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Summary
Objectives: To provide live performance
and carcass information on ractopamine
(RAC) use programs in commercial field
conditions and to compare a feeding regi-
men in which the dietary concentration of
RAC was increased after 2 or 3 weeks with
a regimen in which the dietary RAC con-
centration was constant for 35 days.

Methods: A total of 1050 pigs were as-
signed to pens (n = 48) on the basis of
weight and gender. Average body weight at
trial initiation was 78.5 kg. Four dietary
treatments were randomly assigned to pens
and stratified across weight and gender.

Dietary treatments included control (0 g/
tonne RAC for 35 days); constant (5.0 g/
tonne RAC for 35 days); Step 2 (5.0 g/
tonne RAC for 14 days then 10.0 g/tonne
for 21 days); Step 3 (5.0 g/tonne RAC for
21 days then 10.0 g/tonne for 14 days).
Pen and feed weights were recorded weekly
to determine live performance variables. All
pigs were transported to market after the
experimental period, and packer sheet data
were collected for assessment of carcass
response.

Results: Average daily gain, feed efficiency,
and carcass parameters were better in pigs
fed diets supplemented with RAC. Live

performance and carcass measures were
better in pigs on Step 2 and Step 3 pro-
grams, and these pigs produced more car-
cass lean than pigs on the constant RAC
program.

Implications: Under commercial manage-
ment conditions, live performance and car-
cass measures were better in pigs fed RAC
for 35 days, and further benefits were ob-
tained with RAC step-up programs.
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Resumen – Efectos de los programas de
aumento paulatino del uso de ractopamina
en cerdos de finalización alimentados bajo
condiciones comerciales

Objetivos: Proveer información del
desempeño de crecimiento y de canal sobre
los programas de uso de ractopamina (RAC
por sus siglas en inglés) bajo condiciones
comerciales y comparar un régimen
alimenticio en el cual la concentración de
RAC se aumentó después de 2 ó 3 semanas
con un régimen en el que la concentración
de RAC en la dieta fue constante por 35
días.

Métodos: Un total de 1050 cerdos se
asignaron a diferentes corrales (n = 48) en
base a peso y sexo. El peso promedio al
inicio de la prueba fue de 78.5 kg. Al azar,
se asignaron cuatro diferentes tratamientos
en los diferentes corrales y estratificándolos
en todos los peso y sexos. Los tratamientos
incluyeron control (0 ppm de RAC por 35
días); constante (5.0 ppm de RAC por 35

días); Paso 2 (5.0 ppm de RAC por 14 días
seguido de 10.0 ppm de RAC por 21 días);
Paso 3 (5.0 ppm de RAC por 21 días,
seguido de10.0 ppm de RAC por 14 días).
Los corrales y el alimento fueron pesados
semanalmente para determinar las variables
de desempeño. Todos los cerdos fueron
enviados al rastro después del periodo ex-
perimental, y se recopilaron las hojas con
información de la empacadora para evaluar
la respuesta de la canal.

Resultados: La ganancia diaria promedio,
la eficiencia alimenticia y los parámetros de
la canal fueron mejores en los cerdos con
dietas suplementadas con RAC. El desempeño
de crecimiento y las mediciones de la canal
fueron mejores en los programas de Paso 2
y Paso 3, ya que estos cerdos produjeron
más carne magra que los cerdos en el
programa de RAC constante.

Implicaciones: Bajo condiciones comerciales,
las medidas de desempeño y de la canal
fueron mejores en cerdos alimentados con

RAC por 35 días, y se obtuvieron mayores
beneficios con programas de aumento
paulatino de RAC.

Resumé – Effets des programmes de
l’augmentation par étape de ractopamine
sur animaux de engraissement sous condi-
tions commerciaux

Objectifs: Fournir information de la per-
formance et de la carcasse sur les programmes
d’usage de ractopamine (RAC par ses initiales
en anglais) dans les conditions commerciaux
et comparer un régime de l’alimentation où
la concentration diététique de RAC a été
augmentée après 2 ou 3 semaines avec un
régime de l’alimentation où la concentration
diététique du RAC était constante pour 35
jours.

Méthodes: Un total de 1050 cochons a été
assigné à différents parcs (n = 48) par poids
et genre. Le poids moyen à l’initiation de la
expérience était 78.5 kg. Quatre traitements
étaient assignés au hasard, et étaient stratifié
selon le poids et genre. Les traitements ont
inclus le contrôle (0 ppm du RAC pour 35
jours); constant (5.0 ppm du RAC pour 35
jours); Étape 2 (5.0 ppm du RAC pour 14
jours ensuite 10.0 ppm du RAC pour 21
jours); Étape 3 (5.0 ppm du RAC pour 21
jours ensuite 10.0 ppm du RAC pour 14
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Ractopamine (RAC) (Paylean;
Elanco Animal Health, Greenfield,
Indiana) is a phenethanolamine

β-adrenergic agonist used as a feed supple-
ment to redirect nutrients to increase the
amount of quality meat in high-value cuts
and improve production efficiency. Supple-
menting finishing pig diets with RAC for
the final 28 to 35 days prior to marketing
has resulted in improved live performance
and carcass characteristics.1,2 However, the
response is not constant over the course of
the feeding period, in that the live animal
response increases rapidly, plateaus, and
appears to decrease during the course of the
RAC feeding period.3–5 This occurs as a
result of either down-regulation or desensi-
tization of β-adrenergic receptors, or both.6

Recent research has demonstrated that it
may be possible to maintain the RAC re-
sponse by increasing the dietary concentra-
tion of RAC throughout the course of the
feeding period (RAC step-up).7,8 Conversely,
implementation of a RAC step-down feeding
regimen (ie, decreasing the dietary concen-
tration of RAC throughout the RAC feeding
period) resulted in live performance responses
inferior to those achieved through RAC
step-up or constant feeding programs.7,9

These studies were conducted in university
research settings. The efficacy of a RAC
step-up feeding program has not been es-
tablished under commercial management

conditions. Therefore, the objectives of this
study were to provide information concerning
RAC feeding programs under commercial
field conditions, and to compare a feeding
regimen in which the dietary concentration
of RAC was increased after 2 or 3 weeks
with a feeding regimen in which the dietary
RAC concentration was constant for 35
days.

Materials and methods
Experimental animals and housing
A total of 1050 pigs (NPD genetic line),
originating from a Canadian herd and rep-
resenting 1 week of production output
from the source farm, were utilized in this
experiment. The source farm had a histori-
cal finisher death loss of < 4%, and no dis-
ease outbreaks occurred prior to or during
the experimental period in the pigs utilized
in this trial. Pigs weighing approximately
27.3 kg on arrival were housed in pens
with completely slatted flooring in a
double-curtain-sided finishing barn near
Algona, Iowa. Pigs were sorted by weight
and gender into 48 pens (28 pens of gilts
and 20 pens of barrows), with an average
stocking density of 22 pigs per pen. Pen
integrity was maintained throughout the
finishing phase. Average body weight at
trial initiation was 78.5 kg. Outlier pigs
within a pen, as defined by body weight,
were not removed at trial initiation; there-
fore, growth performance of all pigs in this
population (ie, representing 1 week of pro-
duction output) was evaluated. All proce-
dures, care, and handling of animals followed
the guidelines established by the Federation
of Animal Science Societies.10

The basal diets for all dietary treatments
were formulated to contain 18.6% crude
protein and 1.0% total lysine. Standard
formulations for calcium and phosphorus
were increased by 15% over the concentra-
tions used in these specific commercial
late-finishing formulations, and vitamin
and trace mineral formulations were in-
creased by 10%. Diets were manufactured
and delivered as feed was consumed, and
feed samples collected when feed was deliv-
ered were assayed for RAC, protein, and
lysine. Assay results for RAC were within
acceptable tolerance limits of 80% to
100%, average assayed protein concentra-
tion was 18.6% (SD, 0.51%), and average
assayed lysine concentration was 0.995%
(SD, 0.51%).

Experimental design
The trial was designed and conducted as a
randomized complete block. In order to
target an experiment-wide final end weight
of 109 kg (based on the historical growth
rate of this population of pigs) and to fa-
cilitate transport of pigs to the packing
plant, pens within a gender were assigned
to one of three weight blocks, each including
16 pens and formed on Day 0 of the 5-week
experimental period. Weight categories
were determined by body weight on Day 0.
Sixteen pens of heavyweight pigs were
started on test on June 4, 2002 (four pens
of gilts and 12 pens of barrows); 16 pens of
middleweight pigs were started on test on
June 11, 2002 (eight pens of gilts and eight
pens of barrows); and 16 pens of lightweight
pigs, all gilts, were started on test on June
18, 2002. Each weight block had ad libi-
tum access to the experimental diets for a
35-day period; therefore, the heavyweight,
middleweight, and lightweight blocks were
removed from test on July 9, 2002, July 16,
2002, and July 23, 2002, respectively.

Pens within a weight block were randomly
assigned to receive one of four dietary
treatments, which resulted in 12 pens per
dietary treatment. Dietary treatments con-
sisted of 0 g per tonne RAC for 35 days
(Control); 5.0 g per tonne RAC for 35
days (Constant); 5.0 g per tonne RAC for
14 days then 10.0 g per tonne for 21 days
(Step 2); and 5.0 g per tonne RAC for 21
days then 10.0 g per tonne for 14 days
(Step 3). All dietary treatments were applied
for 5 weeks. On-farm pen and feed weights
were recorded at Day 0, and subsequently
on Days 7, 14, 21, 28, and 35 for calcula-
tion of ADG, average daily feed intake
(ADFI), and feed efficiency (feed:gain).
Performance data were calculated for the
number of pig-days in the experimental
period, which included the number of days
contributed by pigs that either died or were
removed from the trial during the period.

All pigs, regardless of weight block, were
fed experimental diets for 5 weeks and
marketed at Tyson Fresh Meats in Storm
Lake, Iowa. Pigs were identified with shoulder
tattoos unique within a weight block and
were loaded and shipped to market by pen.
The tattoo allowed pen data for live weight
at the plant and carcass measurements to
be obtained from the packer sheets. Carcass
measurements included carcass weight; per-
cent yield; Animal Ultrasound (AUS;
Ithaca, New York) estimates of fat depth,

jours). Les poids des parcs et la moulée ont
été enregistrés hebdomadaire pour déterminer
des variables de la performance. Tous les
animaux ont été envoie a l’abattoir après la
période expérimentale, et les feuilles des
données ont été rassemblées pour l’estimation
de réponse de la carcasse.

Résultats: La gain quotidien moyen, la
taux de conversion, et les paramètres de la
carcasse étaient meilleurs dans les animaux
qui consumant la moulée avec la RAC. Les
mesures de la performance et de la carcasse
étaient meilleures dans les animaux en les
programmes de Étape 2 et de Étape 3, ces
animaux ont produit plus de carcasse maigre
que les animaux sur le programme du RAC
constant.

Implications: Sous conditions de gestion
commerciaux, les mesures de la perfor-
mance et de la carcasse étaient meilleures
dans les animaux nourris avec RAC pour
35 jours, et des avantages supplémentaires
ont été obtenus avec les programmes
d’augmentation par étape de la RAC.
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loin depth, and percent lean; and percent
of pigs that were outside of the acceptable
packer weight range (sort percent). Total
weight of lean per carcass was calculated
from packer sheet data.

Statistical analyses
Analysis of variance was performed using
the MIXED procedure of SAS (SAS Institute,
Cary, North Carolina). The model con-
tained dietary treatment, gender, weight
block, and all appropriate interactions.
There were no interactions (P > .05); there-
fore, data were pooled and presented across
gender and weight block, which resulted in
each mean including 12 replications. Pen
was the experimental unit for all dependent
variables. For each dependent variable, dif-
ferences between means were determined
using preplanned orthogonal contrasts with
a single degree of freedom. Contrasts in-
cluded Control versus all RAC treatments
combined; Step 2 versus Step 3; and step-
up RAC treatments (Step 2 and Step 3
combined) versus Constant RAC treatment.
Significance was declared at P ≤ .05 and sta-
tistical trends were noted when the P value
was between .06 and .10.

Results
Over the entire 35-day feeding period, ADG
and feed efficiency were better (P < .01) for
groups of pigs fed RAC (Table 1). In addi-
tion, ADG and feed efficiency were better
when a RAC step-up program was used,
compared to a constant RAC feeding regi-
men of 5.0 g RAC per tonne (P < .01).
However, there was no difference in ADG
and feed efficiency between pigs on the
Step 2 and Step 3 programs. Numerically
better ADG and feed efficiency were real-
ized through week 4 for pigs fed the constant
RAC feeding regimen compared to the con-
trols. However, ADG and feed efficiency
were better for pigs on either the Step 2 or
Step 3 program than for pigs on the con-
stant RAC feeding regimen (Figure 1). In
addition, better ADG and feed efficiency
were maintained through week 5 of the
experimental period in pigs on the RAC
step-up feeding programs. Average daily
feed intake was not affected by dietary
treatment during the 35-day experimental
period (Table 1).

Live weight (on-farm and at the packing
plant) and carcass weight were higher (P < .01)
for pigs on any of the RAC feeding regimens
than for control pigs, and carcass weight
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Table 1: Effects of ractopamine (RAC) feeding programs on growth
performance of finishing pigs in a commercial production facility1

1     Control: 0 g/tonne RAC for 35 days; Constant: 5.0 g/tonne RAC for 35 days; Step 2: 5.0
g/tonne RAC for 14 days then 10.0 g/tonne for 21 days; Step 3: 5.0 g/tonne RAC for
21 days then 10.0 g/tonne for 14 days. Pigs were housed in 48 pens (28 pens of gilts
and 20 pens of barrows), with an average of 22 pigs per pen. Average body weight
was 78.5 kg at trial initiation. Production parameters were calculated at the end of
the 35-day experimental period.

2     The statistical model (ANOVA) included dietary treatment, gender, weight block, and
all appropriate interactions, with pen as the experimental unit.  Level of significance
was set at P = .05 for all comparisons. There were no interactions (P > .05); therefore,
data were pooled and presented across gender and weight block, which resulted in
each mean including 12 replications. In the comparison of Control and RAC, RAC is
the calculated mean for the three RAC feeding regimens.

tended to be higher for pigs on a RAC
step-up feeding program than for pigs on a
constant RAC feeding regimen (P = .09)
(Tables 1 and 2). Live weight (on-farm and
at the packing plant) and carcass weight
did not differ between the two RAC step-
up regimens. Carcass weights of pigs fed
RAC were greater than those of the control
pigs by 2.6 kg in the constant-feeding-regi-
men treatment; by 3.8 kg in the Step-2
treatment; and by 4.0 kg in the Step-3
treatment. Percent yield was higher in pigs
fed RAC-supplemented diets (P = .02), but
percent yield in pigs on RAC step-up feeding
programs did not differ from that of pigs
on the constant RAC feeding regimen
(Table 2). There was no difference in sort
percent among treatment groups (Table 2).

AUS estimates of loin depth and percent
lean were higher (P < .01) and total weight
of lean per carcass was higher (P < .01) in
pigs fed RAC than in control pigs (Table 3).
AUS estimates of loin depth and total weight
of lean per carcass were higher (P < .05) when
a RAC step-up feeding program was imple-
mented than when pigs were fed the constant
RAC dietary treatment, with no difference
between pigs on the two RAC step-up pro-
grams. Estimates of fat depth were not af-
fected by dietary treatment (Table 3).

Discussion
With prolonged exposure to a β-agonist
(eg, RAC), β-adrenergic receptors are se-
questered, internalized, and ultimately de-
graded, which results in a net loss of available
membrane receptors.11 When porcine
adipocytes were incubated in vitro with the
β-agonist isoproterenol, the number of β-
adrenergic receptors decreased.12 In addi-
tion, Spurlock et al11 reported that maxi-
mum binding of the RAC molecule to
adipose tissue β-adrenergic receptors de-
creased with time. Therefore, this down-
regulation or desensitization of β-adrener-
gic receptors results in a diminishing
response to RAC in the live animal over
the course of the feeding period when a
constant dietary concentration of RAC is
fed.3–5 However, the current study demon-
strated that implementation of a RAC step-
up feeding regimen resulted in greater
benefits in live-animal performance than a
constant RAC feeding program, which
may indicate that a RAC step-up program
maintains the physiological RAC response
in the live animal through a potential delay
in the down-regulation or desensitization
of the β-adrenergic receptors for the RAC
molecule.

Ractopamine supplementation to finishing
pig diets for periods of approximately 35
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Figure 1: A: Weekly ADG and B: feed efficiency in a total of 1050 finishing pigs during a 5-week period on ractopamine
(RAC) feeding programs. Pigs were housed in 48 pens (28 pens of gilts, 20 pens of barrows) with an average of 22 pigs per
pen. Average body weight was 78.5 kg at trial initiation. Pen was the experimental unit. Each dietary treatment mean
within each time period included 12 observations, with pooled SEM = 0.04. Control: 0 g/tonne RAC for 35 days; Constant:
5.0 g/tonne RAC for 35 days; Step 2: 5.0 g/tonne RAC for 14 days then 10.0 g/tonne for 21 days; Step 3: 5.0 g/tonne RAC for
21 days then 10.0 g/tonne for 14 days. A dietary treatment and time period effect was present (P < .01). Statistical analysis
was performed by ANOVA in SAS (SAS Institute, Cary, North Carolina) with preplanned orthogonal contrasts for dependent
variables, and level of significance set at P = .05. ADG and feed:gain were numerically better for pigs on either Step 2 or
Step 3 than for pigs on the Constant regimen, and were better (P < .05) for pigs supplemented with RAC (means for three
combined RAC groups) than for Controls in study weeks 1 through 5.
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Table 2: Effects of ractopamine (RAC) feeding programs1 on live weight, carcass
weight, percent yield, and percent of pigs outside of the acceptable packer
weight range (sort %) of finishing pigs, determined at the packing plant

1    Control: 0 g/tonne RAC for 35 days; Constant: 5.0 g/tonne RAC for 35 days; Step 2: 5.0
g/tonne RAC for 14 days then 10.0 g/tonne for 21 days; Step 3: 5.0 g/tonne RAC for
21 days then 10.0 g/tonne for 14 days. Pigs were housed in 48 pens (28 pens of gilts
and 20 pens of barrows), with an average of 22 pigs per pen. Average body weight
was 78.5 kg at trial initiation. Effects of RAC on carcass measures were calculated at
the end of the 35-day experimental period.

2     The statistical model (ANOVA) included dietary treatment, gender, weight block, and
all appropriate interactions.  Level of significance was set at P = .05 for all
comparisons.  There were no interactions (P > .05); therefore, data were pooled and
presented across gender and weight block, with pen as the experimental unit, which
resulted in each mean including 12 replications. In the comparison of Control and
RAC feeding programs, the mean for RAC includes the three RAC feeding regimens.

Table 3: Effects of ractopamine (RAC) feeding programs1 on ultrasound2

estimates of fat depth, loin depth, and percent lean, and total weight of lean
per carcass

1    Control: 0 g/tonne RAC for 35 days; Constant: 5.0 g/tonne RAC for 35 days; Step 2: 5.0
g/tonne RAC for 14 days then 10.0 g/tonne for 21 days; Step 3: 5.0 g/tonne RAC for
21 days then 10.0 g/tonne for 14 days. Pigs were housed in 48 pens (28 pens of gilts
and 20 pens of barrows), with an average of 22 pigs per pen. Average body weight
was 78.5 kg at trial initiation.  Carcass parameters were evaluated at the end of the
35-day experimental period.

2    Animal Ultrasound (AUS; Ithaca, NY).
3    The statistical model (ANOVA) contained dietary treatment, gender, weight block, and

all appropriate interactions, with pen as the experimental unit.   Level of significance
was set at P = .05 for all comparisons. There were no interactions (P > .05); therefore,
data were pooled and presented across gender and weight block, which resulted in
each mean including 12 replications. In the comparison of Control and RAC feeding
programs, the mean for RAC includes the three RAC feeding regimens.
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days has consistently resulted in improve-
ments in ADG and feed efficiency.13–15

The results of this experiment support
these earlier studies, in that ADG and feed
efficiency were better in pigs fed diets con-
taining RAC. In addition, implementation
of a RAC step-up program produced fur-
ther benefits in ADG and feed efficiency
when compared to a constant RAC feeding
program. These data support previous re-
search conducted under controlled university
conditions, that demonstrated that ADG
was better in pigs on a RAC step-up pro-
gram (5.0 g per tonne RAC for 3 weeks,
then 10.0 g per tonne for 3 weeks) than in
pigs fed 5.0 g per tonne RAC for 6 weeks.8

In another study, ADG was better during
the final 2 weeks of a 6-week feeding period
when a RAC step-up program was imple-
mented (5.0 g per tonne RAC for 2 weeks,
then 10.0 g per tonne for 2 weeks, then
20.0 g per tonne for 2 weeks) compared to
a constant regimen of 11.7 g per tonne
RAC for 6 weeks.7

Not only was live-animal performance bet-
ter in this study when a RAC step-up pro-
gram was used, but carcasses also tended to
be heavier and produced more lean, com-
pared to those of pigs that had been on the
constant RAC feeding program. Hot carcass
weight and percent lean were numerically
higher under controlled university condi-
tions when a RAC step-up program was
implemented.7,8 These data are consistent
with the earlier literature that demonstrated
the carcass-enhancing properties of the
RAC molecule. Specifically, RAC feeding
has been shown to result in heavier car-
casses1,2,14 with a greater composition of
lean.2,13,16

This is the first commercial-scale trial that
has demonstrated the production advantages
of a RAC step-up feeding regimen. In this
study, there were no differences between
the two RAC step-up feeding regimens in
the dependent variables. Therefore, it
would be more economical for a swine pro-
ducer to implement the Step-2 program in
this study (ie, 5.0 g per tonne RAC for 21
days, then 10.0 g per tonne for 14 days).
However, further research is required to
further quantify and describe the RAC
feeding program that maximizes the pro-
duction, carcass, and economic advantages
associated with RAC feeding.

Implications
• Live performance and carcass measures

were better in pigs fed RAC at 5.0 g
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per tonne for 35 days than in pigs fed
the same diet without RAC.

• Live performance and carcass measures
were better in pigs on either of two 5-
week RAC step-up feeding programs
than in pigs fed 5.0 g per tonne RAC
for 35 days.

• Loin depth and total weight of the
carcass lean were greater in pigs on
either of two 5-week RAC step-up
feeding programs than in pigs fed 5.0
g per tonne RAC for 35 days.

• There was no difference in live
performance and carcass measures for
groups fed either RAC step-up feeding
program tested in this study; therefore,
it would be more economical for
producers to implement the step-up
program that included 5.0 g per tonne
RAC for 21 days, then 10.0 g per tonne
RAC for 14 days.
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