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CASE STUDY: Effects of Implant
Programs on Buller Incidence,
Feedlot Performance, and Carcass
Characteristics of Yearling Steers1
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Abstract
English and English × Continental

crossbred steers (272 steers per pen; 4
pens per treatment) were used in a ran-
domized complete block design to deter-
mine the effects of terminal implant type
(Revalor S� [Hoechst-Roussel Vet, Somer-
ville, NJ] and Component TES™ [Vet
Life, Overland Park, KS]; each con-
taining 24 mg of estradiol-17β and 120
mg of trenbolone acetate) and timing of
terminal implant administration (d 1 or
50) on buller incidence, feedlot perfor-
mance, and carcass characteristics. Steers
either received Component TES™ (TES)
or Revalor S� (RevS) on d 1 or 36 mg of
zeranol (Ralgro�; Schering-Plough,
Omaha, NE) on d 1 and TES (Ral/TES)
or RevS (Ral/RevS) on d 50. Steers receiv-
ing TES and RevS were not removed
from the home pen on d 50, and all
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steers were harvested after 144 d. Bullers
pulled during the first 50 d were returned
to home pens on d 50 and were classi-
fied as a repull if removed again as a
buller. The incidence of new bullers dur-
ing the first 50 d did not differ (P=0.14)
between steers receiving TES (2.3%),
RevS (1.75%), or Ralgro� initially
(1.42%; Ral/TES + Ral/RevS). There
were fewer new bullers from d 50 to 144
for TES and Ral/TES than for RevS and
Ral/RevS (P=0.02; 0.97% vs 1.88%, re-
spectively) and also when steers received
a terminal implant on d 1 compared
with d 50 (P=0.01; 0.92% vs 1.93%, re-
spectively); however, the overall incidence
of new bullers did not differ
(P>0.43) among treatments. Neither im-
plant type nor timing influenced repull
incidence from d 50 to 144 (P>0.45) or
the overall incidence of total (new + re-
pull) bullers (P>0.43). Steer DMI (im-
plant type × timing, P=0.04) was least
(P<0.02) for Ral/TES, intermediate for
TES, and greatest RevS and Ral/RevS.
Live and carcass-adjusted BW gain effi-
ciencies were 2.4% greater (P<0.03) for
TES or Ral/TES than for RevS or Ral/
RevS. Final BW, ADG, and hot carcass
weight did not differ (P>0.19) among
treatments. Steers receiving Ral/TES and
Ral/RevS had a greater percentage of
dark cutters (P<0.01), more Yield Grade
1 carcasses (P<0.01), and fewer Yield

Grade 3 carcasses (P<0.01) than TES or
RevS. Administering TES on d 1 or 50 re-
sulted in improved gain efficiency,
whereas overall buller incidence was not
influenced by terminal implant type or
timing. Administering either TES or RevS
on d 50 increased the incidence of dark
carcasses, resulted in more Yield Grade 1
and fewer Yield Grade 3 carcasses, and
influenced when bullers developed but
did not influence carcass quality grade
distribution or overall buller incidence.

(Key Words: Buller Steer Syndrome,
Anabolic Implants.)

Introduction
The buller steer syndrome observed

in feedlots is an abnormal behavioral
and social condition that can be con-
sidered an economic problem arising
from animal injury, mortality, and
management. A 15-yr summary of
buller steers in Midwest feedyards
consisting of 5,355,318 steers re-
ported a buller incidence of 2.45%
(Edwards, 1995). A 2-yr study by Tay-
lor et al. (1997) at a western Cana-
dian feedyard using 78,445 male cat-
tle indicated a buller incidence rate
ranging from 0.0 to 11.2%; average
incidence was 2.7%.
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It is generally recognized that ana-
bolic implants may be one of several
factors involved in the buller steer
syndrome. Irwin et al. (1979) re-
ported a greater percentage of bullers
in groups of steers implanted with a
combination of progesterone and es-
tradiol (2.46%) than in those im-
planted with zeranol (0.46%); 13,244
steers received the combination im-
plant, and 1721 steers received the
zeranol implant. Taylor et al. (1997)
concluded that re-implanting with es-
tradiol + progesterone (Synovex S�,
Fort Dodge Animal Health, Fort
Dodge) did not alter buller incidence
compared with cattle receiving only
Synovex S initially. In contrast, Tur-
geon and Koers (1997) analyzed data
from a historical database involving
47.85 million feedlot cattle and re-
ported that buller incidence was sub-
stantially increased for re-implanted
steers (3.21% vs 1.65%).

Booker et al. (1997) conducted a
field trial in Nebraska with 14,196
steers fed for an average of 147 d.
Those researchers reported that the
overall new rider incidence was in-
creased when the initial implant con-
tained 28 mg of estradiol benzoate
and 200 mg of trenbolone acetate
compared with an initial implant
with 36 mg of zeranol followed by a
re-implant on d 70 with either 28 mg
of estradiol benzoate and 200 mg of
trenbolone acetate or 24 mg of estra-
diol-17β and 120 mg of trenbolone
acetate (9.93, 5.06, and 3.99% new
riders, respectively), whereas the rider
repull incidence did not differ. The
objective of this study was to deter-
mine the effects of terminal anabolic
implant type and timing of terminal
implant administration on buller inci-
dence, live performance, and carcass
characteristics of yearling steers.

Materials and Methods
The present study was conducted

at a 60,000-animal capacity commer-
cial feedlot near Perryton, Texas. Re-
search pens were constructed of
wood and cable fences, were soil-sur-
faced (approximately 2% slope), con-

tained automatic water tanks, and
contained concrete fenceline feed
bunks allowing 22 cm of bunk space
per animal. Pen space per animal
ranged from 13.10 to 13.33 m2.
Mounds were situated perpendicular
to the feed bunk in each pen, and
pens did not contain shade or shel-
ter. Blocks of study pens were located
in a single line with feed bunks ori-
ented east and west. Animal housing
conditions and animal care and han-
dling procedures followed recommen-
dations by FASS (1999).

English and English × Continental
crossbred steers (n = 4352; mean ini-
tial BW = 351 kg) of Southwestern US
origin (three states and seven sources)
were used in a randomized complete
block design to evaluate the effect of
terminal anabolic implant type and
timing of terminal implant adminis-
tration on buller incidence, live per-
formance, and carcass characteristics
of steers. The first block of steers was
received on January 29, the second
block was received on February 16,
the third block was received on Febru-
ary 23, and the fourth block was re-
ceived on March 7, 2000. Cattle
within a block (1088 steers) were ran-
domized to pens in groups of 10 us-
ing random number sequences of the
four sorting pens; four contiguous
study pens (272 steers per pen)
within a block were randomized to
treatment. Each replicate was stra-
tified by source and was randomized
within 1 to 7 d after arrival. Treat-
ments of terminal implants were 1)
TES, an estradiol (24 mg) plus trenbo-
lone acetate (120 mg) implant (Com-
ponent TES™; Vet Life, Overland
Park, KS) on d 1 only; 2) RevS, an es-
tradiol (24 mg) plus trenbolone ace-
tate (120 mg) implant (Revalor S�;
Hoechst-Roussel Vet, Somerville, NJ)
on d 1 only; 3) Ral/TES, a zeranol (36
mg) implant (Ralgro�; Schering-
Plough, Omaha, NE) on d 1 and
Component TES™ on d 50; and 4)
Ral/RevS, Ralgro� on d 1 and Revalor
S� on d 50.

Each pen of steers was processed us-
ing a hydraulic squeeze chute for re-
straint. Processing included adminis-

tering the appropriate implant, vacci-
nation against viral antigens
(Bovishield� IBR-BVD; Pfizer, Exton,
PA), administering a clostridial bac-
terin-toxoid (Vision 7 with Spur�;
Bayer, Shawnee Mission, KS), and
treatment for internal and external
parasites (Dectomax�; Pfizer). Cattle
were weighed as a pen after randomiz-
ing. The processing crew adminis-
tered implants in a procedure in
which the ear was scraped and
washed as needed (chlorhexidine solu-
tion); however, any previous im-
plants were not excised.

Steers were adapted to a high con-
centrate diet over 24 d by altering the
ratio of the adaptation diet to the fin-
ishing diet. The adaptation diet (as-
fed basis) consisted of 49.2% steam-
flaked corn, 15.0% chopped alfalfa
hay, 18.0% cottonseed hulls, 8.0%
molasses, 8.0% starter supplement,
and 1.8% vitamin-mineral premix.
Calculated DM composition of the
diet was 1.07 Mcal of NEg/kg and
14.0% CP (NRC, 1996). The finishing
diet (as-fed basis) consisted of 78.9%
steam-flaked corn, 9.5% chopped al-
falfa hay, 2.0% molasses, 2.2% fat,
6.4% finisher supplement, and 1.0%
vitamin-mineral premix; calculated
DM composition of the finishing diet
was 1.52 Mcal of NEg/kg and 13.57%
CP (NRC, 1996).

Feed deliveries were recorded daily,
and diet DM was determined daily to
calculate DMI. Health data were re-
corded for each animal that entered
the hospital pen. Buller steers pulled
from the home pen were individually
identified with a numbered ear tag
and placed in a common buller pen
until d 50, at which time all bullers
were returned to their home pens.
The buller pen housed both bullers
from the study as well as bullers from
other pens at this feedlot. Home pen
feed intake data were adjusted to add
DMI by bullers and animals residing
in the hospital pen and by deducting
DMI by animals that died or were har-
vested before the end of the study
(i.e., railed). These adjustments were
made at the end of the study to over-
all individual DMI for each pen based
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on the assumptions that 1) DMI by
animals in the hospital pen was 50%
of overall individual DMI by steers re-
maining in the home pen for the ap-
propriate number of days and 2) DMI
by other cattle removed from the
home pen (bullers, railers, cattle that
died in the home pen) was 100% of
overall individual DMI by steers re-
maining in home pen for the appro-
priate number of days. Thus, perfor-
mance data are presented with de-
ceased and railed animals removed.

The first block of steers was
shipped for slaughter on June 28, the
second block was shipped for slaugh-
ter on July 6, the third block was
shipped for slaughter on July 13, and
the fourth block was shipped for
slaughter on July 27, 2000. On the
day of shipment, each pen was
weighed in multiple groups, and ani-
mals from a pen were maintained sep-
arately during transport and harvest.
The order of weighing and shipping
of each pen within block at the feed-
lot was the same order in which each
pen was harvested. Any buller steers
that were pulled after d 50 remained
segregated in the buller pen until
shipment for slaughter. Buller steers
corresponding to each study pen
were shipped for harvest on the same
day as the study pen, but buller steers
were weighed and remained segre-
gated through the harvest process. In-
dividual carcass data determined by
USDA graders were obtained from the
customer sheet provided by the har-
vest facility (IBP, Amarillo, TX) and
included hot carcass weight, quality
grade, and yield grade. Adjusted final
BW was calculated by dividing hot
carcass weight by the overall mean
dressing percentage.

Live performance, hot carcass
weight, and dressing percentage data
were analyzed using the mixed model
procedures (SAS Inst., Inc., Cary, NC).
Models included the fixed effects of
terminal implant type, terminal im-
plant timing, implant type × timing,
and the random effect of block using
pen as the experimental unit. Means
were separated by least significant dif-
ference following a protected (P<0.05)

F-test. The incidence of dark cutters
and bullers and quality and yield
grade distributions were evaluated us-
ing nonparametric procedures (Cat-
mod; SAS Inst., Inc.); Fisher’s exact
test was used to accommodate low
cell frequencies.

Results and Discussion
Buller Incidence. The design of

the present study was such that three
treatments rather than four existed be-
fore reimplanting (d 1 to 49). Thus,
data were pooled for steers receiving
Ral/TES and Ral/RevS before analyz-
ing data for the incidence of new bull-
ers before d 50. The number of steers
pulled as new bullers during the first
49 d (Figure 1a) did not differ
(P=0.14) among steers receiving TES,
RevS, or Ralgro� initially (Ral/TES +
Ral/RevS). Fewer new bullers were
pulled from d 50 to slaughter (Figure
1b) for TES and Ral/TES (implant
type, P=0.02) compared with Rev S
and Ral/RevS or when steers received
an initial terminal implant (TES and
RevS; timing, P=0.01) compared with
those receiving the terminal implant
on d 50 (Ral/TES and Ral/RevS); the
effects of implant type and timing
were independent (P=0.89). However,
overall (d 1 to slaughter) new buller
incidence (Figure 1c) did not differ
(P>0.43) among treatments.

No interactions (P>0.34) were evi-
dent between terminal implant type
and timing of implant administration
for the incidence of bullers repulled
after d 50 or total bullers (new + re-
pulls; Table 1). The incidence of re-
pulled bullers, either as a percentage
of the pen or as a percentage of new
bullers, was not influenced by termi-
nal implant type or timing (P>0.45).
There was a terminal implant type ef-
fect (P=0.04) and a timing effect (P=
0.05) for total bullers from d 50 to
144 (implant type × timing, P=0.89);
there were fewer total bullers after d
50 for TES and Ral/TES compared
with RevS and Ral/RevS (1.65% vs
2.58%, respectively) or when the ter-
minal implant was given on d 1 com-
pared with d 50 (1.66% vs 2.57%, re-

spectively). However, total bullers
over the entire study (d 1 to 144) did
not differ (P>0.93) among treatments.

Although the overall (d 1 to 144)
incidence of new, repulled, or total
(new + repulls) bullers was not influ-
enced by either terminal implant
type or timing, the greater new buller
incidence from d 50 to 144 by Ral/
TES and Ral/RevS steers in the pres-
ent study was reflected in the greater
total buller incidence from d 50 to
144 by Ral/TES and Ral/RevS. An ex-
planation for the increased total
buller incidence after d 50 for Revalor
(RevS + Ral/RevS) compared with TES
(TES + Ral/TES) is not readily appar-
ent. In the present study, animals re-
ceiving the terminal implant initially
were not removed from their home
pen and handled on d 50 in a man-
ner similar to the re-implanted cattle.
Thus, the relative contribution of han-
dling independent of administering
an implant cannot be discerned from
the present study.

Taylor et al. (1997) concluded from
their 2-yr epidemiological study using
78,445 male cattle entering a feedlot
in western Canada that re-implanting
with estradiol + progesterone (Syno-
vex S�) did not alter buller incidence
compared with cattle receiving Syno-
vex S� on d 1 only. In contrast, Tur-
geon and Koers (1997) reported that
buller incidence in their historical
data on 47.85 million feedlot cattle
was substantially increased for re-im-
planted steers (3.21% vs 1.65%). A
30-pen field trial conducted under
commercial feedlot conditions in Ne-
braska involving 14,196 steers fed for
an average 147 d was conducted by
Booker et al. (1997). They found that
the overall new rider incidence was
greater when the initial implant con-
tained 28 mg of estradiol benzoate
and 200 mg of trenbolone acetate
compared with an initial implant
with 36 mg of zeranol followed by a
re-implant on d 70 with either 28 mg
of estradiol benzoate and 200 mg of
trenbolone acetate or 24 mg of estra-
diol-17β and 120 mg of trenbolone
acetate (9.93, 5.06, and 3.99% new
riders, respectively), whereas the rider
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Figure 1. Effect of terminal anabolic implant type and timing of administration on new buller incidence a) from d 1 to 49, b) from d 50 to
slaughter, and c) from d 1 to slaughter. Treatments were TES = estradiol (24 mg) + trenbolone acetate (120 mg) implant (Component
TES™; Vet Life, Overland Park, KS) on d 1; RevS = estradiol (24 mg) + trenbolone acetate (120 mg) implant (Revalor S�; Hoechst-Roussel
Vet, Somerville, NJ) on d 1; Ral/TES = zeranol (36 mg) implant (Ralgro�; Schering-Plough, Omaha, NE) on d 1 and TES on d 50; and Ral/
RevS = Ralgro� on d 1 and RevS on d 50. New buller incidence from d 1 to 49 reflects the three treatments that existed before re-implanting
on d 50. The initial implant did not influence (χ2 statistic, P=0.14) new buller incidence from d 1 to 49 (a). New buller incidence from d 50
to slaughter (b) was less for steers receiving TES and Ral/TES than for steers receiving RevS and Ral/RevS (implant type, P=0.02) and for
steers receiving the terminal combination implant on d 1 compared with d 50 (timing, P=0.01). These effects did not interact (P=0.89). New
buller incidence from d 1 to slaughter (c) was not influenced by either terminal implant type or timing of administration (P>0.43).
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TABLE 1. Effect of terminal anabolic implant type and timing of
administration on buller incidence by steersa.

Treatmentb

Item TES RevS Ral/TES Ral/RevS

Repullsc

d 50 to 144, % of pend 0.64 0.83 0.74 0.55
d 50 to 144, % of new bullerse 21.9 28.1 22.9 15.8

Total bullers
d 50 to 144, % of penf,g 1.29 2.02 2.00 3.13
d 1 to 144, % of penh 3.58 3.77 3.95 4.04

aImplant type × timing interaction for all response variables (P>0.34).
bTES = Estradiol (24 mg) plus trenbolone acetate (120 mg) implant (Component
TES™; Vet Life, Overland Park, KS) on d 1; RevS = estradiol (24 mg) plus trenbolone
acetate (120 mg) implant (Revalor S�; Hoechst-Roussel Vet, Somerville, NJ) on d 1;
Ral/TES = zeranol (36 mg) implant (Ralgro�; Schering-Plough, Omaha, NE) on d 1
and TES on d 50; and Ral/RevS = Ralgro� on d 1 and RevS on d 50.
cRepulls only occurred from d 50 to 144 because previously pulled bullers (d 1 to
49) from all treatments were not reintroduced into the respective home pen until d
50.
dNumber of repulled bullers from d 50 to 144 divided by the total number of
animals in the home pen.
eNumber of repulled bullers from d 50 to 144 divided by the number of new
bullers from d 1 to 144.
fNumber of total bullers (new bullers + repulled bullers) from d 50 to 144 divided
by total number of animals in the home pen.
gChi-square statistic for implant type effect (P=0.04), timing effect (P=0.05), implant
type × timing (P=0.89).
hNumber of total bullers pulled from d 1 to 144 divided by the total number of
animals in the home pen.

repull incidence did not differ. Those
researchers further reported that im-
plant type within re-implant treat-
ments did not influence the overall
new rider rate. However, the extent
to which the rider incidence of
Booker et al. (1997) equates to buller
incidence in the present study (simi-
lar between an initial Ralgro�, RevS,
or TES) is not clear.

Irwin et al. (1979) evaluated buller
incidence over a 1-yr period in a feed-
lot near Bushland, Texas (20,428
steers) and reported a greater percent-
age of bullers in groups of steers im-
planted initially only with a combina-
tion of progesterone and estradiol
(2.46%) than in those implanted
with zeranol (0.46%). It should be
noted that 13,244 steers received the
combination implant, and 1721
steers received the zeranol implant,

thus making the study design unbal-
anced. Although Herrick (1980) pro-
posed that the implanting technique
is a more likely cause for bullers than
implant type, data supporting this
contention are not available. Collec-
tively, data may suggest that a ten-
dency exists for greater buller inci-
dence during the early part of the
feeding period when an estrogen +
progesterone or estrogen + trenbo-
lone acetate implant is given on ar-
rival than when implants with zera-
nol (36 mg) are given on arrival, but
that buller incidence during the latter
part of the feeding period is likely to
be greater for steers re-implanted with
an estrogen + trenbolone acetate im-
plant than for steers receiving a sin-
gle estrogen + trenbolone acetate im-
plant on arrival only. Data from the
current study suggest that these in-

terim influences (d 1 to re-implant,
re-implant to slaughter) on buller inci-
dence are offset by the end of the fin-
ishing period, such that buller inci-
dence over the entire feeding period
is similar.

It is hypothesized that hormonal
changes may be involved in buller de-
velopment, and it is possible that
even subtle differences in release rate
of active ingredients may contribute
to buller incidence, even if the type
and dose of active ingredients is iden-
tical (e.g., RevS and TES). Brower and
Kiracofe (1974) reported that buller
and normal steers excreted a similar
amount of total estrogens in urine us-
ing total urine collections. Brower
and Kiracofe (1978) discovered that
bullers had both a greater total urine
and plasma estrogen concentration in
spot samples collected every 6 h for
24 h than did normal steers. How-
ever, Irwin et al. (1979) provided evi-
dence that the expression of a go-
nadal hormone may not be responsi-
ble for buller behavior. In a group of
steers implanted with estradiol + pro-
gesterone, total serum estradiol and
testosterone concentrations were less
in buller steers when they were first
observed bulling than in either nor-
mal steers or in the buller steers 3 d
after being isolated from pen mates.
Wettemann and Lehman (1997), in
two pilot studies in different feedlots
and during different seasons, reported
that the concentrations of estradiol in
plasma were numerically less in
bullers.

Serum concentrations of estradiol
and trenbolone acetate were dramati-
cally greater for steers given RevS (Lee
et al., 1990) and heifers given Revalor
H� (Hoechst-Roussel Vet) (Henricks et
al., 1997); however, comparative data
between RevS and TES are not avail-
able. Epp et al. (2003) collected blood
samples from steers at feedlot arrival
and at the onset of bulling behavior
to assess circulating hormone concen-
trations. Those researchers reported a
lesser progesterone concentration
(0.36 vs 0.22 ng/mL) and greater tes-
tosterone concentration by bullers
(4.2 vs 16 pg/mL) at the time of bull-
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ing behavior compared with serum
concentrations at feedlot arrival. In
vitro data (Youdim et al., 1989) using
bovine adrenal endothelial cells sug-
gest that testosterone does not influ-
ence, progesterone mildly stimulates,
and 17α-estradiol potently inhibits
monoamine oxidase type A activity.
Bachman et al. (1992) hypothesized
that estrogenic implants might in-
hibit monoamine oxidase activity in
ruminants and increase the biological
half-life of epinephrine. Lambs chal-
lenged with epinephrine after 21 d of
exposure to an estradiol-17β implant
had increased serum glucose, similar
serum insulin, and decreased nones-
terified fatty acid concentrations at
10 min after the challenge compared
with non-implanted lambs, which
may be consistent with decreased
monoamine oxidase activity. Brain tis-
sue collected by Epp et al. (2003)
from bullers at the packing plant con-
tained more monoamine oxidase A
mRNA than tissue from non-bullers.
The lesser estradiol concentrations
previously reported for bullers tend to
support the monoamine oxidase data
of Epp et al. (2003; reduced inhibi-
tion), although the functionality of
the greater enzyme quantity found in
bullers has not been tested. Perhaps a
component of the etiology of the
buller steer syndrome and the influ-
ence of re-implanting on buller inci-
dence relates differences in estrogen
metabolism [e.g., testosterone conver-
sion to estradiol via aromatase (Zu-
bay, 1993), estrogen degradation]
and/or modifications in dopamine
availability (Zubay, 1993), but further
research is needed.

Feedlot Performance. Data from
animals that did not complete the
study were excluded (27 died, 18
railed, 2 condemned) from analysis.
In the overall mixed model, there
was an interaction between terminal
implant type and timing (P=0.04) for
DMI (Table 2). Dry matter intake was
least (P<0.02) for steers receiving Ral/
TES, intermediate for steers receiving
TES, and greatest for steers receiving
RevS and Ral/RevS; DMI tended (P=
0.06) to be greater for steers receiving

TABLE 2. Effect of terminal anabolic implant type and timing of
administration on overall feedlot performance by steers (deceased and
railed animals removed).

Treatmenta

Item TES RevS Ral/TES Ral/RevS SEb

Pens, no. 4 4 4 4 —
Animals, no. 1076 1084 1076 1071 —

Initial BW, kg 350.6 349.5 349.7 350.5 7.4
Final BW, kg 574.6 571.8 570.2 574.7 4.4

ADG, kg/d (live basis) 1.56 1.55 1.54 1.56 0.03
ADG, kg/d (carcass adjustedc) 1.55 1.54 1.55 1.56 0.03
DMI, kg/dd 8.91e,f 8.98e 8.73f 9.11e 0.1
Feed efficiency, DMI:ADG

Live basisg 5.73 5.80 5.69 5.85 0.09
Carcass-adjustedc,g 5.75 5.82 5.65 5.82 0.04

Observed/expected diet NEg 97.4 96.0 98.7 94.7 —

aTES = estradiol (24 mg) plus trenbolone acetate (120 mg) implant (Component
TES™; Vet Life, Overland Park, KS) on d 1; RevS = estradiol (24 mg) plus trenbolone
acetate (120 mg) implant (Revalor S�; Hoechst-Roussel Vet, Somerville, NJ) on d 1;
Ral/TES = zeranol (36 mg) implant (Ralgro�; Schering-Plough, Omaha, NE) on d 1
and TES on d 50; and Ral/RevS = Ralgro� on d 1 and RevS on d 50.
bStandard error of the least square mean; n = 4 pens per treatment.
cCalculated using adjusted final BW (observed hot carcass weight/[overall observed
dressing percentage/100]).
dImplant type × timing interaction (P=0.04); implant type effect (P=0.01).
e,fMeans with different superscripts differ (P<0.02).
gImplant type effect (P<0.03).

Ral/RevS than for steers receiving TES.
As a result, DMI by steers receiving
RevS and Ral/RevS was greater (im-
plant type, P=0.01) than that by
steers receiving TES or Ral/TES. Live
DMI:ADG and carcass-adjusted
DMI:ADG showed no interaction be-
tween implant type and timing
(P>0.10). Live (5.83 and 5.71 ± 0.08)
and carcass-adjusted DMI:ADG ratios
(5.82 and 5.70 ± 0.03) were greater
(implant type, P<0.03) for steers re-
ceiving TES and Ral/TES than for
those receiving RevS and Ral/RevS, re-
spectively. Neither implant type nor
timing (P>0.19) influenced final BW,
live ADG, or carcass-adjusted ADG.

The lesser feed intake by steers re-
ceiving Ral/TES and tendency for
higher DMI by steers receiving Ral/
RevS was unexpected, and reasons for
this response are not clear. It is ex-
pected that a small influence on per-
formance would be exerted by the ob-

served increase in new buller inci-
dence after d 50 by steers receiving
Revalor (RevS, Ral/RevS) compared
with those receiving TES (TES, Ral/
TES). It is not clear whether ADG and
DMI by bullers are comparable with
non-bullers residing in the home
pen. In addition, some estimation er-
ror is anticipated in determining
buller DMI using the assumption
mentioned previously. Although total
buller incidence did not differ among
treatments, the total number of buller
days (number of bullers in buller pen
× days of residence) was 1817, 2116,
1806, and 2292 for TES, RevS, Ral/
TES, and Ral/RevS, respectively. Thus,
treatment DMI would change approxi-
mately 0.09 to 0.1 kg/d if buller DMI
for a treatment was truly over- or un-
derestimated by 10%.

The potential influence of implant
defects on treatment response cannot
be excluded in the present study be-
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cause implant integrity after adminis-
tration was not assessed. Berry et al.
(2000) reported that steers missing
the terminal implant (administered at
60 d on feed) at the time of post-
slaughter ear evaluation had lesser
ADG than steers having normal im-
plants at slaughter. However, the simi-
lar ADG between treatments in the
present study argues against differ-
ences in implant retention or other
abnormalities (Anderson and Botts,
2002), and the clear changes in car-
cass yield grade and dark cutter inci-
dence caused by terminal implant
timing (discussed subsequently), but
not implant type, seem to further sug-
gest similar arrival implant status of
study cattle.

A comprehensive review (Duckett
et al., 1997) concluded that the great-
est increase in DMI seems to occur
when steers are implanted twice with
a strong estrogen implant compared
with steers re-implanted with a
strong estrogen + androgen implant.
The terminal implants used in the
present study contained similar con-
centrations of the same active ingredi-
ents; thus, differences between im-
plant types should reflect potential
differences in release rate of active in-
gredients and/or other unique aspects
associated with manufacturing. Bartle
et al. (1992) reported that lactose-
based and cholesterol-based carriers
in combination implants (estrogen +
trenbolone acetate) supported similar
animal performance. Moreover, the
terminal combination implants used
in the present study both contain a
cholesterol-based carrier (J. Hutche-
son, Intervet, Inc., personal communi-
cation, Marcy 18, 2003; P. Anderson,
Vet Life Inc., personal communica-
tion, March 10, 2003).

Duckett et al. (1997) indicated that
ADG by implanted steers tended to
increase with DMI. Regression analy-
ses by those researchers indicated
that an estrogen + androgen implant
increased ADG by over 0.18 kg (0.4
lb)/d, even when feed intake was not
increased, suggesting that this re-
sponse may be the result of increased
lean vs lipid deposition (Montgomery

TABLE 3. Effect of terminal anabolic implant type and timing of
administration on carcass characteristics of steers.

Treatmenta

Item TES RevS Ral/TES Ral/RevS SEb

Pens, no. 4 4 4 4 —
Animals, no. 1075 1084 1076 1070 —

Hot carcass weight, lbc 817 813 815 820 7.5
Hot carcass weight, kgc 370.8 368.9 369.5 372.1 3.4
Dressing percentaged 64.53 64.52 64.79 64.73 0.28

Quality graded

Prime, % 0.7 0.6 0.7 0.5 —
Choice, % 52.1 51.1 49.9 53.0 —
Prime + Choice, % 52.8 51.7 50.6 53.5 —
Select, % 42.0 43.4 43.8 41.3 —
Standard, % 5.1 4.7 4.8 4.4 —
Dark cutter, %e,f 0.1 0.2 0.8 0.8 —

Yield graded

1, %f 18.5 18.0 26.0 26.6 —
2, % 39.8 41.0 40.5 37.4 —
3, %f 39.6 39.1 31.9 34.4 —
4 and 5, % 2.1 1.9 1.6 1.6 —

aTES = estradiol (24 mg) plus trenbolone acetate (120 mg) implant (Component
TES™; Vet Life, Overland Park, KS) on d 1; RevS = estradiol (24 mg) plus trenbolone
acetate (120 mg) implant (Revalor S�; Hoechst-Roussel Vet, Somerville, NJ) on d 1;
Ral/TES = zeranol (36 mg) implant (Ralgro�; Schering-Plough, Omaha, NE) on d 1
and TES on d 50; and Ral/RevS = Ralgro� on d 1 and RevS on d 50.
bStandard error of the least square mean; n = 4 pens per treatment.
cImplant type × timing interaction (P=0.06), implant type effect (P=0.73), and
timing effect (P=0.38).
dImplant type × timing interaction (P>0.14).
eOnly includes full dark carcasses (e.g., 3/3).
fTiming effect (P<0.01).

et al., 2001) and/or improved ener-
getic efficiency (Hutcheson et al.,
1997; Guiroy et al., 2002). Even
though steers receiving Ral/RevS
tended to have the greatest DMI in
the present study, steers receiving TES
and Ral/TES had improved feed effi-
ciency. The similar feed efficiency be-
tween steers receiving TES or Ral/TES
is similar to the response reported by
Pritchard (2000) for 327-kg steers
given Revalor S initially or as a re-im-
plant after 56 d of exposure to zera-
nol and fed for 138 d.

Carcass Characteristics. There was
a tendency for an interaction be-
tween terminal implant type and tim-
ing (P=0.06) for hot carcass weight
(Table 3), but neither implant type

(P=0.73) nor timing (P=0.38) influ-
enced hot carcass weight. There were
no main effect interactions for carcass
quality measures, yield grade, or dress-
ing percentage (P>0.14). However, ad-
ministering the terminal implant on
d 50 (Ral/TES, Ral/RevS) resulted in a
higher percentage of dark cutters
(P<0.01) than TES or Rev S (on d 1
only). Timing of implant administra-
tion was also a factor in the propor-
tion of Yield Grade 1 and 3 carcasses
(P<0.01); steers receiving the terminal
implant on d 50 (Ral/TES, Ral/RevS)
had more Yield Grade 1 carcasses but
fewer Yield Grade 3 carcasses than
steers receiving the terminal implant
on d 1 only (TES, RevS). As men-
tioned previously, all bullers pulled
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after d 50 were maintained separately
from pen mates through harvest, and
these data (Table 3) include the con-
tribution from buller steers for each
treatment. Hot carcass weight of bull-
ers pulled after d 50 (92 animals) was
350.0, 368.2, 361.6, and 356.8 ± 8.6
kg for RevS, TES, Ral/RevS, and Ral/
TES, respectively.

Consistent with the ADG data, hot
carcass weight was not influenced by
the terminal implant types used or
the timing of administration of the
terminal implant. Previous data
(Duckett et al., 1997) suggest that the
greatest effect on hot carcass weight
would be expected for steers re-im-
planted with strong estrogen + andro-
gen compared with a non-implanted
control, but present data agree with
those reported by Pritchard (2000) for
steers receiving RevS initially or as a
re-implant after zeranol. However, an
important mode of action of anabolic
implants is to potentiate lean deposi-
tion (Montgomery et al., 2001).

Findings regarding dark cutters and
yield grade distribution suggest that
timing of terminal implant adminis-
tration is a factor of importance. Pres-
ent data indicate that re-implanting
steers, in this case with a combina-
tion implant, resulted in a greater per-
centage of dark cutters. The present
data reported include only full dark
carcasses; grading standards (USDA,
1997) dictate that carcasses displaying
less than full dark color (e.g., one-
third or two-thirds) are accommo-
dated by decreasing final quality
grade of the carcass, and carcass data
for the present study were obtained
by USDA graders. The NBQA (2000)
survey reported that the frequency of
one-third, one-half, two-thirds, and
full dark carcasses was 1.0, 0.6, 0.4,
and 0.3%, respectively, of 9396 car-
casses evaluated in 30 packing plants.
Thus, the incidence of full dark car-
casses in the present study for re-im-
planted steers was considerably
greater than suggested by survey data.

Present data are in contrast to
those of Morgan (1997), who indi-
cated that data reviewed at that time
did not support a direct relationship

between administration of trenbo-
lone-containing implants and the in-
cidence of dark cutters. Although the
potential exists that the observed in-
crease in dark cutters may be related
to the observed increase in new (and
total) buller incidence after d 50 for
re-implanted steers, no bullers were
classified as dark cutters in the pres-
ent study. Indeed, other preslaughter
stressors such as transportation and
handling conditions, emotional ex-
citement, or acute changes in environ-
ment are also important for the deple-
tion of muscle glycogen stores before
slaughter. A recent report by Waylan
et al. (2003) suggests that RevS expo-
sure for 28 d did not alter the pres-
ence of mRNA for glycogenin, a core
protein in glycogen synthesis. How-
ever, data regarding the stability of
the glycogenin message are not
available.

Administering the terminal implant
on d 50 resulted in a greater propor-
tion of carcasses achieving Yield
Grade 1 and fewer Yield Grade 3 car-
casses, but did not influence the num-
ber of Prime + Choice carcasses. Duck-
ett et al. (1997) reported that final av-
erage yield grade was not consistently
changed by implants and concluded
that the greatest effects on longiss-
mus area were for steers re-implanted
with a strong estrogen + androgen.
Distinct differences in the method of
yield grade data acquisition between
the present study and many of the
studies reviewed by Duckett et al.
(1997) may explain this disparity.
Yield grade data for each carcass in
the present study was obtained as a
whole number assigned by the USDA
grader, whereas yield grade for each
carcass in many of the studies re-
viewed by Duckett et al. (1997) was
calculated from actual carcass mea-
surements (except internal fat percent-
age). Carcass quality grade distribu-
tion, other than the number of dark
carcasses, was not altered by either
terminal implant type or timing, and
present data are in contrast to the
findings of Pritchard (2000); steers re-
ceiving RevS initially tended to pro-
duce fewer Choice + Prime carcasses

than steers given RevS as a re-implant
after Ralgro� (51% vs 60%).

Implications
An initial implant or a re-implant

(following zeranol) of TES resulted in
improved gain efficiency compared
with an initial implant or a re-im-
plant (following zeranol) of RevS. Ad-
ministering a terminal combination
implant on d 50 following an initial
Ralgro� implant increased the inci-
dence of full dark carcasses and re-
sulted in more Yield Grade 1 and
fewer Yield Grade 3 carcasses than
providing the terminal implant on d
1 only. More new bullers were pro-
duced after d 50 (re-implanting)
when steers received a terminal com-
bination implant on d 50 following
an initial Ralgro� implant than when
steers received a terminal combina-
tion implant on d 1 only and when
RevS was used as the terminal im-
plant compared with TES, but buller
incidence over the entire feeding pe-
riod (new, repulls, or total) did not
differ among treatments.
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