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A B S T R A C T

Three experiments were conducted to determine the optimal dietary standardized ileal digestible (SID) Trp to
Lys ratio (Trp:Lys) for grower-finisher pigs with body weight of 20–50 (Experiment (Exp.) 1), 50–80 (Exp. 2),
and 80–110 kg (Exp. 3). A total of 4032 Duroc×Yorkshire× Landrace barrows and gilts were used in the
experiments with a randomized complete blocked design. For each experiment, 1344 pigs were randomly as-
signed into 6 dietary treatments (SID Trp:Lys levels: 0.150, 0.165, 0.180, 0.195, 0.210, and 0.225) with 8
replicate pens per treatment (14 barrows and 14 gilts per pen). Synthetic Trp was used to adjust the dietary SID
Trp:Lys, while the Lys content in all 6 diets remained fixed in each experiment. In Exp. 1, the average daily gain
(ADG), average daily feed intake (ADFI), gain to feed ratio (G:F), and serum urea N (SUN) were increased
quadratically (P < 0.01) as the SID Trp:Lys increased from 0.150 to 0.225. The optimal SID Trp:Lys for ADG
estimated using broken-line and curvilinear-plateau models were 0.171 and 0.188, respectively. For G:F, the
break-points were 0.192 and 0.207 for the linear and quadratic models, respectively. In Exp. 2, a quadratic
increase was observed in ADG, ADFI, G:F, and SUN as the SID Trp:Lys increased from 0.150 to 0.225 (P< 0.05).
The optimal SID Trp:Lys for ADG estimated using the broken-line and curvilinear-plateau models were 0.183 and
0.200, respectively. The break-points for G:F estimated using broken-line and curvilinear-plateau models were
0.195 and 0.213, respectively. In Exp. 3, the ADG, G:F, and SUN increased quadratically with increasing SID
Trp:Lys, while ADFI increased linearly (P< 0.05). The optimal SID Trp:Lys for ADG estimated using the broken-
line and curvilinear-plateau models were 0.184 and 0.201, respectively. Likewise for G:F, the best ratios were
0.174 and 0.198 for the linear and curvilinear models, respectively. In summary, the optimal Trp:Lys for ADG
estimated using the broken-line model in pigs weighing 20 to 50, 50 to 80, and 80 to 110 kg were 0.171, 0.183,
and 0.184, respectively. The optimal Trp:Lys for G:F estimated using the broken-line model in pigs weighing 20
to 50, 50 to 80, and 80 to 110 kg were 0.192, 0.195, and 0.174, respectively.

1. Introduction

The requirement of pigs for individual amino acid (AA) can be ex-
pressed as the AA ratio with respect to Lys. In the latest version of the
NRC (2012), the requirement of standardized ileal digestible (SID) Lys
were estimated by using the factorial method based on the require-
ments for maintenance, lean deposition of Lys, and the presumed
coefficients of digestibility and bioavailability of Lys. The requirements
of other indispensable AA were estimated based on the optimum ratio
for supporting the main body functions and estimates of the efficiency
of AA utilization (NRC, 2012). This estimation can be questionable for
some AA that play key roles in biological reactions other than protein
synthesis. Therefore, it is necessary to investigate whether the estima-
tion of AA requirements from the factorial method are consistent with

empirical studies.
Tryptophan is an indispensable AA and is a component of serotonin

and melatonin (Yao et al., 2011). The optimal SID Trp:Lys re-
commended by the NRC (2012) in grower pigs ranges from 0.173 at
25 kg of BW to 0.180 at 125 kg of BW. This ratio is consistent with the
ideal protein concept, in which the Trp:Lys is 0.18 (Chung and Baker,
1992; Fuller et al., 1989). The values are also generally in agreement
with empirical studies (Eder et al., 2003; Sato et al., 1987; Susenbeth
and Lucanus, 2005). However, the determined optimal digestible
Trp:Lys varied among studies (Naatjes et al., 2014; Susenbeth, 2006;
Zhang et al., 2012). These variations indicate that the optimal SID
Trp:Lys may be affected by factors such as diet type, experimental an-
imals, and their physiological condition. Tryptophan is also involved in
other biological functions such as the immune response.
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Xu et al. (2015) suggested that dietary Trp supplementation may im-
prove the immune response in grower pigs challenged by porcine re-
spiratory and reproductive syndrome vaccine. Dietary Trp can also
enhance the expression of tight junction proteins in the small intestine
of grower pigs (Liu et al., 2017b). Thus, it is reasonable to assume that
the dietary requirement of Trp is underestimated by using the ratio of
Trp:Lys found in the body composition of pigs. Much of the recent re-
search have been focused on the optimal SID Trp:Lys in nursery pigs
(Susenbeth, 2006; Gonçalves et al., 2015; Liu et al., 2017a). Yet studies
to determine the optimal Trp:Lys in grower-finisher pigs may be more
valuable economically, because of greater feed costs in the grower and
finisher phases. In addition, estimates of the requirement of Trp:Lys
derived from optimally managed research facilities may underestimate
the requirement for grower and finisher pigs in commercial conditions
because of the relatively greater animal density and environmental
challenge found in commercial conditions. The objective of this study
was to determine the optimal SID Trp:Lys in grower and finisher pigs of
20–50, 50–80, and 80–110 kg BW in a commercial swine production
facility.

2. Materials and methods

2.1. Experimental design and treatments

The experimental protocols for this study were approved by the
Animal Care Advisory Committee of Southwest University of Science
and Technology (Mianyang, Sichuan Province, China). A total of 4032
Duroc×Yorkshire× Landrace barrows and gilts were used in the 3
experiments. All 3 experiments were randomized complete blocked
design, with the average initial BW of a pen considered as the blocking
factor. Each study was conducted with 1344 grower-finisher pigs with 6
dietary treatments. The SID Trp:Lys for all 3 experiments was set to
0.150, 0.165, 0.180, 0.195, 0.210, and 0.225, respectively. There were
8 replicate pens for each treatment with 28 pigs (14 barrows and 14
gilts) in each pen. The initial BW of pigs for experiment 1, 2, and 3 were
19.1 ± 1.0, 50.2 ± 1.1, and 79.8 ± 1.1 kg, respectively. The ex-
perimental period was 28d for each experiment. The experimental diets
were formulated to contain marginally deficient concentrations of SID
Lys and relatively sufficient concentrations of all other AA except for
Trp. The SID Lys concentration was set to be 90% of the standard
concentration used by the production facility based on the internal
performance data of the facility. The ratio of SID Met, Thr, Ile, and Val
to Lys were set to be at least 105% of the NRC (2012) recommend ratio
to Lys. The diet formulation used was adopted from previous studies to
ensure Trp is the limiting AA (Guzik et al., 2005). All diets were fed in
mash form and the same batch of ingredients was used for all diets
within a phase. The diet composition and analyzed nutrient composi-
tion of the treatment diet that contained the lowest SID Trp con-
centration for each experiment are listed in Table 1 and 2, respectively.
Crystallized L-Trp was added into the diets at the expense of corn to
adjust the SID Trp:Lys. The standardized ileal digestibility of AA for the
ingredients used in formulation was as given by the NRC (2012).

2.2. Animals and procedures

The study was conducted in 3 grower-finisher barns with the same
design of pens, feeders, and waterers at a large-scale farm of New Hope
Group (Mianyang, Sichuan, China). Prior to the target experimental BW
for each experiment, all animals were fed with corn-SBM based diets
following the standard practice of the production facility. All nutrient
and energy concentrations met or exceeded NRC (2012) re-
commendations. Pigs were housed in concrete floored pens with a
single-sided 4-hole feeder and 4-cup waterers. The stocking densities
for experiment 1, 2, and 3 were 0.54, 0.71, and 1.00 m2 per pig, re-
spectively. The relative humidity inside the animal house for all the
experiments ranged from 50 to 70%, and the environmental

temperature inside the swine confinement building was controlled at
24, 22, and 20 °C in experiment 1, 2, and 3, respectively. All pigs re-
ceived ad libitum feed and water throughout the experiment. The pigs
and feeders were weighed at the beginning and the termination of each

Table 1
Ingredient composition of the basal diet formulated for experiments (Exp.) 1 to
3.a

Item Exp. 1 Exp. 2 Exp. 3

Ingredient (g/kg)
Corn 670.6 670.0 715.6
Soybean meal 153.5 116.6 73.2
Wheat bran 60.0 80.0 80.0
Corn DDGSb 60.0 80.0 80.0
Soybean oil 10.0 10.0 10.0
Dicalcium phosphate 5.9 5.7 5.7
Limestone 6.6 6.6 6.6
Salt 5.0 5.0 5.0
Vitamin and mineral premixc 20.0 20.0 20.0
L-Lys•HCl 5.4 3.8 2.4
L-Trp 0.3 0.2 0.00
DL-Met 1.2 0.9 0.6
L-Thr 1.5 1.2 0.9

a Body weight ranges for experiment 1, 2, and 3 were 20 to 50, 50 to 80, and
80 to 110 kg, respectively. Diets with increasing standardized Trp to Lys ratios
were formulated using crystalline Trp to replace corn.

b Dried distillers grains with solubles.
c Premix provide the following items per kilogram of complete diet: vitamin

A, 5512 IU; vitamin D3 2200 IU; vitamin E, 64 IU; vitamin K3 2.2mg; niacin,
30.3mg; choline chloride, 551mg; Mn. 40mg; Fe, 100mg; Zn, 100mg; Cu,
100mg; and Se, 0.3mg.

Table 2
Chemically analyzed and calculated energy and nutrients composition of the
basal diets for experiments (Exp.) 1–3.a

Item Exp. 1 Exp. 2 Exp. 3

Chemical analyses (%)
CPb 15.61 14.33 13.08
Ether extract 3.20 2.99 2.71
Crude fiber 3.78 3.94 3.88
Ca 0.68 0.58 0.50
Total P 0.50 0.44 0.40
Arg 0.89 0.85 0.77
His 0.39 0.35 0.34
Ile 0.57 0.48 0.41
Leu 1.30 0.87 0.63
Lys 0.97 0.80 0.68
Met + Cys 0.60 0.50 0.44
Thr 0.66 0.55 0.51
Trp 0.14 0.12 0.10
Phe 0.64 0.53 0.47
Val 0.70 0.59 0.50
Calculated energy and nutrientsc (%)
Net energy (Mcal/kg)d 2.45 2.45 2.45
SID Lyse 0.90 0.72 0.60
SID Met + Cys 0.53 0.43 0.44
SID Ile 0.49 0.40 0.41
SID Leu 1.20 0.76 0.64
SID Phe 0.56 0.45 0.38
SID Thr 0.57 0.47 0.41
SID Trp 0.14 0.11 0.09
SID Val 0.61 0.50 0.42

a BW ranges for experiment 1, 2, and 3 are 20 to 50, 50 to 80, and 80 to
110 kg, respectively. Diets with increasing standardized Trp to Lys ratios were
formulated by using crystalline Trp to replace corn.

b Crude protein (CP).
c Standardized ileal digestibility of amino acid for ingredients were refer-

enced by NRC (2012).
d Net energy was calculated by using a previously reported equation

(Noblet et al., 1994).
e Standardized ileal digestible (SID).

J.B. Liu, et al. Livestock Science 222 (2019) 25–30

26



experiment to determine the BW gain and feed leftover to calculate the
ADG, ADFI, and G:F. At the end of each experiment, 2 barrows and 2
gilts that were close to the average BW of the pen were selected to
collect blood samples from the anterior vena cava. Blood samples were
centrifuged (3000 × g) at 4 °C for 10min and serum was collected and
frozen for the analysis of cortisol and serum urea N (SUN).

2.3. Chemical analysis

The feed ingredient and diet samples were analyzed following
AOAC (2006) procedures for CP, ether extract, crude fiber, and Ca and
P concentration. The AA profile of ingredients and diets were analyzed
using HPLC (Hitachi L-8800 AA Analyzer; Hitachi, Tokyo, Japan) after
one of 3 hydrolysis procedures (AOAC, 2006). Most of the AA were
determined after acid hydrolysis in 6 N HCl at 110 °C for 24 h. For the
determination of S-containing AA, the oxidation process was performed
before the acid hydrolysis using performic acid. The analysis of Trp was
performed after alkaline hydrolysis. The SUN concentration was de-
termined using a biochemical analytical instrument (Byer Diagnostics
Manufacturing Ltd., Dublin, Ireland). The plasma cortisol was de-
termined by using an Enzyme-Linked Immuno-Sorbent Assay kit for
porcine cortisol determination (Hengyuan Bio-technology, Shanghai,
China). The intra-assay coefficient of variation was 10%.

2.4. Statistical analyses

In all experiments, data were analyzed by one-way Analysis of
Variance (ANOVA) using PROC GLM of SAS (9.4). Orthogonal poly-
nomial contrasts were applied to test the linear and quadratic effects for
the increasing dietary SID Trp:Lys. The individual pen was considered
the experimental unit and an alpha concentration of 0.05 was selected.
The optimal SID Trp:Lys for ADG or G:F for each BW period was esti-
mated by using PROC NLIN of SAS (9.4). The linear broken-line [1] and
curvilinear-plateau regression [2] models are as previously reported
(Robbins et al., 2006). Least square means of each SID Trp:Lys were
used for the estimation.

= + + = >y L U R x R x x R( ), ( ) 0 if ; (1)

= + + = >y L U R x R x x R( ) , ( ) 0 if .2 (2)

3. Results

3.1. Experiment 1

For 20- to 50-kg pigs, the results of growth performance, SUN, and
plasma cortisol concentration are presented in Table 3. The ADG, ADFI,
G:F, and SUN were increased quadratically (P < 0.01) as the SID
Trp:Lys increased from 0.150 to 0.225. In contrast, the plasma cortisol
concentration decreased linearly (P < 0.01) with increasing Trp:Lys.
The final BW increased linearly with increasing Trp concentration
(P < 0.01). The estimations of optimal SID Trp:Lys ratio are shown in
Table 4. The optimal SID Trp:Lys with ADG as the response criterion

using broken-line and curvilinear-plateau models were 0.171 and
0.188, respectively. For G:F, the break-points were 0.192 and 0.207 for
the linear and quadratic models, respectively.

3.2. Experiment 2

For 50- to 80-kg pigs, the results of growth performance, SUN, and
plasma cortisol concentration are shown in Table 5. Quadratic increases
were observed in ADG, ADFI, G:F, and SUN (P < 0.05) as the SID
Trp:Lys increased from 0.150 to 0.225. The plasma cortisol con-
centration decreased linearly (P < 0.01) with increasing Trp:Lys. The
results of the non-linear regression analysis are presented in Table 6.
The optimal SID Trp:Lys with ADG as the response criterion using
broken-line and curvilinear-plateau models were 0.183 and 0.200, re-
spectively. The break-points for G:F were 0.195 and 0.213 using
broken-line and curvilinear plateau models, respectively.

3.3. Experiment 3

Table 7 shows the results of growth performance, SUN, and plasma
cortisol for finisher pigs weighing 80 to 110 kg. The ADG, G:F, and SUN
increased quadratically with increasing SID Trp:Lys (P < 0.05), while
ADFI and plasma cortisol concentration increased linearly. Table 8
shows the estimations of the optimal SID Trp:Lys. The optimal SID
Trp:Lys for the response of ADG using broken-line and curvilinear-
plateau models were 0.184 and 0.201, respectively. The optimal SID
Trp:Lys for the response of G:F were 0.174, and 0.198 for the linear and
quadratic models, respectively.

4. Discussion

The precision-feeding of an animal to its nutritional requirement is
of great economic and environmental importance for animal produc-
tion. Three experiments were conducted in this study to determine the
optimal SID Trp:Lys for grower-finisher pigs with BW of 20 to 50, 50 to
80, and 80 to 110 kg raised in a commercial hog production facility.
The ratios for optimal ADG and G:F in each BW range were determined
by broken-line analysis, as well as the curvilinear-plateau model. This
methodology of AA requirement estimation has been well elaborated by
Quant et al. (2012). It is widely accepted that the broken-line analysis
can be used for the determination of AA requirements for optimal
growth performance. To avoid the subjective bias of setting the arbi-
trary percentage of the maximum performance response, the linear
broken-line analysis was chosen in the current study as the primary
method of determining the optimal SID Trp:Lys. In addition to the re-
sults of broken-line analysis, the results of the asymptote of the quad-
ratic regression are also reported for a reference. It has been suggested
that the application of these methods required at least 5 concentrations
of nutrient titration ((Liu et al., 2018). The titration of 6 concentrations
of SID Trp:Lys in the current study is statistically adequate to generate 2
linear regressions for the broken-line analysis.

Dietary supplementation of Trp is critical for the optimal growth

Table 3
. Growth performance of grower pigs (initial BW = 19.1 ± 1.0 kg) fed with increasing SID Trp to Lys ratios (Experiment 1).a, b

SID Trp to Lys ratio SEM P-value
Item 0.150 0.165 0.180 0.195 0.210 0.225 Linear Quadratic

Final BWb (kg) 37.63 37.75 38.82 38.97 39.02 38.94 0.35 <0.01 0.12
ADGb (kg) 0.66 0.68 0.69 0.69 0.70 0.70 0.036 <0.01 <0.01
ADFIb (kg) 1.38 1.42 1.41 1.41 1.41 1.42 0.047 <0.01 <0.01
G:Fb 0.47 0.48 0.49 0.49 0.49 0.49 0.003 <0.01 <0.01
SUNb (mg/dL) 13.75 13.39 11.77 11.31 10.60 10.63 0.115 <0.01 <0.01
Plasma cortisol (μg/dL) 4.48 3.88 3.53 3.28 3.36 3.12 0.24 <0.01 0.11

a Least square means of 8 replicate pens per treatment with 28 pigs per pen for the 28-d experiment.
b Standardized ileal digestible (SID), body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), gain to feed ratio (G:F), serum urea N (SUN).
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performance of pigs because Trp is one of the limiting AA in a typical
corn-SBM based diet. The physiological function of Trp is complicated
in animals (Yao et al., 2011). In addition to protein synthesis, the
physiological functions of Trp also include biosynthesis of serotonin
and melatonin, which are important molecules that affect animal ac-
tivity and behavior (Henry et al., 1992). The stress induced by the
grouping and mixing of pigs can be ameliorated by dietary supple-
mentation of Trp acting to reduce plasma cortisol and noradrenaline
concentrations (Koopmans et al., 2005; Shen et al., 2012). Therefore, in
stressful commercial conditions, the optimal SID Trp:Lys may be greater

than the ratio derived from body composition analysis. It is also re-
ported that supplementation of L-Trp in diets can reduce catabolism of
dietary AA and reduce fat deposition (Ruan et al., 2014). Tryptophan
can also enhance antioxidant activity and intestinal development
(Li et al., 2016). Furthermore, Liu et al. (2017b) reported dietary Trp
supplementation can improve tight junction protein production in
grower pigs and therefore can be beneficial to intestinal health. For
these reasons, additional dietary supplementation of Trp can be bene-
ficial in practical swine production.

In the current study, which is conducted under commercial hog

Table 4
. Estimate of SID Trp to Lys ratios for ADG and G:F determined using broken-line and curvilinear-plateau models for grower pigs with BW of 20 to 50 kg (Experiment
1).a, b

Item Equation Estimate Rb P-value

ADGb

Broken-line model y=0.693 −1.838× (0.171 − x) 0.171 0.965 <0.01
Curvilinear-plateau model y=0.694 −26.073× (0.188 − x)b 0.188 0.970 <0.01
G:Fb

Broken-line model y=0.492 −0.424× (0.192 − x) 0.192 0.982 <0.01
Curvilinear-plateau model y=0.492 −5.672× (0.207 − x)b 0.207 0.971 <0.01

a Broken-line model: y= l+U×(R − x), where x=0 when x > R; Curvilinear-plateau model: y= l+U×(R − x)2, where (R − x)= 0 when x > R
(Robbins et al., 2006).

b Standardized ileal digestible (SID), average daily gain (ADG), gain to feed ratio (G:F), body weight (BW).

Table 5
. Growth performance of finisher pigs (initial BW = 50.2 ± 1.1 kg) fed with increasing standardized ileal digestible Trp to Lys ratios. (Experiment 2).a

SIDb Trp to Lys ratio SEM P-value
0.150 0.165 0.180 0.195 0.210 0.225 Linear Quadratic

Final BWb (kg) 73.01 73.35 74.97 75.38 75.65 75.42 0.440 <0.01 0.05
ADGb (kg) 0.83 0.86 0.89 0.90 0.90 0.89 0.048 <0.01 <0.01
ADFIb (kg) 2.34 2.38 2.42 2.38 2.39 2.39 0.014 0.03 <0.01
G:Fb 0.36 0.36 0.37 0.38 0.38 0.37 0.003 <0.01 0.04
SUNb (mg/dL) 10.09 9.83 9.26 8.90 9.03 8.84 0.117 <0.01 <0.01
Plasma cortisol (μg/dL) 6.77 5.86 6.21 5.41 5.38 4.71 0.33 <0.01 0.92

a Least square means of 8 replicate pens per treatment with 28 pigs per pen for the 28-d experiment.
b Standardized ileal digestible (SID), body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), gain to feed ratio (G:F), serum urea N (SUN).

Table 6
Estimate of standardized ileal digestible Trp to Lys ratio for ADG and G:F by using broken-line and curvilinear-plateau models for finisher pigs with BW of 50–80 kg
(Experiment 2).a, b

Equation Estimate Rb P-value

ADGb

Broken-line model y=0.896 −1.898× (0.183 − x) 0.183 0.989 <0.01
Curvilinear-plateau model y=0.896 −26.422× (0.200 − x)b 0.200 0.990 <0.01
G:Fb

Broken-line model y=0.375 −0.408× (0.195 − x) 0.195 0.975 <0.01
Curvilinear-plateau model y=0.375 −4.856× (0.213 − x)b 0.213 0.932 0.02

a Broken-line model: y= l+U×(R − x), where x=0 when x > R; Curvilinear-plateau model: y= l+U×(R − x)2, where (R − x) = 0 when x > R
(Robbins et al., 2006).

b Average daily gain (ADG), gain to feed ratio (G:F), body weight (BW).

Table 7
Growth performance of finisher pigs (initial BW = 79.8 ± 1.1 kg) fed with increasing SID Trp to Lys ratios (Experiment 3).a, b

SID Trp to Lys ratio SEM P-value
0.150 0.165 0.180 0.195 0.210 0.225 Linear Quadratic

Final BWb (kg) 101.9 102.4 104.1 104.5 104.7 104.8 0.40 <0.01 0.03
ADGb (kg) 0.79 0.83 0.86 0.87 0.86 0.87 0.049 <0.01 <0.01
ADFIb (kg) 2.81 2.85 2.94 2.89 2.92 2.98 0.142 <0.01 0.29
G:Fb 0.28 0.29 0.29 0.30 0.30 0.29 0.002 <0.01 <0.01
SUNb (mg/dL) 8.88 8.35 7.75 7.47 7.22 7.14 0.115 <0.01 <0.01
Plasma cortisol (μg/dL) 9.38 9.27 8.58 8.85 9.19 8.41 0.27 0.04 0.75

a Least square means of 8 replicate pens per treatment with 28 pigs per pen for the 28-d experiment.
b Standardized ileal digestible (SID), body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), gain to feed ratio (G:F), serum urea N (SUN).
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production conditions, the determined optimal Trp:Lys for grower and
finisher pigs was numerically greater than NRC (2012) recommenda-
tions (from 0.17 to 0.18 in BW period comparable with current study),
but similar to some studies with similar scale of experimental animals
(Naatjes et al., 2014; Salyer et al., 2013). These results agree with our
assumptions stated above. In addition, the increasing concentration of
dietary SID Trp:Lys linearly decreased plasma cortisol concentration in
all 3 BW ranges, which may indicate reduced stress with the addition of
Trp. This result is similar to previous studies, in which lower cortisol
concentration was observed in grower pigs fed diets with greater SID
Trp:Lys (Koopmans et al., 2006; Shen et al., 2012). However,
Guzik et al. (2006) reported that no reduction of plasma cortisol was
observed in finisher pigs given additional dietary Trp which does not
agree with the current study. This discrepancy might be because of the
Trp:Lys exceeding the requirement of the pigs in that study, where the
true digestible Trp:Lys was formulated to be 0.21 in the control diet.

For the past decade, the growth potential of pigs has been improved
by modern breeding and genetic technologies. With the improvement of
growth performance, the requirement of SID Lys and other AA for the
grower pigs has increased as well (NRC, 2012). The utilization of Trp in
the animal body can be interfered by other large neutral AA (LNAA;
valine, leucine, isoleucine, tyrosine, and phenylalanine), because of
competition for transporters to cross the blood-brain barrier
(Markus et al., 2000). In addition, some feed ingredients in modern
swine diets, such as distillers’ grains, have relatively greater con-
centration of LNAA. Therefore, it is possible that the requirement of Trp
is increased compared with a decade ago. This might also contribute to
the relatively greater optimal SID Trp:Lys observed in the current and
several recent studies compared with previous publications (Susenbeth,
2006; Salyer et al., 2013; Zhang et al., 2012).

Among the empirical studies, there was considerable variation in
the determined optimal digestible Trp:Lys. Boisen et al. (2000) re-
viewed previous studies and summarized that optimal Trp:Lys ratio for
grower pigs ranged from 0.17 to 0.19. Susenbeth (2006) concluded that
0.17 is the optimal Trp:Lys for pigs, which is an average value from a
review of the literature and includes a safety margin to account for
variation in reported requirements. But it should be noted that the
range of optimal Trp:Lys from the review was approximately between
0.15 and 0.21. A study conducted by Quant et al. (2012) reported the
optimal SID Trp:Lys in grower pigs fed with corn-based or barley-based
diets to be 0.158 and 0.156, respectively. The results in the current
study are greater than these values. This disagreement could be a result
of different genetic backgrounds, or differences in the concentrations of
Trp in the experiments. In the study of Quant et al. (2012), a quadratic
effect of the increasing SID Trp:Lys in G:F was not observed. This
phenomenon may suggest that the SID Trp:Lys were not at the optimal
range required to exhibit the plateau of the response. As a result, the
determined coefficients of the broken-line analysis and asymptote of the
quadratic regression might be affected.

Kendall et al. (2007) determined the true ileal digestible (TID)
Trp:Lys for finisher pigs from 90 to 125 kg of BW to be at least 0.145 but

no greater than 0.17. That result is lower than the values determined in
the current study. Although it should be noted that there might be in-
herent difference between TID and SID Trp:Lys, the total Trp:Lys at the
corresponding concentration in that study was also lower than the
present study. Guzik et al. (2005) determined the requirement of TID
Trp:Lys to be 0.21, which is similar to the current study. The differences
among the studies could be a result of the genetic background of the
experimental animals or the diet composition. There was no protein
source other than corn and synthetic AA in the study from
Kendall et al. (2007), while the current study and Guzik et al. (2005)
provided a small amount of protein source other than corn in the diets.
It has been argued that the crude protein concentration in the diets that
contains crystalline AA should be maintained at a certain concentration
to provide adequate N, dispensable AA, and small peptide to optimize
the growth performance. There are also studies that have indicated a
greater SID Trp:Lys requirement for finisher pigs. Eder et al. (2003)
determined the requirement of SID Trp for 80 kg pigs to be 1.22 g/kg of
diet, and the SID Trp:Lys was calculated to be 0.217. However, the SID
of AA cited in the study of Eder et al. (2003) was from the 1990s.
Therefore, there might be difference in the SID of AA in feed ingredients
used by Eder et al. (2003) and the current study.

Theoretically, the optimal SID Trp:Lys in finisher pigs is slightly
greater compared with grower pigs. The ratio recommended by the
NRC (2012) was increased from 0.17 to 0.18 for pigs ranged from 25 to
125 kg of BW. This estimation was based on the body composition of
pigs at different BW ranges. Salyer et al. (2013) reported that the op-
timal SID Trp:Lys for 36- to 72-kg pigs is 0.165 and is 0.195 for 72- to
120-kg pigs. The present data indicate a similar trend. But it is worth
noting that the break-point of the broken-line analysis for G:F decreased
in the finisher phase of the current study. This might be caused by the
linear increase of feed intake observed with increasing Trp concentra-
tions in the current study, which negatively impacted G:F and therefore
affected the non-linear regression analysis.

5. Conclusion

The optimal SID Trp:Lys for 20- to 50-kg grower pigs are estimated
to be 0.171 and 0.192 for ADG and G:F, respectively. For 50- to 80-kg
pigs, the ratios are determined to be 0.183 and 0.195 for ADG and G:F,
respectively. For 80- to 110-kg pigs, the ratios are estimated to be 0.184
and 0.174 for ADG and G:F, respectively.
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G:Fb

Broken-line model y=0.295 −0.657× (0.174 − x) 0.174 0.883 0.04
Curvilinear-plateau model y=0.296 −7.163× (0.198 − x)b 0.198 0.921 0.02

a Broken-line model: y= l+U×(R − x), where x=0 when x > R; Curvilinear-plateau model: y= l+U×(R − x)2, where (R − x) = 0 when x > R
(Robbins et al., 2006).

b Average daily gain (ADG), gain to feed ratio (G:F), body weight (BW).
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