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ABSTRACT: Two experiments were conducted to determine the effects of supplemental vitamin E on performance, health, and immune response of highly stressed, newly received feedlot cattle.  In Exp. 1, 200 Continental x British heifers were assigned to one of three vitamin E treatments (285, 570, or 1,140 IU/animal daily in a 70% concentrate diet).  Heifers were weighed on d 0, 14, and 28, and daily DMI and gain:feed (G:F) were calculated for each period.  Performance data were analyzed with pen as the experimental unit, and orthogonal polynomials were used to evaluate responses to vitamin E.  Heifers were monitored daily for signs of bovine respiratory disease and were considered morbid when their rectal temperature was 37.5 oC or greater.  A linear (P = 0.10) increase in ADG with increasing vitamin E was noted for the first 14 d; however, ADG decreased linearly thereafter (P = 0.06) with increasing vitamin E level.  For the 28-d period, ADG did not differ (P >0.10) among treatments, and daily DMI and G:F did not differ among treatments for the first 14 d.  However, a linear decrease (P = 0.04) was noted in G:F with increasing vitamin E for d 14 to 28, with an overall linear (P = 0.03) decrease for d 0 to 28.  There were no differences in percent morbidity; however, heifers fed the 1,140 IU diet tended to have lower percentage of morbidity.  In Exp. 2, 17 Continental x British crossbred beef steers were used to evaluate the effects of dietary supplemental vitamin E on humoral immune response.  Treatments were the same as those in Exp. 1.  Ovalbumin vaccine (OVA) was given on d 0 to stimulate a humoral response, and blood samples were collected on d 7, 14, and 21.  No differences were detected in serum IgG titers to OVA among vitamin E levels on d 7 and 14; however, cattle receiving 1,140 IU of vitamin E daily had a significant increase in titer response (P=0.07).  Results indicate that vitamin E supplementation had limited effects on performance but, stimulated humoral immune response in beef cattle.
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Introduction

Morbidity and subsequent recovery from morbidity in newly received feedlot cattle are vital concerns to feedlot producers.  Morbid cattle have lower feedlot performance, and effects of poor health have been documented well past the initial receiving phase.  Gardner et al. (1999) reported that morbid cattle (either from a clinical observation, or from lung lesions present at slaughter) had lower final BW, ADG, and carcass weights than non-morbid counterparts.  Typically, vaccinations and antibiotic treatments are techniques used by producers to control morbidity.  Although these methods are effective (Galyean et al., 1995), the potential exists to evaluate other techniques to improve feedlot cattle health.  


A relationship seems to exist between vitamin E status, stress, and immune response in beef cattle.  Scornberg et al. (1993) noted that shipping and handling of calves increased ACTH and epinephrine concentrations and decreased the concentration of vitamin E in plasma.  Moreover, Blecha et al. (1984) observed that shipping had a negative effect on lymphocyte blastogenic response in steers.  In a compilation of data, Secrest et al. (1997), observed decreased morbidity when vitamin E was supplemented at higher than NRC (1996) recommended levels.  Reffett et al. (1988) reported that supplementing vitamin E (20 mg/kg of diet) to sheep increased the immune response to a viral pathogen.  We conducted two experiments to evaluate effects of vitamin E supplementation on health, performance and immune response in lightweight newly received beef cattle.

Materials and Methods


  Exp 1.  Two hundred beef (Continental x British) heifers (average BW = 207 kg) were shipped 1,348 km from an order buyer facility in West Point, MS to the Clayton Livestock Research Center (CLRC) in Clayton, NM to evaluate the effects of supplemental vitamin E on health and performance.  Treatments were graded levels of dietary vitamin E (285 IU, 570 IU, or 1,140 IU/animal daily) fed in a 70% concentrate diet (Table 1).  Heifers were in transit 18 h and experienced a 7% shrink from their pre-shipment weight.  Processing occurred immediately after arrival and included:  1) an injection (i.m.) of vitamin A/D (250,000 IU of vitamin A and 37,000 IU vitamin D3);  2) IBR/PI –3 -BVD-BRSV modified live virus vaccination with Pasteurella haemolytica (Pyramid - 4 + Presponse, Fort Dodge Anim. Health, Fort Dodge, IA);  3) seven-way clostridial vaccine (Ultrabac - 7, Pfizer Anim. Health, Exton, PA);  and 4) deworming with moxidectin (Cydectin, Fort Dodge Anim. Health).  Heifers also were branded, given an individual ear tag, an individual BW was recorded, 10 mL of blood were collected via jugular venipuncture, and horns were tipped as needed.  Calves were assigned randomly to the three treatments (five pens per treatment with 13 to 15 heifers per pen) and moved to their assigned pens after processing.  Each pen was offered approximately 20 kg of sorghum sudangrass hay top dressed with the 70% concentrate diet for the first 6 d of the receiving period.  Heifers were monitored daily for signs of bovine respiratory disease (BRD).  Heifers with signs of BRD (anorexia, nasal and ocular discharge, lethargy) were removed from their pen and examined thoroughly.  When rectal temperature was 39.7 oC or greater, the heifer was treated with tilmicosin phosphate (10mg/kg of BW;  Micotil, Elanco Anim. Health, Indianapolis, IN), 20 mL of Procaine Penicllin G, and 10 mg/kg of BW of fluxin megulmine (Banamine, Schering Plough Anim. Health, Union, NJ).  


Feed bunks were evaluated at 0700 and 1600 to determine quantity of feed to deliver, and feed delivery occurred once daily at 0830.  On d 14 and 28, heifers were weighed (unshrunk), and 10 mL of blood were collected from each heifer on d 28.  Blood samples collected on d 0 and 28 were used to determine serum -tocopherol concentration via HPLC (analysis performed at the University of Arkansas, Center of Excellence for Poultry Science, Central Analytical Laboratory, Fayetteville).  Bunk samples were obtained once per week, composited, and analyzed for DM, CP, ash, and ADF.

Performance data were analyzed assuming a completely random design with pen as the experimental unit.  Morbidity, and rereatment data were evaluated using a non-parametric procedure; however, number of treatments per sick calf was analyzed as a completely random design after it was determined that residuals were normally distributed (SAS Inst. Inc., Cary, NC).

Exp 2.  Twenty-one bull calves were separated from a load of 100 steer and bull calves that were transported 1,014 km from an order buyer facility in Hope, AR to the CLRC.  Calves were in transit for approximately 12 h and experienced a 5% shrink from a pre-shipment weight of 221 kg.  The 21 calves were processed with the main group, which included:  1) vaccination with IBR/PI- 3 -BVD-BRSV modified live virus (Pyramid - 3, Fort Dodge Anim. Health), and 2) a seven-way clostridial preparation (Ultrabac - 7, Pfizer Anim. Health).  Horns were tipped as necessary, and all calves were surgically castrated.  Each animal was dewormed with moxidectin (Cydectin, Fort Dodge Anim. Health), and were given a metaphylactic treatment of Micotil (Elanco Anim. Health) at 10 mg/kg of BW.  Each calf was given an individual ear tag, and individual BW was recorded.  Cattle were fed a 70% concentrate diet similar to diet in Exp.1, except that no supplemental vitamin E was added to the diet.  Calves were monitored daily for signs of BRD, and those displaying symptoms were removed from the pen and medicated as in Exp. 1.  Cattle were allowed to adjust to their new environment for 21 d, after which they were moved to individual pens (2.4 x 6.1 m), with each pen having an individual feed bunk and water trough (d –7).  On d –1, 18 steers with the greatest DMI were assigned randomly to treatment, and the remaining three steers were moved back to their original pen.  On d 0, blood was collected from the 18 steers via jugular venipuncture, and each steer was vaccinated (s.c.) with 4 mL of an ovalbumin (OVA) vaccine.  The vaccine  (ovalbumin, Freund’s incomplete adjuvant, and phosphate buffered saline) was prepared as described by Salyer (2000).  Following vaccination, steers were returned to their individual pens and vitamin E treatments were initiated.  To ensure complete consumption, steer was fed approximately 90% of its ad libitum consumption of the 70% diet.  Each steer’s allotment of feed was top dressed with a ground milo/vitamin E mixture that would provide either 285, 570, or 1,140 IU animal/daily of vitamin E.  Blood was collected on d 7, 14, and 21; serum was separated, and stored frozen for later analysis.  On d 14, steers were revaccinated with 4 mL of the OVA vaccine.  On d 17, one steer was removed from the trial because of an unrelated illness.  On d 21, the experiment was terminated and the steers were returned to the main group of cattle.

Serum-ELISA analysis


Serum was analyzed using an ELISA for antibodies specific for OVA.  The method was similar to that described by Salyer (2000).  Individual wells on a 96-well plate were coated with OVA, the OVA was allowed to adhere to the well, and plates were then washed with a phosphate buffered saline solution (PBS).  Serum was organized by day, diluted with PBS and added to each well, allowed to incubate for 24 h at 4 oC, after which the plate wells were washed with a PBS/Tween mixture.  At this point, antibodies specific for OVA in the serum bound to the OVA coating the wells.  Binding that occurred on d 0 was considered non-specific, and d 0 titer values were regarded as the baseline.  Alkaline phosphatase anti-bovine IgG (Sigma A0668, Sigma Chemical Co., St. Louis MO) was added to the wells to bind to IgG present.  An enzymatic substrate solution was added and allowed to incubate for 1 h at 21 oC.  This solution would produce a color reaction.  Following incubation plates were read on a plate reader at 450 nm.  Titer values were equal to the inverse of the dilution at which the reading was equal to or less than the baseline value (CV = 9.87 %).  

Results and Discussion

Exp. 1.  The addition of vitamin E did not affect (P < 0.10) BW, nor was an effect on DMI (Table 3) noted.  Rivera et al. (2000) detected no effects on ADG and G:F when dietary vitamin E was fed at similar levels to beef steers.  Carter et al. (2000) observed no performance effects of 2,000 IU of vitamin E fed for 0, 7, 14, or 28 d to 568 heifers, and 126 steers and bulls.  In the present study, a linear (P = 0.10) increase in ADG (Table 3) was observed from d 0 to d 14, with heifers receiving 1,140 IU having the greatest ADG.  Nonetheless, a reciprocal linear effect (P = 0.06) was detected for d 14 to 28, with the 1,140 IU cattle having the lowest ADG, thereby resulting in no overall effect (P > 0.10) on ADG for d 0 to 28.  Gill et al. (1986) reported an increase in ADG when 1,600 IU of vitamin E was fed to steers compared with steers receiving no vitamin E.  In contrast, Rivera et al. (2000) and Carter et al. (2000) found no differences in ADG when cattle were supplemented with vitamin E at levels ranging from 285 IU to 3,200 IU/ daily.  Gain efficiency (G:F) was not affected by vitamin E level for d 0 to 14 (Table 3), but a linear decrease (P = 0.04) in efficiency was observed from d 14 to 28, with the 1,140 IU treatment having the least efficient gains.  This same linear (P = 0.03) effect was observed overall for d 0 to 28, which contrasts with previously reported work by Gill et al. (1986), who noted improved efficiency with the addition of 1,600 IU of vitamin E to newly received cattle.  

No effects (P < 0.10) of vitamin E level on animal health were detected;  however the 1,140 IU treatment had the lowest percentage of morbidity (Table 3).  With respect to recovery of morbid calves, the 570 IU treatment resulted in the lowest percentage of re-treatments, and the lowest number of treatments per sick calf, but differences were not significant (P > 0.10).  Similarly, Carter et al. (2000) observed that the cattle receiving 2,000 IU of vitamin E daily for 28 d had the lowest percentage of morbidity, and Gill et al. (1986) reported that cattle supplemented with 1,600 IU of vitamin E had a lower percentage of morbidity than unsupplemented controls.  Rivera et al. (2000) noted that when cattle were fed graded levels of vitamin E (285, 570 or 1,140 IU animal daily), the group receiving 285 IU had the lowest percentage of morbidity; however re-treatment was least with the 1,140 IU/ d treatment group.  

No differences were noted among treatments for serum vitamin E concentration on d 0 (Table 3).  Han et al. (1999) reported that normal concentrations for growing cattle are 3 g/mL.  With the exception of the 1,140 IU treatment group, serum -tocopherol concentration decreased (P < 0.05) after 28 d in the feedlot.  In addition, a linear effect (P = 0.04) was noted with supplementation, with the 1,140 IU group having the highest concentration of serum -tocopherol at d 28 (Table 3).  Han et al. (1999) supplemented 15 IU of vitamin E/kg of diet to 80 mixed crossbred heifers.  These heifers were fed diets with either 0 or 150 ppm of a synthetic antioxidant (Agrado () to determine -tocopherol metabolism in transport-stressed heifers.  Han et al. (1999) reported a decrease in serum -tocopherol concentrations until d 42 of the receiving period.  These data indicate that stress like mixing, transportation, and adaptation to a feedlot environment might affect serum tocopherol status; however, further research is needed to quantify the effects of these factors.

Exp. 2.  Serum IgG titer values for OVA were statistically analyzed as log2 (titer), and a day x treatment interaction was noted (P = 0.06).  No differences (P > 0.10) among treatments were evident on d 7 and 14, however, a linear response was detected (P = 0.07) on d 21, with the highest titer value associated with the 1,140 IU treatment (Table 2).  Similarly, in calves vaccinated at 7 wk of age, Reddy et al. (1987) observed a trend for increased titer values for calves given 125 IU of vitamin E daily compared to cattle receiving no vitamin E.  Data are conflicting regarding immune response and vitamin E supplementation.  Reffett et al. (1988) detected no differences in serum IgG titers when lambs were supplemented with Se and vitamin E, and challenged with a parainfluenza virus.  

Implications

Supplemental vitamin E (285 to 1,140 IU/animal daily) had limited effects on performance of beef heifers new to the feedlot environment.  However, humoral immune response to OVA vaccine in beef steers increased as vitamin E level increased.  Because of trends for decreased percentages of retreatment with increasing levels of vitamin E, and effects on humoral immune response, further research is warranted to determine the effects of vitamin E on recovery from BRD. 
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Table 1.  Ingredient composition of the 70 % receiving diet

Ingredient
% DM basis

Sorghum sudangrass hay
9.73

Mid-bloom alfalfa hay
17.60

Corn grain 
10.05

Steam flaked corn
45.37

Cane molasses
7.73

Soybean meal (44%)
3.91

Urea
0.47

Yellow grease
1.69

Ammonium sulfate
0.19

Dicalcium phosphate
0.44

Limestone
0.64

Salt
0.26

Premix 1, 2 and 3 abc
0.96

Ground milo 
0.96

Chemical Analyses


Dry matter, %
89.98


CP, %
13.11


Ash, %
9.90


ADF, %
12.65

aPremix contained (DM basis):  Wheat middlings (85.1%), vitamin A-30,000 IU/g (0.66%), Rumensin-80 (1.12%), Tylan 40 (1.12%), and trace mineral package (12%).  

bPremix 1 contained (DM basis):  vitamin E 500 IU/g (1.98%), and ground milo (98.02%).  Premix 2 contained (DM basis):  vitamin E 50 IU/g (3.96%) and ground milo (96.04%); Premix 3 contained (DM basis):  vitamin E 500 IU/g (7.92%) and ground milo (92.08%).

cIn Exp.2, ground milo was substituted for the vitamin E premix.  Vitamin E was added as a top dress.

Table 2.  Effects of supplemental vitamin E on humoral immune response in steers challenged with an OVA vaccinea


Treatmentb


Days on feed
1
2
3
SEc
OSLd


Titer


Day 0
640
1000
1500
733
NS

Day 7
7840
10133
11200
2241
NS

Day 14
13280
18133
19200
4146
NS

Day 21
15520
24533
29866
7904
0.07 (L)

a Titer was the inverse of the dilution rate at which the optical density was equal to blank wells, for statistical purposes, titer was evaluated as log 2.

b1 - 285 IU vitamin E/ animal daily; 2 - 570 IU vitamin E/animal daily; 3 - 1,140 IU vitamin E/animal daily.

cPooled standard error of treatment means, n = 5 steers per treatment.

dObserved significance level, P < 0.10;  Orthogonal contrasts:  L = linear and Q = quadratic.

Table 3.  Effects of graded levels of dietary vitamin E on heifer performance, health, and serum -tocopherol status during the receiving period



Treatmenta


Item

1
2
3
SEb
OSLc
BW, kg


d 0 
208.77
205.22
206.13
1.86
NS


d 14
221.69
229.72
222.83
2.78
NS


d 28
247.25
246.60
244.48
2.79
NS

ADG, kg


d 0 to 14
0.93
1.07
1.27
0.14
0.10(L)


d 14 to 28
1.81
1.85
1.55
0.11
0.06(L)


d 0 to 28
1.39
1.46
1.40
0.06
NS

DMI, kg/d


d 0 to 14
3.52
3.37
3.81
0.13
NS


d 14 to 28
5.90
5.75
6.15
0.17
NS


d 0 to 28
4.71
4.56
4.98
0.12
NS

Gain:Feed


d 0 to 14
0.20
0.26
0.37
0.54
NS


d 14 to 28
0.32
0.33
0.23
0.03
0.04(L)


d 0 to 28
0.31
0.31
0.29
0.01
0.03(L)

Health


Treatments, no.d
1.45
1.24
1.28
0.74
NS


Morbidity, %e
65.70
73.80
64.20
-
NS


Re-treat, %e
31.30
18.40
23.50
-
NS

Serum -tocopherol, g/mL


Day 0
3.56
3.11
3.03
0.42
NS


Day 28
2.61
2.36
3.28
0.29
0.04(L)

a1 - 285 IU vitamin E/ animal daily; 2 - 570 IU vitamin E/animal daily; 3 - 1,140 IU vitamin E/animal daily.

bPooled standard error of treatment means, n = five pens per treatment.

cObserved significance level, P < 0.10;  Orthogonal contrasts:  L = linear and Q = quadratic.

dAverage number of treatments per morbid calf

eAn animal was considered morbid if it was treated for BRD, and was considered a re-treat if it was medicated more than once for BRD.

