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INTRODUCTION

Wet brewers grains (WBG) are byproducts of 
barley brewing. Due to the removal of sugar and 
starch after malting and mashing processes, WBG 
contains greater concentrations of trace minerals than 
the foundation grains (Westendorf and Wohlt, 2002; 
Homm et al., 2008) and was an effective substitute 
for ground corn in supplements for preconditioning 
beef calves (Moriel et al., 2015b). Preconditioning 
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ABSTRACT: This study evaluated growth and 
measurements of innate and humoral immunity of 
preconditioning beef heifers supplemented with wet 
brewers grains (WBG) at 2 supplementation rates and 
frequencies. At 14 d after weaning (d 0), Angus heifers 
(n = 36; 213 ± 2 kg BW and 254 ± 7 d of age) were strat­
ified by BW and age and randomly assigned to 1 of 12 
drylot pens (3 heifers/pen). Treatments were randomly 
assigned to pens, in a 2 × 2 factorial design, and consist­
ed of heifers provided ground tall fescue hay ad libitum 
(55% TDN and 12% CP of DM) and supplemented 
with WBG (75% TDN and 36% CP of DM) either dai­
ly (7X) or 3 times weekly (3X; Monday, Wednesday, 
and Friday) at 0.5 or 1.0% of BW (DM basis) for 42 d. 
Heifers were vaccinated against infectious bovine rhi­
notracheitis (IBR), bovine viral diarrhea virus (BVDV), 
Mannheimia haemolytica, and Clostridium on d 14 and 
28. Individual BW was measured before feeding on d 
0 and 42 following 12 h of feed and water withdrawal. 
Blood samples were collected via jugular venipunc­
ture 4 h after WBG supplementation on d 14, 15, 16, 
17, 21, 28, 29, 30, 31, 35, and 42. Heifers fed WBG 
3X had less hay DMI (2.6 ± 0.16 vs. 3.2 ± 0.16 kg/d; 

P < 0.0001) but greater total DMI (5.6 ± 0.16 vs. 3.8 ± 
0.16 kg/d; P < 0.0001) than 7X heifers on days that 
all heifers received WBG supplementation. However, 
overall hay and total DMI was not affected (P ≥ 0.40) 
by supplementation frequency. Therefore, ADG, BW, 
and G:F from d 0 to 42 did not differ among treatments 
(P ≥ 0.29). Plasma concentrations of haptoglobin on d 
15 and cortisol on d 14 were greater for 3X heifers vs. 
7X heifers (P ≤ 0.04). Heifers fed WBG at 0.5% of BW 
tended to have greater plasma cortisol concentrations 
on d 15, 17, and 35 (P ≤ 0.09) than heifers fed at 1.0% 
of BW. Serum BVDV-1a titers were greater (P = 0.04) 
for 7X heifers vs. 3X heifers on d 42 (4.2 ± 0.28 vs. 
3.3 ± 0.28 log2), whereas serum titers against BVDV-
2 and IBR were greater for heifers fed WBG at 1.0% 
of BW vs. heifers fed WBG at 0.5% of BW (7.6 vs. 
6.7 and 3.3 vs. 2.8 ± 0.19 log2, respectively). In sum­
mary, decreasing WBG supplementation frequency (7 
vs. 3 times weekly) or rate (1.0 vs. 0.5% of BW) for 
recently weaned beef heifers did not affect growth but 
decreased vaccine-induced antibody production against 
pathogens associated with bovine respiratory disease 
during a 42-d preconditioning period.

Key words: heifers, immune, preconditioning, supplementation frequency, vaccination

© 2016 American Society of Animal Science. All rights reserved. 	 J. Anim. Sci. 2016.94:3030–3041
	 doi:10.2527/jas2015-0250

1Partial financial support for this research was provided by New 
Belgium Brewing (Asheville, NC). Appreciation is expressed to Nick 
Ampe (New Belgium Brewing), Mike Ford (Western NC Communities), 
and William Hyatt and Kaleb Rathbone (Mountain Research Station, 
Waynesville, NC) for their assistance during this study.

2Corresponding author: pmoriel@ncsu.edu; pmoriel@ufl.edu
3Present address: University of Florida, IFAS – Range Cattle Research 

and Education Center, 3401 Experiment Station, Ona, FL 33865.
Received December 24, 2015.
Accepted May 2, 2016.

Published August 1, 2016
#893



Frequency and rate of supplementation 3031

beef calves typically experience processes, such as 
weaning, vaccination, and feedlot entry, that induce an 
acute-phase protein response (APR) and impair im­
munity and growth (Arthington et al., 2013). Recently, 
we demonstrated that decreasing the frequency of 
concentrate supplementation from daily to 3 times 
weekly reduced feeding costs but impaired growth 
and humoral immunity of preconditioning beef steers 
(Artioli et al., 2015). Hence, it is crucial to identify nu­
tritional strategies that would enable the reduction on 
frequency of supplementation to decrease feed costs 
without impairing growth and immunity of calves.

Growth and immunity of calves described above 
were likely impaired due to a greater reduction on hay 
DMI and fluctuations in nutrient intake of steers offered 
concentrate 3 vs. 7 times weekly (Artioli et al., 2015), 
which was expected because supplements often decrease 
forage DMI when supplemental TDN intake is greater 
than 0.7% of BW (Moore et al., 1999). We hypothesized 
that reducing the frequency of WBG supplementation 
would not impact growth and immunity of beef heif­
ers if supplementation rate was also decreased, leading 
to less reduction on hay DMI and variation in nutrient 
consumption. Hence, our objectives were to evaluate the 
growth, trace mineral status, and vaccine-induced innate 
and humoral immunity of preconditioning beef heifers 
supplemented WBG at 2 supplementation rates (0.5 and 
1.0% of BW) and frequencies (3 vs. 7 times weekly).

MATERIALS AND METHODS

The Institutional Animal Care and Use Committee 
of North Carolina State University (protocol num­
ber 15-090-A) approved all procedures for the ex­
periment conducted at the Mountain Research Station 
(Waynesville, NC; 35.48° N, 82.99° W, and 659 m el­
evation) from July to August 2015.

Animals, Diets, and Sample Collection

Angus heifers (n = 36; 213 ± 2 kg BW and 254 ± 7 
d of age) were weaned on d −14, immediately allocated 
into a single 22-ha tall fescue pasture (Lolium arundina­
ceum; 16% CP and 59% TDN, DM basis), and provided 
concentrate DM at 0.5% of BW (50:50 soy hulls and 
corn gluten pellets; 17% CP and 72% TDN, DM basis) 
and free-choice access to white salt without trace mineral 
fortification for 14 d. On d 0, heifers were stratified by 
BW and age and randomly assigned to 1 of 12 concrete 
floor pens (3 heifers/pen; 18 by 4 m; 24 m2/heifer) in 
a half-covered drylot feeding facility. Treatments were 
randomly assigned to pens (3 pens/treatment), in a 2 × 2 
factorial design, and consisted of heifers provided daily 
free-choice access to ground tall fescue hay and supple­

mented with WBG at 0.5 or 1.0% of BW (DM basis). 
Within each supplementation rate, heifers were then as­
signed to receive a similar weekly concentrate amount 
(weekly WBG DMI of 0.5 or 1% of BW multiplied by 
7 d) that was offered either daily (7X) or 3 times weekly 
(3X; Monday, Wednesday and Friday) from d 0 to 42.

Hay and WBG were offered separately in the same 
feed bunk at 0800 h. Daily WBG offered was adjusted 
daily to account for alterations on DM concentration, 
whereas weekly WBG offered was estimated based on 
average shrunk BW of each pen on d 0 and readjusted 
on d 21 using average full BW of each pen obtained 
before feeding. Individual BW was measured before 
feeding on d 0 and 42, following 12 h of feed and wa­
ter withdrawal. Shrunk BW was not obtained on d 21 
to not disturb feeding behavior and avoid an unneces­
sary physiological stress response due to shrink that 
could interfere with plasma measurements and vaccine 
response (Marques et al., 2012). A complete mineral 
mix (RU-MIN 1600; Southern States, Richmond, VA; 
average composition, DM basis: 18.2% Ca, 0.72% K, 
0.88% Mg, 0.76% S, 7.0% Na, 10.8% Cl, 2.9% P, 29 
mg/kg Co, 1,220 mg/kg Cu, 2,130 mg/kg Mn, 29 mg/
kg Se, and 2,530 mg/kg Zn) was top-dressed daily over 
the supplement at a rate of 0.114 g/heifer from d 0 to 42.

Hay and WBG DM offered and refused were ob­
tained daily for each pen by drying samples of hay and 
WBG offered and refusal in a forced-air oven at 56°C for 
48 (hay) or 72 h (WBG). Daily DMI was determined by 
subtracting the daily hay and WBG DM refused from the 
daily hay and WBG DM offered. Samples of hay, WBG, 
and mineral mix offered were collected daily and pooled 
within each week (1 to 6) and then sent in duplicate to 
a commercial laboratory (Dairy One Forage Laboratory, 
Ithaca, NY) for wet chemistry analysis of all nutrients 
(Table  1). Samples were analyzed for concentrations 
of CP (method 984.13; AOAC, 2006), ADF (method 
973.18 modified for use in an Ankom 200 fiber analyzer; 
Ankom Technology Corp., Fairport, NY; AOAC, 2006), 
and NDF (Van Soest et al., 1991; modified for use in an 
Ankom 200 fiber analyzer; Ankom Technology Corp.). 
Concentrations of TDN were calculated as proposed by 
Weiss et al. (1992), whereas NEm and NEg were calcu­
lated using equations proposed by the NRC (2000).

On d 0, all heifers were treated with doramectin 
for internal and external parasites (5 mL subcutaneous; 
Dectomax injectable; Zoetis Inc., Kalamazoo, MI). On 
d 14, heifers were vaccinated against infectious bo­
vine rhinotracheitis (IBR), bovine viral diarrhea virus 
(BVDV) types 1a and 2, Mannheimia haemolytica (2 mL 
subcutaneous; Bovi-Shield Gold One Shot; Zoetis Inc., 
New York, NY), and Clostridium (2 mL subcutaneous; 
Ultrabac 7, Zoetis Inc., New York, NY). On d 28, heif­
ers received 2-mL subcutaneous boosters of Bovi-Shield 



Moriel et al.3032

Gold 5 (Zoetis Inc., New York, NY) and Ultrabac 7. The 
vaccination protocol described above was chosen to rep­
licate the protocol used by the local preconditioning al­
liance (Mountain Cattle Alliance, Canton, NC; Moriel et 
al., 2015a; Artioli et al., 2015). The vaccination protocol 
was initiated 14 d after feedlot entry to avoid the feedlot 
entry–induced inflammatory response that could inter­
fere with vaccine response (Richeson et al., 2008).

Blood samples (10 mL) were collected via jugular 
venipuncture into sodium heparin (158 United States 
Pharmacopeia units)–containing tubes (Vacutainer; 
Becton, Dickinson and Company, Franklin Lakes, NJ) 
for plasma harvest 4 h after WBG supplementation on 
d 14, 15, 16, 17, 21, 28, 29, 30, 31, 35, and 42. The ap­
proach of collecting blood samples 4 h after feeding was 
previously used to correspond to the peak of ruminal 
fermentation and end products release after concentrate 
consumption (Moriel et al., 2012, 2015a; Artioli et al., 
2015) and to correspond with days that all heifers re­
ceived WBG supplementation (d 14, 16, 28, and 30) and 
days that only 7X heifers received WBG supplementa­
tion (d 15, 17, 29, and 31). Additional blood samples 
(10 mL) from the jugular vein were collected into a tube 
containing no additives (Vacutainer; Becton, Dickinson 

and Company) for serum harvest on d 0 and 42 to evalu­
ate serum antibody titers against IBR, BVDV-1a, and 
BVDV-2. Blood samples were immediately placed on 
ice following collection and then centrifuged at 1,200 × 
g for 25 min at 4°C. Plasma and serum samples were 
stored frozen at −20°C until later laboratory analysis.

Liver samples (100 mg of tissue wet weight) were 
collected via needle biopsy from all heifers on d 0 and 
42, following the procedure described by Arthington 
and Corah (1995), and then stored at −80°C until lat­
er laboratory analyses. Samples were then assessed 
for trace mineral concentrations at Michigan State 
University Diagnostic Center for Population & Animal 
Health (Lansing, MI). Liver trace mineral concentra­
tions on d 0 were included to covariately adjust liver 
trace mineral concentrations on d 42. Liver samples 
were collected only on d 0 and 42 1) because our goal 
was to evaluate the final liver trace mineral concen­
trations of heifers after receiving WBG supplementa­
tion for 42 d at different rates and frequencies and 2) 
to avoid a surgery-induced inflammatory response in 
the middle term of the study that could interfere with 
vaccine response. Hence, the analyses of trace mineral 
consumption were calculated by multiplying the mean 
weekly DMI of hay, WBG, and mineral mix by the re­
spective weekly mean concentration of each trace min­
eral present in hay, WBG, and mineral mix.

Laboratory Analyses

Plasma concentrations of haptoglobin were de­
termined in duplicate samples using a biochemical 
assay assessing haptoglobin–hemoglobin complex 
by the estimation of differences in peroxidase activ­
ity (Cooke and Arthington, 2013). Plasma concentra­
tions of cortisol were determined using a single che­
miluminescent enzyme immunoassay (Immulite 1000; 
Siemens Medical Solutions Diagnostics, Los Angeles, 
CA). Intra- and interassay CV for assays of haptoglo­
bin were 2.0 and 8.0%, respectively, and for cortisol 
were 2.9 and 2.7%, respectively.

Serum antibody titers against IBR, BVDV-1a, and 
BVDV-2 were determined by the Oklahoma Animal 
Disease and Diagnostic Laboratory (Stillwater, OK) 
using a virus neutralization test (Rosenbaum et al., 
1970). Serum titers were reported as the log base 2 of 
the greatest dilution of serum that provided complete 
protection of the cells (lowest and greatest tested dilu­
tion were 1:4 and 1:256, respectively). For the serocon­
version analyses, samples with serum neutralization 
value of <4 were considered negative and assigned a 
value of 0, whereas samples with serum neutralization 
value ≥4 were considered positive and assigned a value 
of 1. Then, the assigned values (0 or 1) were used to 

Table 1. Average weekly chemical composition of 
ground tall fescue hay and wet brewers grains (WBG) 
provided to heifers from d 0 to 421

Item Tall fescue hay WBG
DM, % 92.6 21.2

——— DM basis ———
CP, % 12.0 32.4
ADF, % 41.1 25.0
NDF, % 64.1 50.6
TDN,2 % 56.0 72.5
NEm,3 Mcal/kg 1.07 1.71
NEg,3 Mcal/kg 0.52 1.09
Ca, % 0.40 0.24
K, % 1.98 0.08
Mg, % 0.23 0.18
Na, % 0.01 0.003
P, % 0.27 0.62
Co, mg/kg 0.37 0.17
Cu, mg/kg 6.0 21.0
Fe, mg/kg 426 165
Mn, mg/kg 100 47
Mo, mg/kg 0.40 2.65
S, % 0.19 0.39
Se, mg/kg 0.03 0.65
Zn, mg/kg 26 86

1Hay and WBG samples were collected daily, pooled within each week, 
and sent in duplicate to a commercial laboratory for wet chemistry analysis 
(Dairy One Forage Laboratory, Ithaca, NY).

2Calculated as described by Weiss et al. (1992).
3Calculated using the equations proposed by the NRC (2000).
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calculate the positive seroconversion (% of steers with 
positive serum neutralization; Richeson et al., 2008; 
Moriel et al., 2015a; Artioli et al., 2015).

Statistical Analyses

Except for seroconversion, all data were analyzed 
as a completely randomized design using the MIXED 
procedure of SAS (SAS Inst. Inc., Cary, NC; version 
9.3) with Satterthwaite approximation to determine the 
denominator degrees of freedom for the test of fixed 
effects. Pen was the experimental unit, and heifer(pen) 
and pen(treatment) were included as random effects 
in all analyses, except for analyses of hay, WBG, and 
total and trace mineral consumption, which included 
only pen(treatment) as random effect. Feed efficiency, 
ADG, and mean total DMI were tested for fixed ef­
fects of supplementation frequency, rate, and frequency 
× rate. Within each week of the study, daily DMI data 
was pooled by days that all 3X and 7X heifers were 
fed WBG (Monday, Wednesday, and Friday) and days 
that only 7X heifers were fed WBG (Tuesday, Thursday, 
Saturday, and Sunday) to simplify data analyses, inter­
pretation, and reporting. Daily intake of DM (WBG, hay, 
and total), CP, and NEg data were analyzed as repeated 
measures and tested for fixed effects of supplementation 
frequency, rate, week of the study, day of supplementa­
tion, and all resulting interactions using pen(treatment) 
as the subject. Body weight, plasma, and serum mea­
surements were analyzed as repeated measures and 
tested for fixed effects of frequency, rate, day of supple­
mentation, week of the study (except for BW analyses), 
and resulting interactions. Compound symmetry cova­
riance structure was used for the analyses of BW and 

serum titers whereas autoregressive 1 was used for the 
analyses of plasma concentrations of cortisol and hap­
toglobin, as these covariance structures generated the 
lowest Akaike information criterion. Positive serocon­
version to IBR, BVDV-1a, and BVDV-2 were analyzed 
as repeated measures using the GLIMMIX procedure 
of SAS with pen(treatment) and heifer(pen) as random 
effects. All results are reported as least squares means. 
Data were separated using PDIFF if a significant pre­
liminary F-test was detected. Significance was set at 
P ≤ 0.05 and tendencies if P > 0.05 and P ≤ 0.10.

RESULTS

Effects of frequency × rate × day of study, frequency 
× rate, and frequency were not detected (P ≥ 0.21) for 
BW, ADG, total DMI, and G:F from d 0 to 42 (Table 2). 
A tendency for rate of supplementation effect was de­
tected (P = 0.07) for mean BW, which was greater for 
heifers supplemented with WBG at 1.0 vs. 0.5% of BW 
(237 vs. 233 ± 1.3 kg, respectively). 

Effect of frequency × rate × day of supplementation 
was detected (P < 0.0001) for WBG DMI (% relative to 
initial offer; Table 3). Heifers supplemented with WBG 
at 0.5% of BW daily consumed 100% of the initial WBG 
DM offered, whereas 7X1.0 heifers consumed in aver­
age 99.6% of daily WBG DM offered, resulting in a loss 
of 0.4% of WBG DM offered (Table 3). On days of sup­
plementation (Monday, Wednesday, and Friday), 3X0.5 
heifers consumed 99.8% of initial WBG DM offered 
and did not consume the remaining 0.2% of WBG DM 
on the next day, and therefore, WBG refused had to be 
discarded before the next WBG supplementation event. 
On days of supplementation (Monday, Wednesday, and 

Table 2. Growth performance of heifers provided, in a 2 × 2 factorial design, wet brewers grains supplementa­
tion rate at 0.5 or 1.0% of BW (DM basis) that was offered either daily (7X) or 3 times weekly (3X; Monday, 
Wednesday, and Friday) from d 0 to 42 (n = 3 pens/treatment; 3 heifers/pen)1

 
Item

Treatment2  
SEM

 
P-value3X0.5 7X0.5 3X1.0 7X1.0

BW,3 kg Frequency × rate × day
d 0 212 213 214 213 2.0 0.43
d 42 255 253 258 262 3.4

d 0 to 42 Frequency × rate
ADG, kg/d 1.01 0.96 1.04 1.15 0.104 0.43
Total DMI, kg 185 174 192 196 10.2 0.48
G:F4 0.23 0.23 0.23 0.25 0.011 0.58
1From d 0 to 42, heifers were provided daily free-choice access to ground tall fescue hay.
23X0.5 = WBG supplementation at 0.5% of BW (DM basis) and offered 3 times weekly (Mondays, Wednesdays, and Fridays); 7X0.5 = WBG supple­

mentation at 0.5% of BW (DM basis) and offered 7 times weekly (daily); 3X1.0 = WBG supplementation at 1.0% of BW (DM basis) and offered 3 times 
weekly (Mondays, Wednesdays, and Fridays); 7X1.0 = WBG supplementation at 1.0% of BW (DM basis) and offered 7 times weekly (daily).

3Body weight obtained after 12 h of feed and water withdrawal.
4Estimated by dividing total BW gain by total DMI from d 0 to 42.
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Friday), 3X1.0 heifers consumed 73.1% of initial WBG 
DM offered. On the following days (Tuesday, Thursday, 
Saturday, and Sunday), 3X1.0 heifers consumed only 
19.5 of the 26.9% of WBG DM remaining from the pre­
vious day, resulting on a loss of 7.4% of WBG DM of­
fered that was discarded (Table 3).

Effects of frequency × day of supplementation 
(Table 4) and rate of supplementation, but not frequen­
cy × rate × day of supplementation and rate × day of 
supplementation (P ≥ 0.42), were detected for hay DMI 
(P ≤ 0.02). Regardless of supplementation rate, 7X heif­
ers had similar daily hay DMI throughout the week, 
whereas 3X heifers had greater hay DMI on days that 
they did not receive WBG supplementation compared 
with days that WBG was provided (P < 00001). However, 
hay DMI of 7X and 3X heifers did not differ regardless 
of the day of the week (P ≥ 0.18; Table 4). Mean hay 
DMI was greater for heifers supplemented with WBG 
at 0.5% of BW vs. heifers supplemented with WBG at 
1.0% of BW (3.21 vs. 2.58 ± 0.156 kg/d, respectively).

Effects of frequency × day of supplementation, but 
not frequency × rate × day of supplementation, rate × 
day of supplementation, frequency × rate, frequency, 
and rate of supplementation (P ≥ 0.16), were detected 
for intake of total DM, CP, and NEg (P < 0.0001; Table 
4). Regardless of supplementation rate, 7X heifers had a 
similar daily intake of total DM, CP, and NEg throughout 
the week (P ≥ 0.12), whereas 3X heifers had greater in­
take of total DM, CP, and NEg on days that they received 
WBG supplementation compared with days that WBG 
was not provided (P < 0.0001). On days of supplemen­
tation, however, intake of total DM, CP, and NEg were 
greater for 3X heifers vs. 7X heifers (P ≤ 0.001), whereas 
intake of total DM, CP, and NEg were less for 3X heif­
ers vs. 7X heifers on days that only 7X heifers were fed 

WBG (P ≤ 0.01; Table 4). Effects of supplementation rate 
were detected (P ≤ 0.02) for intake of total CP and NEg, 
which were less for heifers supplemented with WBG at 
0.5 vs. 1.0% of BW (0.77 vs. 1.02 ± 0.030 kg/d of CP, 
and 2.97 vs. 3.74 ± 0.116 Mcal/d of NEg, respectively).

Liver trace mineral concentrations on d 0 were in­
cluded to covariately adjust liver trace mineral concen­
trations on d 42. Effects of frequency × rate and fre­
quency were not detected (P ≥ 0.18) for daily intake 
and liver concentrations of trace minerals. Effects of 
rate of supplementation were detected for daily intake 
of Cu, Mo, Se, and Zn (P < 0.0001) and liver concen­
trations of Co and Se (P ≤ 0.02) but not for the remain­
ing trace minerals (P ≥ 0.31; Table 5). Heifers supple­
mented with WBG at 1.0% of BW had greater intake of 
Cu, Mo, Se, and Zn and less liver Co concentrations but 
greater liver Se concentrations than heifers fed WBG 
at 0.5% of BW. Effects of supplementation rate, but 
not frequency and frequency × rate (P ≥ 0.59), were 
detected for mean daily S intake, which was greater 
(P  = 0.001) for heifers fed WBG at 1.0 vs. 0.5% of BW 
(13.7 vs. 11.1 ± 0.33 g/d, respectively).

Plasma concentrations of haptoglobin and cortisol 
on d 0 did not differ among treatments (P ≤ 0.29) but 
were included as covariates (P ≤ 0.04). Effects of fre­
quency of supplementation × day of the study (P = 0.05; 
Fig. 1), but not frequency × rate × day of the study and 
rate of supplementation × day of the study (P ≥ 0.61), 
were detected for plasma haptoglobin concentrations. 
Plasma haptoglobin concentrations were greater for 3X 
heifers vs. 7X heifers on d 14 (P = 0.006) but greater 
for 7X heifers vs. 3X heifers on d 16 (P = 0.03; Fig. 1). 
Effects of frequency of supplementation × day of the 
study (P = 0.05; Fig. 2a) and rate of supplementation × 
day of the study (P = 0.05; Fig. 2b), but not frequency × 

Table 3. Supplemental wet brewers grains (WBG) DMI of heifers provided, in a 2 × 2 factorial design, WBG 
supplementation rate at 0.5 or 1.0% of BW (DM basis) that was offered either daily (7X) or 3 times weekly (3X) 
from d 0 to 42 (n = 3 pens/treatment; 3 heifers/pen)

 
Item1

Treatment2  
SEM

P-value3

3X0.5 7X0.5 3X1.0 7X1.0 Frequency × rate × day
WBG DMI,4 % of initial DM offered

Monday, Wednesday, and Friday 99.8b 100.0b 73.1a 99.9b 0.90 <0.0001
Tuesday, Thursday, Saturday, and Sunday 0.0a 100.0c 19.5b 99.4c 0.90
P-value5 <0.0001 1.00 <0.0001 0.68

a–cWithin supplementation day, means without a common superscript differ (P ≤ 0.05).
1Monday, Wednesday, and Friday: days when all 3X and 7X heifers received WBG supplementation; Tuesday, Thursday, Saturday, and Sunday: days 

that only 7X heifers received WBG supplementation.
23X0.5 = WBG supplementation at 0.5% of BW (DM basis) and offered 3 times weekly (Mondays, Wednesdays, and Fridays); 7X0.5 = WBG supple­

mentation at 0.5% of BW (DM basis) and offered 7 times weekly (daily); 3X1.0 = WBG supplementation at 1.0% of BW (DM basis) and offered 3 times 
weekly (Mondays, Wednesdays, and Fridays); 7X1.0 = WBG supplementation at 1.0% of BW (DM basis) and offered 7 times weekly (daily).

3P-value for effect of frequency × rate × day of supplementation.
4Dry matter intake of WBG relative to initial WBG DM offered.
5Treatment comparison within each day.
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rate × day of the study and frequency × rate of supple­
mentation (P ≥ 0.25), were detected for plasma concen­
trations of cortisol. Heifers fed WBG 3 times weekly 
had greater (P = 0.04) plasma cortisol concentrations 
on d 15 compared with 7X heifers. Heifers fed WBG 
at 1.0% of BW (DM basis) had greater plasma concen­
trations of cortisol on d 17 (P = 0.05) and tended to 
have greater plasma cortisol concentrations on d 15 (P 
= 0.06) and 35 (P = 0.09) compared with heifers fed 
WBG at 0.5% of BW (DM basis).

Effects of frequency × rate × day of supplementa­
tion, frequency × day of supplementation, rate × day of 
supplementation, frequency × rate, rate, and frequency 
were not detected (P ≥ 0.30) for positive seroconver­
sion for IBR (44.4, 44.4, 44.4, and 50.0 ± 4.81% for 
3X0.5, 7X0.5, 3X1.0, and 7X1.0 heifers, respective­
ly), BVDV-1a (44.4, 50.0, 38.9, and 44.4 ± 5.30% for 
3X0.5, 7X0.5, 3X1.0, and 7X1.0 heifers, respectively), 
and BVDV-2 titers (50.0, 55.6, 50.0, and 50.0 ± 2.78% 
for 3X0.5, 7X0.5, 3X1.0, and 7X1.0 heifers, respec­
tively). Effects of frequency × rate × day of supple­
mentation, frequency × rate, rate, and frequency were 
not detected (P ≥ 0.15) for serum titers against IBR, 
BVDV-1a, and BVDV-2. However, a tendency for ef­
fects of frequency × day of study was detected (P = 
0.06) for serum BVDV-1a titers (Table 6), which was 
greater for 7X heifers vs. 3X heifers on d 42 (P = 0.04). 

Effects of rate × day of study were detected for serum 
titers against BVDV-2 and IBR (P ≤ 0.05), both of 
which were greater (P ≤ 0.04) for heifers supplemented 
with WBG at 1.0% of BW vs. heifers supplemented 
with WBG at 0.5% of BW on d 42 (Table 6).

DISCUSSION

Previously, decreasing the frequency of energy 
supplementation from daily to 3 times weekly reduced 
ADG of beef steers and heifers by 10 to 21% (Cooke 
et al., 2008; Loy et al., 2008; Artioli et al., 2015). In 
the current study, decreasing the frequency of WBG 
supplementation from daily to 3 times weekly did not 
decrease ADG of heifers (regardless of supplemen­
tation rate), which is partially in agreement with our 
hypothesis and in accordance with others (Moriel et 
al., 2012; Drewnoski et al., 2011, 2014a), but it is in 
contrast with Artioli et al. (2015), even though these 
authors used the same preconditioning and vaccina­
tion protocols used in the current study. Discrepancies 
among our results and those from Artioli et al. (2015) 
are probably related to differences on supplement com­
position (high-moisture WBG vs. grain pellet–based 
concentrate), although breed, gender, location, forage 
species and quality, and potential resulting interactions 
among these factors may have also played a role.

Table 4. Ingredient and nutrient intake of heifers provided, in a 2 × 2 factorial design, wet brewers grains (WBG) 
supplementation rate at 0.5 or 1.0% of BW (DM basis) that was offered either daily (7X) or 3 times weekly (3X) 
from d 0 to 42 (n = 3 pens/treatment; 3 heifers/pen)

 
Item1

Supplementation frequency  
P-value2

 
SEM

P-value
3X 7X Frequency × day3

Hay DMI, kg/d
Monday, Wednesday, and Friday 2.56 2.89 0.18 0.160 <0.0001
Tuesday, Thursday, Saturday, and Sunday 3.22 2.91 0.20 0.160
P-value4 <0.0001 0.74

Total DMI, kg/d
Monday, Wednesday, and Friday 5.58 4.40 0.001 0.166 <0.0001
Tuesday, Thursday, Saturday, and Sunday 3.81 4.59 0.01 0.166
P-value4 <0.0001 0.55

CP intake,5 kg/d
Monday, Wednesday, and Friday 1.30 0.85 <0.0001 0.031 <0.0001
Tuesday, Thursday, Saturday, and Sunday 0.55 0.88 <0.0001 0.031
P-value4 <0.0001 0.21

NEg intake,5 Mcal/d
Monday, Wednesday, and Friday 4.66 3.20 <0.0001 0.120 <0.0001
Tuesday, Thursday, Saturday, and Sunday 2.25 3.30 0.0001 0.120
P-value4 <0.0001 0.12

1Monday, Wednesday, and Friday: days when all 3X and 7X heifers received WBG supplementation; Tuesday, Thursday, Saturday, and Sunday: days 
that only 7X heifers received WBG supplementation.

2Comparison of frequency of WBG supplementation within each day.
3P-value for effects of supplementation frequency × day of supplementation.
4Comparison of day within each WBG supplementation frequency.
5Calculated as daily DMI of hay and WBG multiplied by respective CP and NEg concentrations.
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High-moisture supplements cause different feeding 
behavior compared with high-DM, grain-based supple­
ments, leading to different outcomes on forage intake 
(Arthington et al., 2004; Cooke et al., 2007). For in­
stance, Arthington et al. (2004) reported that beef heif­
ers had complete consumption of dry range cube-based 
supplement within 1 h after feeding, whereas heifers 
fed isocaloric, isonitrogenous, high-moisture molasses-
based supplement had a longer period for total supple­
ment consumption (approximately 48 h). In agreement, 
Artioli et al. (2015) reported that steers supplemented 3 
times weekly with grain-based concentrate (50:50 soy 
hulls corn and gluten feed pellets) at 1% of BW con­
sumed 100% of the supplement offered within 6 h after 
supplementation, whereas in the current study, 3X1.0 
heifers consumed 73.1% of supplement DM on days 
of supplementation and only 19.5% on the next day. 
Consequently, hay DMI of 3X1.0 heifers was 20.5% 
less on days of WBG supplementation, whereas in the 
study of Artioli et al. (2015), hay DMI of steers fed con­
centrate at 1% of BW 3 times weekly was 57.1% less 
on days of WBG supplementation vs. days that WBG 
was not provided. Despite the low starch concentra­
tion of WBG, this reduction on daily hay DMI was ex­
pected because supplements often decrease forage DMI 
when the TDN:CP ratio is less than 7 and supplemental 
TDN is greater than 0.7% of BW (Moore et al., 1999). 

Therefore, the high-moisture characteristics of WBG 
likely caused rumen fill effects and limited supplemen­
tal DM intake of 3X heifers on days of supplementa­
tion, whereas the relatively high spoilage rate of WBG 
(Moriel et al., 2015c) resulted in an offensive odor (and 
likely taste) that reduced intake of WBG left from the 
previous day. This combination of high moisture and 
high spoilage rate of WBG caused smaller daily varia­
tion on daily supplemental DMI throughout the week 
and decreased the magnitude of supplement-induced 
reduction on hay DMI, leading to similar total DMI and 
ADG compared with 7X heifers. It is also important to 
highlight that due to the slower consumption and high 
spoilage rate of WBG, 0.2 and 7.4% of initial WBG DM 
offered were not consumed by 3X0.5 and 3X1.0 heifers, 
respectively, and had to be discarded. This supplement 
wastage needs to be accounted for when evaluating the 
economic feasibility of using WBG supplementation.

Due to the removal of sugar and starch after malt­
ing and mashing processes, WBG contains greater con­
centrations of minerals than the unprocessed grains 
(Westendorf and Wohlt, 2002). Dietary concentrations 
of Cu, Fe, Mn, Mo, and Zn linearly increased as WBG 
was gradually added from 0 to 45% of diet DM provided 
to feedlot beef heifers (Homm et al., 2008), whereas se­
rum Se concentration was greater for feedlot beef heif­
ers fed WBG at 34% of diet DM vs. heifers fed WBG at 
0% of diet DM (Crickenberger and Johnson, 1982). In 
the current study, the concentrations of Mo, Cu, Se, and 
Zn were greater whereas Co concentrations were less for 
WBG vs. tall fescue hay (Table 1), which explains the 

Table 5. Intake and liver concentrations of trace min­
erals of heifers provided wet brewers grains (WBG) 
supplementation rate at 0.5 or 1.0% of BW (DM basis) 
from d 0 to 42

 
Item

Supplementation rate  
SEM

 
P-value0.5% 1.0%

Intake1 —mg/d (DM basis)—
Co 4.68 4.61 0.063 0.45
Cu 180 197 1.12 <0.0001
Fe 1,549 1,436 72.4 0.31
Mn 615 597 17.0 0.48
Mo 4.04 6.40 0.089 <0.0001
Se 4.08 4.7 0.014 <0.0001
Zn 462 530 4.8 <0.0001

Liver concentration2 —mg/kg (DM basis)—
Co 0.29 0.24 0.012 0.01
Cu 321 356 24 0.31
Fe 517 543 138 0.87
Mn 13.3 15.5 2.08 0.44
Mo 3.73 3.87 0.126 0.39
Se 2.2 2.54 0.098 0.02
Zn 195 181 10.4 0.34

1Trace mineral consumption was calculated by multiplying the mean 
weekly DMI of hay, WBG, and mineral mix by the respective weekly mean 
concentration of each trace mineral present in hay, WBG, and mineral mix.

2Covariate-adjusted for liver concentration of the respective trace min­
eral on d 0 (P ≤ 0.05), except for Fe and Mn (P ≥ 0.27).

Figure 1. Plasma haptoglobin concentrations of heifers provided, in a 2 
× 2 factorial design, wet brewers grains supplementation rate at 0.5 or 1.0% 
of BW (DM basis) that was offered either daily (7X) or 3 times weekly (3X) 
from d 0 to 42 (n = 3 pens/treatment; 3 heifers/pen). Means were covariate 
adjusted to plasma concentrations of haptoglobin on d 0 (P = 0.04). Effects of 
frequency of supplementation × day (P = 0.05), but not rate of supplementa­
tion × day (P = 0.61), were detected for plasma haptoglobin concentrations. 
Plasma haptoglobin concentrations were greater for 3X heifers vs. 7X heifers 
on d 14 (P = 0.006) but greater for 7X heifers vs. 3X heifers on d 16 (P = 0.03). 
*Within day, means without a common superscript differ (P ≤ 0.05).
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observed differences on intake of these minerals and on 
liver concentrations of Co and Se as WBG supplementa­
tion rate increased (Table 6). Liver concentrations of Co 
was less for heifers supplemented with WBG at 1.0% of 
BW vs. heifers supplemented with WBG at 0.5% of BW, 
which reflects the numerically less intake of Co caused 
by the reduction on hay DMI as WBG supplementation 
rate increased. Liver Se concentrations were greater for 
heifers supplemented with 1.0 vs. 0.5% of BW, which is 
in agreement Crickenberger and Johnson (1982), who 
observed that adding WBG (34 or 62% of diet DM) to 
a corn silage–based diet increased serum Se concentra­
tions of growing beef heifers. However, liver concentra­
tions of the remaining trace minerals were not affected 
by WBG supplementation rate. Wet brewers grains con­

tain greater S concentrations than corn and fescue hay 
(Moriel et al., 2015b). Dietary S concentrations above 
0.30% of DM may reduce Cu and Se bioavailability by 
associating with Mo in the rumen (Suttle, 1974; Mason, 
1990; NRC, 2005). Consequently, the impact of WBG 
supplementation rate on dietary S-induced absorption of 
Cu and Se needs to be addressed. In the current study, 
estimated dietary S concentrations (including contribu­
tions from mineral mix) were 0.25 and 0.29% of diet DM 
for heifers supplemented with WBG at 0.5 and 1.0% of 
BW, respectively, which is close to the low end range of 
maximum tolerable limit for S in beef cattle diets (NRC, 
2005; Drewnoski et al., 2014b). Therefore, dietary S 
intake might have impacted Cu and Se as consistently 
reported in the literature, but it was not sufficient to pre­
vent an increase on liver Se concentrations and decrease 
liver Cu concentrations of heifers supplemented with 
WBG at 0.5 or 1.0% of BW. Further studies evaluating 
the impact of greater WBG supplementation rates on 
growth and trace mineral status are warranted, but based 
on optimal dietary S concentrations to avoid reduction 
of intestinal Cu and Se absorption, WBG supplementa­
tion rate above 1.0% might not be recommended.

In addition, frequency of WBG supplementation 
used in the current study did not affect liver concen­
trations of all trace minerals. Hence, the liver capacity 
to store trace minerals was not impacted by providing 
WBG supplementation 3 vs. 7 times weekly. Plausible 
explanations for the lack of differences on liver concen­
trations of most trace minerals, due to WBG supplemen­
tation rate and frequency, may be an adequate initial liver 
concentration of trace minerals and metabolic homeo­
stasis (Miller, 1975). All heifers were nursing their dams 
and had free-choice access to a commercial trace min­
eral-fortified salt-based supplement from birth to wean­
ing. Liver trace mineral concentrations on d 0 imply that 
heifers were in adequate trace mineral status at the start 
of the study. For instance, liver Mo concentrations of all 
heifers were slightly above the normal range of 2 to 3 mg 
of Mo/kg of tissue DM (Anke et al., 1985). Also, animals 
metabolically compensate for mineral imbalances to 
maintain cellular concentrations of trace minerals within 
narrow limits (McDowell, 1989, 1992; Underwood and 
Suttle, 1999). Therefore, the adequate liver trace miner­
als status and homeostatic control mechanisms of min­
eral absorption likely prevented further absorption and 
storage of trace minerals of heifers fed WBG at different 
supplementation rates (0.5 or 1.0% of BW) and frequen­
cies (3 vs. 7 times weekly). Further studies evaluating 
the impact of decreasing the frequency of WBG supple­
mentation on liver capacity to store trace minerals, in 
heifers with trace mineral deficiency, are warranted.

Weaning, feedlot entry, and vaccination stimulate 
an APR leading to increased hepatic synthesis of acute-

Figure 2. Plasma cortisol concentrations of heifers provided, in a 2 × 
2 factorial design, wet brewers grains (WBG) supplementation rate at 0.5 
or 1.0% of BW (DM basis) that was offered either daily (7X) or 3 times 
weekly (3X) from d 0 to 42 (n = 3 pens/treatment; 3 heifers/pen). Means 
were covariate adjusted to plasma concentrations of cortisol on d 0 (P = 
0.04). Effects of frequency of supplementation × day (P = 0.05; Fig. 2a) and 
rate of supplementation × day (P = 0.05; Fig. 2b) were detected for plasma 
concentrations of cortisol. Heifers fed WBG 3 times weekly had greater 
(P = 0.04) plasma cortisol concentrations on d 15 than heifers supplemented 
daily. Heifers fed WBG at 0.5% of BW (DM basis) had greater plasma con­
centrations of cortisol on d 17 (P = 0.05) and tended to have greater plasma 
cortisol concentrations on d 15 (P = 0.06) and 19 (P = 0.09) compared with 
heifers fed WBG at 1.0% of BW (DM basis). *Within day, means without a 
common superscript differ (P ≤ 0.05).
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phase proteins (i.e., haptoglobin; Moriel et al., 2015a). 
Although cortisol can directly reduce synthesis of pro­
inflammatory cytokines by leukocytes (Kelley, 1988), 
acute increases in circulating cortisol, such as during a 
stress or corticotropin releasing hormone challenge, can 
indirectly stimulate an inflammatory response (Higuchi et 
al., 1994; Cooke and Bohnert, 2011) and increase plasma 
haptoglobin concentrations (Cooke and Bohnert, 2011), 
which may be used as an indicator of inflammation when 
plasma concentrations are ≥0.11 mg/mL (Tourlomoussis 
et al., 2004). Therefore, the greater plasma haptoglobin 
concentrations of 3X heifers vs. 7X heifers on d 15 may 
be partially associated with the acute rise on prevaccina­
tion plasma cortisol concentrations. This response was 
previously reported by our research group (Artioli et al., 
2015) and occurred regardless of supplementation rate 
(0.5 or 1.0% of BW on a DM basis), which partially 
agrees with our hypothesis and confirms that decreasing 
the frequency of supplementation exacerbates the physi­
ological stress (as indicated by greater plasma concen­
trations of cortisol and haptoglobin before vaccination). 
Feeding beef cattle high grain-based diets led to an accu­
mulation of microbial endotoxins in the ruminal fluid that 
induced a general nonspecific inflammatory response 
and increased synthesis of acute-phase proteins (Zebeli 
et al., 2010). For instance, plasma haptoglobin concen­
trations of beef steers peaked after 3 to 9 wk of feeding 
starch-based diets containing (DM basis) 45 or 95% bar­
ley grain (Ametaj et al., 2009). Although WBG has rela­
tively low starch concentrations, the greater supplement 
DMI of 3X heifers vs. 7X heifers on days that WBG was 
provided to all heifers likely induced an accumulation 
of endotoxins in the ruminal fluid and increased hepatic 

synthesis of haptoglobin. This rationale might also ex­
plain the greater plasma cortisol concentrations of heifers 
fed WBG at 1.0% of BW vs. heifers fed WBG at 0.5% of 
BW (DM basis), although plasma concentrations of hap­
toglobin were not impacted by WBG supplementation 
rate. Further studies need to be conducted to evaluate the 
rationale of reduced frequency of supplementation caus­
ing accumulation of ruminal endotoxin.

It is interesting to notice that although 3X heifers 
had greater plasma haptoglobin concentrations before 
vaccination, the postvaccination plasma haptoglobin 
concentrations were greater for 7X heifers vs. 3X heif­
ers on d 16 and did not differ between these treatments 
for the remainder of the study. Previously, our labo­
ratory showed that reducing the frequency of energy 
supplementation (7 vs. 3 times weekly) increased pre- 
and postvaccination plasma concentrations of hapto­
globin (Artioli et al., 2015). Reasons for the discrep­
ancy on vaccination-induced plasma concentrations of 
haptoglobin between the current and previous studies 
(Artioli et al., 2015) might be associated with the dif­
ferences on supplement DM concentration (21.2 vs. 
90% of DM, respectively) and time to consume the 
entire supplemental DM offered. Steers in the study of 
Artioli et al. (2015) consumed the grain pellet–based 
supplement within 6 h of feeding, whereas in the cur­
rent study, heifers consumed the WBG offered within 
24 to 48 h of feeding, which may have slowed the rumi­
nal fermentation process. Hence, it is possible that the 
accumulation of endotoxins in the ruminal fluid and, 
consequently, the APR-induced synthesis of acute-
phase proteins was lessened in the current study. In 
support of this rationale, mean plasma concentrations 

Table 6. Serum antibody titers against infectious bovine rhinotracheitis, bovine viral diarrhea viral types 1a and 
2 of heifers provided, in a 2 × 2 factorial design, wet brewers grains supplementation rate at 0.5 or 1.0% of BW 
(DM basis) that was offered either daily (7X) or 3 times weekly (3X) from d 0 to 42 (n = 3 pens/treatment; 3 
heifers/pen)1

 
Item

Supplementation frequency  
SEM

P-value Supplementation rate  
SEM

P-value
3X 7X Frequency × day2 0.5% 1.0% Rate × day3

Bovine viral diarrhea virus type-1a titers, log2
d 0 0.00a 0.00a 0.270 0.06 0.00 0.00 0.270 0.82
d 42 3.26a 4.17b 0.280 3.78 3.66 0.280

Bovine viral diarrhea virus type-2 titers, log2
d 0 0.00 0.08 0.224 0.93 0.08a 0.00a 0.224 0.04
d 42 7.13 7.18 0.224 6.74a 7.58b 0.224

Infectious bovine rhinotracheitis titers, log2
d 0 0.00 0.00 0.186 0.38 0.00a 0.00a 0.186 0.05
d 42 3.20 2.87 0.186 2.76a 3.31a 0.186

a,bWithin a row, means without a common superscript differ (P ≤ 0.05).
1Heifers were vaccinated with Bovi-Shield Gold One Shot and Ultrabac 7 (Zoetis Inc., New York, NY) on d 14 and Bovi-Shield Gold 5 (Zoetis Inc.) 

and Ultrabac 7 on d 28.
2P-value for effects of supplementation frequency × day of the study.
3P-value for effects of supplementation rate × day of the study.
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of haptoglobin reported by Artioli et al. (2015) and the 
current study were 0.80 and 0.44 mg/mL, respectively, 
even though the vaccination and preconditioning pro­
tocols were similar.

Neutralizing serum antibody titers may be used 
as an indicator of immune protection, disease pre­
vention, and vaccine efficacy in calves (Howard et 
al., 1989; Bolin and Ridpath, 1990; Richeson et al., 
2008). Vaccination response differs from animal to 
animal and depends on environmental and genetic 
factors, maternal antibody concentrations (Downey 
et al., 2013), timing of vaccination after feedlot en­
try (Richeson et al., 2008), MP supply (Moriel et al., 
2015a), energy concentration of maternal diet offered 
during late gestation (Moriel et al., 2016), and fre­
quency of supplementation (Artioli et al., 2015). In 
the present study, serum titers against BVDV-1a, but 
not BVDV-2 and IBR, were less for heifers fed WBG 
3 times weekly vs. heifers fed WBG 7 times weekly, 
which is in agreement with our previous study (Artioli 
et al., 2015) and confirms that decreasing the supple­
mentation frequency lessened the vaccine response. 
More importantly, the current study also demonstrated 
that decreasing the frequency of WBG supplementa­
tion reduced vaccine-induced BVDV-1a titers regard­
less of supplementation rate (0.5 or 1.0% of BW; DM 
basis). The lessened vaccine response of heifers fed 3 
times weekly vs. heifers fed 7 times weekly may have 
resulted in less immune protection against BVDV-1a 
and greater chances of developing bovine respiratory 
diseases. For instance, the majority of bovine respira­
tory disease cases occur within 30 d after weaning or 
14 d relative to feedlot entry (Kirkpatrick et al., 2008), 
whereas calves with serum BVDV-890 neutralizing 
titers >4 (log2 scale) did not develop severe clinical 
signs of fever, leucopenia, and diarrhea (Bolin and 
Ridpath, 1990). Similar to our previous study (Artioli 
et al., 2015), the lessened vaccine response may be as­
sociated with the greater prevaccination plasma corti­
sol concentrations of heifers fed WBG 3 times weekly 
vs. heifers fed WBG 7 times weekly. Cortisol may in­
duce immune suppression effects (Salak-Johnson and 
McGlone, 2007), weaken the innate immune response 
(Dai and McMurray, 1998), and block the cytokine 
secretion involved on antibody production (Salak-
Johnson and McGlone, 2007). Hence, the exacerbated 
physiological stress experienced by reducing the fre­
quency of WBG supplementation may have decreased 
the communication between innate and humoral im­
mune response causing a decreased antibody produc­
tion against serum BVDV-1a. The exact reasons for 
the lack of treatment effects on serum BVDV-2 and 
IBR titers are not known, and further research is need­
ed to elucidate this lack of response.

Although heifers fed WBG at 1.0% of BW (DM 
basis) had greater plasma cortisol concentrations (and, 
consequently, greater likelihood for causing immune 
suppression effects), serum titers against BVDV-2 
and IBR were greater for heifers fed WBG at 1.0% of 
BW vs. heifers fed WBG at 0.5% of BW (DM basis). 
Previously, we demonstrated that serum titers against 
BVDV-1a were boosted by increasing dietary concen­
trations of MP offered to beef steers (115 vs. 85% of 
daily requirements; Moriel et al., 2015a). Hence, the 
greater total CP intake of heifers fed WBG at 1.0% of 
BW vs. heifers fed WBG at 0.5% of BW (1.02 vs. 0.77 
kg of CP/d, respectively) might have contributed to 
the greater postvaccination serum BVDV-2 and IBR 
titers. In addition, adequate dietary Se concentration 
is vital for immune function (Arthur et al., 2003) and 
might affect the resistance to infection in ruminants 
(Suttle and Jones, 1989). Although the contribution of 
other trace minerals cannot be disregarded, the greater 
dietary intake and liver concentrations of Se of heifers 
supplemented with WBG at 1.0% of BW may further 
explain the greater serum titers against BVDV-2 and 
IBR compared with heifers supplemented with WBG 
at 0.5% of BW. In agreement, beef heifers adminis­
tered a single injection of trace minerals (60, 10, and 
15 mg/mL of Zn, Mn, and Cu, respectively, as disodi­
um EDTA chelates, and 5 mg/mL of Se as sodium sel­
enite) had greater liver Se concentrations and serum 
titers against porcine red blood cells compared with 
heifers injected with 0.9% saline solution (Arthington 
et al., 2014). Also, serum titers against M. haemolytica 
and Escherichia coli were increased by intramuscular 
injections of Se in beef calves (0, 25, and 50 mg of Se; 
Droke and Loerch, 1989) and dairy cows, respectively 
(0 or 0.1 mg of Se/kg of BW; Panousis et al., 2001).

In summary, this experiment demonstrated that 
regardless of supplementation rate, decreasing the 
frequency of WBG supplementation from daily to 
3 times weekly did not affect growth but increased 
prevaccination plasma cortisol concentrations and 
postvaccination plasma haptoglobin concentrations 
and decreased vaccine-induced antibody production 
against BVDV-1a of beef heifers during a 42-d pre­
conditioning period. Collectively, our results suggest 
that decreasing the frequency of energy supplemen­
tation during preconditioning and vaccination are not 
recommended as it might lead to less immune protec­
tion against pathogens associated with bovine respira­
tory disease. Furthermore, these results indicate that 
increasing the WBG supplementation rate from 0.5 to 
1.0% of BW increased pre- and postvaccination plas­
ma concentrations of cortisol but did not affect growth 
or contribute to immune suppression.
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