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Standardized ileal digestible lysine in diets for pigs fed ractopamine
in commercial production system

Lisina digestivel para suinos recebendo ractopamina em sistema
comercial de producao

Alysson Saraiva'’; Juarez Lopes Donzele!; Bruno Alexander Nunes Silva?; Wilson
Moreira Dutra Junior’; Edenio Detmann'; Gabriel Cipriano Rocha!

Abstract

Two consecutive experiments were conducted using 480 pigs each with six replicate pens per treatment
and 10 pigs per pen to evaluate the effect of standardized ileal digestible (SID) Lys (0.81, 0.91, 1.01,
and 1.11%) in diets containing ractopamine (RAC; 10 or 20 mg kg') on growth and carcass traits
of barrows in a commercial production system. There were no effects of either RAC levels or the
interaction between RAC and SID Lys levels on any of the performance and carcass variables. No lack
of fit was detected in the response surface analysis. From d 0 to 21, there was no effect of SID Lys
levels on ADFI. However, as SID Lys increased, there was a linear increase in ADG and G:F. As SID
Lys increased, the ADG, G:F, loin depth, and lean percentage improved linearly from d 0 to 28, with no
effect on ADFI and backfat thickness. In conclusion, performance and carcass traits of pigs fed RAC (10
or 20 mg kg') in a commercial finishing facility are improved by up to 1.11% SID Lys supplementation.
There is no additional benefit of feeding 20 mg kg' RAC in comparison with 10 mg kg' RAC.
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Resumo

Dois experimentos consecutivos foram conduzidos com 480 suinos cada um, com 6 repeticdes (baia) por
tratamento e 10 suinos por baia para avaliar o efeito da lisina digestivel LISD (0,81; 0,91; 1,01 e 1,11%)
em ragdes com ractopamina (RAC; 10 ou 20 mg kg') no desempenho e caracteristicas de carcaga de
suinos em sistema de producdao comercial. Nao houve efeito dos niveis de RAC nem interacdo entre
os niveis de RAC e LISD para nenhuma das variaveis de desempenho e de caracteristicas de carcaca.
Nao foi detectada falta de ajuste na analise de superficie de resposta. De 0 a 21 dias, ndo houve efeito
dos niveis de LISD no CRMD. No entanto, com o aumento dos niveis de LISD houve aumento linear
no GPD e na eficiéncia alimentar (G:F). De 0 a 28 dias, com o aumento dos niveis de LISD o GPD, a
G:F, a profundidade de lombo e a porcentagem de tecido magro aumentaram linearmente, sem efeito
no CRMD e na espessura de toucinho. Em conclusdo, os melhores resultados de desempenho e de
caracteristicas de carcaca de suinos alimentados com ractopamine (10 ou 20 mg kg!') em sistema de
producdo comercial foram obtidos com 1,11% de LISD na racdo. Nao ha beneficio adicional com a
suplementagdo de 20 mg kg' de RAC em comparag¢do com 10 mg kg™'.
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Introduction

The B-agonist ractopamine (RAC) is a dietary
ingredient used in diets for finishing pigs to redirect
nutrients to protein accretion that would otherwise
go to the synthesis and deposition of lipids,
resulting in improved performance and carcass
traits (DUNSHEA et al., 1993; SCHINCKEL et al.,
2003). It is well established that Lys requirements
for optimal performance and carcass traits are
greater for pigs fed RAC (NRC, 2012; ANDRETTA
et al., 2012). In addition, the NRC (2012) model
suggests that when RAC is included in the diet the
requirement for essential amino acids, especially
standardized ileal digestible (SID) Lys, increases by
26%.

In a meta-analysis on the relationship between
RAC and dietary Lys levels for pigs, Andretta et
al. (2012) used a database composed of 29 articles
published in peer-reviewed journals; however only
one experiment in the data set (WEBSTER et al.,
2007) evaluated SID Lys levels in diets for pigs fed
RAC. This highlights the importance of studies to
estimate the best SID Lys concentration in the diet
according to the level of RAC supplementation with
the aim of improving the performance and carcass
traits of pigs.

It has been suggested that individual housing can
be used to determine the growth potential of pigs,
but group housing is necessary to assess levels in a
commercial situation (WEATHERUP et al., 1998).
Nonetheless, previous RAC x SID Lys studies have
been conducted with small groups of animals housed
in low-density or low-immune-challenge pens
(APPLE et al., 2004; WEBSTER et al., 2007) and
did not fully represent the situation in commercial
pig production. Therefore, the objective of this
study was to evaluate the SID Lys requirement of
pigs reared in a commercial production system and
fed 10 or 20 ppm RAC, based on performance and
carcass traits.

Material and Methods

Two consecutive experiments (conducted 2
months apart) were carried out in a commercial
production system using 480 pigs each, totaling
960 barrows (Talent x Topigs 40), with an initial
BW 71.37 + 4.86 kg and final BW 101.27 + 2.87
kg. Experimental procedures were the same for
both experiments. For each experiment pigs were
allotted in a completely randomized design in a 2 x
4 factorial arrangement, with two RAC levels (10
and 20 mg kg!) and four SID Lys levels (0.81, 0.91,
1.01, and 1.11%), and six replicates (pens), of 10
pigs each, per treatment. Pigs had free access to feed
and water throughout the 28 d experimental period.

Experimental diets (Table 1) were mainly
composed of sorghum and soybean meal, and
were supplemented with minerals, vitamins, and
industrial amino acids to meet all the nutrient
requirements, according to Rostagno et al. (2011),
except for SID Lys.

Daily feed waste was manually collected and
weighed. Pigs were weighed at the beginning
of the experiments, at d 21, and at the end of the
experimental period in order to calculate ADFI,
ADG, and G'F.

Atthe end of the experimental period (28 d), three
pigs per pen were randomly chosen and assessed
for loin depth (Longissimus dorsi) and backfat
thickness using an Aloka SSD 500 ultrasound.
The images were taken between the 10th and
11th ribs as recommended by the National Swine
Improvement Federation Guidelines. Subsequently,
the images were used to calculate loin depth and
backfat thickness using the software Biosoft Swine.
The lean percentage was calculated using the
equation proposed by Bridi and Silva (2007): Lean
percentage = 60 - (backfat thickness x 0.58) + (loin
depth x 0.1).

Data were analyzed using the MIXED procedure
of SAS 9.4 following a completely randomized
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design according to a 2 x 4 factorial arrangement
(two levels of RAC and four levels of SID Lys). The
pen was used as the experimental unit for statistical
analysis of ADFI, ADG, and G:F. Three pigs per
pen were used as experimental units for statistical
analysis of loin depth and backfat thickness. The
statistical model included the fixed effects of the
RAC levels, SID Lys levels and their interaction,
and the random effect of the experiments. After
ANOVA, the treatments were compared using a
response surface technique. The basic regression
model included the linear effect of the RAC level,
the linear and quadratic effects of SID Lys levels,

and the interaction between the linear effects of
RAC and SID Lys levels. The remaining degrees
of freedom from treatments were grouped using the
LACKOFIT statement of the MIXED procedure
to check whether any significant effects other than
from treatments had affected the experimental
responses. Only the significant effects (o = 0.05)
were kept to compose the adjusted models. There
was no significant variation between experiments
(P>0.05) for any variable evaluated herein.
However, the random effect of experiments was
taken into account when adjusting the regression
models.

Table 1. Ingredient and nutritional composition of the experimental diets (as-fed basis).

. SID! Lys, %

Ingredients, %

0.81 0.91 1.01 1.11
Sorghum 69.05 69.05 69.05 69.05
Soybean meal 27.63 27.63 27.63 27.63
Dicalcium phosphate 1.04 1.04 1.04 1.04
Limestone 0.41 0.41 0.41 0.41
Salt 0.34 0.34 0.34 0.34
Soybean oil 0.33 0.33 0.33 0.33
Paylean 20° 0.05/0.10 0.05/0.10 0.05/0.10 0.05/0.10
L-lysine HCI - 0.13 0.26 0.38
DL-methionine - 0.05 0.12 0.19
L-threonine - - 0.07 0.13
Starch 0.80/0.75 0.62/0.57 0.35/0.30 0.10/0.05
Mineral-vitamin premix? 0.30 0.30 0.30 0.30
Growth promoter* 0.05 0.05 0.05 0.05
Calculated nutritional composition®
Metabolizable energy, kcal kg™ 3200 3200 3200 3200
Crude protein, % 17.97 18.12 18.33 18.57
SID lysine, % 0.81 0.91 1.01 1.11
SID met+cys, % 0.51 0.56 0.63 0.69
SID threonine, % 0.61 0.61 0.68 0.74
Sodium, % 0.16 0.16 0.16 0.16
Calcium, % 0.52 0.52 0.52 0.52
Available P, % 0.30 0.30 0.30 0.30
Ractopamine, mg kg! 10/20 10/20 10/20 10/20

Continue...
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Continuation...

'SID = Standardized ileal digestible. ? Paylean; Elanco Animal Health, Greenfield, IN. Content per kg of product:
20 g ractopamine hydrochloride and vehicle q.s.p. 1,000g. * Content per kg of mixed diet: Fe (iron sulfate), 45 mg;
Cu (copper sulfate), 37 mg; Mn (manganese sulfate), 25 mg; Zn (zinc oxide), 35 mg; cobalt (cobalt sulfate), 0.3 mg;
iodine, 0.8 mg; Se (sodium selenite), 0.12 mg. Vitamin A (retinyl acetate), 6,000 IU; vitamin D, (cholecalciferol), 2,400
IU; vitamin E (dl-o tocopheryl acetate), 15 mg; vitamin K (menadione nicotinamide bisulfite), 2.5 mg; vitamin B, 14
mg; riboflavin, 4.6 mg; biotin, 0.1 mg; pantothenic acid (d-calcium pantothenate) , 12 mg; niacin (nicotinamide and
nicotinic acid), 20 mg; choline, 250 mg; growth promoter 50 g; antioxidant, 10 mg; thiamine (thiamine mononitrate), 1
mg; pyridoxine, 2 mg; folic acid, 0.3 mg. * Tylan 40® Premix - content per kg of product: tylosin activity (as phosphate)
88 g, vehicle q.s.p. 1,000 g. * Calculated nutritional composition according to Rostagno et al. (2011).

Results and Discussion according to RAC and SID Lys levels in the diet are

The least squares means for all response variables presented in Table 2.

Table 2. Least square means for the different response variables according to the ractopamine (RAC) and standardized
ileal digestible (SID) Lys in the diet.

RAC', mg kg 10 20 RSD?
SID Lys, % 0.81 0.91 1.01 1.11 0.81 0.91 1.01 1.11

0 to 21 days

ADFI, g day! 2940 2830 2900 2950 2900 2800 2990 2840 0.19
DWG, g day! 1020 1050 1010 1110 1070 1080 1050 1130 0.10
GF 0.35 0.37 0.36 0.38 0.37 0.36 0.37 0.40 0.03
0 to 28 days

ADFI, g day! 3000 2880 2910 3040 2930 2850 3060 2950 0.19
DWG, g day’! 1000 1090 1050 1110 1050 1040 1130 1140 0.10
GF 0.33 0.37 0.36 036 036 0.36 0.37 0.38 0.03
BF?, mm 11.80 11.87 11.98 11.93 11.65 12.11 1224 1230 1.04
LD* mm 59.63 61.24 6227 61.63 61.10 60.52 62.65 6483 3.54
Lean’, g day! 496.5 508.8 503.5 505.1 501.3 498.5 5033  519.7  1.88

! Paylean, Elanco Animal Health, Greenfield, IN.

2 Residual standard deviation.

3BF = backfat thickness.

4LD = loin depth.

SLean percentage = 60 - (backfat thickness x 0.58) + (loin depth x 0.1), equation proposed by Bridi and Silva (2007).

There were no effects of either the RAC levels (Table 3). No lack of fit was detected in the response
or the interaction between RAC and SID Lys levels  surface analysis (Table 3).
on any of the performance and carcass variables
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Table 3. Descriptive levels of probability for type I error for the different parameters associated with the basic model
of response surface [Y = By + B; X SIDLys + 3, X SIDLys? + B3 X RAC + B, x (SIDLys x RAC)]".

. Parameters
Variable? Lack of fit
P, B, By B,

0to 21 days

ADFI 0.713 0.479 0.535 0.818 0.103
DWG 0.007 0.085 0.511 0.944 0.493
G:F 0.008 0.177 0.193 0.769 0.059
0 to 28 days

ADFI 0.253 0.148 0.707 0.723 0.074
DWG 0.001 0.851 0.220 0.718 0.289
G:F 0.014 0.176 0.152 0.986 0.112
BF 0.342 0.665 0.544 0.556 0.999
LD 0.008 0.617 0.499 0.210 0.146
Lean 0.028 0.602 0.617 0.265 0.341

'SIDLys = standardized ileal digestible Lys, RAC = ractopamine (Paylean, Elanco Animal Health, Greenfield, IN).
221 and 28 = days of experiment, BF = backfat thickness, LD = loin depth, Lean = Lean percentage.

There was no effect of SID Lys levels on ADFI
on day 21. However, as SID Lys increased, there
was a linear increase (P<0.01) in ADG and G:F
(Tables 3 and 4). Many of the RAC x SID Lys
studies reported in the literature were conducted
with small groups of six or fewer pigs per pen and
at a low density (APPLE et al., 2004; RIKARD-
BELL et al., 2013). However, there is now evidence
for differences in performance between small-pen
university research and studies conducted under
commercial production systems (WEATHERUP et

al., 1998). The response to RAC supplementation
is dependent on dose of RAC, the duration of RAC
feeding, and the amount of amino acids in the diet
(APPLE et al., 2004; ARMSTRONG et al., 2004).
In the present study there was no effect of the RAC
dose or duration (similar responses at d 21 and 28).
However, the performance and carcass traits were
affected by the SID Lys levels and these levels were
above the Brazilian Tables (ROSTAGNO et al.,
2011) and NRC (2012) recommendations for pigs
fed RAC.
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Table 4. Estimates of the different parameters associated with the basic model of response surface
[V =po+ By X SIDLys + f3, X SIDLys? + 3 X RAC + B, X (SIDLys X RAC)]".

i Parameters®

Variable? S 4
By B, B, B B, Y

0to 21 days

ADFI 2.89+0.02 - - - - -

DWG 2.43+0.92 -3.15+1.93 - - - 0.096

G:F 0.30+0.03 0.07+0.03 - - - 0.028

0 to 28 days

ADFI 2.95+0.02 - - - - -

DWG 0.78+0.09 0.31£0.09 - - - 0.980

G:F 0.29+0.03 0.08+0.03 - - - 0.033

BF 11.98+0.17 - - - - -

LD 53.20+3.31 9.15+3.43 - - - 3.610

Lean 46.62+8.64 4.00£1.78 - - - 1.882

'SIDLys = standardized ileal digestible Lys, RAC = ractopamine (Paylean, Elanco Animal Health, Greenfield, IN).
221 and 28 = days of experiment, BF = backfat thickness, LD = loin depth, Lean = Lean percentage.
3For details about significance of the parameters please see Table 3.

*SD of the relationship between X and Y.

The effects of RAC on performance and carcass
traits have been reported previously (SCHINCKEL
et al., 2003; APPLE et al., 2004). However,
improvements in performance and carcass traits
with RAC doses above 10 mg kg are not as clear
and are related to the body weight range and duration
of RAC feeding. In the present study the final BW
(100 kg) and duration of the trial (28 d) may have
limited the effect of the highest dose (20 mg kg™!) of
RAC. Crome et al. (1996) compared the growth and
carcass traits of finishing pigs in two BW groups (107
and 125 kg final BW) and demonstrated that only
the heavier BW group showed a positive response
to 10 and 20 mg kg!' RAC in terms of growth
performance and carcass traits. Armstrong et al.
(2004) also reported no differences in performance
and carcass traits between pigs fed 10 or 20 mg kg
RAC for 20 or 27 d, although significant differences
were observed on d 34.

The present study and others (APPLE et al.,
2004; RIKARD-BELL et al., 2013) showed the lack
of effect of SID Lys on pig ADFI. Variations in feed
intake as a result of the level of Lys in the diet are

associated, among other factors, with the level of
energy and the imbalance of amino acids in the diet
(DE LA LLATA et al., 2007). In the present study,
diets were formulated to contain similar levels of
energy, and despite the variation in the SID Lys
levels, amino acids were added to maintain the ratio
of Lys:amino acids at the level proposed for ideal
protein content.

Although there was no effect on ADFI, increasing
SID Lys increased the ADG (d 21 and 28) linearly
and this reflected changes in G:F that improved with
SID Lys supplementation up to 1.11%. Our results
are consistent with those of Apple et al. (2004), who
observed that ADG and feed efficiency improved
linearly as SID Lys increased (0.51 to 0.92%) in
diets of pigs fed RAC. Webster et al. (2007) reported
that pigs fed RAC require at least 0.90% SID Lys;
however, further improvements could be observed
with up to 1.06% SID Lys supplementation.

The ADG of pigs in the present study was similar
to that (1.13 kg d') found by Webster et al. (2007)
and higher than the best results (0.74 kg d!) reported
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by Apple et al. (2004). The lower ADG found by
Apple et al. (2004) may be due to the ADFI (2.09 kg
d!) of the pigs. Moreover, our results are consistent
with that (1.04 kg d!) reported by Andretta et al.
(2012) in a meta-analysis of the relationship between
ractopamine and dietary lysine for pigs. The genetic
manual (Topigs Norsvin) estimates the ADG of pigs
without RAC as being 0.98 kg d''.

Loin depth and lean percentage improved
linearly (P<0.05) as SID Lys intake increased from
d 0 to 28, with no effect on backfat thickness (Tables
3 and 4).

According to Cisneros et al. (1996), the
assessment of loin depth and backfat thickness with
ultrasound provides accurate measurements of the
amount of muscle and fat in the carcass. Thus, no
change in backfat thickness associated with a linear
increase in loin depth in response to SID Lys levels
in the diet is indicative of an improvement in the
protein:fat ratio. An increase in lean tissue would be
more efficient because the deposition of lean tissue
is more energetically efficient than the deposition
of adipose tissue (DE LANGE et al., 2001). The
verified response pattern for carcass traits in the
present study is consistent with the improvement
that occurred in G:F, confirming the modification
in carcass composition with an improvement in the
meat:fat ratio.

Ractopamine is a B-adrenergic agonist used in
diets for finishing pigs to redirect nutrients to protein
accretion that would otherwise go to the synthesis
and deposition of lipids, resulting in improved
performance and carcass traits (SCHINCKEL et al.,
2003). Thus, the nutrient concentration in the diet
must be increased to maximize the RAC response.
Accordingly, in the present study, besides the
mentioned effects on ADG and G:F, there was a
linear increase in loin depth and lean percentage as
SID Lys increased from 0.81 to 1.11%.

Although 1.11 % SID Lys resulted in the greatest
loin depth and lean percentage, the backfat thickness
was not affected by this level of supplementation.

Apple etal. (2004) and Webster et al. (2007) reported
that pigs fed RAC showed increased loin depth and
lean percentage but decreased backfat thickness
as Lys increased. As proposed by Armstrong et
al. (2004), this discrepancy among studies may be
explained, at least in part, by genetic improvements
in the modern swine industry. For example, pigs in
the current study had an average 10th-rib fat depth
measurement of 12 mm (102 kg), whereas the pigs
used in the study of Apple et al. (2004) and Webster
et al. (2007) had an average 10th-rib fat depth of
17 mm (108 kg) and 18 mm (105 kg), respectively,
when fed RAC.

In the study 1.11% SID Lys
supplementation led to the best performance
and carcass traits in pigs fed a diet supplemented
with RAC, a level that is above the 0.83% SID
Lys currently recommended by the NRC (2012)
for finishing pigs (115 to 135 kg) fed RAC. Such
differences may be due to the weight range and

present

differences in the environmental conditions in
which the studies were performed. Our studies were
conducted on a commercial pig farm whereas the
nutrient requirements recommended by the NRC
(2012) were based on studies conducted with pigs
managed in a relatively stress-free environment in
terms of temperature, exposure to disease-causing
organisms, and space allowance.

Similarly, the Brazilian Tables (ROSTAGNO
et al., 2011) recommendation regarding SID Lys
for finishing pigs (~107 kg) fed 10 mg kg' RAC
is 0.86%. Although the Brazilian Tables were only
recently published (ROSTAGNO et al., 2011),
the experiments that generated the database were
conducted some years ago, so changes in the genetic
potential of pigs are expected to have occurred.
The performance response to dietary Lys can vary
with genotype and more recently, after developing
a model to describe the growth composition
and dietary Lys requirements of pigs fed RAC,
Schinckel et al. (2003) predicted an increase in lean
percentage associated with lower lipid deposition as
dietary SID Lys increased.
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According to the present results, it is possible
that the SID Lys content of practical diets may
limit the performance responses of pigs fed diets
containing RAC. When RAC is included in the diet,
the requirement for essential amino acids, especially
Lys, is increased by about 26 to 30% (NRC, 2012).
In our study the amount of SID Lys required for the
best performance and carcass traits of pigs fed RAC
was as much as 34% more than that recommended
in the Brazilian Tables (ROSTAGNO et al., 2011)
for pigs in the same phase of growth (70 to 100 kg)
fed diets without RAC.

Conclusions

Performance and carcass traits of pigs fed RAC
(10 or 20 mg kg') in a commercial production
system were improved by up to 1.11% SID Lys
supplementation. There was no additional benefit of
feeding 20 mg RAC kg in comparison with 10 mg
RAC kg
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