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J. Vet. Med. Sci. ABSTRACT. The purpose of this study was to determine the effects of vitamin E supplementation
84(8): 11281133, 2022 on blood oxidative stress biomarker in weaned calves. Thirty clinically healthy 12 weeks of age
Japanese Black calves were randomly assigned to two groups: 15 calves received 300 IU of vitamin
E daily from 12 to 18 weeks of age (VE group), and the other 15 calves did not receive the vitamin E
(control group). Blood samples were taken at 12, 14, 16, 18, and 20 weeks of age. The concentration
of serum reactive oxygen metabolites at 20 weeks of age were significantly lower in the VE group
than those in the control group. Vitamin E supplementation to weaned calves might affect blood
oxidative stress.
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Weaning causes great stress for calves, due to physical changes and environmental changes, as well as switching from liquid feed to
solid feed [4]. Therefore, the risk of disease in calves after weaning is high, which makes them particularly susceptible to respiratory
diseases [32]. Bovine respiratory syncytial (RS) virus alone causes respiratory diseases in calves, which is further exacerbated by
a bacterial infection [7]. Therefore, in Japan, vaccination is generally performed as a preventive measure against bovine RS virus
infection.

Immunoglobulin A (IgA) serves as one of the first defenses to prevent pathogenic microorganisms from crossing the intestinal
epithelial cell barrier and is considered an important regulator of the intestinal tract mucosa [5].

Vitamin E is one of the fat-soluble vitamins, and it plays an important role in improving disease resistance by stabilizing the
biological membrane, removing active oxygen species in the body, and providing an antioxidative effect [9, 34]. Many studies on
vitamin E supplementation in humans have reported the removal of oxidative stress and the improvement of immune function [9,
10, 13].

In cattle, it has been reported that vitamin E supplementation to newborn calves reduced oxidative stress [20], and thus vitamin E
supplementation in suckling calves affects antibody production after vaccination [24]. However, to our knowledge, there have been
no reports investigating the effects of vitamin E supplementation on blood oxidative stress, antibody production against vaccination,
and IgA production in weaned calves.

The purpose of this study was to evaluate the effects of vitamin E supplementation on the serum biochemical values including
oxidative stress, the antibody response to bovine RS virus vaccination, as well as the serum and fecal IgA, in Japanese Black weaned
calves in order to keep calves healthier.

Thirty clinically healthy 12 weeks of age Japanese Black calves kept at one farm in Kagoshima Prefecture, Japan, were used in this
study. All the calves stayed with their mothers for 4 days after birth and were housed indoors. Starting from 5 days after birth, they were
fed with milk replacer and were raised individually in calf hutches. The amount and nutrient composition of feed are shown in Table 1.
Including weaning at 12 weeks of age, all calves were managed in the same manner and fed to meet their nutritional requirements
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Table 1. The amount and nutrient composition of feed without supplement (per head per day)

Weeks of age
1 4 8 12 14 16 18 20

Amount (dry matter; kg)

Milk replacer 0.45 0.92 0.92

Calf stater 0.10 0.50 1.36 1.02 0.68

Concentrate 0.61 1.22 2.26 2.61

Hey (oats) 0.01 0.05 0.25 0.25 0.25 0.25 0.50

Hey (timothy) 0.26 0.43 0.95 0.95
Composition (dry basis)

Total Digestible Nutrients (%) 101.6 99.2 93.1 77.8 74.5 73.0 70.3 70.3

Crude Protein (%) 28.2 273 25.0 18.5 16.8 16.1 14.7 14.3

Crude Fat (%) 16.4 14.9 11.2 2.5 2.1 2.0 1.7 1.7

Calcium g/kg 139 13.1 11.1 5.9 59 59 59 5.6

Phosphorous g/kg 7.3 7.1 6.6 5.1 4.7 4.5 4.1 4.1

Magnesium g/kg 1.0 1.1 1.4 2.1 2.5 2.6 2.9 2.8

Zinc g/kg 0.10 0.10 0.09 0.06 0.06 0.06 0.06 0.06

Vitamin E 1U/kg 27.1 25.9 23.1 15.8 15.7 15.8 15.6 15.2

according to the Japanese beef cattle feeding standard [19]. The calves were randomly assigned to two groups: 15 calves were orally
supplemented with 300 IU vitamin E (alpha-tocopherol, Rovimix vitamin E, DSM Nutrition Products, Basal, Switzerland) (the dose
was based on the study by Rajeesh [27]) once daily from 12 to 18 weeks of age (VE group), and 15 calves were not supplemented with
vitamin E (control group). All calves were vaccinated with commercially available live RS virus vaccine (No.52 strain, Kyoto Biken
Laboratories Inc., Kyoto, Japan) at 14 weeks of age following the manufacturer’s instruction. All the calves ate all the provided feed,
and no calves developed diseases during the experimental period. Blood samples were taken at 12, 14, 16, 18, and 20 weeks of age
from the jugular vein into plain Vacutainer tubes. Serum was isolated from the blood samples by centrifugation and stored at —30°C
until analysis. For fecal samples, an arm covered with a plastic sleeve was inserted into the rectum of calves, and about 5 g of rectal
stools were collected at 12, 14, 16, and 18 weeks of age. These fecal samples were stored at —30°C until analysis. The calves were
raised according to guidelines of animal care of the Joint Faculty of Veterinary Medicine at Kagoshima University. The protocol was
reviewed and approved by the Kagoshima University Laboratory Animal Committee, Japan (number VM 19046).

The following serum biochemical parameters were determined using a Labospect 7020 autoanalyzer (Hitachi High-Technologies,
Japan): aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), creatine kinase (CK), urea nitrogen, creatinine, total
protein, albumin, globulin, albumin/globulin ratio, total cholesterol, triglyceride, beta-hydroxybutyric acid (BHB), calcium, inorganic
phosphorus, magnesium, and zinc. The serum alpha-tocopherol (vitamin E) concentration was measured using high-performance liquid
chromatography (Prominence, Shimazu Corp., Tokyo, Japan) as previously reported [3]. The serum oxidant status was determined
using the diacron reactive oxygen metabolites (d-ROMs) test, which determines hydroperoxides [1, 28]. The serum concentrations of
antioxidant capacity were measured using a biological antioxidant potential (BAP) test [1, 28]. Both d-ROMs and BAP were determined
using a free radical analyzer (FREE Carrio Duo, Diacron International, Grosseto, Italy) [1]. The degree of oxidative stress was
expressed as the oxidative stress index (OSI) calculated with the formula of (d-ROMs/BAP) x 100 =OSI [1, 28]. The serum antibody
titers to bovine RS virus were determined by a neutralization test. The neutralization test was performed as previously described by
Kubota et al. [12]. The serum and fecal IgA concentrations were measured by ELISA. ELISA was performed as previously described
by Otomaru et al. [25].

Data of the serum biochemical values, vitamin E, d-ROM, BAP, OSI, as well as the serum and fecal IgA values were expressed as
mean + standard deviation. The serum antibody titers to bovine RS virus were expressed as geometric mean. Statistical analysis was
conducted to determine the differences between the two groups at the same weeks of age using Student’s #-test with SPSS statistics
26 software (IBM, Tokyo, Japan). P values less than 0.05 were considered statistically significant.

The concentrations of serum biochemical parameters were not significantly different between the groups (Table 2). The serum
vitamin E concentration in the VE group remained above 100 IU/dL during the experimental period (Table 2). Whereas in the control
group, they were less than 100 TU/dL after 14 weeks of age, and less than 60 IU/dL from 18 to 20 weeks of age. The difference
between the groups was statistically significant at 14, 16, 18, and 20 weeks of age (P<0.05). The serum d-ROMs concentration in
the control group was higher than that in the VE group from 14 to 20 weeks of age (Fig. 1A), and the difference between the groups
was statistically significant at 20 weeks of age (P<0.05). The serum BAP was not significantly different between the groups (Fig.
1B). However, the OSI in the control group was significantly higher than that in the VE group at 20 weeks of age (P<0.05) (Fig. 1C).
The antibody titers against RS virus gradually decreased in both groups, and they were not significantly different between the groups
(Table 3). The serum and fecal IgA concentrations were not significantly different between the groups (Fig. 1D and 1E).

Vitamin E has an antioxidant effect of scavenging free radicals such as active oxygen species in the body [9], and also has a
deoxidization effect of reducing hydroperoxides [34]. Vitamin E has also been shown to have a protective effect against infectious
diseases by activating immunity, such as improvement of natural killer cell function [13], increase of interleukin 2 production from T
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Table 2. Biochemical and vitamin parameters

Weeks of age
Parameter
12 14 16 18 20
AT? (IU/L) Vitamin E group 105+ 50 79 £23 95+ 76 68 +18 80 + 38
Control group 108 + 60 88 + 28 72 +22 71+ 14 74 +24
GGT" (IU/L) Vitamin E group 3111 27+9 22+7 19+4 19+4
Control group 34+ 15 29+ 11 23+5 20+4 20+5
CK® (IU/L) Vitamin E group 200 + 160 180 +51 212+ 104 190 + 65 195+ 71
Control group 160 + 47 207 + 133 160 + 41 216+ 88 165 +43
Urea nitrogen (mg/dL) Vitamin E group  10.7+2.7 10.1+2.0 10.5+3.2 11.9£3.8 11.0£3.9
Control group 10.8+2.4 103+24 10.8 £3.1 11.9+2.7 10.6 £3.8
Creatinine (IU/L) Vitamin E group  1.00 + 0.2 0.9+0.1 0.9+0.1 09+0.1 0.9+0.1
Control group 1.00 £ 0.1 09+0.1 0.9+0.1 1.0£0.1 09+0.1
Total protein (g/dL) Vitamin E group 6.2+0.3 6.2+0.2 62+0.3 62+04 6.4+0.3
Control group 63+0.5 62+04 6.1+0.4 6.2+0.6 62+0.5
Albumin (g/dL) Vitamin E group 33+0.1 33+0.1 32+0.1 32+0.2 32+0.2
Control group 33+0.2 32+0.2 32+03 32+03 32+0.2
Globulin (g/dL) Vitamin E group 29+0.2 29+0.1 29+0.3 30£04 32+03
Control group 3.0+04 30+£03 29+0.3 30+£04 3.1+04
Albumin/globulin ratio Vitamin E group  1.15+0.09 1.13+0.06 1.12+0.17 1.06 +0.17 1.03 £ 0.16
Control group 1.10+0.12 1.07 +£0.11 1.12+0.13 1.06 +0.13 1.05+0.15
Total cholesterol (mg/dL) Vitamin E group 83 +28 67+ 19 65+ 14 58+ 15 64 +20
Control group 76 +22 55+15 56+7 48 £24 53+23
Triglyceride (mg/dL) Vitamin E group  11.1 £6.0 11.7+5.4 11.7£53 8.8+33 13.6£5.3
Control group 13.3+4.6 124+5.7 9.9+49 10.9£6.0 11.9+6.5
BHBY (umol/L) Vitamin E group 289 + 76 356 £ 76 489 + 187 450 +97 398 +74
Control group 343 £ 115 423 £ 127 420+ 96 479 £ 157 463+ 119
Calcium (mg/dL) Vitamin E group  10.6 +0.4 10.7+0.3 10.5+04 10.3+0.5 104+04
Control group 10.5+0.5 10.5+0.4 11.1+2.4 10.3+0.7 10.5+0.5
Inorganic phosphorus (mg/dL) Vitamin E group 8.1+£0.7 85+0.8 8.8+0.7 8.7+£0.8 9.1+1.1
Control group 82+1.1 8.0+15 83+1.1 85+1.5 8.6+0.9
Magnesium (mg/dL) Vitamin E group 27+02 2.8+0.3 2.8+0.2 2.7+02 2.8+0.2
Control group 26+02 27402 27402 2.7+£0.2 2.7+0.2
Zinc (png/dL) Vitamin E group 100 + 16 95+17 92+ 16 100+ 19 96+ 19
Control group 90 +23 94+ 15 93+15 102 +23 108 +20
Vitamin E (IU/dL) Vitamin E group 170+ 55 160 + 62* 152 + 50* 128 +45% 129 + 48*
Control group 163 +49 88 +26 71 +20 52423 55+25

4 Aspartate aminotransferase, ® Gamma-glutamyltransferase, © Creatine kinase, 9 Beta-hydroxybutyric acid. Data are shown as mean + SD.
The asterisk indicates a significant difference between groups at the same age (£<0.05).

lymphocytes [13], increase of B cell number in blood [10], and increase of antibody production after vaccination [27].

Recently, because of increased global antimicrobial resistance, careful use of antibacterial agents in humans and livestock animals
is recommended [18]. Therefore, there is increasing interest in disease prevention through nutritional management, and one of them
is the effective use of vitamin preparations [16].

The recommended amount of vitamin E for cattle is 15-60 [U/kg in feed dry matter according to the National Research Council
(NRC) feed standard [21]. In calves, vitamin E is low when the blood concentration is less than 100 TU/dL [17, 23]. In this study,
although the amount of vitamin E in the basic feed met the NRC standard value, the serum vitamin E concentration in the control group
was less than 100 IU/dL from 14 to 20 weeks of age. Therefore, the amount of vitamin E in the feed in the control group might not
be sufficient. Smith ez al. [29] also suggested that 15 IU/kg of vitamin E in the feed dry matter for cattle may not be sufficient. On the
other hand, the serum vitamin E concentration in the VE group was above 100 IU/dL during the experimental period. Additionally, there
was no significant difference in biochemical values between the groups during the experimental period. The vitamin E supplementation
was considered to have almost no effect other than serum vitamin E concentration.

Oxidative stress indicates the balance between reactive oxygen species (ROS) and antioxidants [14]. It develops when the production
of reactive oxygen species increases and the amounts of antioxidants decreases [14]. The d-ROMs and BAP can be easily measured,
and these tests can provide an understanding of the clinical status of oxidative stress [1, 28]. High d-ROMs values indicate increased
production of ROS, and high BAP values indicate increased antioxidant capacity. Because these parameters are interdependent [14], it
is also important to evaluate ROS and antioxidants jointly rather than separately. In addition, based on the d-ROMs and BAP values,
the oxidative stress index (OSI) can be calculated to evaluate the degree of oxidative stress [1, 14]. In this study, the d-ROMs and
OSI at 20 weeks of age were significantly higher in the control group than those in the VE group. The serum vitamin E concentration
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Fig. 1. (A) Changes in serum reactive oxygen metabolites (d-ROMs) in the vitamin E group (solid squares) and the control group (empty squares).
The asterisk indicates a significant difference between groups at the same age (P<0.05). Data are shown as mean + SD. (B) Changes in serum
biological antioxidant potential (BAP) in the vitamin E group (solid squares) and the control group (empty squares). Data are shown as mean
+ SD. (C) Changes in oxidative stress index (OSI) in the vitamin E group (solid squares) and the control group (empty squares). The asterisk
indicates a significant difference between groups at the same age (P<0.05). Data are shown as mean = SD. (D) Changes in the serum IgA
concentration in the vitamin E group (solid squares) and the control group (empty squares). Data are shown as mean + SD. (E) Changes in the
fecal IgA concentration in the vitamin E group (solid squares) and the control group (empty squares). Data are shown as mean = SD.

in the control group was significantly lower after 14 weeks of age compared to the VE group. Therefore, in the control group, the
ability to remove oxidative stress might be reduced due to a decrease in vitamin E, and increases in the d-ROMs. There were no clear
reasons why the increase in d-ROM levels in the control group was observed at 20 weeks of age, not immediately after weaning
when vitamin E concentration was low. These changes in d-ROM:s levels might be related to other antioxidants, and further research
is necessary to clarify these factors.

On the other hand, in the VE group, the vitamin E concentration in the blood remained in the normal range, and thus the abilities
to prevent the production of oxidants and to remove oxidative stress might have remained.

Young calves have immature immune systems compared with adult cows, due to their lower numbers of peripheral blood T and
B cells, which are responsible for cell-mediated and humoral immunity [2, 11]. It has also been reported that young calves had a
lower ability of antibody production against vaccination [8]. Furthermore, Japanese Black calves have lower numbers of peripheral
blood T and B cells compared with Holstein calves, which makes Japanese Black calves more prone to infectious diseases [22]. In
general, the antibody titers in neonatal calves were affected by the maternal antibody titers in the colostrum [2], and vaccination to
calves carrying the maternal antibody titers reduces the effectiveness of the vaccine. In this study, although the live bovine RS virus
vaccine was administered to calves at 14 weeks of age, the antibody titer against bovine RS virus gradually decreased from 12 to 20
weeks of age in both groups. It was difficult to clarify the effects of vitamin E supplementation and live bovine RS virus vaccination
on antibody production in this study. The factors for these results might include vaccine break due to the influence of the maternal
antibody titers in calves. Or due to immature immunity of calves at younger age when antibody production after vaccination tends to
be lower. Previous reports have also reported that live bovine RS virus vaccination to calves in the presence of antibody attenuates
the antibody production [12, 31].

It has been reported that vitamin E improves immune function by increasing the number of B lymphocyte cells in the Peyer’s patches
of the intestinal tract [6]. In addition, it has been reported that vitamin E supplementation increases IgA concentration in the intestinal
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Table 3. Antibody titers to bovine respiratory syncytial virus

Animal Weeks of age

number 12 14 16 18 20
Vitamin E group 1 8 2 4 8 16
2 256 512 128 64 32

3 <2 <2 4 16 4

4 256 256 128 128 32
5 1,024 512 1,024 256 512

6 256 128 64 32 16

7 2 <2 2 2 2

8 2 <2 2 2 4

9 32 32 16 16 8

10 64 64 16 8 8

11 4 4 2 2 2
12 1,024 256 128 128 32

13 32 16 16 8 4

14 64 32 32 8 8
15 128 64 32 16 16
40.39 254 21.1 16.0 11.6

Animal Weeks of age

number 12 14 16 18 20
Control group 1 1,024 256 128 128 16
2 64 16 16 8 16

3 32 32 32 16 32

4 32 64 128 64 64

5 256 128 64 32 8

6 512 256 64 32 32

7 <2 <2 2 16 8

8 32 8 8 8 4

9 64 64 32 16 4

10 32 8 8 4 4

11 128 32 16 16 8
12 32 8 64 64 64
13 32 32 32 32 32
14 128 128 32 64 32
15 32 16 32 32 16
58.4 30.6 27.9 24.3 15.3

) Geometric mean.

tract in rats [33], and increases the serum IgA concentration in poultry [15]. Regarding IgA in calves, there have been reports on the
changes in blood and feces over time in suckling calves [26, 30, 35]. However there have been no reports of weaned calves and the
effects of vitamin E supplementation on IgA in calves. In this study, there was no significant difference in the serum and fecal IgA
concentrations between the groups. Unlike in other animal species, in ruminants including calves, vitamin E supplementation might
have little effect on IgA concentration in blood and feces. The relationship between vitamin E supplementation in calves and IgA
production was not clear in this study, and thus further research in the future is warranted.

In conclusion, vitamin E supplementation to calves after weaning may reduce the blood cell oxidative stress. However, further
studies are needed to clarify how it affects the blood oxidative metabolism, as well as an appropriate dose of vitamin E supplementation

in the calves.

POTENTIAL CONFLICTS OF INTEREST. The authors declare that there is no conflict of interest regarding the publication of this

article.

ACKNOWLEDGMENTS. We would like to acknowledge Dr. Takahiro Kaneshige of Kyoto Biken Laboratories for his generous help.
This study was funded by the statutory activity of the joint faculty of veterinary medicine, Kagoshima University in Japan.

J. Vet. Med. Sci. 84(8): 1128-1133, 2022

1132



The Journal of

Veterinary

Medical

Science EFFECTS OF VITAMIN E IN CALVES

REFERENCES

1.

2.

13.
14.
15.

18.
19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Abuelo A, Hernandez J, Benedito JL, Castillo C. 2013. Oxidative stress index (OSi) as a new tool to assess redox status in dairy cattle during the
transition period. Animal 7: 1374-1378. [Medline] [CrossRef]

Chase CC, Hurley DJ, Reber AJ. 2008. Neonatal immune development in the calf and its impact on vaccine response. Vet Clin North Am Food Anim
Pract 24: 87-104. [Medline] [CrossRef]

De Leenheer AP, De Bevere VO, Cruyl AA, Claeys AE. 1978. Determination of serum alpha-tocopherol (vitamin E) by high-performance liquid
chromatography. Clin Chem 24: 585-590. [Medline] [CrossRef]

Enriquez D, Hotzel MJ, Ungerfeld R. 2011. Minimising the stress of weaning of beef calves: a review. Acta Vet Scand 53: 28. [Medline] [CrossRef]
Fagarasan S, Honjo T. 2003. Intestinal IgA synthesis: regulation of front-line body defences. Nat Rev Immunol 3: 63—72. [Medline] [CrossRef]
Fragou S, Balaskas C, Fegeros K, Politis I. 2006. Effect of vitamin E supplementation on lymphocyte distribution in gut-associated lymphoid tissues
obtained from weaned piglets. J Vet Med A Physiol Pathol Clin Med 53: 327-333. [Medline] [CrossRef]

Gershwin LJ. 2007. Bovine respiratory syncytial virus infection: immunopathogenic mechanisms. Anim Health Res Rev 8: 207-213. [Medline]
[CrossRef]

Gilman HL, Wagner WC. 1959. The evaluation of brucellosis vaccination at 4 and 8 months of age. Cornell Vet 49: 399-408. [Medline]

Jiang Q. 2014. Natural forms of vitamin E: metabolism, antioxidant, and anti-inflammatory activities and their role in disease prevention and therapy.
Free Radic Biol Med 72: 76-90. [Medline] [CrossRef]

Jubri Z, Latif AA, Top AG, Ngah WZ. 2013. Perturbation of cellular immune functions in cigarette smokers and protection by palm oil vitamin E
supplementation. Nuzr J 12: 2. [Medline] [CrossRef]

Kampen AH, Olsen I, Tollersrud T, Storset AK, Lund A. 2006. Lymphocyte subpopulations and neutrophil function in calves during the first 6 months
of life. Vet Immunol Immunopathol 113: 53-63. [Medline] [CrossRef]

Kubota M, Fukuyama S, Takamura K, Izumida A, Kodama K. 1992. Field trials on a live bovine respiratory syncytial virus vaccine in calves. J Vet
Med Sci 54: 957-962. [Medline] [CrossRef]

Lee GY, Han SN. 2018. The role of vitamin E in immunity. Nutrients 10: 1614. [Medline] [CrossRef]

LiR, Jia Z, Trush MA. 2016. Defining ROS in Biology and Medicine. React Oxyg Species (Apex) 1: 9-21. [Medline] [CrossRef]

Liu YJ, Zhao LH, Mosenthin R, Zhang JY, Ji C, Ma QG. 2019. Protective Effect of Vitamin E on laying performance, antioxidant capacity, and
immunity in laying hens challenged with Salmonella Enteritidis. Poult Sci 98: 5847-5854. [Medline] [CrossRef]

Maggini S, Pierre A, Calder PC. 2018. Immune function and micronutrient requirements change over the life course. Nutrients 10: 1531. [Medline]
[CrossRef]

McDowell LR, Williams SN, Hidiroglou N, Njeru CA, Hill GM, Ochoa L, Wilkinson NS. 1996. Vitamin E supplementation for the ruminant. 4nim
Feed Sci Technol 60: 273-296. [CrossRef]

McEwen SA, Collignon PJ. 2018. Antimicrobial resistance: a one health perspective. Microbiol Spectr 6: 6. [Medline] [CrossRef]

Ministry of Agriculture Factory and Fisheries Research Council Secretariat. 2008. Japanese feeding standard for beef cattle (in Japanese) Japan
Livestock Industry Association, Tokyo.

Mokhber-Dezfouli MR, Rahimikia E, Asadi F, Nadalian MG. 2008. The role of route of vitamin E administration on the plasma antioxidant activity
and lipid peroxidation in newborn calves. Basic Clin Pharmacol Toxicol 103: 414-418. [Medline] [CrossRef]

National Research Council. 2016.Nutrient Requirements of Beef Cattle, eighth revised edition. National Academy Press, Washington, DC.

Ohtsuka H, Ono M, Saruyama Y, Mukai M, Kohiruimaki M, Kawamura S. 2011. Comparison of the peripheral blood leukocyte population between
Japanese Black and Holstein calves. Anim Sci J 82: 93-98. [Medline] [CrossRef]

Otomaru, K., Ohtsuka, H.,Ando, T. and Koiwa, M. 2012. Relationship between Mannheimia haemolytica inactivated vaccine, serum vitamin E
concentrations and antibody production in Japanese Black cattle. The J Farm Animal in Infectious Disease 1: 31-35 (in Japanese).

Otomaru K, Saito S, Endo K, Kohiruimaki M, Fukuyama S, Ohtsuka H. 2013. Effect of supplemental vitamin E on antibody titer in Japanese black
calves vaccinated against bovine herpesvirus-1. J Vet Med Sci 75: 1671-1673. [Medline] [CrossRef]

Otomaru K, Oishi S, Fujimura Y, Nagai K, Yamauchi S, Nochi T. 2022. Effect of ascorbic acid supplementation on fecal immunoglobulin A in
Japanese Black calves. Jpn Agric Res Q 56: 361-366. [CrossRef]

Rajala P, Castrén H. 1995. Serum immunoglobulin concentrations and health of dairy calves in two management systems from birth to 12 weeks of
age. J Dairy Sci 78: 2737-2744. [Medline] [CrossRef]

Rajeesh M, Dass RS, Garg AK, Chaturvedi VK. 2008. Effect of vitamin E supplementation on serum alpha tocopherol and immune status of Murrah
buffalo (Bubalus bubalis) calves. J Anim Feed Sci 17: 19-29. [CrossRef]

Ranade R, Talukder S, Muscatello G, Celi P. 2014. Assessment of oxidative stress biomarkers in exhaled breath condensate and blood of dairy heifer
calves from birth to weaning. Ver J 202: 583-587. [Medline] [CrossRef]

Smith KL, Hogan JS, Weiss WP. 1997. Dietary vitamin E and selenium affect mastitis and milk quality. J Anim Sci 75: 1659-1665. [Medline]
[CrossRef]

Tsuruta T, Inoue R, Tsukahara T, Matsubara N, Hamasaki M, Ushida K. 2009. A cell preparation of Enterococcus faecalis strain EC-12 stimulates the
luminal immunoglobulin A secretion in juvenile calves. Anim Sci J 80: 206-211. [Medline] [CrossRef]

Vangeel I, Antonis AF, Fluess M, Riegler L, Peters AR, Harmeyer SS. 2007. Efficacy of a modified live intranasal bovine respiratory syncytial virus
vaccine in 3-week-old calves experimentally challenged with BRSV. Vet J 174: 627-635. [Medline] [CrossRef]

Wilson BK, Richards CJ, Step DL, Krehbiel CR. 2017. Best management practices for newly weaned calves for improved health and well-being. J
Anim Sci 95: 2170-2182. [Medline]

Xu C, Sun R, Qiao X, Xu C, Shang X, Niu W, Chao Y. 2014. Effect of vitamin E supplementation on intestinal barrier function in rats exposed to high
altitude hypoxia environment. Korean J Physiol Pharmacol 18: 313-320. [Medline] [CrossRef]

Yamauchi R, Yamamoto N, Kato K. 1995. Iron-catalyzed reaction products of alpha-tocopherol with methyl 13(S)-hydroperoxy-9(Z),11(E)-
octadecadienoate. Lipids 30: 395-404. [Medline] [CrossRef]

Yasumatsuya K, Kasai K, Yamanaka K, Sakase M, Nishino O, Akaike M, Mandokoro K, Nagase T, Kume S. 2012. Effects of feeding whey protein on
growth rate and mucosal IgA induction in Japanese Black calves. Livest Sci 143: 210-213. [CrossRef]

J. Vet. Med. Sci. 84(8): 1128-1133, 2022 1133


http://www.ncbi.nlm.nih.gov/pubmed/23510791?dopt=Abstract
http://dx.doi.org/10.1017/S1751731113000396
http://www.ncbi.nlm.nih.gov/pubmed/18299033?dopt=Abstract
http://dx.doi.org/10.1016/j.cvfa.2007.11.001
http://www.ncbi.nlm.nih.gov/pubmed/639263?dopt=Abstract
http://dx.doi.org/10.1093/clinchem/24.4.585
http://www.ncbi.nlm.nih.gov/pubmed/21569479?dopt=Abstract
http://dx.doi.org/10.1186/1751-0147-53-28
http://www.ncbi.nlm.nih.gov/pubmed/12511876?dopt=Abstract
http://dx.doi.org/10.1038/nri982
http://www.ncbi.nlm.nih.gov/pubmed/16922828?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0442.2006.00841.x
http://www.ncbi.nlm.nih.gov/pubmed/18218161?dopt=Abstract
http://dx.doi.org/10.1017/S1466252307001405
http://www.ncbi.nlm.nih.gov/pubmed/13663573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24704972?dopt=Abstract
http://dx.doi.org/10.1016/j.freeradbiomed.2014.03.035
http://www.ncbi.nlm.nih.gov/pubmed/23286246?dopt=Abstract
http://dx.doi.org/10.1186/1475-2891-12-2
http://www.ncbi.nlm.nih.gov/pubmed/16772096?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/1420579?dopt=Abstract
http://dx.doi.org/10.1292/jvms.54.957
http://www.ncbi.nlm.nih.gov/pubmed/30388871?dopt=Abstract
http://dx.doi.org/10.3390/nu10111614
http://www.ncbi.nlm.nih.gov/pubmed/29707643?dopt=Abstract
http://dx.doi.org/10.20455/ros.2016.803
http://www.ncbi.nlm.nih.gov/pubmed/31329983?dopt=Abstract
http://dx.doi.org/10.3382/ps/pez227
http://www.ncbi.nlm.nih.gov/pubmed/30336639?dopt=Abstract
http://dx.doi.org/10.3390/nu10101531
http://dx.doi.org/10.1016/0377-8401(96)00982-0
http://www.ncbi.nlm.nih.gov/pubmed/29600770?dopt=Abstract
http://dx.doi.org/10.1128/microbiolspec.ARBA-0009-2017
http://www.ncbi.nlm.nih.gov/pubmed/18778323?dopt=Abstract
http://dx.doi.org/10.1111/j.1742-7843.2008.00308.x
http://www.ncbi.nlm.nih.gov/pubmed/21269366?dopt=Abstract
http://dx.doi.org/10.1111/j.1740-0929.2010.00833.x
http://www.ncbi.nlm.nih.gov/pubmed/23965847?dopt=Abstract
http://dx.doi.org/10.1292/jvms.13-0215
http://dx.doi.org/10.6090/jarq.56.171
http://www.ncbi.nlm.nih.gov/pubmed/8675756?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(95)76904-1
http://dx.doi.org/10.22358/jafs/66466/2008
http://www.ncbi.nlm.nih.gov/pubmed/25466574?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2014.10.025
http://www.ncbi.nlm.nih.gov/pubmed/9250530?dopt=Abstract
http://dx.doi.org/10.2527/1997.7561659x
http://www.ncbi.nlm.nih.gov/pubmed/20163592?dopt=Abstract
http://dx.doi.org/10.1111/j.1740-0929.2008.00621.x
http://www.ncbi.nlm.nih.gov/pubmed/17169592?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2006.10.013
http://www.ncbi.nlm.nih.gov/pubmed/28727007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25177163?dopt=Abstract
http://dx.doi.org/10.4196/kjpp.2014.18.4.313
http://www.ncbi.nlm.nih.gov/pubmed/7637559?dopt=Abstract
http://dx.doi.org/10.1007/BF02536297
http://dx.doi.org/10.1016/j.livsci.2011.09.015

