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ABSTRACT: Anabolic implants are used to reduce
the cost of beef cattle production. Implant products are
available for suckling calves, grazing cattle, and finish-
ing cattle. Improvements of 6, 15, and 20% in average
daily gain can be realized in calves, stockers, and feedlot
cattle, respectively, with implanting. Producers have
numerous choices available today when using implants
to lower production costs. In the current segmented beef
industry, implanting decisions are dictated by phase of
production in which the cattle are marketed. General
recommendations have been to use implants predomi-
nately in the finishing phase, and some feedlots cur-
rently offer premiums when purchasing unimplanted
cattle. However, in totally integrated beef production
systems, traditional implant schemes may not be opti-
mal. The primary objective of an integrated system is
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Introduction

Anabolic implants are used to reduce the cost of beef
cattle production. The USDA National Animal Health
Monitoring System (NAHMS, 2000) conducted a survey
of feedlots in 12 leading cattle feeding states with a
minimum of 1,000-animal capacity. Over 97% of all cat-
tle entering the feedlot weighing over 318 kg were im-
planted at least one time. Sixty-seven percent of the
cattle weighing over 318 kg were implanted one time,
and 30% were implanted twice. Of the cattle implanted
one time, 60% received an implant containing an andro-
genic compound. Of the cattle implanted twice, 78% re-
ceived an implant containing an androgenic compound.

Implant products are available for suckling calves,
grazing cattle, and finishing cattle. Producers have nu-
merous choices available when using implants to lower
production costs. Currently, 26 brand name products
are approved for use in beef cattle (FDA, 2000; Table
1). The approval for these implants in each production
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to reduce the overall cost of beef production from concep-
tion to slaughter while providing a quality product.
Decisions regarding the phase(s) of beef production in
which to use implants become very important in rela-
tion to profitability for the intensive system. Implant
strategies developed must consider the resources avail-
able, cattle type, age at slaughter, and pricing grid at
slaughter. Implant effects on quality grade and palat-
ability of the end product must also be considered. Re-
search indicates altering timing of implant administra-
tion in relation to slaughter can reduce the effects of
implanting on quality grade. Carryover effects of suck-
ling and(or) stocker implants seem minimal for feedlot
performance and carcass quality, and the increased
gain is generally additive. Thus, implanting in every
phase of production (suckling, stocker, and feedlot)
would increase value by about $93 per animal.

phase for steers and heifers is shown in Table 2. Im-
provements of 6, 15, and 20% in ADG can be realized
in calves, stockers, and feedlot cattle, respectively, with
implanting. The effect of implanting on performance
and carcass traits was the subject of a 3-d symposium
in 1996 sponsored by Oklahoma State University, and
the proceedings from this symposium contain numer-
ous reviews on implant effects on performance of suck-
ling calves, stocker cattle, and feedlot cattle and on
carcass quality. Therefore, this article is a summary of
information from the symposium, with special reference
to more recent research publications, and a discussion
on implant strategies for integrated beef production
systems.

Impact of Anabolic Implants on Performance
and Carcass Quality

Suckling calves. Implanting suckling steer calves (>
45 d of age) increases ADG by about 5 to 6% over unim-
planted controls (Selk, 1997). The response to im-
planting compared with not implanting in suckling
steers by implant type is shown in Figure 1. Implant
types cleared for use in suckling calves (C = implants
containing 10 mg estradiol benzoate + 100 mg proges-
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Table 1. Anabolic implants approved for use in beef cattle (FDA; May 30, 2000)

Abbreviation Trade name Sponsor Hormone contenta

C Component E-C Ivyb 10 mg EB + 100 mg P
Component E-C with Tylan Ivy 10 mg EB + 100 mg P + tylosin

Synovex-C Ft. Dodgec 10 mg EB + 100 mg P

EL Compudose Ivy 25.7 mg E
Encore Ivy 43.9 mg E

Z Ralgro Schering-Ploughd 36 mg Z

M Magnum Schering-Plough 72 mg Z

G Component TE-G Ivy 8 mg E + 40 mg TBA
Revalor-G Hoechst Roussele 8 mg E + 40 mg TBA

H Component E-H Ivy 20 mg EB + 200 mg TP
Component E-H with Tylan Ivy 20 mg EB + 200 mg TP + tylosin

Synovex-H Ft. Dodge 20 mg EB + 200 mg TP

S Component E-S Ivy 20 mg EB + 200 mg P
Component E-S with Tylan Ivy 20 mg EB + 200 mg P + tylosin

Synovex-S Ft. Dodge 20 mg EB + 200 mg P

TBAH Component T-H Ivy 200 mg TBA
Component T-H with Tylan Ivy 200 mg TBA + tylosin

Finaplix-H Hoeschst Roussel 200 mg TBA

TBAS Component T-S Ivy 200 mg TBA
Component T-S with Tylan Ivy 200 mg TBA + tylosin

Finaplix-S Hoechst Roussel 140 mg TBA

ETBAS Component TE-S Ivy 24 mg E + 120 mg TBA
Component TE-S with Tylan Ivy 24 mg E + 120 mg TBA + tylosin

Revalor-S Hoechst Roussel 24 mg E + 120 mg TBA

ETBAH Revalor-H Hoechst Roussel 14 mg E + 140 mg TBA

ETBAP Synovex-Plus Ft. Dodge 28 mg EB + 200 mg TBA

aHormone abbreviations: E = estradiol, EB = estradiol benzoate, TBA = trenbolone acetate, TP = testosterone
propionate, Z = zeranol, P = progesterone.

bIvy Laboratories, Overland Park, KS.
cFt. Dodge Animal Health, Ft. Dodge, IA.
dSchering-Plough Animal Health, Madison, NJ.
eHoechst Roussel Vet, Overland Park, KS.

terone; Z = implants containing 36 mg Zeranol; see
Table 1 for implant trade names) seem to yield similar
gain improvements. Reimplanting steer calves twice
during the suckling phase increased ADG by about 1.3
percentage units compared to a single implant. Selk
(1997) and Gill et al. (1986) have reported similar re-

Table 2. Listing of anabolic implants approved for use in each production phase

Implant Calves- Calves- Stocker- Stocker- Feedlot- Feedlot-
approveda heifers steers heifers steers heifers steers

C Xb X
EL X X X X
Z X X X X X X
M X
G X X
H X X
S X X
TBAH X
TBAS X
ETBAH X
ETBAS X
ETBAP X X

aAbbreviations listed in table 1.
bX denotes approval for use in that production phase.

sponses in ADG for heifers and steers implanted once
with Z or C. In contrast, Mader et al. (1994) reported
greater responses with implanting for suckling heifers
than for steers. Selk (1997) reported that implanting
replacement heifers with Z one time at 2 mo of age had
little or no effect on future reproductive performance.
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Figure 1. Percentage increase in average daily gain
(ADG) for suckling calves with implanting compared to
unimplanted control by implant type (Z = implants con-
taining 36 mg zeranol, C = implants containing 10 mg
estradiol benzoate and 100 mg progesterone; “/” denotes
reimplant; see Table 1 for implant abbreviations).

The ADG response with implanting vs not implanting
for suckling steers is shown in Figure 2. No relationship
(r2 = 0.06) was found between implant response and
daily gain of unimplanted cattle. Several implant stud-
ies (Mader et al., 1985; Simms et al., 1988) have shown
inconsistent responses in ADG for suckling calves.
However, comparisons between implanted calves with
or without supplemental energy within the same herd
show that implants seem to produce greater ADG re-
sponses when calves are on a higher nutritional plane.
For example, increased milk consumption (Lewis et al.,
1988, as cited by Mader, 1994) and creep feeding (Prich-

Figure 2. Response in average daily gain (ADG) for implanting vs ADG of unimplanted suckling steers (Z = implants
containing 36 mg zeranol, C = implants containing 10 mg estradiol benzoate and 100 mg progesterone; “/” denotes
reimplant; see Table 1 for implant abbreviations).

ard et al., 1989) are reported to increase implant re-
sponse. In agreement, suckling calves pastured on dor-
mant bluestem winter range did not respond to im-
planting until after spring grass growth (Gill et al.,
1986). Implanted suckling calves stocked on a higher-
quality pasture in the same study had increased gains
in the winter months. One interesting observation in
this study was that calves implanted at the beginning
of winter had the same overall rate of gain as those
in which implanting was delayed 131 d until spring
grass growth.

Stocker Cattle. In a recent review of implant effects
on performance in stocker cattle (Kuhl, 1997), implants
increased ADG over unimplanted controls by 12, 14,
14, and 16% for steer (S; implants containing 20 mg
estradiol benzoate and 200 mg progesterone), Z, long-
acting estrogen (EL; implants containing 25.7 or 43.9
mg of estradiol), and grazing (G; implants containing
8 mg E and 40 mg TBA) implants, respectively (Figure
3). Greater responses to implants can be expected when
stocker cattle are on a higher plane of nutrition (Figure
4, adapted from Kuhl 1997 and Paisley et al., 1999). A
more consistent response for implanting is observed in
stocker cattle than with suckling calves. Reimplanting
was not considered in this graph because of the wide
range in grazing season lengths. Current recommenda-
tions are that if the grazing season extends beyond 130
to150 d and pasture conditions support adequate gains,
reimplanting stocker cattle may be advantageous
(Kuhl, 1997). If cattle are to be retained throughout the
finishing period, timing of reimplanting should be made
relative to feedlot placement.
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Figure 3. Percentage increase in average daily gain
(ADG) in stocker cattle with implanting compared to un-
implanted control by implant type (Z = implants con-
taining 36 mg zeranol, EL = implants containing 25.7 or
43.9 mg estradiol, G = implants containing 8 mg estradiol
and 40 mg trenbolone acetate, S = implants containing
20 mg estradiol benzoate and 200 mg progesterone; “/”
denotes reimplant; see Table 1 for implant abbreviations).

Brandt et al. (1995) reported that implanting stocker
steers with S while they are grazing native range in-
creased daily gain more for intensive-early-stocked
(IES) than for season-long-stocked (SLS) steers. The
improved response to implanting was attributed to IES
steers having access to higher-quality forage while on
pasture (0.77 vs 0.70 kg/d gain for unimplanted IES
vs SLS, respectively). However, weight gains of steers
grazing low-quality pastures are improved with both
estrogenic and combination implants. Paisley et al.

Figure 4. Response in average daily gain (ADG) with implanted vs unimplanted ADG in stocker cattle (Z = implants
containing 36 mg zeranol, EL = implants containing 25.7 or 43.9 mg estradiol, G = implants containing 8 mg estradiol
and 40 mg trenbolone acetate, S = implants containing 20 mg estradiol benzoate and 200 mg progesterone; “/” denotes
reimplant; see Table 1 for implant abbreviations).

(1999) reported that implanting steers grazing dormant
tallgrass prairie during the winter with C, S, or G in-
creased daily gains by 14, 14, and 25% over unim-
planted controls. This indicates that positive responses
to implanting may be realized even when cattle are
gaining less than 0.30 kg/d.

Feedlot Steers. Implanting feedlot steers improves av-
erage daily gain and feed efficiency on average by 18 and
8%, respectively, compared with unimplanted steers
(Duckett et al., 1996). However, responses of im-
planting on performance and carcass quality vary with
implant type (Duckett et al., 1997). Because numerous
implants are commercially available for feedlot cattle
(Tables 1 and 2), the responses with implanting over
unimplanted controls for this review will be summa-
rized by implant type (E = implants containing estro-
genic hormones only; EA = implants containing both
estrogenic and androgenic hormones; reimplants are
denoted with “/”; see Table 1 for implant abbreviations)
from the implant database (Duckett et al., 1997). The
largest increases (19 to 20%) in ADG (Figure 5) were
reported for EA implanted once or twice in the feedlot.
Moderate responses (16 to 17%) in ADG were observed
for implants of E, E/E, or E/EA. The largest improve-
ments (13.5%; Figure 6) in feed efficiency were observed
with an implant and reimplant of EA. Moderate im-
provements (9 to 10%) in feed efficiency were observed
for EA and E/EA. Feed efficiency was improved about
6% for estrogenic-only implants regardless of reim-
planting (E and E/E). Reimplanting (E/E, E/EA, and
EA/EA) resulted in the largest increases (6 to 7.5%) in
hot carcass weight (HCW; Figure 7). Single implants
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Figure 5. Percentage increase in average daily gain
(ADG) from implanting compared to unimplanted con-
trols within the same trial by implant type (estrogenic
activity (E) = Z, EL, S, M; both estrogenic and androgenic
activity (EA) = ETBAS, STBAS, ETBAP; “/” denotes reim-
plant; see Table 1 for implant abbreviations).

of E or EA increased HCW by 3 and 5%, respectively,
over unimplanted controls.

The percentage of reduction in marbling score (MS)
vs the percentage increase in ribeye area (REA) ob-
served with implanting is shown in Figure 8. Overall,
there was a relationship (percentage reduction in MS
= −0.796 × percentage increase in REA − 1.99; r2 = 0.68)
between reductions in MS and increases in REA. Single
E or EA implants reduced MS by about 4% and in-
creased REA by 3 or 4%, respectively. Reimplanting (E/
E, EA/EA, or E/EA) increased REA by 4 to 8% and
reduced MS by 6 to 11%. Others (Cooper et al., 1999;
Mader et al., 1999; Roeber et al., 2000) have shown that
reimplanting with an EA halfway through the finishing
phase results in lower marbling scores than single im-
plants. Previous research (Duckett et al., 1999) indi-
cates that implanting seems to alter intramuscular

Figure 6. Percentage reduction in feed:gain (F/G) ratio
from implanting compared to unimplanted controls
within the same trial by implant type (estrogenic activity
(E) = Z, EL, S, M; both estrogenic and androgenic activity
(EA) = ETBAS, STBAS, ETBAP; “/” denotes reimplant;
see Table 1 for implant abbreviations).

Figure 7. Percentage increase in hot carcass weight
(HCW) from implanting compared to unimplanted con-
trols within the same trial by implant type (estrogenic
activity (E) = Z, EL, S, M; both estrogenic and androgenic
activity (EA) = ETBAS, STBAS, ETBAP; “/” denotes reim-
plant; see Table 1 for implant abbreviations).

lipid amount and composition through a dilution effect
with the increase in REA. Johnson et al. (1996) con-
ducted a serial slaughter study (40, 115, and 143 d on
feed) with implanted (EA) and unimplanted steers. The
largest change in MS and REA occurred between 40
and 115 d on feed. Milton et al. (2000) evaluated de-
laying the initial implant (ETBAP at 0 vs 35 or 70 d;
see Table 1 for implant abbreviation) on performance
and carcass characteristics. Delaying the initial im-
plant by 70 d after start of cattle on feed resulted in
similar overall performance but carcass weights were
lighter and the percentage grading Choice was lower
(56 vs 69%) than d-0 or d-35 implant. The use of stocker
(G) or calf (C) implants as the initial feedlot implant
with a reimplant of EA resulted in the largest improve-
ment in feed efficiency compared with E or EA as initial
implants and in similar percentage grading Choice as
unimplanted controls (Mader et al., 1999).

Implanting advances skeletal maturity by about 10
points (Duckett et al., 1996). Skeletal maturity is as-
sessed on the carcass by evaluating the degree of ossifi-
cation for sacral, lumbar and thoracic vertebra and re-
ported on a 100-point basis for each degree of maturity
(A, B, C, D, and E). Both Roeber et al. (2000) and Mader
et al. (1999) have shown skeletal maturities similar to
those of unimplanted controls when the first implant
of EA was administered at 59 or 66 d after the beginning
of the trial compared to implanting at 0 d, which ad-
vanced skeletal maturities by 11 or 16 points. Roeber
et al. (2000) reported numerically higher (tougher) War-
ner-Bratzler shear force values and consumer sensory
tenderness ratings for implanted versus unimplanted.
The magnitude of the difference in shear force values
and sensory tenderness ratings was small (0.4 kg shear
force and 0.5 point on a 9-point scale) and the overall
like to dislike rating was similar between implant and
unimplant treatments. Kirchofer et al. (2000) reported
a tendency for Warner-Bratzler shear force values to
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Figure 8. Percentage change in ribeye area (REA) and marbling score (MS) with implanting compared to unimplanted
controls by implant type (estrogenic activity (E) = Z, EL, S, M; both estrogenic and androgenic activity (EA) = ETBAS,
STBAS, ETBAP; “/” denotes reimplant; see Table 1 for implant abbreviations).

be higher (tougher) for implanted vs unimplanted, but
the magnitude of the difference was also small (0.2 kg).
These results suggest that implanting increases shear
force values slightly when compared at the same post-
mortem age. Further research is needed to assess the
effect of implanting on postmortem aging and proteo-
lytic degradation rates.

Implant Strategies for an Integrated Beef System

In the current segmented beef industry, implanting
decisions are dictated by phase of production in which
the cattle are marketed. General recommendations
have been to use implants predominately in the finish-
ing phase, and some feedlots currently offer premiums
when purchasing unimplanted cattle. However, in to-
tally integrated beef production systems, traditional
implant schemes may not be optimal and should be
reevaluated. The primary objective of an integrated sys-
tem is to reduce the overall cost of beef production from
conception to slaughter while providing a quality prod-
uct. Decisions regarding the phase(s) of beef production
in which to use implants become very important in
relation to profitability for the intensive system. Im-
plant strategies developed must consider the resources
available, cattle type, age at slaughter, and pricing grid
at slaughter. Implant effects on quality grade and palat-
ability of the end product must also be considered. Re-
search indicates that altering the timing of implant
administration in relation to slaughter can reduce the
effects of implanting on quality grade.

In order to devise implant strategies for an integrated
system, it is important to determine whether carryover
effects are evident after implanting as calf, stocker, or
both. Kunkle et al. (1980) reported no carryover effects
on ADG when implanting Z in suckling steers (150 kg)
and Z or S in weaning and postweaning (84 to 120 d
after weaning) steers. They found that weight gain was
additive for implant response in each phase and sequen-
tially implanted steers were 31 kg heavier at slaughter.
Schaneman and Pritchard (1998) evaluated the effects
of calf-hood management schemes including calves im-
planted during the suckling phase on feedlot perfor-
mance and carcass quality. They reported that im-
planting calves did not affect subsequent feedlot ADG
or marbling scores. The use of implants during the suck-
ling phase did alter beginning weights, hot carcass
weights, days on feed, and feed cost of gain.

In a study evaluating the effects of implanting stocker
steers with G or S on subsequent feedlot performance
and carcass quality, George et al. (2000) reported no
effect of stocker implants on feedlot ADG or carcass
quality (quality and yield grade). Steers implanted with
G in the stocker phase had larger REA than S or N.
Kuhl et al. (1997) evaluated implanting with G, Z, or
S in the stocker phase and then S or EA in the feedlot
phase on feedlot performance and carcass quality. Im-
planting in the stocker phase had no effect on subse-
quent feedlot ADG and feed:gain ratio or carcass quality
(quality and yield grades). Brazle (1998) evaluated im-
planting with none, heifer implants (H implants con-
taining 20 mg estradiol benzoate and 200 mg testoster-
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one propionate), or Z during the stocker phase and then
H/trenbolone acetate (H/TBAH, 200 mg) in the feedlot
phase on performance and carcass characteristics. Im-
planting during the stocker phase did not reduce feedlot
ADG for H but ADG was lower for Z stocker implanted
heifers. Heifers not implanted during the grazing phase
had larger REA than implanted heifers. Quality grade
was not altered by stocker implant treatment. Con-
versely, Fankhauser et al. (1997) have reported that
unimplanted growing steers had numerically higher
gains in the feedlot and tended to be more efficient.

Paisley et al. (1999) evaluated the use of C, S, and G
implants in steers wintered on dormant native tallgrass
prairie for 5 mo. After winter grazing, all steers were
implanted with Z on summer pasture and EA in the
feedlot. Implanted steers gained more weight over the
winter period than unimplanted steers, and this addi-
tional weight was maintained throughout the subse-
quent grazing and finishing period. The steers were
slaughtered at about 22 mo of age, and skeletal matu-
rity was advanced with the use of implants in the win-
tering phase. Implants of C and S in the wintering
phase advanced skeletal maturity by 23 and 24%; in
contrast, the G implant advanced skeletal maturity by
20%. These changes in skeletal maturity with implants
in the wintering phase resulted in lower carcass values
due to higher percentages of B or greater maturities.

Mader et al. (1985) examined the effects of implanting
Z in suckling, growing, and finishing cattle. Finishing
ADG and feed:gain ratio were greater for steers not
receiving suckling implants, with no effect on carcass
quality. Simms et al. (1988) evaluated lifetime im-
planting strategies (N = none; Z = 36 mg zeranol; N/N/
N/N, N/N/Z/Z, N/Z/Z/Z, Z/N/Z/Z, Z/Z/Z/N, Z/Z/Z/Z at 2
mo of age, growing phase, and feedlot phase [d 0 and
56 after entry into feedlot]) on subsequent growth per-
formance. Implanting in the suckling or growing phases
did not reduce feedlot performance or alter carcass qual-
ity. Implant schemes with two implants in the feedlot
phase reduced quality grade by 7% compared to 3%
for no feedlot reimplant. Mader (1994) evaluated using
various implants during the growing phase on subse-
quent feedlot performance. Implanting during the
growing phase increased ADG but did not reduce subse-
quent feedlot ADG or alter carcass quality. Mader
(1994) evaluated preweaning implants on postweaning
growth and found no carryover effects of using C im-
plants at 2 mo of age. Hardt et al. (1995) found that
administering four sequential implants (steers = C/S/
S/S and heifers = C/H/H/H; see Table 1 for implant
abbreviations) at 45 d of age, weaning, and postweaning
(d 84 and 169) increased total weight gain by 48.3 kg
and reduced quality grade by 9% in both steers and
heifers. Sequential implanting also advanced skeletal
maturity by 16% in steers with no change in heifers.

In summary, implanting increases rate of gain, live
weight, and value in each phase of beef production (Ta-
ble 3). On average, implanting will increase value by
$16, $25 and $51 per animal when used in suckling

Table 3. Effect of implanting at each production phase
on increase in ADG, live weight (LW), and value

Increase Increase Increase
in ADG, % in LW, kg in value, $/animala

Suckling steer calfb 5 8 $16.32
Stocker steerc 15 15 $25.20
Feedlot steerd 20 34 $51.34
All phasesc 57 $92.86

aAverage market price (1985–1994; CattleFax, 1995) = $2.04/kg for
227-kg steer calves, $1.68/kg for 364-kg steers, $2.49/kg for Choice,
and $2.38/kg for Select carcasses (assuming a 15% reduction in per-
centage Choice with implanting from a base of 75% Choice for unim-
planted cattle and a 62% dressing percentage).

bImplanted with C or Z at 2 mo of age; see Table 1 for implant
abbreviation.

cImplanted with Z, S, or G at the start of the grazing season; see
Table 1 for implant abbreviations.

dImplanted with E or EA at the start or midpoint of the finishing
period; see Table 1 for implant abbreviations.

eImplanted in each phase (suckling, stocker, and feedlot).

calves, stocker cattle, and feedlot cattle, respectively.
Carryover effects of suckling and(or) stocker implants
seem to be minimal for feedlot performance and carcass
quality, and the increased gain is generally additive.
Thus, implanting in every phase of production (suck-
ling, stocker, and feedlot) would increase value by about
$93 per animal and reduce the cost of beef production.
Implanting suckling calves seems to have the most vari-
able response. Most sequential implant research has
been with E implants and limited information is avail-
able for EA implant schemes.

Implications

Anabolic implants increase animal gains in each
phase of beef production and reduce beef production
costs. Research indicates that additional weight gain
observed with implanting is additive throughout all
phases of beef production. The use of sequential im-
plants in the suckling, stocker and feedlot phases would
increase live weight by 57 kg and value by $93 per
animal. A greater understanding of how implants affect
marbling, ribeye area, skeletal maturity, and tender-
ness is needed so strategies can be devised to minimize
the effect on these quality factors.
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