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Abstract: The purpose of this study was to determine the effect of vaccination and beta-carotene
supplementation on blood oxidative stress and antibody response in calves. Thirty Japanese Black
calves were randomly assigned to two groups. Fifteen calves received 20 mg of beta-carotene
supplemented into their daily provided rations from 2 to 8 weeks of age (BC group), and the other
15 calves did not receive the daily beta-carotene supplement (control group). All calves received
a commercially available modified live bovine respiratory syncytial (RS) virus vaccine at 4 and 8 weeks
of age. Blood samples were taken at 2, 4, 8, and 12 weeks of age. At 4 weeks of age, the concentration
of reactive oxygen metabolites within serum were significantly lower in the BC group than the
concentrations measured in the control group. Also at 4 weeks of age, the concentration of biological
antioxidant capacity within serum was significantly higher in the BC group than the concentrations
measured in the control group. Both groups showed a gradual decrease of antibody titers to live
bovine RS virus in the samples taken from 2 to 12 weeks of age. These results confirmed that
beta-carotene supplementation decreased oxidative stress. However, beta-carotene supplementation
did not affect the antibody response to live bovine RS virus vaccination, perhaps due to the presence
of the maternal antibody.

Keywords: antibody titer; beta-carotene; bovine respiratory syncytial virus; Japanese Black calf;
oxidative stress; vaccination

1. Introduction

Young suckling calves, when compared to cows, have immature immune systems as evidenced
by their lower numbers of lymphocytes in the peripheral blood, which are responsible for humoral
and cellular immunity [1]. This was demonstrated by fairly low antibody response to vaccination [2].
Bovine respiratory syncytial (RS) virus causes bovine respiratory disease, which results in severe
symptoms with concomitant bacterial infections [3]. To prevent infection of the bovine RS virus in
calves, vaccination with the modified live bovine RS virus is occurring in Japan.

Beta-carotene plays an important role in the function of the immune system and also functions as
an antioxidant inside the body for maintaining the stability of biological membranes [4,5]. Many studies
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of human and animal supplementation with beta-carotene have reported improvements in efficient
quenching of singlet oxygen and immune function [6–10]. Oral supplementation of beta-carotene in
humans resulted in decreased production of blood oxidative stress and increased antibody response to
vaccination [9,10].

Therefore, supplementation of beta-carotene to Japanese Black calves was expected to decrease
blood oxidative stress and improve antibody response to vaccination. There has been increased
interest in determining the mechanisms by which oxidative stress influences metabolism and health in
animals [11]. The measurement of endogenous hydroperoxide, as derivatives of reactive oxygen
metabolites (d-ROMs), is a simple, reliable, and inexpensive method with high accuracy and
linearity [1]. Hydroperoxide is a suitable biomarker for assessing oxidative stress [12]. The biological
antioxidant capacity (reducing iron from its ferric (Fe3+) form to ferrous (Fe2+) form in serum
samples) is measured by a biological antioxidant potential (BAP) test. The BAP test provides a global
measurement of many antioxidants [13]. Although several studies have reported antibody response to
vaccination and degree of oxidative stress in calves [14,15], there has been no report on the relationship
between supplementation of beta-carotene and blood oxidative stress, or between supplementation of
beta-carotene and antibody response to vaccination in calves. Additionally, the metabolism and meat
quality of Japanese Black cattle are different from other cattle breeds, and Japanese Black calves tend to
be susceptible to diseases such as diarrhea [16,17]. Furthermore, the value of Japanese Black cattle is
very high and the price per head has been increasing in recent years.

The purpose of this study was to evaluate the effect of beta-carotene supplementation on the serum
oxidative stress biomarkers and the antibody response to modified live bovine RS virus vaccination in
Japanese Black calves in order to keep calves healthier.

2. Material and Methods

2.1. Study Design

In this study, we used 30 Japanese Black calves kept at one farm in Kagoshima Prefecture, Japan.
All samples were collected from November 2017 to May 2018. All the calves stayed with their mothers
for 4 days after birth and were housed indoors. Starting at 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. The calves were randomly assigned to two groups. Fifteen calves were orally
supplemented with 20 mg (the dose was based on the study by Bierer et al. [18]) of beta-carotene
(Rovimix beta-carotene, DSM Nutrition Products, Basal, Switzerland) once daily from 2 to 8 weeks of
age (BC group), and 15 calves were not supplemented with beta-carotene (control group). All calves
were managed in the same manner and fed to meet their nutritional requirements according to the
Japanese beef cattle feeding standard [19]. All calves were vaccinated with modified live bovine
RS virus vaccine (No. 52 strain, Kyoto Biken Laboratories Inc., Kyoto, Japan) at 4 and 8 weeks of
age following manufacturer’s instruction. Blood samples were taken at 2, 4, 8, and 12 weeks of age
from the jugular vein using Vacutainer plain tubes. Serum was isolated from the blood samples by
centrifugation and stored at −30 ◦C until analysis. No calves developed disease during the study
period. The calves were raised according to guidelines of animal care of the Joint Faculty of Veterinary
Medicine at Kagoshima University.
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Table 1. Amount and nutrient composition of feed without supplement.

Item
Weeks of Age

2 4 8 12

Amount (Dry Matter)

Milk Replacer (kg) 0.72 0.92 0.92 0.00
Concentrate (kg) 0.05 0.10 0.50 0.85
Hey (Oats) (kg) 0.01 0.01 0.05 0.10

Composition (Dry Basis)

Crude Protein (%) 30.6 30.1 26.8 18.6
Crude Fat (%) 15.7 15.2 11.6 2.6

Total Digestible Nutrients (%) 101.1 100.1 92.9 74.8
Zinc mg/day 71.8 94.0 124.4 61

Retinol mg/day 18.9 18.3 14.1 3.5
Beta-Carotene mg/day 0.0 0.0 0 0.1

2.2. Measurements and Analysis

The serum beta-carotene and zinc concentrations were measured using the 7020 clinical
autoanalyzer (Hitachi High-Technologies, Tokyo, Japan). The measurement of the serum beta-carotene
concentration was carried out by a colorimetric method. The beta-carotene measuring reagents
have been commercially available since 2012 and have been widely used in Japan (beta-carotene
measuring reagents, Kanto chemical, Tokyo, Japan). Two reagents were used for the measurement
of beta-carotene. Initially, bilirubin in the sample was quenched by the oxidizing agent in reagent 1.
Next, the beta-carotene in the sample was quenched by reagent 2. Changes in absorbance were
calculated as the concentration of beta-carotene. The patent number of the reagent in Japan is 056086867.
The measurement of serum zinc concentration was also performed by a colorimetric method using
a commercially available zinc measuring reagent (Acurus auto Zn, Shino-Test, Tokyo, Japan) [20].
Serum concentrations of retinol was determined using high-performance liquid chromatography
(Prominence, Shimazu, Kyoto, Japan) [21]. The serum antioxidant capacity was determined as
the concentration of BAP, and the serum free radicals were determined as the concentration of
d-ROMs. The serum BAP and d-ROMs were measured using a free radical analyzer (FREE carrio
duo, Wismerll, Ltd., Tokyo, Japan) [11,12]. The serum d-ROMs values were expressed as arbitrary
“Carratelli units” (Carr U). 1 Carr U corresponds to 0.8 mg/L hydrogen peroxide. 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. [22].

2.3. Statistical Analysis

Data of the serum zinc, beta-carotene, retinol, BAP, and d-ROMs are expressed as
the mean ± standard deviation. The serum antibody titers to bovine RS virus are expressed as the
geometric mean ± standard deviation. The statistical analysis was conducted to determine the
differences between the two groups within the same weeks of age, as well as between weeks of
age within the same group using Student’s t-test with SPSS statistics 24 software (IBM, Tokyo, Japan).

3. Results

The serum beta-carotene concentrations in the BC group were significantly higher than those
in the control group at 4 and 8 weeks of age (p < 0.01) (Figure 1). Within the BC group, the serum
beta-carotene concentrations at 4 and 8 weeks of age were significantly higher than that at 2 weeks of
age (p < 0.01). The serum retinol in both groups increased gradually from 2 to 12 weeks of age without
significant difference between the groups (Figure 2). The serum retinol concentrations in both groups
at 4, 8, and 12 weeks of age were significantly higher than those at 2 weeks of age (p < 0.01). The serum
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zinc concentration in the control group at 4 weeks of age was significantly lower than that at 2 weeks
of age (p < 0.05) (Figure 3). The serum BAP in the BC group at 4 weeks of age was significantly higher
than that in the control group (p < 0.05) (Figure 4). The serum d-ROMs in the BC group was lower
than that in the control group from 4 to 12 weeks of age (Figure 5), and the difference between groups
was statistically significant at 4 weeks of age (p < 0.05). The antibody titer in both groups decreased
gradually from 2 to 12 weeks of age without significant difference between the groups (Figure 6),
and antibody titers in both groups at 8 and 12 weeks of age was significantly lower than those at
2 weeks of age (p < 0.01).

Figure 1. Changes in serum concentrations of beta-carotene in the BC group (dark square) and control
group (empty square). Data are shown as mean ± SD. Arrow indicates beta-carotene supplementation
period. Asterisks indicate a significant difference between groups at the same age (**: p < 0.01).
Same lower case letters (a) indicate a significant difference from 2 weeks of age within the BC group
(p < 0.01).

Figure 2. Changes in serum concentrations of retinol in the BC group (dark square) and control group
(empty square). Data are shown as mean ± SD. Arrow indicates beta-carotene supplementation period.
Same lower case letters indicate a significant difference in concentration when each group is compared
to the concentration from 2 weeks of age within each group (p < 0.05).
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Figure 3. Changes in serum concentrations of zinc in the BC group (dark square) and control group
(empty square). Data are shown as mean ± SD. Arrow indicates beta-carotene supplementation period.
Lower case letters indicate a significant difference from 2 weeks of age within control group (p < 0.05).

Figure 4. Changes in serum biological antioxidant potential (BAP) in the BC group (dark square)
and control group (empty square). Data are shown as mean ± SD. Arrow indicates beta-carotene
supplementation period. Asterisks indicate a significant difference between groups at the same age
(*: p < 0.05).
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Figure 5. Changes in serum derivatives of reactive oxygen metabolites (d-ROMs) in the BC group
(dark square) and control group (empty square). Data are shown as mean ± SD. Arrow indicates
beta-carotene supplementation period. Asterisks indicate a significant difference between groups at
the same age (*: p < 0.05).

Figure 6. Changes in antibody titers to bovine respiratory syncytial virus in BC group (dark square)
and control group (empty square). Antibody titers are shown as mean ± SD. Arrow indicates bovine
respiratory syncytial virus vaccination. Same lower case letters indicate a significant difference in
concentration when each group is compared to the concentration from 2 weeks of age within each
group (p < 0.05).

4. Discussion

Generally, young calves have lower levels of beta-carotene and retinol in the blood due to limited
placental transfer [5]. In the present study, the serum retinol concentration in both groups gradually
increased and showed similar changes from 2 to 12 weeks of age. However, the serum beta-carotene
concentration in the BC group was significantly higher than that in the control group at 4 and 8 weeks
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of age. These results indicate that supplementing 20 mg/day of beta-carotene in Japanese Black calves
is effective at increasing serum beta-carotene concentration with minor influences on serum retinol
concentration. Previous studies have also shown that supplementation of beta-carotene to calves did
not cause major influences on blood retinol concentration [23,24]. Beta-carotene plays an important role
as an antioxidant [4], efficiently contributes to the defense against lipid peroxidation, and scavenges
peroxyl radicals [25]. Zinc is also an antioxidant that is similar to beta-carotene [26]. In this study,
the serum zinc concentration in the control group, at 4 weeks of age, was significantly lower than the
concentration at 2 weeks of age. Therefore, the lower serum BAP concentration in the control group at
4 weeks of age might be due to the decrease in zinc. On the other hand, the serum BAP concentration in
the BC group at 4 weeks of age did not decrease, and the serum BAP concentration in the BC group was
significantly higher than the control group. Additionally, the serum d-ROMs concentration in the BC
group was significantly lower than the concentration in the control group at 4 weeks of age. Increased
blood beta-carotene concentration in the BC group caused by supplementation of beta-carotene
may have contributed to the increased antioxidative capacity as well as contributing to the reduced
production of oxidative stress in blood. Previous studies have also shown that supplementation
of beta-carotene to humans decreased several oxidative stress marker concentrations in blood [8,9].
In Buffalo cows, oral administration of commercial supplements containing Aloe arborescence and
beta-carotene increased the serum BAP and decreased the serum d-ROMs concentration [7].

Beta-carotene has been shown to have protective effects against infectious diseases by enhancing
the immune system [5,6]. Beta-carotene supplementation in humans improved immune function and
antibody production in response to vaccination [9]. In cattle, beta-carotene supplementation increased
the colostral immunoglobulin concentration in Holstein cows [27]. In this study, despite administration
of live bovine RS virus vaccine at 4 and 8 weeks of age, antibody titers gradually declined from 2 to
12 weeks of age in both groups. These changes were thought to be vaccine break due to the influence of
the maternal antibody titer. The influence of such maternal antibodies on the response to vaccination
in calves has been reported [2,28]. Therefore, it will be necessary to change the timing of live bovine
RS virus vaccination.

The present study confirmed that oral beta-carotene supplementation of Japanese Black calves
increased blood beta-carotene, reduced oxidative stress, and increased antioxidative capacity.
Therefore, oral beta-carotene supplementation to calves is expected to increase resistance to diseases.
However, the effect of oral beta-carotene supplementation of Japanese Black calves on the antibody
titers in response to live bovine RS virus vaccination was not found to be significant, perhaps due to
the influence of the maternal antibody.

In order to enhance health condition in calves, further research is needed to clarify how beta-
carotene supplementation reduces oxidative stress and to determine whether oral beta-carotene
supplementation is effective for antibody production by vaccination in Japanese Black calves.

5. Conclusions

The purpose of this study was to evaluate the effect of beta-carotene supplementation on
blood oxidative stress and antibody response to vaccination in calves. Thirty Japanese Black calves
were randomly assigned to two groups: 15 calves were orally supplemented with 20 mg/day of
beta-carotene from 2 to 8 weeks of age (BC group), and the other 15 calves did not receive supplemented
beta-carotene (control group). All calves received commercial modified live bovine RS virus vaccine
at 4 and 8 weeks of age. The serum beta-carotene concentrations in the BC group were significantly
higher than those in the control group at 4 and 8 weeks of age (p < 0.01). The serum retinol in both
groups increased gradually from 2 to 12 weeks of age without significant difference between the
groups. The serum BAP in the BC group at 4 weeks of age was significantly higher than that in the
control group (p < 0.05). The serum d-ROMs in the BC group was lower than that in the control group
from 4 to 12 weeks of age, and the difference between groups was statistically significant at 4 weeks
of age (p < 0.05). The antibody titer in both groups decreased gradually from 2 to 12 weeks of age



Vet. Sci. 2018, 5, 102 8 of 9

without significant difference between the groups. These results indicated that supplementation of
20 mg/day of beta-carotene in Japanese Black calves was effective at increasing the serum beta-carotene
concentration with minor influences on serum retinol concentration, decreasing the serum oxidative
stress, and increasing biological antioxidant capacity. However, beta-carotene supplementation did
not affect the antibody response to live bovine RS virus vaccination, perhaps due to the presence
of the maternal antibody. Further research is needed to clarify how beta-carotene supplementation
reduces oxidative stress and if oral beta-carotene supplementation is effective at increasing antibody
production when vaccinating Japanese Black calves.

Author Contributions: K.O., C.K. and T.K. conceived and designed the study; R.O., H.H., K.H. and K.N. collected
the samples; S.O., Y.I. and T.K. performed the testing; K.O. and T.K. analyzed the data; K.O. wrote the paper.

Funding: This study was supported by grants from the Project of the NARO Bio-oriented Technology Research
Advancement Institution in Japan.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kampen, A.H.; Olsen, I.; Tollersrud, T.; Storset, A.K.; Lund, A. Lymphocyte subpopulations and neutrophil
function in calves during the first 6 months of life. Vet. Immunol. Immunopathol. 2006, 113, 53–63. [CrossRef]
[PubMed]

2. Menanteau-Horta, A.M.; Ames, T.R.; Johnson, D.W.; Meiske, J.C. Effect of maternal antibody upon
vaccination with infectious bovine rhinotracheitis and bovine virus diarrhea vaccines. Can. J. Comp. Med.
1985, 49, 10–14. [PubMed]

3. Baker, J.C.; Werdin, R.E.; Ames, T.R.; Markham, R.J.; Larson, V.L. Study on the etiologic role of bovine
respiratory syncytial virus in pneumonia of dairy calves. J. Am. Vet. Med. Assoc. 1986, 189, 66–70.

4. Frye, T.M.; Williams, S.N.; Graham, T.W. Vitamin deficiencies in cattle. Vet. Clin. North. Am. Food. Anim. Pract.
1991, 7, 217–275. [CrossRef]

5. Herdt, T.H.; Stowe, H.D. Fat-soluble vitamin nutrition for dairy cattle. Vet. Clin. North Am. Food Anim. Pract.
1991, 7, 391–415. [CrossRef]

6. Chew, B.P.; Park, J.S.; Wong, T.S.; Kim, H.W.; Weng, B.B.; Byrne, K.M.; Hayek, M.G.; Reinhart, G.A. Dietary
beta-carotene stimulates cell-mediated and humoral immune response in dogs. J. Nutr. 2000, 130, 1910–1913.
[CrossRef]

7. Chew, B.P.; Park, J.S. Carotenoid action on the immune response. J. Nutr. 2004, 134, 257S–261S. [CrossRef]
8. Lombardi, P.; Musco, N.; Cutrignelli, M.I.; Mollica, M.P.; Trinchese, G.; Calabro, S.; Tudisco, R.; Grossi, M.;

Mastellone, V.; Vassalotti, G.; et al. The association of aloe and β-carotene supplementation improves
oxidative stress and inflammatory state in pregnant buffalo cows. Buffalo Bull. 2017, 36, 497–503.

9. Ondrejkova, A.; Suli, J.; Harvanova, J.; Ondrejka, R.; Prokes, M. Antioxidative protection of squalene
adjuvant and rabies vaccine with adjuvant. Biol. Pharm. Bull. 2017, 40, 1029–1034. [CrossRef]

10. Rust, P.; Eichler, I.; Renner, S.; Elmadfa, I. Long term oral beta-carotene supplementation in patients with
cystic fibrosis, effects on antioxidative status and pulmonary function. Ann. Nutr. Metab. 2000, 44, 30–37.
[CrossRef]

11. Mutinati, M.; Pantaleo, M.; Roncetti, M.; Piccinno, M.; Rizzo, A.; Sciorsci, R.L. Oxidative stress in neonatology:
A review. Reprod. Domest. Anim. 2014, 49, 7–16. [CrossRef] [PubMed]

12. Trotti, R.; Carratelli, M.; Barbieri, M. Performance and clinical application of a new, fast method for the
detection of hydroperoxides in serum. Panminerva Med. 2002, 44, 37–40. [PubMed]

13. Benzie, I.F.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”:
The FRAP assay. Anal. Biochem. 1996, 239, 70–76. [CrossRef] [PubMed]

14. Ellis, J.A.; Hassard, L.E.; Morley, P.S. Bovine respiratory syncytial virus-specific immune responses in calves
after inoculation with commercially available vaccines. J. Am. Vet. Med. Assoc. 1995, 206, 354–361. [PubMed]

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

http://dx.doi.org/10.1016/j.vetimm.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16772096
http://www.ncbi.nlm.nih.gov/pubmed/2985214
http://dx.doi.org/10.1016/S0749-0720(15)30817-3
http://dx.doi.org/10.1016/S0749-0720(15)30796-9
http://dx.doi.org/10.1093/jn/130.8.1910
http://dx.doi.org/10.1093/jn/134.1.257S
http://dx.doi.org/10.1248/bpb.b17-00026
http://dx.doi.org/10.1159/000012818
http://dx.doi.org/10.1111/rda.12230
http://www.ncbi.nlm.nih.gov/pubmed/24112309
http://www.ncbi.nlm.nih.gov/pubmed/11887090
http://dx.doi.org/10.1006/abio.1996.0292
http://www.ncbi.nlm.nih.gov/pubmed/8660627
http://www.ncbi.nlm.nih.gov/pubmed/7751246
http://dx.doi.org/10.1016/j.tvjl.2014.10.025
http://www.ncbi.nlm.nih.gov/pubmed/25466574


Vet. Sci. 2018, 5, 102 9 of 9

16. Gotoh, T.; Albrecht, E.; Teuscher, F.; Kawabata, K.; Sakashita, K.; Kawamoto, H.; Wegner, J. Differences in
muscle and fat accretion in Japanese Black and European cattle. Meat Sci. 2009, 82, 300–308. [CrossRef]

17. Otomaru, K.; Wataya, K.; Uto, T.; Kasai, K. Blood biochemical values in Japanese Black calves in Kagoshima
Prefecture, Japan. J. Vet. Med. Sci. 2016, 78, 301–303. [CrossRef]

18. Bierer, T.L.; Merchen, N.R.; Nelson, D.R.; Erdman, J.W. Transport of newly-absorbed beta-carotene by the
preruminant calf. Ann. N. Y. Acad. Sci. 1993, 691, 226–228. [CrossRef]

19. Agriculture, Factory and Fisheries Research Council Secretariat (Ed.) Japanese Feeding Standard for Beef Cattle;
Japan Livestock Industry Association: Tokyo, Japan, 2008. (In Japanese)

20. Makino, T.; Saito, M.; Horiguchi, D.; Kina, K. A highly sensitive colorimetric determination of serum zinc
using water-soluble pyridylazo dye. Clin. Chim. Acta 1982, 120, 127–135.

21. Adachi, K.; Katsura, N.; Nomura, Y.; Arikawa, A.; Hidaka, M.; Onimaru, T. Serum vitamin A and vitamin E
in Japanese black fattening cattle in Miyazaki prefecture as determined by automatic column-switching high
performance liquid chromatography. J. Vet. Med. Sci. 1996, 58, 461–464. [CrossRef]

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

23. Chew, B.P.; Wong, T.S.; Michal, J.J. Uptake of orally administered beta-carotene by blood plasma, leukocytes,
and lipoproteins in calves. J. Anim. Sci. 1993, 71, 730–739. [CrossRef] [PubMed]

24. Jin, Q.; Cheng, H.; Wan, F.; Bi, Y.; Liu, G.; Liu, X.; Zhao, H.; You, W.; Liu, Y.; Tan, X. Effects of feeding
β-carotene on levels of β-carotene and vitamin A in blood and tissues of beef cattle and the effects on beef
quality. Meat Sci. 2015, 110, 293–301. [CrossRef] [PubMed]

25. Paiva, S.A.; Russell, R.M. Beta-carotene and other carotenoids as antioxidants. J. Am. Coll. Nutr. 1999,
18, 426–433. [CrossRef] [PubMed]

26. Spears, J.W. Micronutrients and immune function in cattle. Proc. Nutr. Soc. 2000, 59, 587–594. [CrossRef]
[PubMed]

27. Ishida, M.; Nishijima, Y.; Ikeda, S.; Yoshitani, K.; Obata, A.; Sugie, Y.; Aoki, Y.; Yamaji, T.; Fujita, M.;
Nakatsuji, Y.; et al. Effects of supplemental β-carotene on colostral immunoglobulin and plasma β-carotene
and immunoglobulin in Japanese Black cows. Anim. Sci. J. 2018, 89, 1102–1106. [CrossRef] [PubMed]

28. Vangeel, I.; Antonis, A.F.; Fluess, M.; Riegler, L.; Peters, A.R.; Harmeyer, S.S. Efficacy of a modified live
intranasal bovine respiratory syncytial virus vaccine in 3-week-old calves experimentally challenged with
BRSV. Vet. J. 2007, 174, 627–635. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.meatsci.2009.01.026
http://dx.doi.org/10.1292/jvms.15-0381
http://dx.doi.org/10.1111/j.1749-6632.1993.tb26178.x
http://dx.doi.org/10.1292/jvms.58.461
http://dx.doi.org/10.1292/jvms.54.957
http://www.ncbi.nlm.nih.gov/pubmed/1420579
http://dx.doi.org/10.2527/1993.713730x
http://www.ncbi.nlm.nih.gov/pubmed/8463160
http://dx.doi.org/10.1016/j.meatsci.2015.07.019
http://www.ncbi.nlm.nih.gov/pubmed/26319310
http://dx.doi.org/10.1080/07315724.1999.10718880
http://www.ncbi.nlm.nih.gov/pubmed/10511324
http://dx.doi.org/10.1017/S0029665100000835
http://www.ncbi.nlm.nih.gov/pubmed/11115794
http://dx.doi.org/10.1111/asj.13032
http://www.ncbi.nlm.nih.gov/pubmed/29808628
http://dx.doi.org/10.1016/j.tvjl.2006.10.013
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Design 
	Measurements and Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

