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ABSTRACT: This study evaluated the effects of
gradual reduction in frequency of energy supple-
mentation following vaccination on growth and
measurements of innate and humoral immunity
of beef steers. At 14-d postweaning (d 0), Angus
steers (n = 42; 200 £ 5 kg of BW; 175 £ 4 d of
age) were stratified by BW and age, and randomly
assigned into 1 of 14 drylot pens (three steers/pen).
From d 0 to 42, steers were provided ad libitum
ground tall fescue hay (57% TDN, 13% CP of DM
basis) and supplemented with concentrate at 1% of
BW (50:50 soybean hulls and corn gluten feed; 71%
TDN, 15% CP of DM basis). Treatments were ran-
domly assigned to pens, and consisted of similar
weekly concentrate DM supplementation (1% of
BW multiplied by 7 d) that was divided and offered
daily from d 0 to 42 (7X; 4 pens), 3 times weekly
from d 0 to 42 (3X; Monday, Wednesday, and
Friday; 5 pens), or daily from d 0 to 15 and then 3
times weekly from d 16 to 42 (7-3X; 5 pens). Steers
were vaccinated against infectious bovine rhinotra-
cheitis (IBR), bovine viral diarrhea virus (BVDYV),
parainfluenza-3 (PI-3), Mannheimia haemolytica,
and Clostridium on d 0 and 15. Individual shrunk

BW was collected on d 0 and 42, following 12 h
of feed and water withdrawal. Blood samples were
collected via jugular venipuncture 4 h after con-
centrate supplementation on d 0, 1, 2, 3, 7, 15,
16, 17, 18, 22, and 42. Mean BW, ADG, G:F, hay
DMI, and total DMI over the 42-d period did not
differ among treatments (P > 0.26). Plasma con-
centrations of cortisol and mean serum BVDV-1a
titers also did not differ among treatments (P >
0.35), but overall plasma haptoglobin concentra-
tions were greater for 3X vs. 7-3X and 7X steers (P
<0.05;0.44,0.37, and 0.33 = 0.026 mg/mL, respec-
tively). Also, 3X steers had less mean serum IBR
titers (P < 0.05; 0.29 vs. 0.88 and 0.79 £ 0.179 log,,
respectively) and less seroconversion to PI-3 virus
ond 15 than 7-3X and 7X steers (P < 0.05; 36.0 vs.
76.6 and 57.8 * 8.24%, respectively). In summary,
a gradual reduction in frequency of energy supple-
mentation during a 42-d preconditioning period
did not negatively impact growth, but alleviated
indices of inflammation and prevented reductions
in vaccine response against BVDV-1a and PI-3
viruses compared to steers offered concentrate 3
times weekly during the entire study.
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INTRODUCTION

Beef calves that are preconditioned typically
experience multiple management processes (i.e.,
weaning, vaccination, and feedlot entry) that elicit
an acute-phase protein response (APR) and impair
growth performance (Arthington et al., 2008,
2013). Recently, weaned beef calves also require
energy supplementation to meet their nutrient
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requirements and improve BW gain (NRC, 2016),
but daily concentrate supplementation increases
production costs associated with labor, fuel, and
equipment (Loy et al., 2007; Cooke et al., 2008).
Decreasing the frequency of energy supplementa-
tion from daily to three times weekly reduced feed-
ing costs without changing the weekly supplement
amount (Drewnoski et al., 2014). However, this
strategy leads to fluctuations in forage and nutrient
intake, which further exacerbates the postvaccina-
tion APR and decreases growth and vaccine-induced
production of antibodies against bovine viral diar-
rhea virus (BVDV) type 1b (Artioli et al., 2015) and
la (Moriel et al., 2016a). The hypothesis of the cur-
rent study was that gradually reducing the frequency
of energy supplementation by offering daily concen-
trate supplementation during the vaccine-induced
inflammatory response (first 14 d after the first round
of vaccination), and then reducing concentrate sup-
plementation to three feeding events weekly until the
end of a 42-d preconditioning period, would prevent
a heightened postvaccination APR and a reduction
on BW gain. Consequently, negative impacts of
reduced frequency of energy supplementation on
immunity and growth of recently weaned beef steers
would be prevented. Hence, this study evaluated
growth performance and measurements of innate
and humoral immunity of beef steers offered differ-
ent frequencies of energy supplementation during a
42-d preconditioning period.

MATERIALS AND METHODS

The Institutional Animal Care and Use
Committee of NC State University (protocol
#16-032-A) approved all procedures for the ex-
periment conducted at the Mountain Research
Station (Waynesville, NC; 35.48°N, 82.99°W; cleva-
tion = 659 m) from May to July 2016.

Animals, Diets, and Sample Collection

Angus steers (n =42; 200 = Skgof BW; 175+ 4
d of age) were weaned on d 14, immediately allo-
cated into a single 22-ha tall fescue pasture (Lolium
arundinaceum; 16% CP and 59% TDN; DM basis),
and provided concentrate DM at 0.5% of BW
(50:50 soybean hulls pellets and corn gluten pel-
lets; Table 1) and free-choice access to white salt for
14 d. On d 0, steers were stratified by BW and age,
and randomly assigned into 1 of 14 drylot pens (3
steers/pen; 18 X 4 m; 24 m?/steer) in a concrete floor,
half-covered drylot feeding facility. From d 0 to 42,
steers were provided free-choice access to ground

tall fescue hay and supplemented with concentrate
DM at 1% of BW (50:50 soybean hulls pellets and
corn gluten pellets; Table 1). Treatments were ran-
domly assigned to pens and consisted of similar
weekly concentrate DM supplementation (1% of
BW multiplied by 7 d) that was divided and offered
daily from d 0 to 42 (7X; 4 pens), three times weekly
from d 0 to 42 (3X; Monday, Wednesday, and
Friday; 5 pens), or daily from d 0 to 15 and then
three times weekly from d 16 to 42 (7-3X; 5 pens).

Hay and concentrate were offered separately
in the same concrete feed bunk at 0800 h. Weekly
concentrate DM offered was estimated based on
average shrunk BW of each pen on d 0, and read-
justed on d 15 and 30 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 water withdrawal. Shrunk BW was
not obtained on d 15 and 30 to not disturb feeding
behavior and avoid an unnecessary physiological
stress response due to shrink that could interfere
with plasma measurements and vaccine response
(Marques et al., 2012). A complete mineral/vitamin
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% CI,
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/steer from d 0 to 42.

Steers consumed 100% of the concentrate DM
offered within 6 h after supplementation. Hay DM

Table 1. Average weekly chemical composition of
ground tall fescue hay and concentrate (50% soy
hulls and 50% corn gluten feed; as-fed basis) pro-
vided to steers from d 0 to 42*

Item Tall fescue hay Concentrate’
DM, % 90.2 93.4
------------ DM basis

CP, % 13.5 15.3
ADF, % 36.8 31.1
NDEF, % 62.7 53.3
TDNH, % 56.5 71.0
NE %, Mcal/kg 1.09 1.61
NE_ ', Mcal/kg 0.54 1.01

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

fSame concentrate was used from weaning to end of study (d 14 to
42) and consisted of 50% soybean hulls pellets and 50% corn gluten
feed pellets (DM basis).

{Calculated as described by Weiss et al. (1992).

SCalculated using the equations proposed by the NRC (2000).
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offered and refused were obtained daily for each
pen by drying samples of hay offered and refused
in a forced-air oven at 56°C for 48 h. Daily DMI
was determined by subtracting the daily hay DM
refused from the daily hay DM oftfered. Immediately
before feeding, samples of hay, concentrate, and
mineral/vitamin mix offered to steers were collected
daily from each pen (approximately 100 g of each
sample/pen), pooled within each week (1 to 6), and
then sent in duplicate (approximately 100 g of each
pooled sample) to a commercial laboratory (Dairy
One Forage Laboratory, Ithaca, NY) for wet chem-
istry analysis of all nutrients (Table 1). Samples
were analyzed for concentrations of CP (method
984.13; AOAC, 2006), ADF (method 973.18 modi-
fied for use in an Ankom 200 fiber analyzer; Ankom
Technology Corp., Fairport, NY; AOAC, 20006),
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 NE_ and
NE, were calculated using equations from NRC
(2000).

On d 0, all steers were treated with doramec-
tin for internal and external parasites (5 mL s.c.;
Dectomax injectable, Zoetis Inc., Kalamazoo, MI),
and were vaccinated against infectious bovine rhi-
notracheitis (IBR), BVDV-la and -2, parainflu-
enza-3 virus (PI-3), Mannheimia haemolytica (2 mL
s.c; Bovi Shield Gold One Shot; Zoetis Inc., New
York, NY), and clostridium (2 mL s.c; Ultrabac
7, Zoetis Inc., New York, NY). On d 15, steers
received 2-mL s.c. boosters of Bovi Shield Gold 5
(Zoetis Inc., New York, NY) and Ultrabac 7. The
vaccination protocol described above was chosen to
replicate the protocol utilized by the local precondi-
tioning alliance (Mountain Cattle Alliance, Canton,
NC; Artioli et al., 2015; Moriel et al., 2015, 2016a).

Blood samples (10 mL) were collected via
jugular venipuncture into sodium-heparin (158
USP) containing tubes (Vacutainer, Becton
Dickinson, Franklin Lakes, NJ) for plasma harvest
4 h after concentrate supplementation on d 0, 1, 2,
3,7, 15, 16, 17, 18, and 22. The approach of col-
lecting blood samples 4 h after concentrate supple-
mentation was utilized to correspond to the peak
of ruminal fermentation and end products release
after concentrate consumption (Moriel et al., 2012,
2015, 2016a; Artioli et al., 2015). Additional blood
samples (10 mL) from jugular vein were collected
into tubes containing no additives (Vacutainer,
Becton Dickinson) for serum harvest on d 0, 15,
and 42 to evaluate serum antibody titers against
IBR, BVDV-1a, and PI-3 viruses. Blood samples

were immediately placed on ice following collection
and then centrifuged at 1,200 X g for 25 min at 4°C.
Plasma and serum samples were stored at —20°C
until later laboratory analysis.

Laboratory Analyses

Plasma concentrations of haptoglobin were
determined in duplicate samples using a bio-
chemical assay assessing haptoglobin-hemoglobin
complex by the estimation of differences in per-
oxidase activity (Cooke and Arthington, 2013).
Plasma concentrations of cortisol were determined
using a single chemiluminescent enzyme immuno-
assay (Immulite 1000; Siemens Medical Solutions
Diagnostics, Los Angeles, CA). Intra-assay and
interassay CV for assays of haptoglobin and cor-
tisol were 3.0 and 5.7, and 2.5 and 3.1%, respectively.

Serum antibody titers against IBR, BVDV-1a,
and PI-3 viruses were determined by the Oklahoma
Animal Disease and Diagnostic Laboratory using
a virus neutralization test (Rosenbaum et al.,
1970). Serum titers were reported as the log, of the
greatest dilution of serum that provided complete
protection of the cells (lowest and greatest tested
dilution = 1:4 and 1:256, respectively). For the sero-
conversion analyses, samples with serum neutral-
ization 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 calculate the positive serocon-
version (% of steers with positive serum neutral-
ization; Richeson et al., 2008; Artioli et al., 2015;
Moriel et al., 2015, 2016a).

Statistical Analyses

Except for seroconversion, all data were ana-
lyzed as a completely randomized design using the
MIXED procedure of SAS (SAS Institute Inc.,
Cary, NC, USA, version 9.4) with Satterthwaite
approximation to determine the denominator
degrees of freedom for the test of fixed effects.
Pen was the experimental unit, and steer(pen) and
pen(treatment) were included as random effects in
all analyses, except for analyses of G:F, hay DMI,
and total DMI that included only pen(treatment)
as random effect. Overall G:F, ADG, hay, and total
DMI (d 0 to 42) were tested for fixed effects of fre-
quency of supplementation.

From d 0 to 15, 3X steers were supplemented
three times weekly, whereas 7X and 7-3X steers
where supplemented daily. From d 16 to 42, 3X and
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7-3X steers received supplementation three times
weekly, whereas only 7X steers received daily sup-
plementation. Hence, in order to simplify data anal-
yses and interpretation, daily hay and total DMI,
and daily total intake of CP, and TDN of steers
were divided into two periods: d 0 to 15 and 16 to
42. Daily hay DMI and total DMI, and total intake
of CP and TDN (kg/d) were pooled by days that all
steers were fed concentrate (Monday, Wednesday,
and Friday), and days that concentrate supplemen-
tation was offered only to 7-3X and 7X steers (d
0 to 15) or only to 7X steers (d 16 to 42; Tuesday,
Thursday, Saturday, and Sunday). Daily hay DMI
and total DMI, and total intake of CP and TDN
were analyzed as repeated measures and tested for
fixed effects of supplementation frequency, week of
the study, day of the week, and all resulting interac-
tions, using steer(pen) as the subject. Body weight,
plasma, and serum measurements were analyzed
as repeated measures and tested for fixed effects
of frequency, day of the study, week of the study
(except for BW analyses), and all resulting interac-
tions, using steer(pen) as the subject. Compound
symmetry covariance structure was used for all
the repeated measures analyses as this covariance
structure generated the lowest Akaike informa-
tion criterion. Positive seroconversion to IBR,
BVDV-1a, and PI-3 viruses were analyzed using
the GLIMMIX procedure of SAS with pen(treat-
ment) and steer(pen) as random effects. All results
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are reported as least-squares means. Data were
separated using PDIFF if a significant preliminary
F-test was detected. Significance was set at P <0.05,
and tendencies if P > 0.05 and <0.10.

RESULTS

Steer BW on d 0 did not differ among treat-
ments (P > 0.93; 202, 200, and 200 kg for 3X, 7-3X,
and 7X steers, respectively), but was included as a
covariate (P < 0.01) for the analyses of BW over
time (Table 2). Effects of frequency of supple-
mentation X day of study and frequency were not
detected (P = 0.19) for BW and ADG from d 0 to
42 (Table 2).

Effects of frequency of supplementation X day
of the week (P < 0.01), but not frequency X day of
the wk X wk of the study (P > 0.12), were detected
for hay and total DMI (Table 3). From d 0 to 15,
hay and total DMI of 7-3X and 7X steers did not
differ throughout the wk (P > 0.67), whereas 3X
steers had less hay DMI and greater total DMI
(P < 0.01) on days that they received supplemen-
tation compared to days of no concentrate supple-
mentation. From d 16 to 42, hay and total DMI
of 7X steers did not differ throughout the wk (P
> 0.12), whereas 3X and 7-3X steers had less hay
DMI and greater total DMI (P < 0.01) on days that
they received supplementation compared to days of
no concentrate supplementation. However, despite

Table 2. Growth performance of beef steers provided similar weekly concentrate DM that was divided and
offered daily from d 0 to 42 (7X; four pens), three times weekly from d 0 to 42 (3X; Monday, Wednesday,
and Friday; five pens), or daily from d 0 to 15 and then three times weekly from d 16 to 42 (7-3X; five pens)*

Treatment P value!
Item 3X 7-3X 7X SEM' Frequency
BW:, kg
d1s 232 233 231 2.6 0.47
d 30 240 243 237 2.6
d42 242 243 238 2.6
d0to42
ADG, kg/d 0.85 0.96 0.89 0.062 0.44
Total hay DMI, kg/steer 99.1 110.0 104.3 4.11 0.27
Total DMD, kg/steer 192.4 200.6 199.2 3.98 0.38
G:F* 0.196 0.212 0.191 0.0135 0.57

*From d 0 to 42, steers were provided daily free-choice access to ground tall fescue hay. Weekly concentrate DMI = 1% of BW multiplied by 7 d.

"Pen as the experimental unit (three steers/pen; four pens for 7X and five pens for 3X and 7-3X treatments).

P value for the main effects of treatment.

SLeast square means covariate-adjusted to BW on d 0 (P < 0.01). Individual BW was measured on d 0 and 42, following 12 h of feed and water
withdrawal. Full BW was obtained on d 15 and 30 to not disturb feeding behavior and avoid an unnecessary physiological stress caused by feed

and water withdrawal.

ICalculated using shrink BW recorded on d 0 and 42. Calculations of ADG from d 0 to 15, 15 to 30, and 30 to 42 were not performed to avoid
data misinterpretation due to gut fill effects of full BW recorded on d 15 and 30.

STotal DMI obtained from consumption of hay and concentrate.
#Calculated by dividing total BW gain by total DMI from d 0 to 42.
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the differences in hay and total DMI, the total
amount of hay DM and total DM consumed from
d0to 15,16to 42, and 0 to 42 did not differ among
treatments (P > 0.27; Table 2).

Effects of frequency of supplementation X day
of the wk (P < 0.01), but not frequency X day of the
wk X wk of the study (P = 0.17), were detected for
daily total intake of CP and TDN (Table 4). From d
0 to 15, daily total intake of CP and TDN of 7-3X
and 7X steers did not differ throughout the wk (P >
0.91), whereas 3X steers had greater total intake of
CP and TDN (P < 0.01) on days that they received
supplementation compared to days of no concen-
trate supplementation. From d 16 to 42, daily total
intake of CP and TDN of 7X steers did not differ
throughout the wk (P > 0.15), whereas 3X and 7-3X
steers had greater total intake of CP and TDN
(P < 0.01) on days that they received supplemen-
tation compared to days of no concentrate supple-
mentation. However, despite the differences in total
CP and TDN, the average total amount of CP and
TDN consumed from d 0 to 15 and 16 to 42 did not
differ among treatments (P > 0.91). Average total
intake of TDN from d 0 to 15 and 16 to 42 were
3.03 and 3.40, 2.87 and 3.33, and 2.90 and 3.37 kg/d
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for 3X, 7-3X, and 7X steers, respectively. Average
total intake of CP from d 0 to 15 and 16 to 42 were
0.68 and 0.77, 0.65 and 0.76, and 0.66 and 0.77 kg/d
for 3X, 7-3X, and 7X steers, respectively.

Plasma concentrations of cortisol and serocon-
version to PI-3 virus on d 0 did not differ among
treatments (P > 0.18), but were included as covar-
iates (P < 0.02) in their respective statistical anal-
yses. Effects of frequency of supplementation X
day of the study (P > 0.57) were not detected for
plasma concentrations of haptoglobin and cortisol.
However, effects of day of the study (P < 0.01) were
detected for plasma concentrations of haptoglobin
and cortisol (Figures 1 and 2). Effects of frequency
of supplementation were detected for plasma con-
centrations of haptoglobin (P = 0.04) and tended
to differ for plasma concentrations of cortisol
(P = 0.10). Overall plasma haptoglobin concentra-
tions were greatest for 3X steers (P < 0.05) and did
not differ between 7-3X and 7X steers (P = 0.92;
Table 5), whereas plasma concentrations of cortisol
were greater for 3X vs. 7X steers (P = 0.04) and were
intermediate for 7-3X steers (P > 0.14; Table 5).

Effects of frequency of supplementation X day
of the study, and frequency of supplementation

Table 3. Dry matter intake of beef steers provided similar weekly concentrate DM that was divided and
offered daily from d 0 to 42 (7X; four pens), three times weekly from d 0 to 42 (3X; Monday, Wednesday,
and Friday; five pens), or daily from d 0 to 15 and then three times weekly from d 16 to 42 (7-3X; five pens)

Treatment P value?
Item* 3X 7-3X 7X SEMT Freq. X day
Hay DMI, kg/d
d0to15
Mon, Wed, Fri 1.832 2.55° 2.46° 0.323 <0.01
Tues, Thurs, Sat, Sun 3.03¢ 2.57* 2.76% 0.323
P value® <0.01 0.87 0.77
d 16to 42
Mon, Wed, Fri 2.47¢ 2.33¢ 3.24° 0.261 <0.01
Tues, Thurs, Sat, Sun 3.18° 3.27¢ 2.87° 0.261
P value® <0.01 <0.01 0.12
Total DMI, kg/d
d0to15
Mon, Wed, Fri 6.49° 5.03¢ 4472 0.384 <0.01
Tues, Thurs, Sat, Sun 3.03¢ 5.01° 4.77° 0.384
P value® <0.01 0.93 0.67
d 16to 42
Mon, Wed, Fri 7.54> 7.79° 5.55 0.344 <0.01
Tues, Thurs, Sat, Sun 3.18¢ 3.52¢ 5.18° 0.344
P value® <0.01 <0.01 0.15

*“*Within a row, means without a common superscript differ (P < 0.05).

*Monday, Wednesday, and Friday = days when all steers received concentrate supplementation; Tuesday, Thursday, Saturday, and Sunday = days
that concentrate supplementation was offered to 7-3X and 7X steers (d 0 to 15), or only to 7X steers (d 16 to 42).

"Pen as the experimental unit (three steers/pen; four pens for 7X and five pens for 3X and 7-3X treatments).

P value for effects of supplementation frequency X day of supplementation.

SComparison of day within each treatment.
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Table 4. Total CP and TDN intake (kg/d) of beef steers provided similar weekly concentrate DM that was
divided and offered daily from d 0 to 42 (7X; four pens), three times weekly from d 0 to 42 (3X; Monday,
Wednesday, and Friday; five pens), or daily from d 0 to 15 and then three times weekly from d 16 to 42

(7-3X; five pens)

Treatment P value!
Item* 3X 7-3X 7X SEM Freq. X day
Total CP intake, kg/d
d0to 15
Mon, Wed, Fri 0.96° 0.65 0.64° 0.067 <0.01
Tues, Thurs, Sat, Sun 0.41% 0.65° 0.68° 0.067
P value® <0.01 091 0.19
d 16to42
Mon, Wed, Fri 1.11° 1.07° 0.79¢ 0.060 <0.01
Tues, Thurs, Sat, Sun 0.432 0.442 0.74° 0.060
P value® <0.01 <0.01 0.22
Total TDN intake, kg/d
d0to 15
Mon, Wed, Fri 4.34° 2.86° 2.82¢ 0.263 <0.01
Tues, Thurs, Sat, Sun 1.71# 2.87° 2.99° 0.263
P value® <0.01 091 0.33
d 16to 42
Mon, Wed, Fri 4.99° 4.82° 3.47¢ 0.235 <0.01
Tues, Thurs, Sat, Sun 1.802 1.852 3.27° 0.235
P value® <0.01 <0.01 0.15

*®Within a row, means without a common superscript differ (P < 0.05).

*Monday, Wednesday, and Friday = days when all steers received concentrate supplementation; Tuesday, Thursday, Saturday, and Sunday = days
that concentrate supplementation was offered to 7-3X and 7X steers (d 0 to 15), or only to 7X steers (d 16 to 42).

"Pen as the experimental unit (three steers/pen; four pens for 7X and five pens for 3X and 7-3X treatments).

P value for effects of supplementation frequency X day of supplementation.

SComparison of day within each treatment.

03X =A=7-3X =0=7X

0 1 2 3 7 15 16 17 18 22
Day of the study

Figure 1. Plasma haptoglobin concentrations of beef steers pro-
vided similar weekly concentrate DM that was divided and offered
daily from d 0 to 42 (7X; four pens), three times weekly from d 0 to
42 (3X; Monday, Wednesday, and Friday; five pens), or daily from
d 0 to 15 and then three times weekly from d 16 to 42 (7-3X; five
pens). Steers were vaccinated with Bovi Shield Gold One Shot and
Ultrabac 7 (Zoetis Inc.) on d 0, and Bovi Shield Gold 5 (Zoetis Inc.)
and Ultrabac 7 on d 15. Effects of day (P < 0.01), but not frequency
of supplementation X day (P = 0.94), were detected for plasma hapto-
globin concentrations.

were not detected (P > 0.34) for serum titers and
positive seroconversion to BVDV-1a virus (Table 5).
However, effects of frequency of supplementation
x day of study and frequency of supplementation

were detected (P < 0.05) for positive seroconversion
to PI-3 virus on d 15 and serum IBR titers, respec-
tively (Table 5). Positive seroconversion to IBR virus
did not differ among treatments (P > 0.24), whereas
serum IBR titers were the least for 3X steers (P <
0.05), and did not differ between 7-3X and 7X steers
(P = 0.72; Table 5). In contrast, serum PI-3 titers
did not differ among treatments (P > 0.52), whereas
positive seroconversion to PI-3 was the least for 3X
steers (P < 0.05), and did not differ between 7-3X
and 7X steers (P = 0.13; Table 5). Seroconversion to
PI-3 virus on d 42 did not differ among treatments
(P >0.70).

DISCUSSION

Previous studies have reported that reducing
the frequency of energy supplementation from
daily to three times weekly decreased ADG by 10
to 21% (Cooke et al., 2008; Loy et al., 2008; Artioli
et al., 2015) or had no impact on ADG of precon-
ditioning calves (Drewnoski et al., 2011; Moriel
et al., 2016a). Discrepancies among these results
can be associated to differences in supplement
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Table 5. Plasma and serum measurements of beef steers provided similar weekly concentrate DM that was
divided and offered daily from d 0 to 42 (7X; four pens), three times weekly from d 0 to 42 (3X; Monday,
Wednesday, and Friday; five pens), or daily from d 0 to 15 and then three times weekly from d 16 to 42

(7-3X; 5 pens)*

Treatment P value

Ttem 3X 7-3X SEM Freq. Day Freq. X day
Plasma haptoglobin, mg/dL 0.442 0.37° 0.37° 0.026 0.04 <0.01 0.94
Plasma cortisol*, ng/mL 20.6 19.2 15.7 1.68 0.10 0.040 0.57
Bovine viral diarrhea virus-1la

Serum titers, log, 2.07 2.19 0.217 0.76 <0.01 0.34

Seroconversion, % 42.2 38.1 38.9 4.50 0.75 <0.01 0.64
Infectious bovine rhinotracheitis virus

Serum titers, log, 0.29° 0.88° 0.79° 0.179 0.05 <0.01 0.24

Seroconversion, % 222 33.1 30.6 8.51 0.60 <0.01 0.76
Parainfluenza-3 virus

Serum titers, log, 3.54 4.46 0.606 0.52 <0.01 0.81

Seroconversion?, %

d15 36.0 76.6 57.0 8.24 0.09 <0.01 0.04

d42 100.0 98.0 98.9

*“®Within a row, means without a common superscript differ (P < 0.05).

*Steers were vaccinated with Bovi Shield Gold One Shot and Ultrabac 7 (Zoetis Inc., New York, NY) on d 0, and Bovi Shield Gold 5 (Zoetis

Inc., New York, NY) and Ultrabac 7 on d 15.

"Pen as the experimental unit (three steers/pen; four pens for 7X and five pens for 3X and 7-3X treatments).

Least square means covariate-adjusted to the respective measurements obtained on d 0 (P < 0.02).
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Figure 2. Plasma cortisol concentrations of beef steers provided
similar weekly concentrate DM that was divided and offered daily
from d 0 to 42 (7X; four pens), three times weekly from d 0 to 42
(3X; Monday, Wednesday, and Friday; five pens), or daily from d 0
to 15 and then three times weekly from d 16 to 42 (7-3X; five pens).
Steers were vaccinated with Bovi Shield Gold One Shot and Ultrabac
7 (Zoetis Inc.) on d 0, and Bovi Shield Gold 5 (Zoetis Inc.) and
Ultrabac 7 on d 15. Effects of day (P < 0.01), but not frequency of
supplementation X day (P = 0.57), were detected for plasma cortisol
concentrations. Least square means were covariate-adjusted to meas-
urements obtained on d 0 (P = 0.02).

composition (high-moisture vs. grain pellet-based
supplements), animal breed and gender, loca-
tion of the study, forage species and quality, and
the potential interactions among those factors
(Artioli et al., 2015). Artioli et al. (2015) reported
that calves supplemented with concentrate daily
were 9 kg heavier compared to calves offered

concentrate supplementation three times weekly
during the entire 42-d preconditioning period. The
similar overall ADG and final BW between 7-3X
and 7X calves suggests that a gradual reduction
in frequency of concentrate supplementation did
not negatively impact growth performance of pre-
conditioning calves, and could be used as a strat-
egy to decrease labor and feeding costs compared
to daily supplementation. However, in the current
study, growth performance of steers receiving sup-
plementation three times weekly during the entire
preconditioning period also did not differ com-
pared with steers that received the 7-3X and 7X
treatments. This response was unexpected and in
contrast to our previous study (Artioli et al., 2015),
but it indicates that in the current study, providing
concentrate supplementation three times weekly
would be the best alternative to minimize labor and
feeding costs. The reasons for the lack of treatment
effects on growth performance in the current study
are unknown, but further research is warranted to
identify the potential reasons for the discrepancy
between these studies.

Regardless of treatment, steers consumed 100%
of concentrate DM offered within 6 h after sup-
plementation, as reported by Artioli et al. (2015).
From d 0 to 15, hay DMI of 3X steers on days
that all steers received supplementation (Monday,
Wednesday, and Friday) decreased by 26 to 28%
compared to 7X and 7-3X steers. On days that 3X



280 Silva et al.

steers did not receive concentrate supplementation
(Tuesday, Thursday, Saturday, and Sunday) hay
DMI of 3X steers increased by 10 to 18% compared
to 7X and 7-3X steers. Likewise, hay DMI (d 16 to
42) of 3X and 7-3X steers on days that all steers
received supplementation decreased by 24 to 28%
compared to 7X steers, and increased by 11 to 14%
compared to 7X steers on days that 3X and 7-3X
steers did not receive concentrate supplementation.
Total intake of CP and TDN fromd 0 to 15 and 16
to 42 followed the same pattern as observed for total
DMI described above. Despite the low starch con-
centration of supplements used in this study, this
response on daily hay DMI was expected because
supplements often decrease forage DMI when sup-
plemental TDN intake is greater than 0.7% of BW
(Moore et al.,1999). However, total hay DMI (and
total intake of CP and TDN) did not differ among
treatments, which could partially explain the lack
of differences on calf overall ADG and final BW
among treatments. Artioli et al. (2015) reported
that daily hay DMI of steers supplemented three
times weekly decreased by 53% on the days of con-
centrate supplementation and increased by 10% on
days that concentrate was not offered compared to
steers receiving daily concentrate supplementation,
leading to an overall reduction in intake of hay DM,
CP, and NEg. It has been suggested that the reduc-
tion in forage DMI after concentrate supplemen-
tation increases as forage nutritive value increases
(Horn and McCollum, 1987). Although the 1.5%
difference in forage TDN value reported by current
study and Artioli et al. (2015) is narrower than the
range evaluated by Horn and McCollum (1987),
the greater reduction in hay DMI after concentrate
supplementation reported by Artioli et al. (2015)
may be attributed to the greater forage nutritive
value in that study compared to the forage nutritive
value used in the present study (17.4 vs. 13.5% CP;
58.0 vs. 56.5% TDN; 34.4 vs. 36.8% ADF; 57.7 vs.
62.7% NDF of DM, respectively).

In the current and previous study (Artioli
et al., 2015), protein intake of steers was in excess
of requirements irrespective of treatment (NRC,
2016). However, during an immunological chal-
lenge, the immune system has a greater priority
for nutrients than tissue growth, and nutrients are
partitioned to support multiple immune responses
and ensure the organism survival (Elsasser et al.,
2008). In addition, AA profile needed to support
the immune system might not be supported by
the excess dietary intake of protein, and specific
AA may need to be mobilized to support several
physiological responses. For instance, acute-phase

proteins in humans contain increased amounts of
Phe, Trp, Lys, Cys, and Ser compared with skeletal
muscle (Reeds and Jahoor, 2001), and lymphocytes
preferentially utilize the branched-chain AA dur-
ing inflammation as substrates for protein synthesis
(i.e., antibody production) or energy production
(Calder, 2006). Thus, although protein intake was
in excess of daily protein requirements, the greater
reduction in hay DM and CP intake by steers sup-
plemented three times weekly vs. daily reported
by Artioli et al. (2015) possibly induced a greater
muscle protein mobilization to support a specific
AA profile for the immune system, which could
be the cause for the reduced ADG and final BW
of 3X vs. 7X steers. Increasing the metabolizable
protein supply to preconditioning beef steers cor-
rected imbalances between amino acids supplied
and required by the immune system, which con-
sequently alleviated muscle protein mobilization,
leading to a greater growth performance during a
42-d preconditioning period (Moriel et al., 2015).
Hence, the similar total DMI (and consequently,
CP and TDN intake) among treatments reported
in the present study, may have contributed to equal-
ize the rate of muscle protein mobilization among
treatments, which may partially explain the lack
of differences on steer overall ADG and final BW
among treatments. Further studies are needed to
directly measure indices of muscle protein mobil-
ization of beef cattle supplemented at different fre-
quencies of supplementation.

Weaning, feedlot entry, and vaccination of beef
cattle elicit an APR that leads to increased hepatic
synthesis of acute-phase proteins (i.e., haptoglo-
bin), reduced feed intake and ADG (Arthington
et al., 2013; Artioli et al., 2015; Moriel et al.,
2015, 2016a), enhanced mobilization of muscle
and fat tissues (Johnson, 1997), and consequently,
decreased feed efficiency (Arthington et al., 2013).
Haptoglobin is one of the major proteins associated
with APR in cattle (Carroll and Forsberg, 2007)
that is detectable in high concentrations in injured
or stressed animals (Petersen et al., 2004). Thus,
haptoglobin can be used as an indicator of bovine
acute and chronic inflammation when plasma con-
centrations are >0.11 mg/mL (Tourlomoussis et al.,
2004). In addition, an increase in plasma concentra-
tions of cortisol reduced DMI (Allen et al., 2009),
elicited an APR, and increased plasma haptoglobin
concentrations (Cooke and Bohnert, 2011). In the
present study, overall plasma haptoglobin concen-
trations were 19% greater for 3X vs. 7-3X and 7X
steers, whereas overall plasma cortisol concentra-
tions were greatest for 3X, least for 7X steers, and
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intermediate for 7-3X steers. These results are in
agreement with previous studies (Artioli et al.,
2015; Moriel et al. 2016a), and reinforce previous
evidence that reducing the frequency of energy
supplementation exacerbates the vaccine-induced
APR. Furthermore, the results of the present study
support our hypothesis that gradually reducing the
frequency of energy supplementation prevented
further increments on vaccine-induced APR of pre-
conditioning beef calves.

Although APR is an essential early defense
mechanism in response to cellular injury (Eckersall
and Conner, 1988), nutrient demand is increased
to support the synthesis of acute-phase proteins,
immune cells, and gluconeogenic precursors (Reeds
and Jahoor, 2001). Consequently, muscle protein
and fat reserves are mobilized (Jahoor et al., 1999),
and absorbed AA are shifted from growth toward
hepatic uptake (Reeds et al., 1994) leading to a
negative correlation with growth performance (Qiu
et al., 2007). In the present study, overall plasma
haptoglobin concentrations ranged between 0.38
to 0.44 mg/mL, whereas overall plasma cortisol
concentrations ranged between 15.7 and 20.6 ng/
mL. Artioli et al. (2015) observed that plasma
haptoglobin concentrations ranged between 0.69
and 0.91 mg/mL, whereas overall plasma cortisol
concentrations ranged between 19.6 and 23.4 ng/
mL. Hence, the average plasma concentrations of
cortisol and haptoglobin of all treatments were
18 and 95%, respectively, greater in the study of
Artioli compared to the present study. In addition,
the magnitude of differences in plasma concentra-
tions of haptoglobin between 3X vs. 7X steers was
greater in the study of Artioli et al. (2015) vs. in the
current study (32 vs. 19%, respectively). Together,
these differences in plasma concentrations of cor-
tisol and haptoglobin between studies and among
treatments within these studies may indicate that
steers experienced greater physiological stress and
inflammatory responses in the study of Artioli et al.
(2015). It is possible that the differences in muscle
protein mobilization among treatments was allevi-
ated because the APR was not as severely exacer-
bated as expected after reducing the frequency of
concentrate supplementation, which may partially
explain the lack of differences on calf ADG and
final BW between 3X and 7X steers observed in the
present study.

Vaccination is one of the most useful manage-
ment practices to protect animals from different
pathogens (Carrol and Forsberg, 2007), and con-
ferring successful vaccine protection in cattle is
important in preventing new or recurring infections

(Langel et al., 2016). Antigens present in the vac-
cine stimulate the humoral response (i.e., antibody
production) without causing disease (Kindt et al.,
2007). The ability of an animal to respond to vac-
cination varies from animal to animal and depends
on environmental and genetic factors, timing of
vaccination after feedlot entry, maternal anti-
body concentrations (Downey et al., 2013), stress
and previous exposure to pathogens (Loerch and
Fluharty, 1999), frequency of supplementation
(Artioli et al., 2015), metabolizable protein supply
(Moriel et al., 2015), and maternal energy-restric-
tion during late gestation (Moriel et al.., 2016b).
Neutralizing antibody titers provides an indication
of immune protection (Bolin and Ridpath, 1990)
and response to vaccination (Richeson et al., 2008),
and it has been correlated positively with disease
prevention (Howard et al., 1989).

In the present study, mean serum titers and
positive seroconversion to BVDV-1a did not dif-
fer among treatments. However, mean serum
titers against IBR and positive seroconversion to
PI-3 virus on d 15, but not on d 42, were greater
for 7-3X and 7X vs. 3X steers, which is in agree-
ment with previous studies (Artioli et al., 2015;
Moriel et al., 2016a). These responses provide fur-
ther evidence that steers offered reduced frequency
of concentrate supplementation during the entire
study had altered postvaccination antibody pro-
duction. It remains unknown if such alterations in
antibody production means that the humoral im-
munity was impaired by the reduced frequency of
supplementation and became more susceptible to
pathogen invasions. Nonetheless, elevated cortisol
causes immune suppressive effects (Salak-Johnson
and McGlone, 2007), excessive protein catabolism
(Friend, 1991), weakens the innate immune system
(Dai and McMurray,1998), and decreases cyto-
kine secretion by TH1 and TH2 cells (Carroll and
Forsberg, 2007). Perhaps, the tendency for greater
mean plasma cortisol concentrations of 3X vs. 7-3X
and 7X steers may have impacted the communica-
tion between innate and humoral immune system
(Artioli et al., 2015), which may have reduced mean
serum IBR titers and increased the time to achieve
similar serum PI-3 titers compared to 7X and 7-3X
steers. Nonetheless, mean serum titers and positive
seroconversion against BVDV-1a, PI-3, and IBR
viruses did not differ between 7X and 7-3X steers,
which supports our hypothesis and indicates that
a gradual reduction in frequency of concentrate
supplementation prevented the APR exacerbation
and reductions on antibody production of precon-
ditioning beef steers.
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In summary, the present study provides further
evidence that steers offered reduced frequency of
concentrate supplementation during the entire 42-d
preconditioning period may have an exacerbated
acute-phase response, as well as, reduced vaccine-in-
duced antibody production compared to steers
receiving daily concentrate supplementation. More
importantly, the present study demonstrated that
delaying the reduction in frequency of concentrate
supplementation from daily to 3 times weekly by 15d,
relative to first vaccination, did not negatively impact
growth, but alleviated inflammation and prevented
reductions in vaccine-induced antibody response
compared to steers supplemented three times weekly
during the entire 42-d preconditioning period.
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