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Summary
Lysine is the first limiting amino acid in swine diets, thus providing the appropriate 
level in the diet is critical to growth performance. Therefore, the objective of this study 
was to determine the standardized ileal digestible (SID) Lys requirement of nursery pigs 
from 15 to 35 lb. A total of 300 maternal line barrows (200 × 400, DNA, Columbus, 
NE; initially 14.9 ± 0.5 lb BW) were fed six experimental diets as part of a 21-d trial. 
Pigs were randomly allotted to pens at weaning based on BW, and were fed a com-
mon pelleted diet for 9 d after weaning. Pens were then randomly assigned to dietary 
treatments (10 pens/treatment with 5 pigs/pen) based on average pig weight. The six 
dietary treatments had increasing SID Lys (1.05, 1.15, 1.25, 1.35, 1.45, and 1.55%) and 
were achieved by increasing the inclusion of crystalline AA, allowing soybean meal to 
stay constant across dietary treatments. Experimental data were analyzed using general 
linear and non-linear mixed models with heterogeneous residual variances. Com-
peting models included linear (LM), quadratic polynomial (QP), broken-line linear 
(BLL), and broken-line quadratic (BLQ). For ADG, F/G, and IOFC, the best-fitting 
model was selected using Bayesian information criterion. Overall, increasing SID Lys 
improved (linear, P < 0.05) ADG and F/G. There was also a tendency for a quadratic 
response for ADG (P < 0.10) with increasing SID Lys. The ADFI increased (quadratic, 
P < 0.05) from 1.05 to 1.25% SID Lys with little improvement thereafter. For ADG, 
the best-fitting comparable models were BLL and BLQ, in which the maximum mean 
ADG was estimated at 1.29% (95% CI: 1.23, 1.35%) and 1.47% (95% CI: 1.31, > 
1.55%) SID Lys, respectively. For F/G, the best-fitting model was the LM where F/G 
was improved up to at least 1.55% SID Lys. For income over feed cost (IOFC), the 
best-fitting model was the BLL, in which the maximum mean IOFC was estimated at 
1.25% (95% CI: 1.14, 1.36%). In conclusion, the estimated SID Lys required for max-
imum mean ADG of these maternal line barrows was lower than the estimated mean 
SID Lys required for maximum mean F/G. This study provides evidence that different 
response variables can result in different estimates of the requirements; however, at least 
1.25% SID Lys was needed to maximize IOFC.

1 Department of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine, Kansas State 
University.
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Introduction
The use of standardized ileal digestible (SID) AA has become a standard approach in 
diet formulation as it helps to accurately meet a pig’s requirement, and enhance the 
ingredient utilization. Lysine is the first limiting AA in corn and soybean meal diets for 
swine. In addition, Lys is used to estimate the requirement of other essential AA; which 
are expressed as a ratio relative to Lys. Thus, providing the appropriate level of Lys is 
critical to optimize nursery growth performance. Based on the NRC (1998)2, the SID 
Lys requirement for nursery pigs from 11 to 44 lb ranges from 1.01% to 1.19%. The 
NRC (2012)3 updated the recommendation for pigs from 15 to 24 lb to 1.35%, and for 
pigs from 24 to 55 lb to 1.23% SID Lys. However, recent literature suggests that pigs 
weighing between 15 to 35 lb have a requirement ranging from 1.30 to 1.50% SID Lys 
(Nemecheck et al., 2012; Jones et al., 2014)4,5. The objective of this study was to deter-
mine the SID Lys requirement of nursery pigs (maternal line barrows) from 15 to 35 lb.

Procedures
The Kansas State University Institutional Animal Care and Use Committee approved 
the protocol used in this experiment. The study was conducted at the K-State Segre-
gated Early Weaning Facility in Manhattan, KS. 

A total of 300 maternal line barrows (Line 200 × 400; DNA, Columbus, NE; initially 
14.9 ± 0.5 lb BW) were used in a 21-d growth trial. Pigs were weaned at 21 d of age, 
balanced by initial BW, and randomly allotted to pens of five pigs upon entry in the 
nursery. At weaning, pigs were fed a common pelleted diet for 9 d. At d 9 after wean-
ing, considered d 0 in the trial, the pens of pigs were randomly assigned to six different 
dietary treatments with 10 replications per treatment. The experimental diets consisted 
of different SID Lys levels (1.05, 1.15, 1.25, 1.35, 1.45, and 1.55%). Each pen was 
equipped with a 4-hole, dry self-feeder and a nipple waterer to provide ad libitum access 
to feed and water. Pens of pigs were weighed and feed disappearance was recorded on 
d 0, 7, 14, and 21 to determine ADG, ADFI, and F/G. 

The SID Lys levels of the experimental diets were achieved by increasing the inclusion 
of crystalline AA, which allowed the amount of soybean meal to stay constant across 
dietary treatments. Treatment diets were corn and soybean meal based, and contained 
5% fish meal, 10% dried whey, and 1.562 Mcal of ME/lb (Table 1). All experimental 
diets were fed in meal form and were manufactured at the K-State O.H. Kruse Feed 
Technology Innovation Center. 

2 NRC. 1998. Nutrient Requirements of Swine, 10th Ed. Natl. Acad. Press, Washington, D.C.
3 NRC. 2012. Nutrient Requirements of Swine. 11th Ed. Natl. Acad. Press, Washington, D.C.
4 J. E. Nemechek, A. M. Gaines, M. D. Tokach, G. L. Allee, R. D. Goodband, J. M. DeRouchey, J. L. 
Nelssen, J. L. Usry, G. Gourley, and S. S. Dritz. 2012. Evaluation of standardized ileal digestible lysine 
requirement of nursery pigs from seven to fourteen kilograms. J. Anim. Sci. 90:4380–4390.
5 C. K. Jones, M. D. Tokach, J. L. Usry, C. R. Neill, and J. F. Patience. 2014. Evaluating lysine require-
ments of nursery pigs fed low protein diets with different sources of nonessential amino acids. J. Anim. 
Sci. 92:3460–3470.
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Representative samples of corn and soybean meal used in the diets were collected, and 
diet samples were taken from six feeders per dietary treatment every wk. After blending, 
subsamples were analyzed for DM, CP, ADF, NDF, ash, ether extract, Ca, P, Cl, salt, 
and starch (Ward Laboratories, Inc., Kearney, NE, Table 2). The subsamples were also 
sent to Ajinomoto Heartland, Inc. (Chicago, IL) for AA analysis (Table 3). 

For the economic analysis, total feed cost per pig, cost per lb of gain, revenue, and 
income over feed cost (IOFC) were calculated. The total feed cost per pig was calculated 
by multiplying the ADFI by diet cost and the number of days it was fed. Cost per lb of 
gain was calculated by dividing the total feed cost per pig by the total lb gained overall. 
Revenue per pig was calculated by multiplying the ADG by the total days in the trial 
times the assumed live price of $75.00 per cwt. To calculate IOFC, total feed cost was 
subtracted from pig revenue. For all economic evaluations, price of ingredients during 
summer of 2015 were used; therefore, corn was valued at $4.27/bu ($152.50/ton), soy-
bean meal at $366/ton, L-lysine HCL at $0.72/lb, DL-methionine at $2.70/lb, L-thre-
onine at $1.25/lb, L-tryptophan at $12.00/lb, L-valine at $7.00/lb, and L-isoleucine at 
$7.00/lb.

The study consisted of a completely randomized design, with pen as the experimental 
unit. The response variables were analyzed using general linear and non-linear models. 
Models were expanded to account for heterogeneous residual variances. Polynomial 
contrasts were implemented in order to evaluate the linear and quadratic effects of the 
dose response to increasing dietary SID Lys on ADG, ADFI, BW, F/G, feed cost/pig, 
feed cost/lb of gain, total revenue/pig, and IOFC. Statistical models were fitted using 
GLIMMIX procedure of SAS (Version 9.3, SAS Institute Inc., Cary, NC). Results were 
considered significant at P ≤ 0.05 and marginally significant at 0.05 ≤ P ≤ 0.10. 

In addition, competing statistical models, including a linear (LM), quadratic polynomi-
al (QP), broken-line linear (BLL), and broken-line quadratic (BLQ), were built using 
NLMIXED procedure of SAS. Competing dose response models were compared based 
on the Bayesian information criterion (BIC), where the smaller the value, the better 
(Milliken et al., 2009)6. The 95% confidence interval of the estimated requirement to 
reach maximum performance or to reach plateau performance was computed. Results 
reported correspond to inferences yielded by the best fitting models.

Results and Discussion
Analysis of total AA, free Lys, DM, CP, ADF, NDF, Ca, P, fat, and ash contents of 
experimental diets (Table 2 and Table 3) showed that all the values were reasonably 
consistent with formulated levels. 

From d 0 to 14, ADG and BW increased (Table 4; linear, P < 0.0002 and P < 0.002, 
respectively) up to 1.55% SID Lys. In a similar fashion, F/G improved (linear, 
P < 0.0001) with increasing SID Lys. Contrarily, ADFI tended to increase (quadratic, 
P < 0.083) from 1.05 to 1.25% SID Lys, with no further increase at highest dietary Lys 
levels.

6 G. A. Milliken, and D. E. Johnson. 2009. Analysis of messy data: designed experiments. Vol. 1, 2nd ed., 
CRC Press, Boca Raton, FL.
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From d 14 to 21, ADG and ADFI increased (quadratic, P < 0.042 and P < 0.012, 
respectively) from 1.05 to 1.25% SID Lys. There was no further improvement in growth 
rate at highest levels of Lys. On the contrary, F/G improved (linear, P < 0.0001) up to 
at least 1.55% SID Lys.

Overall, increasing SID Lys increased ADG and final BW (linear, P < 0.001). There 
also was a marginal quadratic response for ADG (P < 0.067) driven by the quadratic 
response in the last wk of the trial, with the greatest increase in ADG as SID Lys in-
creased from 1.05 to 1.25%. Similarly, ADFI increased (quadratic, P < 0.019) from 1.05 
to 1.25% SID Lys, with no further increase at greater Lys levels. In contrast, SID Lys 
seemed to have a greater impact on feed efficiency, which improved (linear, P < 0.001) 
up to 1.55% SID Lys.

Feed cost per pig increased (linear, P < 0.0001) as SID Lys increased up to the 1.55%. 
Feed cost per lb of gain did not differ statistically among the dietary treatments. To-
tal revenue per pig increased through the 1.55% SID Lys (linear, P < 0.0001), which 
is a result of the linear improvement in ADG and final BW. On the contrary, IOFC 
improved (quadratic, P < 0.023) from 1.05 to 1.25% SID Lys, with no further improve-
ment thereafter.

For ADG, the BLL and BLQ models had comparable fit (BIC: 636.7 and 637.7, respec-
tively), while the LM and QP had less adequate fit (BIC: 641.7 and 641.9, respectively). 
The maximum mean ADG was estimated at 1.29% (95% CI: 1.23, 1.35%) and 1.47% 
(95% CI: 1.31, 1.64%) SID Lys in the BLL and BLQ models, respectively (Figure 1). 
Based on the best-fitting BLL and BLQ models, alternative estimated regression equa-
tions were:

Based on the BLL model: 
ADG = 1.018 – 0.598 × (1.29 – Lys), if SID Lys < 1.29%,
ADG = 1.018, if SID Lys ≥ 1.29%.

Based on the BLQ model:
ADG = 1.025 – 0.820 × (1.47 – Lys)2, if SID Lys < 1.47%,
ADG = 1.025, if SID Lys ≥ 1.47%.

For F/G, the best fitting model was the LM (BIC: 658.1), whereas QP, BLL, and BLQ 
demonstrated less adequate fit (BIC: 660.8, 662.1, 661.4, respectively). The SID Lys 
level for maximum F/G was estimated as at least 1.55% (Figure 2). Based on the best 
fitting model, the estimated regression equation was:

F/G = 2.027 – 0.468 × (SID Lys)

For IOFC, the best fitting model was the BLL (BIC: 110.8), whereas LM, QP, and 
BLQ demonstrated less adequate fit (BIC: 114.9, 113.9, 113.8, respectively). The maxi-
mum mean IOFC was estimated at 1.25% (95% CI: 1.14, 1.36%) SID Lys (Figure 3). 
Based on the best fitting model, the estimated regression equation was:

IOFC = 5.533 – 3.93 × (1.25 – Lys), if SID Lys < 1.25%,
IOFC = 5.533, if SID Lys ≥ 1.25%.
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In conclusion, the estimated SID Lys required for maximum mean ADG was lower 
than that required for maximum mean F/G. Based on the NRC (2012) models, the 
estimated requirement for SID Lys for 15 to 35 lb pigs is 1.30% SID Lys, which nearly 
agrees with our findings for ADG, but may underestimate the requirements of mater-
nal line barrows for F/G. It is important to note that the NRC (2012) estimates do 
not discriminate among requirements for ADG and F/G. This illustrates that different 
response variables can result in different estimates of the requirements. Although higher 
levels of SID Lys improved growth performance, at least 1.25% SID Lys was needed to 
maximize IOFC.

Table 1. Diet composition (as-fed basis)
Standardized ileal digestible Lys, %1

Item 1.05 1.15 1.25 1.35 1.45 1.55
Ingredient, %

Corn 54.15 53.90 53.60 53.30 52.90 52.50
Soybean meal (46.5% CP) 25.35 25.35 25.35 25.35 25.35 25.35
Selected menhaden fish meal 5.00 5.00 5.00 5.00 5.00 5.00
Spray-dried whey 10.00 10.00 10.00 10.00 10.00 10.00
Soybean oil 3.00 3.00 3.00 3.00 3.00 3.00
Monocalcium P (21% P) 0.55 0.55 0.55 0.55 0.55 0.55
Limestone 0.925 0.925 0.925 0.925 0.925 0.925
Salt 0.35 0.35 0.35 0.35 0.35 0.35
Zinc oxide 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25
L-lysine HCl --- 0.127 0.255 0.384 0.513 0.638
DL-methionine --- 0.055 0.115 0.18 0.24 0.30
L-threonine --- 0.06 0.125 0.19 0.26 0.325
L-tryptophan --- --- 0.016 0.035 0.055 0.225
L-valine --- --- 0.015 0.085 0.155 0.225
L-isoleucine --- --- --- --- 0.025 0.075
Phytase2 0.015 0.015 0.015 0.015 0.015 0.015

Total 100 100 100 100 100 100
continued
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Table 1. Diet composition (as-fed basis)
Standardized ileal digestible Lys, %1

Item 1.05 1.15 1.25 1.35 1.45 1.55
Calculated analysis
Standardized ileal digestible (SID) amino acids, %

Lys 1.05 1.15 1.25 1.35 1.45 1.55
Ile:lys 74 67 62 57 55 55
Leu:lys 148 135 124 115 106 99
Met:lys 31 33 35 37 39 40
Met & cys:lys 57 57 57 57 57 57
Thr:lys 65 65 65 65 65 65
Trp:lys 21.1 19.3 19 18.9 19 19
Val:lys 81 74 69 69 69 69

Total lys, % 1.20 1.30 1.40 1.50 1.60 1.70
ME, kcal/lb 1,558 1,559 1,561 1,563 1,566 1,568
NE, kcal/lb 1,170 1,170 1,172 1,173 1,175 1,177
SID Lys:ME, g/Mcal 3.06 3.35 3.63 3.92 4.2 4.48
SID Lys:NE, g/Mcal 4.12 4.51 4.90 5.28 5.66 6.04
CP, % 20.9 21.1 21.3 21.5 21.8 22
Ca, % 0.82 0.82 0.82 0.82 0.82 0.82
P, % 0.65 0.65 0.65 0.65 0.65 0.65
Available P, % 0.38 0.38 0.38 0.38 0.38 0.38
1 A common diet was fed for the first 9 d after weaning and followed by the dietary treatments fed from d 0 to 21 of the study. NRC 
(2012) SID digestibility values were used in the diet formulation.
2 Phyzyme 600 (Danisco Animal Nutrition, St. Louis, MO) provided 340.5 phytase units (FTU)/lb, with a release of 0.12% available P.

Table 2. Chemical analysis of ingredients and experimental diets (as-fed-basis)1

Standardized ileal digestible (SID) Lys

Item, % 1.05 1.15 1.25 1.35 1.45 1.55 Corn
Soybean 

meal
DM 90.95 91.41 91.10 91.26 91.92 91.00 89.48 91.86
CP 20.60 20.90 21.10 21.40 21.70 22.00 8.40 46.50
ADF 2.50 3.20 3.00 3.00 2.60 3.00 2.10 9.60
NDF 6.10 6.40 7.10 8.50 5.30 5.90 14.40 9.30
Ca 1.03 0.97 1.05 0.98 0.99 1.00 0.03 0.42
P 0.68 0.64 0.68 0.65 0.63 0.64 0.23 0.67
Ether extract 6.20 6.50 6.40 5.60 6.10 6.00 3.30 1.20
Ash 6.25 5.83 5.99 5.76 5.80 5.68 1.08 5.98 
1 A representative sample of each diet was collected and submitted to Ward Laboratories, Inc. (Kearney, NE) for analysis of DM, CP, ADF, 
NDF, ash, crude fat, Ca, and P.
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Table 3. Amino acid composition of ingredients and experimental diets (as-fed-basis)1

Standardized ileal digestible (SID) Lys
Amino acids, % 1.05 1.15 1.25 1.35 1.45 1.55 Corn SBM
Lys 1.26 1.26 1.37 1.48 1.50 1.66 0.24 2.86
Met 0.36 0.39 0.43 0.50 0.54 0.58 0.19 0.63
Thr 0.81 0.83 0.95 0.92 1.00 1.04 0.28 1.77
Trp 0.25 0.25 0.26 0.28 0.30 0.32 0.06 0.69
Val 0.93 0.92 0.91 0.98 1.04 1.12 0.39 2.22
Ile 0.86 0.85 0.85 0.83 0.85 0.94 0.30 2.04
Arg 1.27 1.24 1.27 1.21 1.21 1.28 0.34 3.24
Cys 0.31 0.31 0.31 0.30 0.30 0.31 0.16 0.64
His 0.53 0.50 0.51 0.50 0.49 0.51 0.23 1.18
Leu 1.73 1.72 1.73 1.70 1.68 1.75 1.05 3.47
Free lys - 0.13 0.26 0.38 0.51 0.64 - -
Free thr  - 0.06 0.13 0.19 0.26 0.33 - -
Free trp  - - 0.02 0.04 0.06 0.07 - -
1 A representative sample of each diet was collected, then CP and amino acid analysis was conducted on composite samples by Ajinomoto 
Heartland, Inc., Chicago, IL.
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Table 4. Least square mean estimates (± SEM) for growth performance of 15 to 35-lb maternal line barrows1

Standardized ileal digestible Lys, % Probability, P <
Item 1.05 1.15 1.25 1.35 1.45 1.55 SEM Linear Quadratic 
d 0 to 14

ADG, lb 0.78 0.79 0.87 0.86 0.86 0.89 0.022 0.0002 0.351
ADFI, lb 1.12 1.14 1.19 1.16 1.10 1.10 0.032 0.296 0.083
F/G 1.44 1.44 1.37 1.35 1.27 1.23 0.019 0.0001 0.201

d 14 to 21
ADG, lb 1.10 1.10 1.27 1.23 1.31 1.25 0.036 0.0001 0.042
ADFI, lb 1.84 1.83 1.93 1.87 1.85 1.75 0.038 0.181 0.012
F/G 1.68 1.67 1.52 1.52 1.41 1.41 0.034 0.0001 0.550

d 0 to 21
ADG, lb 0.89 0.89 1.00 0.98 1.01 1.01 0.02 0.001 0.067
ADFI, lb 1.36 1.37 1.44 1.4 1.35 1.32 0.03 0.158 0.019
F/G 1.54 1.54 1.43 1.42 1.33 1.30 0.02 0.001 0.695

BW, lb
d 0 14.92 14.88 14.93 14.91 14.9 14.91 0.16 0.982 0.989
d 14 25.87 25.97 27.07 27.06 27.01 27.51 0.405 0.002 0.483
d 21 33.60 33.60 36.00 35.70 36.20 36.30 0.51 0.001 0.116

Economics, $
Feed cost/pig 5.67 5.78 6.24 6.38 6.51 6.73 0.13 0.0001 0.534
Feed cost/lb gain3 0.30 0.31 0.30 0.31 0.31 0.32 0.004 0.064 0.072
Total revenue/pig4,5 10.63 10.69 12.00 11.79 12.15 12.11 0.25 0.0001 0.067
IOFC6 4.96 4.91 5.76 5.41 5.64 5.38 0.16 0.008 0.023

1 A total of 300 barrows (200 × 400, DNA, Columbus, NE, initial BW 14.9 lb) were used in a 21-d growth trial. There were five pigs per pen and 10 pens per treat-
ment. Pigs were weaned at approximately 21 d of age, fed a common diet for 9 d, and then started on test.
2 Feed cost/lb gain = total feed cost divided by total gain per pig. Cost per ton used was not considering processing costs.
3 One pound of live gain was considered to be worth $0.57.
4 Total revenue/pig = total gain/pig × $0.57.
5 Income over feed cost = total revenue/pig – feed cost/pig.
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Figure 1. Fitted broken-line linear (BLL) and broken-line quadratic (BLQ) regression 
models on ADG as a function of increasing standardized ileal digestible (SID) Lys in 15- 
to 35-lb pigs. The maximum mean ADG was estimated at 1.29% (95% CI: 1.23, 1.35%) 
and 1.47% (95% CI: 1.31, 1.64%) SID Lys in the BLL and BLQ models, respectively.
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Figure 2. Fitted linear (LM) regression model on F/G as a function of increasing standard-
ized ileal digestible (SID) Lys in 15- to 35-lb pigs. The maximum mean F/G was estimated 
as at least 1.55% SID Lys.
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Figure 3. Fitted broken-line linear (BLL) regression model on IOFC as a function of 
increasing standardized ileal digestible (SID) Lys in 15- to 35-lb pigs. The maximum mean 
IOFC was estimated at 1.25% (95% CI: 1.14, 1.36%) SID Lys.


