995.7392669x
http://www.ncbi.nlm.nih.gov/pubmed/8582857
http://dx.doi.org/10.2527/jas.2015-9624
http://www.ncbi.nlm.nih.gov/pubmed/27065152
http://dx.doi.org/10.2460/ajvr.2004.65.860
http://www.ncbi.nlm.nih.gov/pubmed/15198229
http://dx.doi.org/10.1136/vr.156.2.53
http://dx.doi.org/10.2527/2003.81112847x
http://dx.doi.org/10.1007/s12011-011-9271-y


Animals 2020, 10, 1298 9 of 9

39. Gong, J.; Xiao, M. Selenium and antioxidant status in dairy cows at different stages of lactation. Biol. Trace
Elem. Res. 2016, 171, 89–93. [CrossRef]

40. Ceballos, A.; Wittwer, F.G.; Contreras, P.A.; Quiroz, E.; Böhmwald, H.L. Actividad de glutatión peroxidasa
en bovinos lecheros a pastoreo correlacionada con la concentración sanguinea y plasmática de selenio.
Pesqui. Agropecuária Bras. 1999, 34, 2331–2338. [CrossRef]

41. Ceballos-Marquez, A.; Barkema, H.W.; Stryhn, H.; Wichtel, J.J.; Neumann, J.; Mella, A.; Kruze, J.;
Espindola, M.S.; Wittwer, F. The effect of selenium supplementation before calving on early-lactation
udder health in pastured dairy heifers. J. Dairy Sci. 2010, 93, 4602–4612. [CrossRef] [PubMed]

42. Grace, N.D.; Marchant, R.M.; Alexander, A.M. Relationship between blood selenium concentration or
glutathione peroxidase activity, and milk selenium concentrations in new zealand dairy cows. New Zealand
Vet. J. 2001, 49, 24–28. [CrossRef] [PubMed]

43. Burke, N.C.; Scaglia, G.; Boland, H.T.; Swecker, W.S. Influence of two-stage weaning with subsequent
transport on body weight, plasma lipid peroxidation, plasma selenium, and on leukocyte glutathione
peroxidase and glutathione reductase activity in beef calves. Vet. Immunol. Immunopathol. 2009, 127, 365–370.
[CrossRef] [PubMed]

44. Lum, G.E.; Rowntree, J.E.; Bondioli, K.R.; Southern, L.L.; Williams, C.C. The influence of dietary selenium
on common indicators of selenium status and liver glutathione peroxidase-1 messenger ribonucleic acid.
J. Anim. Sci. 2009, 87, 1739–1746. [CrossRef]

45. Czauderna, M.; Białek, M.; Krajewska, K.A.; Ruszczyńska, A.; Bulska, E. Selenium supplementation into
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