
ABSTRACT: Our objective was to determine an op-
timum Lys:calorie ratio (g of total dietary Lys/Mcal of 
ME) for 35- to 120-kg barrows and gilts (Pig Improve-
ment Company, L337 × C22) in a commercial finishing 
environment. Seven (3 barrow and 4 gilt) trials were 
conducted using randomized complete block designs 
(42 pens per trial, a total of 7,801 pigs). Six treatments 
with increasing Lys:calorie ratio were used in each 
study. Diets were corn-soybean meal-based with 6% 
choice white grease. Lysine:calorie ratios were attained 
by adjusting the amount of corn and soybean meal. No 
crystalline Lys was used. In barrow trial 1 (43 to 70 kg), 
increasing the Lys:calorie ratio (2.21, 2.55, 2.89, 3.23, 
3.57, and 3.91) increased (quadratic, P < 0.01) ADG, 
G:F, income over feed costs (IOMFC), and feed cost 
per kilogram of gain, and decreased (linear, P < 0.01) 
backfat. In barrow trial 2 (69 to 93 kg), increasing the 
Lys:calorie ratio (1.53, 1.78, 2.03, 2.28, 2.53, and 2.78) 
improved (linear, P < 0.01) ADG, G:F, and IOMFC, and 
decreased (quadratic, P < 0.01) backfat. In barrow trial 
3 (102 to 120 kg), increasing the Lys:calorie ratio (1.40, 
1.60, 1.80, 2.00, 2.20, and 2.40) increased (linear, P < 
0.03) ADG and G:F, and numerically improved (linear, 
P = 0.12) IOMFC. In gilt trials 1 (35 to 60 kg), 2 (60 to 

85 kg), and 3 (78 to 103 kg), increasing the Lys:calorie 
ratio (2.55, 2.89, 3.23, 3.57, 3.91, and 4.25; 1.96, 2.24, 
2.52, 2.80, 3.08, and 3.36; and 1.53, 1.78, 2.03, 2.28, 
2.53, and 2.78, respectively) improved (quadratic, P < 
0.04) ADG, G:F, IOMFC, and feed cost per kilogram of 
gain, and decreased (linear, P < 0.01) backfat. In gilt 
trial 4 (100 to 120 kg), increasing the Lys:calorie ratio 
(1.40, 1.60, 1.80, 2.00, 2.20, and 2.40) improved (lin-
ear, P < 0.02) ADG, G:F, LM depth, IOMFC, and (qua-
dratic, P < 0.06) feed cost per kilogram of gain. These 
studies suggest that feed cost per kilogram of gain de-
creases, and reductions in biological performance and 
IOMFC are rather modest when feeding marginally 
Lys-deficient diets early (35 to 70 kg) in the grower-
finishing period compared with the more severe pen-
alties in growth and economic performance of feeding 
marginally deficient diets in the late finishing period 
(70 kg to slaughter). The equations (Lys:calorie ratio = 
−0.0133 × BW, kg, + 3.6944 and = −0.0164 × BW, kg, + 
4.004, for barrows and gilts, respectively) best describe 
our interpretation of the Lys:calorie ratio that met bio-
logical requirements and optimized IOMFC on these 
pigs (PIC, L337 × C22; 35 to 120 kg) in this commercial 
finishing environment.
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INTRODUCTION

Understanding the effects of increasing dietary Lys 
on grow-finish performance is a core component of de-
veloping cost-effective grower-finishing feeding strat-
egies in commercial pig production. Lysine require-

ments are commonly expressed as a Lys:calorie ratio (g 
of Lys/Mcal of ME). Expressing Lys requirements rela-
tive to dietary energy content enables requirements to 
be applicable over a range of energy levels (Chiba et 
al., 1991; De La Llata et al., 2001) and is likely most 
appropriate for growing environments in which energy 
intake does not exceed the level required for maximum 
protein deposition (Campbell and Taverner, 1988; 
Mohn et al., 2000). Although grower-finishing Lys re-
quirements have been well studied, modeled, and re-
ported (NRC, 1998; Cline et al., 2000), it is generally 
understood that an optimum Lys:calorie regimen can 
be largely affected by genetic line, sex, environment, 
health status, method of interpreting response criteria, 
and economic indicator of success (Campbell and Tav-
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erner, 1988; Gahl et al., 1995; De La Llata et al., 2001). 
Thus, there is and will continue to be efforts needed 
to further characterize the effects of increasing dietary 
Lys in evolving genetic lines reared in commercial 
multi-site production system environments. When de-
signing cost-effective feeding regimens for commercial 
application, it is also important to gain an appreciation 
for the biological and economic implications of feeding 
below, at, or above the biological requirements at the 
different phases of the grower-finishing period. The ob-
jective of these trials was to derive a Lys:calorie ratio 
that optimized biological performance and income over 
feed costs (IOMFC) for pigs [Pig Improvement Compa-
ny (PIC), L337 × C22; PIC, Hendersonville, TN] grown 
in this commercial finishing environment.

MATERIALS AND METHODS

Pig welfare guidelines were in accordance with pub-
lished guidelines (FASS, 1999) and the research proto-
col was approved by the Kansas State University Insti-
tutional Animal Care and Use Committee.

A series of 7 trials (3 barrow and 4 gilt) were con-
ducted to determine the effects of increasing Lys:calorie 
ratio in barrows and gilts (L337 × C22, PIC) grown in 
commercial finishing facilities. Each trial indepen-
dently evaluated 1 phase (weight range) of the grow-
er-finishing period and had 6 dietary treatments with 
incrementally increasing Lys:calorie ratios. The trials 
ranged in length from 21 to 28 d. All diets were corn-
soybean meal–based diets with 6% added choice white 
grease (as-fed basis). Increasing Lys:calorie ratio was 
attained by replacing corn with soybean meal. No crys-
talline Lys was used to ensure Lys was the first-limiting 
AA. All other nutrients were also formulated to be non-
limiting (NRC, 1998). An overview describing phases of 
growth, range of Lys:calorie ratios used, trial duration, 
pigs per pen, and total pigs used in each trial are out-
lined in Table 1. Likewise, dietary treatments, calcu-
lated dietary analysis, diets costs, and diet composition 
are provided in Tables 2 and 3. The Lys:calorie ratios 
discussed in this paper are expressed as total grams of 
Lys/Mcal of ME. Additionally, the estimated true ileal 

digestible Lys (NRC, 1998) as a percentage of diet (as-
fed) is shown in Table 2 and throughout response data 
summary tables (Tables 4 to 10). A subsample of each 
diet was analyzed for Lys content and all values were 
similar to calculated values (data not shown).

Pigs were allotted to 1 of the 6 dietary treatments in 
a randomized completed block design with 7 pens per 
treatment. Different groups of pigs were used in each 
individual experiment so that previous dietary treat-
ment would not bias results. Before each study, pigs 
were fed a corn-soybean meal–based diet formulated 
to 20% above the Lys requirement estimate previously 
determined for this production system (De La Llata et 
al., 2007). Each pen was 3.05 × 5.49 m with a 4-hole 
dry self-feeder and 1-cup waterer. Finishing facilities 
had total slat flooring, a deep pit, and were operated 
with mechanical ventilation in the winter and natural 
ventilation (double curtain-sided) in the summer. Pig 
weights by pen and feed disappearance were measured 
throughout all trials. In trials not ending at slaughter 
(barrow trials 1 and 2; gilt trials 1, 2, and 3), 5 pigs per 
pen were individually identified, weighed, and scanned 
with real-time ultrasound to measure fat depth and 
LM area (LMA) at the 10th rib. These 5 selected pigs 
were identified, weighed, and scanned at the beginning 
of the trial, and again at the end. The scanning data 
served to study the effects of dietary Lys on body com-
positional changes during the feeding period. Changes 
in fat depth and LMA were the primary measures of 
interest. In the trials terminating at slaughter (bar-
row trial 3; gilt trial 4), pen identity was maintained 
through slaughter at a commercial slaughter facility 
(Swift Inc., Worthington, MN). Maintaining pen iden-
tification enabled carcass data (carcass yield, fat and 
LM depth at the 10th rib, calculated lean percentage, 
fat-free lean index, and grade premium) to be collected 
for each pen. Lean percentage was provided from the 
packing plant using a proprietary equation and fat-free 
lean index calculated according to NPPC (2000) proce-
dures.

Gain, feed intake, feed efficiency, feed cost per ki-
logram of gain, and IOMFC were measured in each 
study. Income over marginal feed costs is defined as 

Table 1. Overview of trials evaluating effects of Lys:calorie ratio on finishing pig performance in a commercial 
environment1 

Trial Weight range, kg Lys:calorie ratio2 Duration, d Pigs per pen, n Pigs on test, n

Barrows
 Trial 1 43 to 70 2.21 to 3.91 28 26 to 28 1,166
 Trial 2 69 to 93 1.53 to 2.78 27 25 to 28 1,147
 Trial 3 102 to 120 1.40 to 2.40 21 22 to 24 968
Gilts
 Trial 1 35 to 60 2.55 to 4.25 28 28 1,176
 Trial 2 60 to 85 1.96 to 3.36 28 27 to 28 1,163
 Trial 3 78 to 103 1.53 to 2.78 28 27 to 28 1,160
 Trial 4 100 to 120 1.40 to 2.40 25 21 to 25 1,021

1Seven trials were conducted to evaluate effects of increasing Lys:calorie ratio (g of Lys/Mcal of ME) in grow-finish pigs (Pig Improvement 
Co., Hendersonville, TN; 337 × C22, n = 7,801) in a commercial finishing environment.

2Lys:calorie ratio is expressed as total g of Lys per Mcal of ME.
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the value of the pigs weighed at the end of the trial 
less the feed costs incurred during the trial period. In 
the trials not terminating at slaughter, an average pig 
value was calculated by assessing value to the weight 
gain during the trial period at $88.18/100 kg, and sub-
sequently subtracting feed costs incurred during the 
trial period. In trials terminating at slaughter, an av-

erage pig value was calculated by using the calculated 
carcass weight and carcass grade premium data from 
each pen. Because there were no treatment differences 
in carcass yield, the trial mean carcass yield was ap-
plied to all pens’ off-test weights to attain a calculated 
carcass weight for each pen. The average feed cost per 
pig was subtracted from the derived pig value to attain 

Table 2. Description of dietary treatments (as fed) and diets costs used to determine the effects of Lys:calorie ratio 
on barrow and gilt performance in a commercial finishing environment1,2,3,4 

Item Lys:calorie ratio

Barrow trials
 Trial 1 (43 to 70 kg)

2.21 2.55 2.89 3.23 3.57 3.91

  Total Lys, % 0.79 0.91 1.04 1.16 1.28 1.40
  True ileal digestible Lys, % 0.69 0.80 0.91 1.02 1.13 1.24
  ME, kcal/kg 3,581 3,580 3,580 3,580 3,579 3,579
  Diet cost/1,000 kg, $ 130.18 134.16 138.19 142.22 147.03 151.06

 Trial 2 (69 to 93 kg)
1.53 1.78 2.03 2.28 2.53 2.78

  Total Lys, % 0.55 0.64 0.73 0.82 0.91 1.00
  True ileal digestible Lys, % 0.47 0.55 0.63 0.72 0.80 0.88
  ME, kcal/kg 3,596 3,596 3,596 3,596 3,596 3,596
  Diet cost/1,000 kg, $ 120.78 123.74 126.70 129.69 132.64 135.63

 Trial 3 (102 to 120 kg)
1.40 1.60 1.80 2.00 2.20 2.40

  Total Lys, % 0.51 0.58 0.65 0.72 0.80 0.87
  True ileal digestible Lys, % 0.43 0.50 0.56 0.63 0.69 0.76
  ME, kcal/kg 3,616 3,615 3,615 3,614 3,614 3,614
  Diet cost/1000 kg, $ 118.27 120.69 122.97 125.38 127.77 130.15

Gilt trials
 Trial 1 (35 to 60 kg)

2.55 2.89 3.23 3.57 3.91 4.25

  Total Lys, % 0.91 1.04 1.16 1.28 1.40 1.52
  True ileal digestible Lys, % 0.80 0.91 1.02 1.13 1.24 1.35
  ME, kcal/kg 3,580 3,580 3,580 3,579 3,579 3,578
  Diet cost/1,000 kg, $ 134.17 138.21 142.24 147.05 151.08 155.47

 Trial 2 (60 to 85 kg)
1.96 2.24 2.52 2.80 3.08 3.36

  Total Lys, % 0.71 0.81 0.91 1.01 1.11 1.21
  True ileal digestible Lys, % 0.61 0.70 0.79 0.88 0.98 1.07
  ME, kcal/kg 3,589 3,589 3,589 3,589 3,589 3,588
  Diet cost/1,000 kg, $ 126.69 129.98 133.31 136.60 140.30 144.03

 Trial 3 (78 to 103 kg)
1.53 1.78 2.03 2.28 2.53 2.78

  Total Lys, % 0.55 0.64 0.73 0.82 0.91 1.00
  True ileal digestible Lys, % 0.47 0.55 0.63 0.72 0.80 0.88
  ME, kcal/kg 3,596 3,596 3,596 3,596 3,596 3,596
  Diet cost/1,000 kg, $ 120.80 123.75 126.71 129.70 132.66 135.64

 Trial 4 (100 to 120 kg)
1.40 1.60 1.80 2.00 2.20 2.40

  Total Lys, % 0.51 0.58 0.65 0.72 0.80 0.87
  True ileal digestible Lys, % 0.43 0.50 0.56 0.63 0.69 0.76
  ME, kcal/kg 3,616 3,615 3,615 3,614 3,614 3,613
  Diet cost/1,000 kg, $ 118.28 120.70 122.98 125.40 127.78 130.16

1All diets were corn-soybean meal diets with 6% added choice white grease. No crystalline Lys was used to ensure Lys was the first limiting 
AA with all other nutrients being non-limiting (NRC, 1998).

2Diets were formulated using NRC (1998) nutrient and digestibility values for all ingredients.
3Diets were analyzed for Lys content and were consistent with formulated composition.
4Diets costs were calculated with $72.83/1,000 kg of corn and $165.36/1,000 kg, 46.5% CP soybean meal, along with a $13.23/1,000 kg manu-

facturing and delivery charge.
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the IOMFC for each pen. A standard set of ingredient 
prices and feed manufacturing costs were used for all 
trials (Table 2). All monetary values used in this paper 
are expressed in US dollars. Additionally, Lys intake 
expressed as grams of true ileal digestible Lys (TID) 
intake per day and per kilogram of gain was also calcu-
lated for reader reference and to enable retrospective 
associations between Lys intake and growth.

Analysis of variance was used to analyze growth and 
economic performance data as a randomized complete 
block design using the MIXED procedures (SAS Inst. 
Inc., Cary, NC). The statistical model included the 
fixed effect of dietary treatment (Lys:calorie ratio) with 
block as the random component. Linear and quadratic 
contrasts were used to determine the effects of increas-
ing Lys:calorie ratio (g of Lys/Mcal of ME). Pen was 
used as the experimental unit. Probability values ≤0.10 
and ≥0.06 were considered trends, whereas P ≤ 0.05 
was considered significant. Additionally, the dietary 
Lys levels interpreted as meeting biological needs and 
optimizing IOMFC for each finishing phase evaluated 
were plotted on the mid-point BW to derive a predic-
tion equation estimating the Lys:calorie ratio needed 
for maximum performance throughout the finishing 
period.

RESULTS AND DISCUSSION

Barrow Trial 1

In trial 1 (43- to 70-kg barrows), ADG and G:F im-
proved (quadratic, P < 0 0.01; Table 4) with increasing 
Lys:calorie ratio. Average daily gain was maximized at 
2.89 g of Lys/Mcal of ME, whereas feed efficiency was 
maximized at 3.23 g of Lys/Mcal of ME. Feed intake 
tended to be reduced (linear, P = 0.06) as the Lys:calorie 
ratio increased and appeared to be due to the reduced 
intake observed at the highest level of Lys fed (3.91 g 
of Lys/Mcal of ME). This reduction in intake may be 
due to the level of soybean meal (42% of total diet) that 
was needed to meet this Lys:calorie ratio without the 
use of crystalline Lys. A reduction in NE as Lys (CP) 
levels increased may also be a factor affecting the re-
sponses in this and the subsequent trials as well. Fat 
deposition, as measured by a change in 10th-rib back-
fat during the feeding period, was decreased (linear, P 
< 0.001) with increasing Lys:calorie ratio. The change 
in LMA increased (quadratic, P < 0.008) with increas-
ing dietary Lys. However, only the lowest Lys:calorie 
ratio fed (2.21 g of Lys/Mcal of ME) had a different (P 
< 0.05) change in LMA than all other treatments. Feed 
cost per kilogram of gain increased (quadratic, P < 0.01) 
when increasing the Lys:calorie ratio with numeric in-
creases continuing to occur through the greatest Lys 
level fed. Income over feed costs improved (quadratic, P 
< 0.005) with increasing dietary Lys. Income over feed 
cost was maximized at 2.89 g of Lys/Mcal of ME. These 
data indicate that feeding 43- to 70-kg barrows a diet 
containing 2.89 g of Lys/Mcal of ME adequately meets 

biological Lys requirements for growth and optimized 
return over feed costs. However, feed cost per kilogram 
of gain was minimized while feeding below these bio-
logical requirements at 2.55 g of Lys/Mcal of ME.

In the trials not ending in slaughter (barrow trials 1 
and 2; gilt trials 1, 2, and 3), we used the weight gain 
and body compositional change data obtained from the 
sample of pigs scanned with ultrasound to retrospec-
tively compare our measured estimate of the optimum 
Lys:calorie ratio to a predicted Lys requirement. The 
predicted Lys requirement used as a source of compar-
ison was derived using previously described methods 
for estimating Lys requirements based on estimated 
changes in body composition and weight gain (Schinck-
el and de Lange, 1996; Smith et al., 1999). We only used 
the data from pigs fed at or above the estimated opti-
mum Lys:calorie ratio described in these experiments 
to attain a predicted Lys requirement. The predicted 
Lys requirement in barrow trial 1 was 3.14 g of Lys/
Mcal of ME. Thus, the predicted requirement from the 
ultrasound data and the observed biological responses 
were in general agreement. Chiba et al. (1991) and Yen 
et al. (1986a) estimated approximately 3.13 g of Lys/
Mcal of ME to maximize performance in 20- to 55-kg 
barrows. The Chiba et al. (1991) and Yen et al. (1986a) 
studies also observed an intake of 19 to 20 g of TID Lys/
kg of gain at the dietary Lys level required to maximize 
performance, which is similar to the 19.2 g of TID Lys/
kg of gain observed in the current study.

Barrow Trial 2

In trial 2 (69- to 93-kg barrows), ADG and G:F im-
proved (linear, P < 0 0.001; Table 5) with increasing 
Lys:calorie ratio. Although gain improved at a steady 
rate through the greatest Lys level fed (2.78 g of Lys/
Mcal of ME), feed efficiency was minimally improved 
beyond 2.53 g of Lys/Mcal of ME. Feed intake was not 
affected by increasing Lys:calorie ratio. Fat deposition 
as measured by a change in backfat depth during the 
feeding period was decreased (quadratic, P < 0.008) 
with increasing Lys:calorie ratio. Reduction in fat de-
position was not observed beyond 2.53 g of Lys/Mcal of 
ME. Longissimus muscle area tended to be increased 
(quadratic, P < 0.06) with increasing dietary Lys. The 
greatest change in LMA was observed at 2.53 g of Lys/
Mcal of ME. Increasing the Lys:calorie ratio did not af-
fect feed cost per kilogram of gain because of the mag-
nitude of the linear improvements in G:F. However, 
IOMFC improved (linear, P < 0.001) with increasing 
dietary Lys. Although growth responses and IOMFC 
were improved linearly, improvements in G:F and car-
cass composition were not significantly improved be-
yond 2.53 g of Lys/Mcal of ME. Thus, the Lys:calorie 
ratio for maximum growth, feed efficiency, and carcass 
performance in these pigs is likely between 2.53 and 
2.78 g of Lys/Mcal of ME. These data suggest that feed-
ing these barrows (69 to 93 kg) between 2.53 and 2.78 g 
of Lys/Mcal of ME provides an adequate blend of meet-
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ing biological requirements and optimizing return over 
marginal feed costs. The predicted Lys requirement 
using the estimated protein and fat accretion from the 
sample of pigs ultrasonically scanned (see barrow trial 
1) was 2.10 g of Lys/Mcal of ME. This predicted Lys 
requirement is substantially below our estimate of be-
tween 2.53 and 2.78 g of Lys/Mcal of ME. Yen et al. 
(1986b) demonstrated the optimum Lys:calorie ratio 
to be 2.34 g of Lys/Mcal ME in 50- to 90-kg barrows. 
However, at this level of dietary Lys, Yen et al. (1986b) 
observed a Lys intake of 20.1 g of TID Lys/kg of gain, 
which is similar to the 20.0 to 21.9 g of TID Lys/kg of 
gain observed in the present study at the estimated 
optimum between 2.53 and 2.78 g of Lys/Mcal of ME. 
Cromwell et al. (1993) demonstrated that growth and 
feed efficiency was maximized when feeding 51- to 105-
kg barrows 2.26 g of Lys/Mcal of ME. Cromwell et al. 
(1993) observed a Lys intake of 21 g of TID Lys/kg of 
gain at this level of dietary Lys. Hahn et al. (1995) esti-
mated an optimum Lys level of 0.58% TID Lys (or 1.94 
g of Lys/Mcal ME) while observing 18.5 g of TID Lys/kg 
of gain in 50- to 95-kg barrows.

Barrow Trial 3

In trial 3 (102- to 120-kg barrows), ADG and G:F 
improved (linear, P < 0.03; Table 6) with increasing 
Lys:calorie ratio. Although the response in ADG to in-
creasing Lys was linear through the greatest level of 
Lys fed (2.40 g of Lys/Mcal of ME), improvement in G:F 
was minimal beyond 2.20 g of Lys/Mcal of ME. Increas-
ing Lys:calorie ratio did not affect feed intake. Carcass 
yield was not affected by dietary treatment. Fat depth, 
LM depth, and lean percentage were not improved by 
increasing Lys:calorie ratio. However, pigs fed 2.20 or 
2.40 g of Lys/Mcal of ME had numerically improved 
percentage lean, fat-free lean index, and grade pre-
mium (>1 SE) compared with the other treatments. 
Dietary Lys concentration did not affect feed cost per 
kilogram of gain due to the linear improvements in 
feed efficiency. Although IOMFC was not improved 
(linear, P = 0.12) with increasing Lys:calorie ratio, 
stepwise numeric improvements in IOMFC were ob-
served as dietary Lys increased. This improvement in 
IOMFC was driven by the improvements in gain, feed 
efficiency, and numerically improved grade (lean) pre-
mium. These data indicate that feeding barrows (from 
102 to 120 kg) a diet containing 2.20 g of Lys/Mcal of 
ME adequately meets biological requirements and 
optimizes IOMFC. In trials terminating at slaughter 
(barrow trial 3 and gilt trial 4), we used the estimated 
fat-free lean gain, average pig weight, and feed intake 
information during this final phase of growth to attain 
a predicted estimate of the Lys:calorie required (NRC, 
1998). These predicted estimates were made only from 
the pigs that were fed at or above the estimated Lys 
requirement determined in the current experiments. 
The predicted Lys requirement in barrow trial 3 was 
1.89 g of Lys/Mcal of ME, which is below our measured 

estimate of 2.20 g of Lys/Mcal of ME. Hahn et al. (1995) 
determined that 0.49% TID Lys (1.65 g of Lys/Mcal of 
ME) was needed to maximize performance in 90- to 
110-kg barrows. At the observed optimum Lys level in 
the Hahn et al. (1995) experiment, Lys intake was 17.5 
g of TID Lys/kg of gain compared with the 20 g of TID 
Lys/kg of gain observed at the dietary Lys level (2.20 g 
of Lys/Mcal of ME) that maximized performance in the 
current experiment.

Gilt Trial 1

In trial 1 (35- to 60-kg gilts), ADG and G:F improved 
(quadratic, P < 0.04; Table 7) with increasing Lys:calorie 
ratio. Gain and feed efficiency were maximized at 3.23 
g of Lys/Mcal of ME. Increasing the Lys:calorie ratio 
from 2.55 to 4.25 g of Lys/Mcal of ME decreased (lin-
ear, P < 0.05) feed intake from 1,948 to 1,897 g/d. As 
was mentioned in the discussion of barrow trial 1, this 
reduction in feed intake may be associated with the 
high levels of soybean meal needed to achieve the pre-
determined Lys:calorie ratio. Fat deposition (as mea-
sured by a change in backfat depth) during the feeding 
period was reduced (linear, P < 0.001) with increasing 
Lys:calorie ratio. Increasing Lys:calorie ratio did not 
affect a change in LMA. Feed cost per kilogram of gain 
increased (quadratic, P < 0.03) when increasing the 
Lys:calorie ratio with stepwise numeric increases ob-
served through the 4.25 g of Lys/Mcal of ME treatment. 
Income over marginal feed costs improved (quadratic, 
P < 0.02) with increasing dietary Lys and was maxi-
mized at 3.23 g of Lys/Mcal of ME. These data indicate 
that feeding gilts 3.23 g of Lys/Mcal of ME from 35 to 
60 kg adequately meets biological requirements and 
optimizes IOMFC. However, because of the relatively 
modest magnitude of the biological responses, feed 
cost per kilogram of gain numerically increased with 
Lys:calorie ratio. The predicted Lys requirement from 
the sample of pigs scanned ultrasonically was 3.55 g of 
Lys/Mcal of ME, which was slightly greater than the 
observed requirement of 3.23 g of Lys/Mcal of ME. Yen 
et al. (1986a) estimated a Lys requirement of 3.34 g of 
Lys/Mcal of ME in 25- to 55-kg gilts and observed an 
intake of 19.2 g of TID Lys/kg of gain at this optimum 
Lys:calorie ratio, which is similar to the 19.8 g of TID 
Lys/kg of gain observed in the current study. Friesen et 
al. (1994) demonstrated maximal growth performance 
at 3.10 g of Lys/Mcal of ME in gilts from 34 to 55 kg and 
an intake of 19.1 g of TID Lys/kg of gain at this optimal 
level of dietary Lys.

Gilt Trial 2

In trial 2 (60- to 85-kg gilts), ADG and G:F im-
proved (quadratic, P < 0.03; Table 8) with increasing 
Lys:calorie ratio. Gain and feed conversion were maxi-
mized at 2.80 g of Lys/Mcal of ME. Feed intake was not 
affected by increasing Lys:calorie ratio. Fat deposition 
as measured by a change in backfat depth during the 
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feeding period was decreased (linear, P < 0. 001) with 
increasing Lys:calorie ratio. Increasing dietary Lys did 
not affect the change in LMA. Feed cost per kilogram 
of gain increased (quadratic, P < 0.02) with increasing 
Lys:calorie ratio, with the greatest increase occurring 
as the Lys:calorie ratio was increased from 2.80 to 3.08 
g of Lys/Mcal of ME. However, numeric increases in 
feed cost per kilogram of gain were observed through 
the greatest dietary Lys diet fed. Income over feed 
costs improved (quadratic, P < 0.002) with increasing 
dietary Lys and was maximized at the apparent bio-
logical requirement of 2.80 g of Lys/Mcal of ME. These 
data indicate that feeding 60- to 85-kg gilts a diet with 
2.80 g of Lys/Mcal of ME will meet biological require-
ments for maximum growth, feed efficiency, and opti-
mized IOMFC. However, feed cost per kilogram of gain 
was numerically reduced through the lowest dietary 
Lys level fed (1.96 g of Lys/Mcal of ME) in this study. 
The predicted Lys requirement from the ultrasound 
scanning data was 2.68 g of Lys/Mcal of ME, which is 
similar to our measured estimate of 2.80 g of Lys/Mcal 
of ME. Yen et al. (1986b) demonstrated an optimal 
Lys:calorie ratio of 2.73 g of Lys/Mcal of ME in 50- to 
90-kg gilts and observed 21.3 g of TID Lys/kg of gain at 
this level of dietary Lys. Friesen et al. (1994) demon-
strated maximum performance when feeding 2.78 g of 
Lys/Mcal of ME in 55- to 72.5-kg gilts while observing 
a 20.3 g of TID Lys/kg of gain at this level of dietary 

Lys. Similar to the Yen et al. (1986b) and Friesen et 
al. (1994) experimental data, the current trial had an 
intake of 20.4 g of TID Lys/kg of gain at our estimated 
Lys requirement of 2.80 g of Lys/Mcal of ME. Hahn et 
al. (1995) demonstrated maximum performance with 
diets containing 0.64% TID Lys (or 2.11 g of Lys/Mcal 
of ME) in 50- to 95-kg gilts while observing 18.5 g of 
TID Lys/kg of gain.

Gilt Trial 3

In trial 3 (78- to 103-kg gilts), ADG and G:F im-
proved (quadratic, P < 0.003; Table 9) with increasing 
Lys:calorie ratio. Gain and feed efficiency were maxi-
mized at 2.28 and 2.53 g of Lys/Mcal of ME, respective-
ly. Increasing the Lys:calorie ratio did not affect feed 
intake. Change in fat depth at the 10th rib was reduced 
(linear, P < 0.001), and LMA tended to increase (linear, 
P < 0.01; quadratic, P < 0.10) with increasing dietary 
Lys. The improvements in LMA were maximized at 
2.53 g of Lys/Mcal of ME. Feed cost per kilogram of 
gain and IOMFC were improved (quadratic, P < 0.001) 
as Lys:calorie ratio increased. Feed cost per kilogram 
of gain was maximized at 2.03 g of Lys/Mcal of ME, 
which again is below the biological Lys requirement 
for maximum performance. Income over feed cost im-
proved (quadratic, P < 0.001) with increasing dietary 
Lys, and was optimized at 2.28 g of Lys/Mcal of ME. 

Figure 1. Optimal Lys:calorie ratio (g of Lys/Mcal of ME) prediction equations were developed for barrows and 
gilts using our interpretation of the 7 trials conducted to determine an optimum Lys:calorie ratio for pigs (Pig Im-
provement Co., Hendersonville, TN; L337 × C22; 35 to 120 kg) fed in this commercial finishing environment. In the 
barrow trials (▲; 43 to 120 kg), the linear equation Lys:calorie ratio, g of total Lys/Mcal of ME = −0.0133 × BW, kg, 
+ 3.6944 describes the optimum Lys:calorie ratio observed. In the gilt studies (●; 35 to 120 kg), the linear equation 
Lys:calorie ratio, g of total Lys/Mcal of ME = −0.0164 × BW, kg, + 4.004 describes the optimum Lys:calorie ratio 
observed.
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The predicted Lys requirement using the protein and 
fat accretion data obtained from the sample of pigs 
scanned ultrasonically was 1.84 g of Lys/Mcal of ME, 
which is well below our measured estimate of 2.28 g of 
Lys/Mcal of ME. Cromwell et al. (1993) estimated bio-
logical performance to be maximized at 2.73 g of Lys/
Mcal of ME in 51- to 105-kg gilts while observing an 
intake of 24 g of TID Lys/kg of gain, which is greater 
than the 20 g of TID Lys/kg of gain observed at the Lys 
level (2.28 g of Lys/Mcal of ME) demonstrating maxi-
mum performance in the current study.

Gilt Trial 4

In trial 4 (100- to 120-kg gilts), ADG improved (linear, 
P < 0.001) and G:F improved (quadratic, P < 0.04) with 
increasing Lys:calorie ratio (Table 10). Although the 
response in gain increased linearly through the great-
est Lys level fed (2.40 g of Lys/Mcal of ME), numeric 
improvement in gain was not observed above 2.20 g of 
Lys/Mcal of ME. Likewise, feed conversion was maxi-
mized at 2.20 g of Lys/Mcal of ME. Carcass yield, fat 

depth, and calculated lean percentage were not affect-
ed by increasing Lys:calorie ratio. However, LM depth 
and grade premium increased (linear, P < 0.02) as di-
etary Lys increased to 2.40 g of Lys/Mcal of ME. Feed 
cost per kilogram of gain tended to be reduced (qua-
dratic, P = 0.06) as dietary Lys increased. Feed cost 
per kilogram of gain was minimized and equal in pigs 
fed 2.00 or 2.20 g of Lys/Mcal of ME. However, IOMFC 
increased (linear, P < 0.001) with increasing dietary 
Lys. These linear responses in IOMFC were due to im-
provements in growth performance and lean premium 
associated with increasing Lys:calorie ratio. However, 
numeric improvements in IOMFC were not observed 
above 2.20 g of Lys/Mcal of ME. These data suggest 
that feeding gilts from 100 to 120 kg a diet with 2.20 g 
of Lys/Mcal of ME adequately meets biological require-
ments and optimizes IOMFC. The predicted Lys re-
quirement attained using fat-free lean gain estimates 
from 100 to 120 kg and actual feed intake was 2.19 g of 
Lys/Mcal of ME, which is similar to the measured esti-
mate of 2.20 g of Lys/Mcal of ME. Hahn et al. (1995) de-
termined 0.52% TID Lys (1.77 g of Lys/Mcal of ME) to 

Table 11. Summary of the determined optimum Lys:calorie ratio as well as the associated dietary Lys percent-
age and Lys intake that met the biological requirements for growth performance and optimized return over feed 
costs1 

Trial
BW  

range, kg
Midpoint 
BW, kg

Lys:calorie  
ratio, g of  

Lys/Mcal of ME
Dietary 
Lys,2 %

True ileal  
digestible  
Lys, g/d

True ileal  
digestible Lys,  

g/kg of gain

Barrows
 Trial 1 43 to 70 59 2.89 1.04 19 19
 Trial 2 69 to 93 81 2.65 0.96 20 21
 Trial 3 102 to 120 111 2.20 0.80 18 20
Gilts
 Trial 1 35 to 60 48 3.23 1.16 20 21
 Trial 2 60 to 85 73 2.80 1.01 20 21
 Trial 3 78 to 103 90 2.53 0.91 20 22
 Trial 4 100 to 120 110 2.20 0.80 17 19

1Seven trials were conducted to determine optimum Lys:calorie ratio (g of Lys/Mcal of ME) in grow-finish pigs (PIC 337 × C22, n = 7,801) 
in a commercial finishing environment.

2All diets were corn-soybean meal-based with 6% added fat and no added synthetic Lys.

Table 12. Comparing the estimated optimum Lys:calorie ratio from the current gilt studies to the NRC (1998) 
growth model predicted Lys requirement using fat-free lean gain and feed intake data from gilts from the same 
farm, genetic line, and grow-finish facility fed at or above the estimated Lys requirement throughout the finishing 
period1 

Weight  
range, kg

Midpoint  
BW, kg

Optimum Lys:calorie ratio, g of Lys/Mcal of ME

Difference, %

Estimates  
from  current  
gilt studies

Predicted optimum  
in using NRC  
growth model

35 to 60 48 3.23 2.80 13
60 to 85 73 2.80 2.51 10
78 to 103 90 2.53 2.31 9
100 to 120 110 2.20 2.08 6

1The estimated optimum Lys:calorie ratio determined in the gilt trials reviewed in this paper compared with the predicted Lys:calorie ratio 
obtained by using the NRC (1998) growth model. Fat-free lean gain and feed intake data from gilts in a companion experiment that were fed 
at or above their estimated Lys requirement from 35 to 120 kg were used to obtain a Lys requirement estimate using the NRC growth model 
(Main et al., 2005).
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be required for maximum performance in 90- to 110-kg 
gilts. At the observed optimum Lys level in the Hahn 
et al. (1995) experiment, Lys intake was 17.3 g of TID 
Lys/kg of gain compared with the 19 g of TID Lys/kg 
of gain observed at the dietary Lys level (2.20 g of Lys/
Mcal of ME) that maximized performance in the cur-
rent experiment.

Prediction Equations

The estimated optimum Lys:calorie ratio from both 
the barrow and gilt trials were plotted at the midpoint 
weight from each study. These data were used to de-
velop regression equations to predict the optimum 
Lys:calorie feeding regimen based on BW for bar-
rows and gilts, respectively. These curves describe the 
Lys:calorie ratio that best met biological requirements 
for growth performance and optimized IOMFC for bar-
rows and gilts fed in this series of trials (Figure 1). In 
the barrow trials (43 to 120 kg), the linear equation 
Lys:calorie ratio, g of total Lys/Mcal of ME = −0.0133 × 
BW, in kg, + 3.6944, describes the optimum Lys:calorie 
ratio observed. The linear equation Lys:calorie ratio, g 
of total Lys/Mcal of ME = −0.0164 × BW, in kg, + 4.004, 
describes the optimum Lys:calorie ratio observed in the 
gilt studies (35 to 120 kg). Table 11 summarizes our in-
terpretation of the optimum Lys:calorie ratio observed 
in each trial. Additionally, we included the associated 
TID Lys intake per day and per kilogram of gain. To 
further compare these measured estimates to other 
published methods of predicting Lys requirements, we 
used the NRC growth model (NRC, 1998) to generate 
a predicted Lys requirement using fat-free lean gain 
and feed intake data from gilts in a companion study. 
The gilts used to capture input data for use in the 
NRC growth model (NRC, 1998) prediction were from 
the same farm, same genetic line, housed in the same 
grow-finishing facilities, had similar levels of overall 
performance, and were fed at or above these estimated 
Lys requirements from 32 to 115 kg (Main et al., 2005). 
The comparison of the optimum Lys:calorie ratio de-
termined in the gilt trials to the NRC (1998) growth 
model predicted requirement of gilts similar to the gilts 
used in the current experiments is illustrated in Table 
12. The predicted requirements are directionally simi-
lar but 6 to 13% lower than the estimated optimum 
Lys:calorie ratio measured in the current studies.

These experiments suggest the Lys:calorie ratio that 
maximized biological performance and optimized IOM-
FC was similar between barrows and gilts at a com-
mon weight. This similarity between barrows and gilts 
would resemble findings by Hahn et al. (1995) that 
showed barrows and gilts had similar digestible Lys 
requirements (0.49 vs. 0.52% of diet) from 90 to 110 kg, 
as well as Smith et al. (1999) who estimated Lys re-
quirements to be similar between barrows and gilts us-
ing farm-specific lean accretion curves. Campbell et al. 
(1988) showed Lys requirements to be similar between 
boars and gilts at BW less than 60 kg, and that the 

requirement began to diverge as BW increased, with 
boars having a greater Lys requirement than gilts. 
Others have shown gilts to have a greater Lys require-
ment than barrows in the finishing period (Yen et al., 
1986b; Cromwell et al., 1993; Castell et al., 1994; Hahn 
et al., 1995).

Overall

Among all trials, improvements in growth and feed 
efficiency were observed as Lys:calorie ratio increased. 
Similarly, in all trials not ending in slaughter (barrow 
trials 1 and 2; gilt trials 1, 2, and 3), backfat deposition 
was reduced as dietary Lys increased. These observa-
tions indicate that all trials included dietary treat-
ments below the biological requirements for maximum 
performance, and that growth performance improved 
as the biological requirement for Lys was met by in-
creasing dietary Lys concentration. Similarly, all trials 
included dietary treatments that appeared to be above 
the Lys required for maximum performance when us-
ing the combination of all primary response criteria 
(ADG, G:F, carcass lean, and IOMFC) measured. Thus, 
it appears that the range of Lys:calorie ratios used in 
each trial was adequate to allow an estimate of an op-
timum Lys:calorie ratio.

In general, our interpretation of the Lys:calorie ratio 
that maximized biological performance and optimized 
IOMFC with these pigs in this commercial production 
system environment is directionally similar to the Lys 
requirements described in the NRC (1998) and estimat-
ed using the NRC (1998) growth model (Figure 1 and 
Table 12). It is understood that alternative methods of 
analysis may derive alternative interpretations of the 
data observed in the current experiments (Gahl et al., 
1995). However, this manuscript is intended to add to 
the relatively small body of published literature avail-
able measuring the biologic and economic responses 
to graded levels of dietary Lys at multiple phases of 
growth in a commercial finishing environment, while 
accomplishing the primary objective of determining 
an optimum Lys:calorie ratio for the commercial pig 
producer cooperating in this study. One shortcoming 
of the current study is that the economic sensitivity of 
these findings to alternative feed ingredient and live 
hog price scenarios was not reviewed. Although the 
magnitude of the differences in IOMFC among treat-
ments may change, the order of treatments (worst to 
best) is largely insensitive to changes in feed grain or 
live hog market prices (De La Llata et al., 2001; Main 
et al., 2005). However, the ordering of feed cost per unit 
of gain can be more sensitive to changing feed ingre-
dient conditions (De La Llata et al., 2001). It should 
also be noted that the estimated optimum Lys:calorie 
ratio regimen was derived by linking the optimum 
Lys:calorie ratio determined for each phase of finishing 
growth. This method of estimation would not account 
for any potential carry-over or compensatory growth 
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effects that may affect the Lys:calorie regimen that op-
timizes IOMFC for the entire finishing period.

It has been well described that inputs that alter 
feed intake (Mohn et al., 2000), genetic potential for 
lean growth (Campbell and Taverner, 1988), composi-
tion of growth (Friesen et al., 1996; Schinckel and de 
Lange, 1996; NRC, 1998; Smith et al., 1999), method 
of interpreting responses (Gahl et al., 1995), and eco-
nomic indicator of success (De La Llata et al., 2001) 
will influence the Lys:calorie ratio required to maxi-
mize performance. Therefore, responses to Lys:calorie 
ratio should be expected to vary among genetic lines 
and production environments. The level of feed intake 
(and associated growth rate or protein deposition) may 
be a significant source of discrepancy in estimated Lys 
requirements among studies. If pigs with high genetic 
potential for protein deposition are marginally restrict-
ed in feed intake due to their health status or grow-
ing environment, the ideal Lys:calorie ratio will be less 
than pigs of the same genetic line and sex consuming 
greater levels of feed with increased rates of protein 
deposition. Williams et al. (1997) concluded that the 
reason pigs with low immune stimulation had an in-
creased dietary Lys requirement was due to increased 
protein deposition, which is largely driven by increased 
feed intake (Campbell and Taverner, 1988). These ex-
amples further highlight the need to determine pro-
duction system-specific Lys:calorie ratio requirements. 
One unique observation of interest with the pigs used 
in these trials was that the TID Lys intake per kilo-
gram of gain seemed to be fairly consistent (±20 g of TID 
Lys/kg of gain) at the Lys:calorie ratio that maximized 
growth performance and IOMFC. De La Llata (2000) 
conducted 2 experiments evaluating 4 Lys:calorie regi-
mens in barrows and gilts from 30 to 120 kg with the 
same genetic lines and in the same facilities as used in 
the current series of trials. In those experiments, pigs 
fed the greatest Lys:calorie regimen had optimized 
IOMFC. Although the Lys:calorie regimen that maxi-
mized performance was lower in late finishing than 
the estimated optimum Lys:calorie ratio in the present 
studies, the overall Lys intake per unit of gain (20 g 
of TID Lys/kg of gain) was similar to those observed 
throughout the present series of studies. The notable 
difference between these previous experiments (De La 
Llata, 2000) was that the Lys:calorie regimens tested 
were not as high in late finishing as in our study. Fur-
thermore, overall growth performance was decreased 
(approximately 15% lower ADG) compared with the 
current studies. Therefore, these data may suggest that 
within a given genetic line, an appropriate Lys:calorie 
ratio could be determined with the knowledge of the 
production system-specific growth rate and feed intake 
of pigs fed nonlimiting diets.

The comparisons made to previously reported pre-
diction models provide reference to how these pre-
dicted values compared with the growth and efficiency 
responses measured in this study (Schinckel and de 
Lange, 1996; NRC, 1998; Smith et al., 1999). One key 

observation from the predicted Lys requirements from 
lean growth data captured from the sample of pigs ul-
trasonically scanned (barrow trials 1 and 2, and gilt 
trials 1, 2, and 3) seemed to generate reasonable pre-
dictions in early finishing, but largely underestimate 
the Lys required for maximum growth and IOMFC in 
late (>70 kg) finishing. These rather large discrepan-
cies are not well understood and will require further 
study.

These studies illustrate the biologic and economic 
effects of increasing Lys:calorie ratio, and how the 
magnitude of the effects change during the grower-fin-
ishing period. In the trials with initial pig BW of less 
than 70 kg, the biologic and resulting economic effects 
were relatively modest in magnitude compared with 
responses later in the finishing period. In these early 
finishing (<70 kg initial BW) trials, feed cost per kilo-
gram of gain incrementally increased with Lys:calorie 
ratio. However, IOMFC was optimized when the bio-
logical requirements for growth were achieved. In late 
finishing (>70 kg initial BW), the biologic and eco-
nomic responses to increasing Lys were more signifi-
cant. Feed cost per kilogram of gain was not affected 
or was reduced quadratically as the Lys:calorie ratio 
increased. However, finishing feed cost per kilogram of 
gain was numerically minimized below the Lys:calorie 
ratio required for maximum biological performance 
and optimized IOMFC. These studies indicate that 
barrows and gilts (PIC, L337 × C22) fed high-fat diets 
in commercial facilities have a modest response to in-
creasing dietary Lys in early finishing (<70 kg initial 
BW). However, the consequences for feeding below the 
Lys requirement in late finishing (>70 kg initial BW) 
are severe due to the more quantitatively significant 
effects on gain, feed efficiency, and lean deposition. 
These studies suggest that the consequences for being 
above the perceived requirement for maximum growth 
are minimal in late finishing, contrary to being below 
the requirement. In the late finishing trials (>70 kg ini-
tial BW), IOMFC tended to plateau or incrementally 
improve as the Lys:calorie ratio increased beyond the 
requirement for maximum growth performance. These 
studies indicate that feed cost per kilogram of gain is 
consistently minimized below the biological require-
ment for maximum growth performance and optimiz-
ing IOMFC. In summary, these studies illustrate the 
need to understand the dynamic biology and economic 
implications involved when making strategic nutri-
tional decisions.
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