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Abstract 

Growth promotant steroid implants increase average 
daily gain (ADG) by approximately 5% when used in suck
ling calves, and approximately 14% when used in stocker 
cattle. Implants used during the suckling or stocker phase 
do not affect subsequent growing or finishing performance, 
nor diminish the performance response to implants used 
during subsequent production phases. Weight added due 
to the use of implants is, generally speaking, cumulative 
over the productive life of the animal. In carcasses with a 
similar degree of marbling, implants do not affect tenderness 
or eating satisfaction of beef. Dosage of implant should be 
matched to the weight and age of the animal and to the level 
ofnutrients available; that is, suckling calves should be given 
a mild implant approved for use in suckling calves, whereas 
weaned stocker calves grazing a moderate-quality and abun
dant-quantity forage base should be given a moderate dose 
implant approved for use in grazing cattle. There is a risk that 
implants given to replacement heifers at birth may reduce 
subsequent pregnancy rate; if a single estrogenic implant is 
provided after 1 to 3 months of age the risk is minimal. A 
5% increase in ADG for calves gaining 1.88 lb (0.85 kg)/day 
for 100 days after implant administration through weaning 
equates to 9.4 additional pounds ( 4.26 kg) per calf for sale 
at weaning, which, based on a $1.82/lb market value for 500 
lb (226.80 kg) calves with a 14 cent/lb slide from 500 to 600 
pounds (226.80 kg to 272.16 kg), results in an additional 
$10.40 per calf sold at weaning. 
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Resume 

Les implants stero'idiens promoteurs de croissance aug
mentent le gain moyen quotidien (GMQ) par approximative
ment 5% chez Ies veaux allaitants et par approximativement 
14% chez Ies veaux en engraissement. Les implants utilises 
durant l'allaitement ou l'engraissement n'affectent pas la 
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performance subsequente en croissance et en finition et ne 
nuit pas a la performance d'autres implants utilises dans des 
phases de production subsequentes. Le supplement de po ids 
en reponse aux implants s'accumule, generalement parlant, 
durant la vie productive de !'animal. Pour des carcasses avec 
un persillage similaire, les implants n'affectent pas la tendrete 
ou le niveau de satisfaction du consommateur de bceuf. Le 
dosage de !'implant devrait correspondre au poids et a l'age 
de !'animal et a la quantite d'aliments disponibles. Ainsi, les 
veaux allaitants devraient recevoir un implant a faible dose 
approuve pour son utilisation chez des veaux allaitants. Les 
veaux sevres en engraissement ayant acces a du fourrage 
abondant de qualite moyenne devraient recevoir un implant 
a dose moderee approuve pour son utilisation chez des veaux 
en paturage. Le taux de gestation chez les taures de rempla
cement peut diminuer lorsque des implants sont utilises 
des la naissance. Ce risque est minime si un simple implant 
oestrogenique est utilise quand la taure a entre 1 et 3 mois 
d'age. Une hausse de 5% du GMQ chez des veaux gagnant 1.88 
lb (0.85 kg)/jour pendant 100 jours apres l'administration 
de !'implant durant le sevrage se traduit par un gain de 9.4 lb 
( 4.26 kg) de plus par veau a la vente au sevrage. Base sur une 
valeur marchande de 1.82$/lb pour des veaux de 500 livres 
(226.8 kg) avec une valeur ajoutee de 14 sous par livre entre 
500 et 600 livres (226.8 et 272.2 kg), cette hausse se traduit 
par un gain additionnel de 10.40$ par veau vendu au sevrage. 

Introduction 

Growth promotant steroid implants have been ap
proved for use in beef cattle in the United States since the 
1950s.29 Steroid implants increase the average daily gain 
(ADG) of stocker calves17 and of suckling calves.32 However, 
a significant proportion of stocker and cow-calf producers 
choose not to use implants, for a variety of reasons,3 but the 
most often cited reason is lack of perceived benefit. This 
indicates a clear disconnect between the large body of data 
reporting substantially increased grazing cattle performance 
with the use of implants and the end user. 
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The veterinarian is often the first source of technical 
production information, even if that information does not 
pertain directly to cattle health, 16 followed by the media, 
cooperative extension, and product companies. This review 
is intended to assist the veterinarian in providing useful, 
practical, technical recommendations to clients with regard 
to the use of growth promotant steroid implants in suckling 
calves and stocker cattle. 

Mode of Action of Growth Promotant Implants 

The active compounds used in growth promotant ste
roid implants include the estrogenic compounds estradiol 
17g, estradiol benzoate, and zeranol, and the androgenic 
compounds testosterone and trenbolone acetate. These 
molecules are included in implants at varying dosages, such 
that products with a greater dosage of active ingredient are 
intended to be used in larger animals with greater nutrient 
availability and greater growth potential. Products have 
differing label approvals for use in suckling calves, grazing 
stocker cattle, or for cattle fed in confinement for slaughter 
(Table 1). 

Growth promotant steroid implants cause increased 
ADG and improved feed conversion in feedlot cattle, resulting 
in heavier carcass weights and larger ribeye size.11 Implants 
improve production efficiency by increasing the efficiency 
of utilization of absorbed dietary protein.4

·
14

·
39 Plasma urea 

nitrogen is decreased within 7 days following implant admin
istration,27·38 indicating increased anabolic activity in cattle 
by either increased nitrogen utilization for protein synthesis 
or reduced protein degradation in muscle. 

Exogenous estrogens do not directly stimulate growth 
of muscle cells.38 Instead, estrogens stimulate growth of tis-

sues indirectly through a number of intermediate processes. 
Estrogenic compounds stimulate the production and release 
of somatotropin (growth hormone) from the anterior pitu
itary, 8·36 insulin-like growth factor I (IGF-1) from the liver,6 

and IGF-1 from within the muscle cell itself.24•41 Production 
of IGF-1 in the liver is stimulated both directly by exogenous 
estrogens, and also indirectly by the elevated somatotropin 
(which is elevated due to the exogenous estrogen).6 

One of the many functions of somatotropin is to bind to 
liver cells to stimulate release of IGF-1.2 In turn, the primary 
function of IGF-1 is to bind to target tissues, such as skeletal 
muscle and bone, stimulating uptake of glucose and amino 
acids for the synthesis of tissue proteins.13 

However, because protein synthesis is initiated by tran
scription of DNA, stimulation of protein synthesis is limited 
by the total amount of DNA present within a given cell. For 
the muscle fiber to grow, additional DNA must be provided; 
this DNA is provided by satellite cells. During normal post
natal growth, muscle hypertrophy (increase in both length 
and diameter of muscle fibers) occurs because satellite cells 
located adjacent to the basal lamina of the muscle fiber fuse 
their cell membrane with that of the muscle cell, and the DNA 
from the satellite cell is donated to the muscle fiber. 7•22•37 This 
addition of new DNA to the muscle fiber allows for an increase 
in genetic material for transcription, resulting in increased 
protein synthesis. Administration of exogenous estrogenic 
compounds causes increased production ofIGF-1 in the liver 
and within the muscle cell, which in turn stimulates prolifera
tion of satellite cells, resulting in greater numbers of satellite 
cells available for fusion.1 

As animals mature, satellite cells which have not yet 
fused with the muscle cell may enter a quiescent state in 
which proliferation ceases, 10 effectively halting muscle hyper-

Table 1. A partial listing of growth promotant steroid implants available in the US along with the active compound or compounds, and the label 
usage claim. 

Trade name Manufacturer Active ingredient Label claim 

suckling beef calves, weaned beef calves, 
Ralgro Merck Animal Health 36 mg zeranol growing beef cattle, feedlot steers, feedlot 

heifers 

100 mg progesterone and 
suckling beef calves up to 400 lb of body weight 

Synovex-C Zoetis 
10 mg estradiol benzoate 

and steers weighing greater than 400 pounds 
and fed in confinement for slaughter 

Synovex-S Zoetis 
200 mg progesterone and 

steers weighing 400 lb or more 
20 mg estradiol benzoate 

Revalor-G Merck Animal Health 
40 mg of trenbolone acetate and pasture cattle (slaughter, stocker, and feeder 

8 mg estradiol steers and heifers) 
-

Synovex-H Zoetis 
200 mg testosterone propionate and 

heifers weighing 400 lb or more 
20 mg estradiol benzoate -

Compudose Elanco Animal Health 25.7 mg estradiol 
suckling and pastured growing steers; confined 
steers and heifers - -

':>ynovex One Zoetis 
150 mg trenbolone acetate and for pasture steers and heifers (slaughter, 

21 mg estradiol benzoate stocker and feeder) 
- ·-
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trophy. Elevated IGF-1 in circulation and within the muscle 
cell caused by administration of exogenous estradiol results 
in a delay in quiescence of muscle satellite cells, so that the 
satellite cells remain in a state of active proliferation during 
the time in which they would normally become quiescent. 24A1 

This delay effectively postpones physiological maturity of 
the animal, sustaining lean muscle and bone growth which 
decreases the rate of fat deposition at any point in time post
implant administration.19•26 

Effects of Implants on Performance of Suckling Calves 

An excellent review by Selk32 indicated that the re
sponse in ADG to implanting suckling calves (steers) can 
be highly variable, ranging from an additional 0.27 lb (0.12 
kg)/dayin 1 study to a reduction of0.08 lb (0.036 kg)/day in 
another; however, all but 2 of the 50 studies summarized in
d~cated a positive ADG response to a single estrogenic implant 
in suckling calves (Figure 1), and the improvement in ADG vs 
negative controls across all studies averaged 5.01 %. It is not 
known at exactly what age calves were given the implant, only 
that it was given during the suckling phase. This variation 
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Figure 1. Treatment means from within individual studies for 
additional ADG (lb/day) for suckling steer calves implanted once prior 
to weaning with zeranol (36 mg), estradiol benzoate (10 mg plus 100 
mg progesterone), or estradiol-17B (24 mg), or implanted twice with 
zeranol (36 mg) or estradiol benzoate (10 mg plus 100 mg progesterone) 
(adapted from Selk, 199732

). 

in response was not clearly attributable to either dosage of 
implant administered or to basal rate of gain of the negative 
control calves. On average, a single estrogenic implant given 
to suckling steer calves resulted in an additional 0.094 lb 
(0.043 kg)/day ADG vs negative controls. Surprisingly, there 
were a number of studies (17) in the review that reported 
little to no benefit ( <0.05 lb (0.023kg)/day additional ADG) 
from implanting suckling calves; however, the majority of 
studies showed notably improved growth rates for the im
planted calves. 

There is concern about potential detrimental side
effects of exogenous estrogen on subsequent fertility in heif
ers. The degree of risk of implanting suckling heifers may be 
linked to the age at which heifers are implanted32 (Figure 2). 
Three studies included in this review examined the effects 
of providing an implant to heifers at birth, and all 3 studies 
reported a dramatic decrease in subsequent pregnancy rates 
( average of -39% vs negative controls). Conversely, if the heif
ers are implanted at 1 to 3 months of age, or if implants are 
given at weaning time, there appears to be little, if any, risk 
to subsequent fertility. 32 Although some studies9·15 suggest a 
slight increase in pelvic area at weaning, breeding, and prior 
to calving in response to growth promoting implants, that 
potential increase has not resulted in any reduction in calv
ing difficulty (Table 2). Given the lack of clear benefit from 
the additional weight gained from implanting replacement 
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Figure 2. Effects of providing a single estrogenic implant (36 mg zeranol 
or 10 mg estradiol benzoate plus 100 mg progesterone) to suckling 
heifer calves either at birth (black bars), at 1 to 3 months of age (white 
bars), or at or near weaning (gray bars) on percentage unit change in 
subsequent pregnancy rates (adapted from Selk, 199732

). 

Table 2. Effects of implanting suckling heifers on subsequent pelvic area and calving difficulty (adapted from Deutscher et al, 19869 and Hancock, 
et al, 199415

). 

Item Hancock, et al, 1994 P-value Deutscher et al, 1986 P-value 

Pelvic area at 12 months of age, in2 +1.2 0.01 --- ---

Pelvic area prior to calving, in2 +1.1 0.01 -0.6 No significant difference 

Calving difficulty, % -3% No significant difference ---- ---

Dystocia score --- -0.2 No significant difference 
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heifers, and given the possible negative effects on fertility, it 
is recommended that implants not be given to heifers which 
will become breeding females. However, if heifers are likely 
to be sold as feeder calves after weaning, in light of the sub
stantial increase in weaning weight of implanted heifers, it 
is recommended that non-replacement heifers be implanted 
after 1 month of age, with a single implant approved for use 
in suckling calves (Table 1). 

In the past there has been concern that implanting 
suckling calves may diminish the response of the calves to im
plants they may receive as stocker or feedlot cattle. A factorial 
study was conducted in which implants were either provided 
at birth or at 92-days of age, or given no pre-weaning implant, 
and the interactive effects of previous implant exposure with 
effectiveness of the finishing implant was evaluated40 (Table 
3). In calves given an implant at birth, there was no reduc
tion in efficacy of the finishing phase implant; however, in 
the calves given an implant at day 92 there appeared to be a 
reduction in efficacy of the finishing implant. This may be due 
to residual active ingredient remaining from the original im
plant given on day 92 when the subsequent finishing implant 
was administered, resulting in an overlap of active ingredient 
delivered by the 2 sequentially administered implants, and 
a concomitant excess of exogenous hormone present in the 
circulation beyond the animals' ability to respond. However, 
this was not explained in the report. 

Mader et al,21 Pritchard et al,28 and Mader et al2° evalu
ated the effects of suckling calf steroid implant administration 
on the effectiveness of steroid implants given post-weaning 
during the growing period (Table 4 ). These studies showed 
that performance during the subsequent production phases 
was not reduced by previous implant status. In general, 
previous exposure to implants should not be expected to 
adversely affect perceived efficacy of implants given during 
the finishing phase, provided the previous implant has not 
been administered recent to feedlot arrival. 

Implanting Stocker Cattle 

Sewell33 reviewed a series of 43 studies conducted 
across Missouri, which utilized 3,068 stocker calves grazed 
for an average of 125 days. Implanting stocker calves with 
36 mg zeranol resulted in an increase of 14.5% in ADG. An 
excellent review of the effects of implants on stocker calves 
was presented by Kuhl, 17 in which the author reported a 
13.5% increase in ADG due to implanting stocker steers 
(implanted with either 20 mg estradiol benzoate plus 200 
mg progesterone, 36 mg zeranol, or 8 mg estradiol-17g plus 
40 mg trenbolone acetate) and an average of 13.0% increase 
in ADG in heifers (implanted with either 36 mg zeranol or 8 
mg estradiol-17f?, plus 40 mg trenbolone acetate). 

Table 3. Effects of previous exposure to suckling implant on subsequent effectiveness of finishing implant (adapted from Ward et al, 197840
). 

ADG, lb/d 

No finishing implant Finishing implant 
Effect of finishing Difference based on 

implant previous implant 

Implant at birth 2.33 2.75 0.42 ---

No implant at birth 2.64 2.88 0.24 0.18 

Implant at d 92 2.53 2.68 0.15 ---

No implant at d 92 2.42 2.90 0.48 -0.22 

Table 4. Effects of implants given to suckling calves on the effectiveness of implants given post-weaning during the growing and finishing phase 
(adapted from Mader et al, 199421 and Pritchard et al, 2015 28

). 

Percentage change in post-weaning 
Treatment Weaning weight, lb Growing ADG, lb/d ADG for calves implanted during the 

suckling phase vs negative controls 

Control 540 3.46 ---
Pritchard 28 et al, 2008 

Suckling implant 563 3.47 +0.3 

Control 405 2.46 ---
MJder et al2 1

, 1994 
Suckling implant 433 2.46 0.0 

-
Control 457 2.97 ---

MJder et al, 198520 (trial 1) 
Suckling implant 464 3.03 +2.0 

Control 480 1.47 ---
Mader et al, 198520 (trial 2) 

Suckling implant 504 1.52 +3.4 
-
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The amount of additional gain stimulated by implants is 
directly proportional to the nutrients available for production 
(Figure 3). However, regardless of the quantity of nutrients 
available for growth, implant response in calves in a positive 
plane ofnutrition appears to be consistently between 10 and 
20% over basal rate of gain of non-implanted calves. This 
agrees with the aforementioned means of 13.0,3 13.5,3 and 
14.5%21 increases in ADG for implanted calves vs control 
calves. 

Reimplanting stocker cattle on grass 
Reimplanting is a common practice in feedlot cattle. 

When the total days in the feedlot extends beyond the normal 
productive delivery span (normally considered to be 120 
to 140 days, but this has not been validated or published) 
of the first implant administered upon arrival, cattle are 
re-processed and another implant is administered. This 
practice is uncommon in stocker production, but should be 
considered if days on pasture extends beyond the produc
tive delivery span of the implant and if nutrition on pasture 
later in the season will support additional growth. Sewell34 

summarized 3 grazing studjes ( average of 181 total days on 
pasture) which examined the benefits of reimplanting on 
pasture with and without supplementation of protein and 
energy. In calves supplemented with energy and protein the 
single-implanted calves gained 1.93 lb (0.88 kg)/day and the 
reimplanted calves gained 2.03 lb (0.92 kg)/day, an additional 
5% improvement in ADG over a single implant. However, 
in the unsupplemented calves, both single implanted calves 
and reimplanted calves gained 0.96 lb (0.44 kg)/day for 
the entire 181 days. Similarly, Smith et al3 5 reported no 
advantage of reimplanting vs giving only a single implant 
to unsupplemented calves on pasture for 154 days which 
were gaining under 1.0 lb (0.45 kg)/day. However in calves 
grazed for 266 days, Rust et al31 reported that reimplanted 
calves gained 2.26 lb (1.03 kg)/day compared to 2.16 lb (0.98 

0. 35 

:§: 
~ 0.30 

> 
] Ol5 
-0 

~ 0.20 

I 
2 0.15 
\!) 
0 i 0.10 

~ 005 
4: 

0.00 

--Percent added respon:i: / 

- - AddedADG( lb/ d) for / 
imp lamedcai'ves / 

/ 
/ 

/ 
/ 

0.5 

/ 
/ 

/ 

/ 
/ 

/ 

1.5 

/ 
/ 

ADG (l b/ d) of non-imp lanted contro l ca lves 

2.5 

lOG 

8G 

70 

30 

20 

10 

r, 

" "' 

Figure 3. Effects of basal rate of gain on response to providing 36 mg 
zeranol to stocker calves grazed for 120 days on pasture (adapted from 
Kuhl, 199717

). 
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kg)/day for single-implanted calves. If nutrient supply on 
pasture is sufficient to support additional growth, and if the 
days on pasture extends beyond 150 days, there appears to 
be a performance advantage to reimplanting calves. 

Subsequent Feedlot Performance 

There is often the question of how an implant given to 
calves during the suckling or stocker phase may affect sub
sequent performance and steroid implant response during 
the feedlot phase. A number of grazing studies have been 
conducted which evaluated the effects of grazing period 
implants on both grazing performance as well as feedlot per
formance and carcass traits (Table 5). It does not appear that 
grazing implants affect feedlot performance or carcass qual
ity, either positively or negatively; however, carcass weight 
was statistically greater in 2 of the studies and numerically 
greater in a third study, suggesting that weight gained while 
on pasture contributes to final carcass weight, and is not 
lost over time during the finishing phase. In addition, Plat
ter et al25 determined that use of a backgrounding implant 
did not alter consumer perceptions of beef with respect to 
tenderness, juiciness, flavor, or overall eating satisfaction. 
Further, Nichols et al23 determined that in general, when 
animals are finished to a similar fat-constant endpoint and 
contain a similar degree of marbling, implants do not affect 
beef tenderness or consumer eating satisfaction. 

Conclusions 

Implanting suckling calves and stocker cattle increases 
ADG by an average of 5% and 14%, respectively. However, 
the absolute increase in ADG in lb/day in stocker calves is 
dependent upon the available nutrient supply. If total days 
on pasture extends beyond 150 days and nutrient supply is 
abundant, reimplanting stocker calves provides a further 
increase in grazing performance over a single initial grazing 
implant. Implants given on pasture do not affect subsequent 
feedlot performance or carcass quality, but implants given 
on pasture result in heavier carcass weights after finishing. 
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