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Abstract
Crossbred beef steers (n = 189; initial

BW = 266 ± 27 kg) at low (LO) or high
(HI) risk for respiratory disease were as-
signed randomly to receive a 5-mL s.c.
trace mineral (TM) injection containing
75 mg of Cu, 25 mg of Se, 50 mg of
Mn, and 200 mg of Zn, or a 5-mL s.c.
injection of physiological saline (SA)
upon arrival at a feedlot. Steers desig-
nated as LO were vaccinated against
common diseases, treated for parasites,
and weaned (45 d) before the study com-
menced. Steers designated as HI were vac-
cinated, treated for parasites, and
weaned upon arrival at the feedlot. All
steers were fed the same receiving diet ad
libitum for a period of 28 d and moni-
tored twice daily for symptoms of respira-
tory disease. Respiratory disease risk level
did not affect receiving ADG (P = 0.78);
however, HI steers had greater (P < 0.01)
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incidence of undifferentiated fever and
greater (P < 0.05) treatment costs during
the receiving period. Incidence of undiffer-
entiated fever and treatment costs were
similar (P = 0.86) between TM and SA;
however, SA-treated cattle had greater
ADG (P = 0.02) than did TM-treated cat-
tle during the receiving period. Steers
were transitioned to a common finishing
diet at the conclusion of the receiving pe-
riod and fed for an average of 196 d be-
fore harvest. Finishing ADG and DMI
were similar (P > 0.20) for TM- or SA-
treated cattle; however, a single treat-
ment with TM at receiving was associ-
ated with increased (P = 0.04) finishing
BW gain:feed. Finishing ADG and DMI
by LO steers were greater (P < 0.01)
than that of HI steers; conversely, HI
steers tended to have greater (P = 0.09)
finishing gain:feed than LO steers. Hot
carcass weight, kidney, pelvic, and heart
fat, and incidence of lung lesions were
similar (P > 0.23) between HI and LO
steers. Liver abscess incidence among LO
steers was less (P < 0.01) than that of
HI steers. Risk level for respiratory dis-
ease had pronounced effects on morbidity

and treatment costs during receiving and
on ADG and DMI during finishing.
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Introduction
Bovine respiratory disease (BRD)

negatively affects the profitability
of cattle feeding. Perino (1992) indi-
cated that the cost of BRD included
death loss, expenses associated
with BRD treatment, and reduced
growth performance. Respiratory
disease also decreased carcass
weights, fat deposition, and longis-
simus area of feedlot cattle (Gard-
ner et al., 1999). Preconditioning
steers before feedlot placement and
supplementing with trace minerals
reduced the incidence and severity
of BRD (Cole, 1985; Pritchard and
Mendez, 1990; Galyean et al.,
1999). Cole (1985) described pre-
conditioning as a management sys-
tem designed to immunize calves
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against major pathogens involved
in the BRD complex and to reduce
the stress experienced by feeder
calves at marketing. Preconditioned
feeder cattle have reduced morbid-
ity, reduced mortality, and in-
creased feedlot performance com-
pared with cattle that have not
been preconditioned (Cole, 1985).
Mineral deficiencies can decrease
the immune response of an animal
and therefore increase susceptibil-
ity to disease (Suttle and Jones,
1989). Galyean et al. (1999) indi-
cated that supranutritional trace
mineral supplementation of cattle
diets is practiced in order to com-
pensate for reduced feed consump-
tion by stressed cattle. Salyer et al.
(2004) reported no differences in
performance or morbidity by receiv-
ing cattle supplemented with Cu
and Zn from both organic and inor-
ganic sources. Engle et al. (1995) re-
ported decreased ADG and
gain:feed (G:F) in feedlot cattle
that were fed a Zn deficient diet;
however, there was no difference
in performance after a 22-d period
of feeding a diet adequate in Zn.
Galyean et al. (1995) reported that
Cu supplementation tended to de-
crease morbidity by receiving cat-
tle; however, it was also associated
with a decrease in subsequent feed-
lot performance. The effect of bo-
lus-dose trace mineral supplementa-
tion on the incidence of BRD, feed-
lot performance, and carcass traits
in both preconditioned and non-
preconditioned feedlot cattle has
not been widely studied. Our objec-
tive was to evaluate the effects of a
single bolus dose of Cu, Se, Mn,
and Zn on receiving and finishing
performance of preconditioned and
non-preconditioned steer calves.

Materials and Methods
Crossbred beef steers (n = 189;

initial BW = 266 ± 27 kg) were used
to determine the effects of a single
injection of a trace mineral solu-
tion (75 mg of Cu, 25 mg of Se, 50
mg of Mn, and 200 mg of Zn;

Multimin USA Inc., Porterville, CA)
on performance, incidence of undif-
ferentiated fever, and undifferenti-
ated-fever treatment costs during a
28-d receiving study and on perfor-
mance during a subsequent finish-
ing study. The Animal Care and
Use Committee (ACUC) of the Uni-
versity of Missouri approved all ex-
perimental procedures used in our
study (University of Missouri
ACUC Protocol No. 3711). Treat-
ments were applied in a 2 × 2 facto-
rial arrangement of a completely
random design. Ninety of the
steers were considered to be at low
risk (LO) for respiratory disease and
99 of the steers were considered to
be at high risk (HI) for respiratory
disease. Steers designated LO origi-
nated from the University of Mis-
souri beef herd. They were pre-
viously vaccinated twice for clos-
tridial diseases (Vision 7 with
SPUR, Intervet Inc., Millsboro, DE),
infectious bovine rhinotracheitis
(IBR), bovine viral diarrhea (BVD;
types 1 and 2), parainfluenza-3,
and bovine respiratory syncytial vi-
rus (BRSV; Bovi-Shield GOLD 5,
Pfizer Animal Health Exton, PA).
Steers designated LO were also
treated for internal and external
parasites and weaned on their farm
of origin for approximately 45 d be-
fore the study commenced. Steers
designated as HI were procured
through local auction markets and
had no known history of vaccina-
tion, pre-shipment weaning, para-
site control, or commingling with
other cattle. Approximately half of
the cattle from each of the LO and
HI groups were randomly assigned
to receive a 5-mL injection of trace
mineral solution administered s.c.
in the neck at arrival (TM), and the
remaining steers received a 5-mL
s.c. injection of saline (SA; 0.9% so-
dium chloride injection USP, Blax-
ter Healthcare Corporation Deer-
field, IL).

A total of 19 pens were used dur-
ing the trial (i.e., 9 or 10 steers per
pen). Pens were assigned randomly
to a bolus injection treatment and

BRD risk level before the study be-
gan. Ten pens were assigned to LO
and 9 pens to HI. Similarly, 10
pens were assigned to SA and 9
pens to TM. Steers designated LO
or HI were assigned randomly to
bolus injection treatment and pen
as they were processed upon arrival
at the feedlot. All steers in each
pen shared a common treatment
and risk level.

At arrival, all steers were weighed
and given an ear tag for identifica-
tion. Steers designated HI were vac-
cinated for IBR, BVD (types 1 and
2), parainfluenza-3, BRSV, and clos-
tridial diseases; they were also
treated for internal and external
parasites (AgriMectin, AgriLabs, St.
Joseph, MO). All steers were fed a
common receiving diet, formulated
to supply 100% of NRC (2000) re-
quirements for Co, Cu, I, Mg, Mn,
Se, and Zn at a DMI of 1.5% of BW
(Table 1).

Within their assigned pens,
steers were observed for clinical
symptoms of BRD at 0800 h and
1600 h daily. Steers that exhibited
clinical symptoms of BRD (i.e., na-
sal discharge, ocular discharge,
coughing, depression, or anorexia)
were removed from their pens and
walked a maximum of 100 m to a
restraining chute. Suspect steers
were weighed and their rectal tem-
peratures were measured. Steers
presenting with a rectal tempera-
ture ≥ 40°C (n = 59) were treated
with tilmicosin (Micotil, 1.0 mL/
30.3 kg BW s.c.; Elanco Animal
Health, Indianapolis, IN) and subse-
quently transported to a pen re-
served for clinically ill cattle. All
treated steers were re-evaluated for
BW and rectal temperature 72 h
after initial treatment. Steers whose
rectal temperature had returned to
< 40°C were returned to their as-
signed pens. Steers treated once for
an undifferentiated fever that pre-
sented a second time with rectal
temperatures ≥ 40°C (n = 17) were
treated with enrofloxacin (Baytril,
1.0 mL/9.1 kg BW s.c.; Bayer
Health Care LLC, Shawnee Mission,
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TABLE 1. Composition (% of DM) of receiving and finishing diets.

Item Receiving Finishing

Dried distillers grain 27.58 29.30
High moisture corn 45.96 25.64
Whole shelled corn 0.00 25.64
Pelleted soybean hulls 4.92 6.41
Chopped grass hay 6.57 5.49
Tallow 6.04 4.26
Ground corn 3.65 2.14
Limestone 0.99 0.92
Sodium chloride 0.20 0.11
Trace mineral premixa 0.07 0.04
Vitamin A, D, and E premix 0.04 0.02
Monensin (80 mg/kg)b 0.03 0.02
Tylosin (40 mg/kg)b 0.02 0.01
Soybean meal (44%) 2.95 0.00
Urea 0.99 0.00
DM% 81.0 84.3
NEm (Mcal/kg)c 2.44 2.23
NEq (Mcal/kg)c 1.50 1.54

aProvided NRC-recommended (2000) levels of Co, Cu, I, Mg, Mn, Se, and Zn.
bElanco Animal Health, Greenfield, IN.
cCalculated value (NRC, 2000).

TABLE 2. Effects of respiratory disease risk and a bolus injection of trace minerals or saline at receiving on
ADG, DMI, and growth efficiency of beef steers.

Respiratory disease riska Bolus injectionb P

Item High Low Trace mineral Saline SE Riskc Injectiond

Initial BW (kg) 266 267 266 266 27.2 0.88 0.99
Receiving ADG (kg) 0.58 0.54 0.44e 0.66f 0.069 0.62 0.02
Finishing ADG (kg) 1.72g 1.83h 1.79 1.76 0.045 <0.01 0.40
Finishing DMI (% BW) 2.33g 2.54h 2.45 2.45 0.037 <0.01 0.99
Finishing G:F 0.18i 0.17j 0.18e 0.17f 0.002 0.09 0.04

aSteers at low risk for respiratory disease were weaned on their farm of origin for 45 d following maternal separation and
were vaccinated twice on their farm of origin for clostridial diseases, infectious bovine rhinotracheitis, bovine viral diarrhea,
parainfluenza-3, and bovine respiratory syncytial virus. Steers at high risk for respiratory disease had no known vaccination or
weaning history prior to the study.
bBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25 mg of Se, 50 mg of Mn, and 200 mg of Zn or
a 5-mL s.c injection of saline.
cP-value for respiratory disease risk comparison (high vs. low).
dP-value for bolus injection comparison (trace mineral vs. saline).
e,fMeans within the same row comparing the effects of bolus injection type with different superscripts differ (P ≤ 0.05).
g,hMeans within the same row comparing the effects of respiratory disease level with different superscripts differ (P ≤ 0.05).
i,jMeans within the same row comparing the effects of respiratory disease level with different superscripts differ (P ≤ .10).

KS) and returned to the pen re-
served for clinically ill cattle. All
steers treated twice were evaluated
for BW and rectal temperature 72 h
after their second treatment. Steers
that had a rectal temperature
≥40°C (n = 2) for a third time were
retreated using tilmicosin (1.0 mL/
30.3 kg BW s.c.). For the purposes
of this study, Micotil and Baytril
were valued at $1.77/mL and
$1.07/mL, respectively. All steers
were weighed at the beginning and
end of the 28-d receiving period fol-
lowing a 12-h fast.

Immediately following the 28-d
receiving period, steers were
adapted to a common finishing
diet that was fed ad libitum at
0800 h daily. The finishing diet
was formulated to supply 100% of
NRC (2000) requirements for Co,
Cu, I, Mg, Mn, Se, and Zn at a DMI
of 2.6% of BW (Table 1). All steers
were implanted on d 1 of the fin-
ishing period with Revlor-IS (80 mg
of trenbolone acetate + 16 mg of es-
tradiol; Intervet Inc.); additionally,
all HI steers received a second vacci-
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TABLE 3. Effects of respiratory disease risk and a bolus injection of
trace minerals or saline at receiving on incidence of
undifferentiated fever among steers during a 28-d receiving period.

Incidence of
Item undifferentiated fever P

Respiratory disease riska

High 64.4% <0.01
Low 2.0% —

Bolus injectionb

Trace mineral 31.1% 0.86
Saline 32.3% —

aSteers at low risk for respiratory disease were weaned on their farm of origin
for 45 d following maternal separation and were vaccinated twice on their farm
of origin for clostridial diseases, infectious bovine rhinotracheitis, bovine viral
diarrhea, parainfluenza-3, and bovine respiratory syncytial virus. Steers at high
risk for respiratory disease had no known vaccination or weaning history prior
to the study.
bBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.

nation for IBR, BVD (type 1 and 2),
parainfluenza-3, BRSV, and clostrid-
ial diseases. All steers were re-im-
planted using Revlor-S (120 mg of
trenbolone acetate + 24 mg of estra-
diol; Intervet Inc.) 56 d after the
initial implant. Steers were
weighed every 28 d, following a
12-h fast, throughout the finishing
period. Because of variation in the

TABLE 4. Effects of respiratory disease risk and abolus injection of
trace minerals or saline at receiving on drug therapy cost among
steers during a 28-d receiving period.

Itema Bolus injectionb Drug therapy cost/steer

High risk Trace mineral $14.63c

High risk Saline $16.48c

Low risk Trace mineral $0.52d

Low risk Saline $0.00d

aSteers at low risk for respiratory disease were weaned on their farm of origin
for 45 d following maternal separation and were vaccinated twice on their fram
of origin for clostridial diseases, infectious bovine rhinotracheitis, bovine viral
diarrhea, parainfluenza-3, and bovine respiratory syncytial virus. Steers at high
risk for respiratory disease had no known vaccination or weaning history prior
to the study.
bBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.
c,dMeans within a column that do not share a common superscript are different
(P < 0.05).

physiological maturity of steers,
they were harvested in 2 groups 28
d apart (average days on feed =
196). Each harvest group had an ap-
proximate average pre-harvest BW
of 570 kg. The harvest procedure
was carried out at a commercial ab-
attoir under USDA supervision and
in compliance with the Humane
Slaughter Act of 1978.

Animal identification, hot carcass
weight, liver abscess score, and
lung lesion scores were recorded
during the harvest process. Livers
and lungs were evaluated by
trained observers using the meth-
ods of Brink et al. (1990) and Bry-
ant et al. (1999) for livers and
lungs, respectively. Following a 24-
h chill (2°C), carcasses were cut be-
tween the 12th and 13th ribs and
allowed approximately 15 min to
bloom. One trained evaluator,
blinded to treatment, assigned mar-
bling scores. A second trained eval-
uator, also blinded to treatment, as-
signed yield grades. Marbling
scores and yield grades were as-
signed according to USDA (1997)
standards.

Performance data were analyzed
as a completely random design,
split-plot in time (Gill and Hafs,
1971; Littell et al., 1998). Pen was
used as the experimental unit for
all performance data. A linear
model was used to analyze the ef-
fects of bolus injection, BRD risk,
and bolus injection × BRD risk. The
subplot contained effects of weigh
period and all appropriate interac-
tions. Pen within bolus injection
and BRD risk was used as the error
term to test whole plot effects. Car-
cass characteristics were analyzed
as a completely random design, us-
ing individual carcass as the experi-
mental unit. A general linear
model was used to analyze effects
of bolus injection type on carcass
characteristics. When F-tests were
significant (P < 0.05), treatment
means were separated using the
method of least significant differ-
ence. Incidence of undifferentiated
fever, liver abscesses, and lung le-
sions, as affected by BRD risk and
bolus injection type, were com-
pared using Chi-square analysis
(Zar, 1999). Treatment means for
cost of drug therapy were separated
by BRD risk level and bolus injec-
tion type using a simple t-test. A
simple t-test was also used to evalu-
ate the effects of BRD treatment fre-
quency on carcass characteristics of
HI steers.
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TABLE 5. Effects of a bolus injectiona of trace minerals or saline at
receiving on carcass characteristics of beef steers.

Item Trace mineral Saline SE P

Hot carcass weight (kg) 356 358 3.0 0.67
Marbling scoreb 47 47 1.1 0.96
12th rib fat thickness (cm) 1.39 1.42 0.052 0.65
Longissimus area (cm2) 79.0 78.4 0.74 0.56
KPHc (%) 2.14 2.18 0.035 0.34
USDA yield grade 3.35 3.44 0.071 0.39

aBolus injection consisted of a 5-mL s.c. injection conatining 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.
bMarbling scores: 30 = Slight00, 40 = Small00, and 50 = Modest00.
cKPH = kidney, pelvic, and heart fat.

Results and Discussion
The bolus injection × BRD risk ×

weigh period interaction was not
significant (P ≥ 0.43); moreover, bo-
lus injection × BRD risk was not sig-
nificant (P ≥ 0.23). Therefore, main
effects of bolus injection type and
BRD risk on steer performance dur-
ing receiving and finishing were re-
ported. Risk level for BRD had no
effect (P = 0.78) on growth perfor-
mance during the 28-d receiving pe-
riod (Table 2). Steers that received
the injection of TM at feedlot ar-
rival, regardless of BRD risk level,
gained 0.22 kg/d less (P = 0.02) dur-
ing the receiving period than did
the SA steers. The reason for this
performance decrease was unclear;
however, there may have been a
negative short-term effect on
growth performance associated
with the supranutritional supple-
mentation of Zn, Mn, Se, or Cu de-
livered by the bolus injection of
TM. Galyean et al. (1995) reported
that steers receiving 5 mg/kg of or-
ganic Cu, in addition to a basal
diet containing 3.25 mg/kg inor-
ganic Cu, tended to gain less than
steers that received the basal diet
only during a 28-d receiving pe-
riod. Similarly, Arthington et al.
(1995) reported that the calves of
cows supplemented with Cu oxide
boluses had lesser weaning weights

than calves of non-supplemented
cows. These results contrast with
those of Berry et al. (2000) who ob-
served that the same TM injection
used in our study had no effect on
ADG of steers during a 28-d receiv-
ing period.

The HI steers had greater (P <
0.01) incidence of undifferentiated
fever than LO steers did (Table 3).

TABLE 6. Effects of respiratory disease risk and a bolus injection of
trace minerals or saline at receiving on insidence of liver abscesses
among beef steers.

Liver scorea

Item 0 A− A A+ P

Respiratory diesase riskb

High 60.7% 32.6% 6.7% 0.0% <0.01
Low 73.5% 15.3% 6.1% 5.1% —

Bolus injectionc

Trace mineral 62.9% 23.6% 8.9% 4.5% 0.23
Saline 71.4% 23.5% 4.1% 1.0% —

aLiver scores were assessed on the following scale: 0 = no visible lesions; A− = 1
small encapsulated abscess (<2.54 cm in diameter); A = 2 to 4 small
encapsulated abscesses (<2.54 cm in diameter); and A+ = large enflamed
abscesses (>2.54 cm in diameter).
bSteers at low risk for respiratory disease were weaned on their farm of origin
for 45 d following maternal separation and were vaccinated twice on their farm
or origin for clostridial diseases, infectious bovine rhinotracheitis, bovine viral
diarrhea, parainfluenza-3, and bovine respiratory syncytial virus. Steers at high
risk for respiratory disease had no known vaccination or weaning history prior
to the study.
cBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.

Furthermore, the cost associated
with antibiotic treatment for undif-
ferentiated fever was greater (P =
0.01) for HI steers than LO steers
(Table 4). Cole (1985) reported that
preconditioned steers experienced
lesser morbidity than non-precondi-
tioned steers. Incidence of undiffer-
entiated fever and treatment costs
were similar (P = 0.86) between TM
and SA cattle.

Dry matter intake and ADG by
LO steers were greater (P < 0.01)
than that of HI steers during the
finishing period, whereas TM ad-
ministered at receiving had no ef-
fect (P ≥ 0.40) on DMI or ADG dur-
ing the finishing period. Steers at
high risk for BRD tended (P = 0.09)
to have greater G:F during finish-
ing compared to the LO steers.
Moreover, TM was associated with
increased G:F (P < 0.04) during fin-
ishing compared with SA. The rea-
son for this association was not
clear. Ahola et al. (2005) reported
that supplementation of Cu, Zn,
and Mn to cows and calves prior to
weaning produced mixed results on
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TABLE 7. Effects of respiratory disease risk and a bolus injection of
trace minerals or saline at receiving on incidence of lung
abnormalities among beef steers.

Incidence of Incidence of
Item normal lungs abnormal lungs P

Respiratory disease riska

High 73.6% 26.4% 0.23
Low 81.1% 18.9% —

Bolus injectionb

Trace mineral 77.6% 22.4% 0.96
Saline 77.3% 22.7% —

aSteers at low risk for respiratory disease were weaned on their farm of origin
for 45 d following maternal separation and were vaccinated twice on their farm
of origin for clostridial diseases, infectious bovine rhinotracheitis, bovine viral
diarrhea, parainfluenza-3, and bovine respiratory syncytial virus. Steers at high
risk for respiratory disease had no known vaccination or weaning history prior
to the study.
bBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.

subsequent feedlot growth effi-
ciency of calves during a 2-yr
study. In the first year of the study,
G:F of cattle that received TM sup-
plementation was less than that of
unsupplemented cattle; supple-
mented and unsupplemented
calves had similar G:F during the
second year. Spears and Kegley
(2002) reported that G:F tended to
be greater for cattle that were sup-
plemented with organic Zn than
for those supplemented with inor-
ganic Zn.

Respiratory disease risk was a
function of the origin of the cattle
used in this study. All HI cattle
were purchased through local auc-
tions markets. They had no known
history of vaccination, concentrate-
based feed consumption, or pre-
shipment weaning before the time
they where placed on this trial. In
contrast, cattle designated as LO
originated from the University of
Missouri beef herd. These cattle
were selected for superior carcass
quality over several generations,
whereas HI cattle had no known se-
lection history. Even though all of
the cattle on this trial were pheno-
typically similar, a legitimate com-
parison of carcass data between HI

and LO was not considered possi-
ble. For this reason, only main ef-
fects of bolus injection type on car-
cass characteristics were reported
(Table 5).

There was no difference in hot
carcass weight, kidney, pelvic, and
heart fat, marbling score, fat thick-
ness, longissimus area, or USDA
yield grade (P > 0.34) between the
TM and SA treatments. Ahola et al
(2005) reported no differences in
carcass characteristics of finishing

TABLE 8. Effects of a bolus injectiona of trave minerals or saline at
receiving on carcass traits of beef steers at high risk for respiratory
disease and treated at least once for undifferentiated fever.

Item Trace mineral Saline SE P

Hot carcass weight (kg) 354.0 358.5 21.62 0.42
Marbling scoreb 41.2 41.1 8.14 0.99
12th rib backfat thickness (cm) 1.17 1.24 0.774 0.43
Longissimus area (cm2) 81.3 78.7 0.72 0.13
KPHc (%) 2.1 2.1 0.30 0.78
USDA yield grade 3.00 3.26 0.067 0.10

aBolus injection consisted of a 5-mL s.c. injection containing 75 mg of Cu, 25
mg of Se, 50 mg of Mn, and 200 mg of Zn or a 5-mL s.c. injection of saline.
bMarbling scores: 30 = Slight00, 40 = Small00, and 50 = Modest00.
cKPH = kidney, pelvic, and heart fat.

cattle that were supplemented with
Cu, Zn, and Mn prior to weaning
and those that had not been supple-
mented before weaning. Steers at
low risk for respiratory disease had
fewer (P = 0.01) liver abscesses
than HI steers; however, liver
scores were similar (P = 0.23) be-
tween the TM or SA treatments (Ta-
ble 6). There were no differences
(P = 0.23) in the frequency of lung
lesions between HI and LO steers
or between TM and SA treatments
(P = 0.96; Table 7).

Similar to reports by Gardner et
al. (1999), there appeared to be no
relationship in this study between
frequency of treatment for undiffer-
entiated fever and frequency of
lung lesions. Larson (2005) indi-
cated that the poor relationship be-
tween observed clinical illness dur-
ing finishing and the detection of
lung lesions at harvest could have
at least 2 explanations. First, lung
lesions could result from respira-
tory infections that occurred before
the finishing period. Second, it is
possible that BRD may not result in
lung lesions. Steers at high risk for
respiratory disease that were given
TM at receiving and were also
treated for BRD at least once
tended to have larger longissimus
areas (P = 0.13) and lesser USDA
yield grades (P = 0.10) than did HI
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steers treated with a bolus injection
of saline at receiving (Table 8).
Gardner et al. (1999) reported that
carcasses of cattle treated at least
once for BRD had smaller longissi-
mus areas and less external and in-
ternal body fat deposition than
their healthy counterparts.

Implications
Results of this study suggest that

the incidence of clinical respiratory
disease symptoms is much more
prevalent in non-preconditioned
steers than in preconditioned
steers. An injectable TM supple-
ment administered at receiving had
no effect on the incidence of undif-
ferentiated fever; moreover, it was
associated with decreased growth
performance during the receiving
period. Conversely, the bolus TM
injection administered at receiving
was associated with larger longiss-
mus area and lesser USDA yield
grade in steers at high risk for respi-
ratory disease that had been
treated at least once for undifferen-
tiated fever. Moreover, an improve-
ment in G:F during finishing was
observed in steers injected with a
bolus dose of a TM solution at re-
ceiving compared to those injected
with saline at receiving. It is con-
cluded that 1) the effects of supra-
nutritional TM supplementation
on incidence of respiratory disease
in receiving cattle are unclear and
warrant further study, and 2) fur-
ther research is needed to deter-
mine the economic value of the in-
dividual components of precondi-
tioning (i.e., concentrate-based
feed consumption, vaccination,
and weaning method).
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