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Swine Day 2002

EFFECTS OF INCREASING LYSINE:CALORIE RATIO IN PIGS
GROWN IN A COMMERCIAL FINISHING ENVIRONMENT!

R. G. Main’, S. S. Drit?’, M. D. Tokach,
R. D. Goodband, J. L. Nelssen

Summary

Seven experiments using 7,801 pigs (75 to
265 Ib) were conducted to determine the bio-
logic and economic effects of increasing die-
tary lysine in commercially reared grow-finish
pigs. Each study was generally 28 d long and
evaluated a different weight range of the
grow-finish period for barrows (3 trials) and
gilts (4 trials), respectively. All studies con-
tained six dietary treatments of incrementally
increasing lysine:calorie ratio. The primary
response criteria measured were growth, car-
cass, and economic performance. Pigs fed
high-energy diets in early finishing (< 150 1b)
have only moderate biological responses to a
wide range of dietary lysine. However, in-
creasing dietary lysine levels in late finishing
(>150 1b) has more quantitatively significant
effects on growth and carcass performance.
Due the magnitude of the biological responses
observed, economic penalties for feeding be-
low the lysine requirement were modest early
and severe later in the grow-finish period.
These studies indicate that income over mar-
ginal feed cost (IOMFC) is consistently opti-
mized near the biological requirement for op-
timal growth and feed conversion. However,
feed cost per pound of gain is consistently
minimized below these biological require-
ments. Therefore, diet costs alone provide

little value in developing cost effective feed-
ing strategies. In addition, prediction equa-
tions to calculate the optimum lysine:calorie
ratio based on body weight (BW, 1b) were de-
veloped. The lysine:calorie ratio prediction
equation is: lysine:calorie ratio, g total ly-
sine/Mcal ME = -.006045 x BW + 3.694 for
barrows and lysine:calorie ratio = -.00744 x
BW +4.004 for gilts.

Introduction

Understanding lysine requirements is an
essential component to developing cost-
effective grow-finish feeding strategies. Ly-
sine requirements are commonly expressed as
a lysine:calorie ratio (glysine/Mcal ME). Ex-
pressing lysine requirements relative to dietary
energy content enables these requirements to
be used across a broad range of feeding situa-
tions. Although grow-finish lysine require-
ments have been well studied, ongoing efforts
are needed to better understand the biological
needs of ever evolving high-lean genotypes in
commercial environments. Because feed is
such a large portion of the cost of production,
it is equally necessary to gain an appreciation
for the economic implications of either feed-
ing below, at, or above the biological require-
ments at the different phases of the grow-
finish period. The objective of these trials was

' Appreciation is expressed to New Horizon Farms and employees for use of pigs, facilities, and

technical assistance.

’Food Animal Health and Management Center.
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to determine the biologic and economic ef-
fects of feeding increasing dietary lysine con-
centrations to pigs grown in a commercial fin-
ishing environment. Understanding these re-
sponses will illustrate both the biological ly-
sine requirements and economic implications
of increasing lysine:calorie ratio during the
grow-finish period.

Procedures

A series of seven trials (3 barrow, 4 gilt)
were conducted to determine the effects of
increasing lysine:calorie ratio in barrows and
gilts (PIC 337 x C22) grown in commercial
finishing facilities. Each trial independently
evaluated one phase (weight range) of the
grow-finish period. Each trial had six dietary
treatments of incrementally increasing ly-
sine:calorie ratio. All diets were corn-soybean
meal-based with 6% added choice white grease.
The desired lysine:calorie ratio was obtained
by replacing corn with soybean meal. No
crystalline lysine was utilized to ensure lysine
was the first limiting amino acid. All other
nutrients were formulated to be non-limiting.
An overview describing phases of growth
evaluated, midpoint weight, trial duration,
pigs per pen, and total pigs used in each trial is
outlined in Table 1. Likewise, dietary treat-
ments, calculated dietary analysis, and costs
are illustrated in Tables 2 and 3 for the barrow
and gilt trials, respectively. The lysine:calorie
ratios discussed in this paper are expressed as
total grams lysine:Mcal of ME. True ileal di-
gestible lysine as a percent of diet is listed in
Tables 2 and 3. A subsample of each diet was
analyzed for lysine content and all values were
within analytical variation of the calculated values.

Pigs were allotted to one of the six dietary
treatments in a randomized completed block
design with seven pens per treatment. Each
pen was 10 x 18 ft with a 4-hole self-feeder
and one cup waterer. Finishing facilities were
total slatted, deep pitted, and double curtain-
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sided with a total of 48 pens per barn. 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), five pigs per pen were in-
dividually identified, weighed, and scanned
with real-time ultrasound to measure fat depth
and loin eye area at the 10™ rib. These five
selected pigs were identified, weighed, and
scanned at the beginning and at the end of the
trial. The scanning data served to study the
effects of dietary lysine on body composi-
tional changes during the feeding period. In
the trials terminating at slaughter (barrow
Trial 3, gilt Trial 4), pen identity was main-
tained through slaughter. Maintaining pen
identification enabled carcass data (carcass
yield, fat and loin depth at the 10™ rib, lean
percentage, and grade premium) to be col-
lected for each pen.

Gain, feed intake, feed conversion, feed
cost per pound of gain, and income over mar-
ginal feed costs (IOMFC) were measured in
each study. Income over marginal feed costs
is defined as the value of the pigs weighed oft-
test less the feed costs incurred during the trial
period. In the trials not terminating at slaugh-
ter, an average pig value was calculated by
assessing value to the weight gain during trial
period (at $42.50/CWT), and subsequently
subtracting feed costs incurred during the trial
period. In trials terminating at slaughter, an
average 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 for all pens was
applied to all pens off-test weights to attain a
calculated carcass weight for each pen. The
average feed cost per pig was then subtracted
from the derived pig value to attain the
IOMFC for each pen. Data were analyzed for
linear and quadratic effects of increasing ly-
sine:calorie ratio with pen being the experi-
mental unit in all data analyses.



Results and Discussion

Barrow Trials: (Tables 4 to 6). In Trial
1 (95-155 1b barrows), ADG and F/G im-
proved (quadratic, P<0.01, Table 4) with in-
creasing lysine:calorie ratio. Gain was opti-
mized at 2.89 g lysine/Mcal ME, while F/G
was optimized at 3.23 g lysine/Mcal ME.
Feed intake tended to be reduced (linear,
P=0.06) as lysine:calorie ratio increased. This
trend is due to the reduced intake observed at
the highest level of lysine fed (3.91 g ly-
sine/Mcal ME). This reduction in intake may
be due to the level of soybean meal (42% of
total diet) that was needed to meet this ly-
sine:calorie ratio without the use of crystalline
lysine. Fat deposition, as measured by a
change in 10™ rib backfat during the feeding
period, was reduced (linear, P<0.0001) with
increasing lysine:calorie ratio. The change in
loin eye area (LEA) increased (quadratic,
P<0.008) with increasing dietary lysine. How-
ever, only the lowest lysine:calorie ratio fed
(2.21 g lysine/Mcal ME) had a different
(P<0.05) change in LEA than all other treat-
ments. Feed cost per pound of gain increased
(quadratic, P<0.01) with increasing ly-
sine:calorie ratio.  However, numeric in-
creases continued to occur through the highest
lysine level fed. Income over feed costs im-
proved (quadratic, P<0.005) with increasing
dietary lysine. Income over feed cost was
maximized at 2.89 g lysine/Mcal ME. These
data indicate feeding barrows from 95 to 155
Ib a 2.89 g lysine/Mcal ME diets adequately
meets biological lysine requirements for
growth and maximizes return over feed costs.
However, feed cost per pound of gain was
minimized while feeding below these biologi-
cal requirements at 2.55 g lysine/Mcal of ME.

In Trial 2 (150 to 205 Ib barrows), ADG
and F:G improved (linear, P<0.0001, Table 5)
with increasing lysine:calorie ratio. Although
gain improved at a steady rate through the
highest lysine level fed (2.78 g lysine/Mcal
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ME), feed conversion was minimally im-
proved beyond 2.53 g lysine/Mcal ME. Feed
intake was not (P>0.15) affected by increasing
lysine:calorie ratio. Fat deposition as meas-
ured by a change in fat depth during the feed-
ing period was reduced (quadratic, P<0.008)
with increasing lysine:calorie ratio. Reduction
in fat deposition was not seen beyond 2.53 g
lysine/Mcal of ME. Loin eye area tended to
increase (quadratic, P<0.06) with increasing
dietary lysine. The greatest change in LEA
was observed as lysine:calorie ratio increased
from 2.28 to 2.53 g lysine/Mcal ME, with lit-
tle change thereafter. However, an increased
change in LEA was not observed beyond 2.53
g lysine/Mcal ME. Increasing lysine:calorie
ratio did not (P>0.46) affect feed cost per
pound of gain due the magnitude of the linear
improvements in feed conversion. However,
IOMFC improved (linear, P<0.0001) with in-
creasing dietary lysine. Although growth re-
sponses and subsequently income over mar-
ginal feed costs were improved linearly, im-
provements in feed efficiency and carcass
composition were not significantly improved
beyond 2.53 g lysine/Mcal ME. It seems
probable that a combined optimal requirement
for growth, feed efficiency, and carcass per-
formance lies between 2.53 and 2.78 g ly-
sine/Mcal ME. These data suggest that feed-
ing barrows from 150 to 205 1b a 2.65 g ly-
sine/Mcal ME diet provides an adequate blend
of meeting biological requirements and opti-
mizing return over marginal feed costs.

In Trial 3 (225 to 265 1b barrows), ADG
and F/G improved (linear, P<0.03, Table 6)
with increasing lysine:calorie ratio. Although
the response in ADG to increasing lysine was
linear, improvement was minimal beyond 2.0
g lysine/Mcal ME. Increasing lysine:calorie
ratio did not affect (P>0.42) feed intake. Car-
cass yield was not affected (P>0.27) by die-
tary treatment. However, fat depth, loin
depth, and lean percentage were improved
(quadratic, P<0.0002) by increasing ly-



sine:calorie ratio. The improvement in back-
fat and percent lean was apparently optimized
at 2.20 g lysine/Mcal ME. However, pigs fed
the lowest level of lysine (1.40 g lysine/Mcal
of ME) had similar backfat (P>0.05) as those
fed the highest level (2.4 g lysine/ Mcal of
ME). Loin depth was increased over all other
treatments (P<0.05) in pigs fed 2.40 g ly-
sine/Mcal ME. Although statistical improve-
ments in grade premium were not evident
(P>0.21), incremental numeric improvements
were observed with increasing lysine:calorie
ratio. Dietary lysine concentration did not af-
fect (P>0.58) feed cost per pound of gain due
to the linear improvements in feed conversion.
Although IOMFC did not statistically improve
(P=0.12) with increasing lysine:calorie ratio,
step-wise numeric improvements in IOMFC
were observed as dietary lysine increased.
These numeric improvements were due to im-
proved gain, feed conversion, as well as nu-
meric improvements in lean premium. These
data indicate feeding barrows from 225 to 265
Ib a 2.20 g lysine/Mcal ME diet adequately
meets biological requirements and optimizes
IOMFC.

Gilt Trials: (Tables 7 to 10). In Trial 1
(75 to 135 1b gilts), ADG and F/G improved
(quadratic, P<0.03, Table 7) with increasing
lysine:calorie ratio. Gain and feed conversion
were optimized at 3.23 g lysine/Mcal ME.
Increasing lysine:calorie ratio from 2.55 to
4.25 g lysine/Mcal ME decreased (linear,
P=0.05) ADFI from 4.30 to 4.18 Ib/d. Fat
deposition as measured by a change in fat
depth during the feeding period was reduced
(linear, P<0.0001) with increasing ly-
sine:calorie ratio. Increasing lysine:calorie
ratio did not affect (P>0.60) a change in LEA.
Feed cost per pound of gain increased (quad-
ratic, P<0.03) with increasing lysine:calorie
ratio. However, step-wise numeric increases
in feed cost per pound of gain were observed
through 4.25 g lysine/Mcal ME. IOMFC im-
proved (quadratic, P<0.02) with increasing
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dietary lysine, and was maximized at 3.23 g
lysine/Mcal ME. These data indicate feeding
gilts from 75 to 135 Ib a 3.23 g lysine/Mcal
ME diet adequately meets biological require-
ments and optimizes IOMFC. However, due
to the relatively modest magnitude of the bio-
logical responses, feed cost per pound of gain
numerically increased with lysine:calorie ra-
t10.

In Trial 2 (130 to 190 Ib gilts), ADG and
F/G improved (quadratic, P<0.02, Table 8)
with increasing lysine:calorie ratio. Feed and
gain conversion were optimized at 2.80 g ly-
sine/Mcal ME. Feed intake was not (P>0.11)
affected by increasing lysine to calorie ratio.
Fat deposition as measured by a change in fat
depth during the feeding period was reduced
(linear, P<0. 0002) with increasing lysine:
calorie ratio. Increasing dietary lysine did not
affect (P> 0.43) the change in LEA. Feed cost
per pound of gain increased (quadratic,
P<0.02) with increasing lysine:calorie ratio,
with the largest increase occurring as the ly-
sine:calorie ratio increased from 2.80 to 3.08 g
lysine/Mcal ME. However, numeric increases
in feed cost per pound of gain were observed
through the highest dietary lysine diet fed. In-
come over feed costs improved (quadratic,
P<0.002) with increasing dietary lysine and
was maximized at the apparent biological re-
quirement of 2.80 g lysine/Mcal ME. These
data indicate feeding gilts from 130 to 190 1b a
2.80 g lysine/Mcal ME diet will meet biologi-
cal requirements for optimizing growth and
feed conversion, as well as maximize income
over feed costs. However, feed cost per
pound of gain was numerically reduced
through the lowest dietary lysine level fed
(1.96 g lysine/Mcal ME) in this study.

In Trial 3 (170 to 225 1b gilts), ADG and
F/G improved (quadratic, P<0.003, Table 9)
with increasing lysine:calorie ratio. Feed and
gain conversion were optimized at 2.28 and
2.53 g lysine/Mcal ME respectively. Increas-



ing lysine:calorie ratio did not affect (P>0.43)
feed intake. Change in fat depth at the 10™ rib
was reduced (linear, P<0.0001) and LEA
tended to increase (quadratic, P<0.10) with
increasing dietary lysine. The improvements
in LEA were optimized at 2.53 g lysine/Mcal
ME. Feed cost per pound of gain and IOMFC
were improved (quadratic, P<0.001) as ly-
sine:calorie ratio increased. Feed cost per
pound of gain was optimized at 2.03 g ly-
sine/Mcal ME, which again is below the bio-
logical lysine requirement. Income over feed
cost improved (quadratic, P<0.001) with in-
creasing dietary lysine and was optimized at
2.28 g lysine/Mcal ME. However, due to the
more quantitatively significant effect dietary
lysine is having on carcass composition in this
phase of growth, the derived IOMFC value
needs to be interpreted with caution. The
standard IOMFC value illustrated does not
account for differences in carcass lean at
slaughter. When carcass lean values (Table 9)
are calculated from the fat depth and LEA in-
formation and valued as if sold to slaughter,
IOMFC improves in greater magnitude (lin-
ear, P<0.0002, quadratic, P<0.06) with in-
creasing lysine:calorie ratio. These data illus-
trate the need to understand the quantitatively
important effects that dietary lysine has on
carcass composition during this phase of the
growing period. These data indicate feeding
gilts from 170 to 225 1b a 2.53 g lysine/Mcal
ME diet adequately meets biological require-
ments and optimizes IOMFC when the impli-
cations on carcass lean are understood.

In Trial 4 (220 to 265 b gilts), ADG im-
proved (linear, P<0.0001) and F/G improved
(quadratic, P<0.04) with increasing ly-
sine:calorie ratio (Table 10). Although the
response in gain was linear through the high-
est lysine level fed (2.40 g lysine/Mcal ME),
quantitative improvement in gain was not ob-
served above 2.20 g lysine/Mcal ME. Like-
wise, feed conversion was optimized at 2.20 g
lysine/Mcal ME. Carcass yield was not af-
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fected (P>0.18) by increasing lysine:calorie
ratio. Fat depth and lean percentage were im-
proved (quadratic, P<0.04), as was loin depth
with increasing lysine:calorie ratio. Numeric
improvements in these carcass lean parameters
were maximized in pigs fed 2.40 g ly-
sine/Mcal ME. Grade premium also increased
(linear, P<0.02) with increasing lysine:calorie
ratio. Feed cost per pound of gain tended to
be reduced (quadratic, P=0.06) as dietary ly-
sine increased. Feed cost per pound of gain
was equivocally low at 2.00 and 2.20 g ly-
sine/Mcal ME. However, IOMFC increased
(linear, P<0.0001) with increasing dietary ly-
sine. These linear responses in IOMFC were
due to improvements in growth performance
and lean premium associated with increasing
lysine:calorie ratio. However, numeric im-
provements in IOMFC were not observed
above 2.20 g lysine/Mcal ME. These data
suggest feeding gilts from 220 to 265 Ib a 2.20
g lysine/Mcal of ME diet adequately meets
biological requirements and optimizes
IOMFC.

Prediction Equations. The determined
optimum lysine:calorie ratios from both the
barrow and gilt trials were plotted at the mid-
point weight from each study. These data
were utilized to develop regression equations
to predict the optimum lysine:calorie feeding
regimen based on body weight. Separate re-
gression equations were developed for bar-
rows and gilts. These curves describe the ly-
sine:calorie ratio that best met the biological
requirements for growth performance and op-
timized IOMFC for barrows and gilts used in
this series of trials (Figure 1). In the barrow
studies (midpoint weights 130 to 245 Ib), the
linear equation: lysine:calorie ratio, g total ly-
sine/Mcal ME = -.006045 x BW + 3.694, de-
scribes the optimum lysine:calorie ratio ob-
served. The linear equation: lysine:calorie
ratio, g total lysine/Mcal ME = -.00744 x BW
+ 4.004, describes the optimum lysine:calorie
ratio observed in the gilt studies (midpoint



weights = 105 to 243 1b). As expected, the
optimum ratio declines with increasing body
weight. These regressed optimum require-
ments also illustrate that the observed lysine
requirements become more similar in the bar-
rows and gilts as body weight increases.

These studies illustrate the biological and
economical effects of increasing lysine:calorie
ratio, and how the magnitude of the effects
changes during the grow-finish period. In the
trials with initial pig weights of less than 150
Ib, the biologic and resulting economic effects
were relatively modest in magnitude as com-
pared to responses later in finishing. In these
early finishing (<150 Ib initial weight) trials,
feed cost per pound of gain incrementally in-
creased with lysine:calorie ratio. However,
IOMFC was optimized when the biological
requirements for growth were achieved. In late
finishing (>150 Ib initial weight), the biologic
and economic responses to increasing lysine
were more quantitatively significant. Feed
cost per pound of gain was either not affected
or reduced quadratically as lysine:calorie ratio
increased. However, finishing feed cost per
pound of gain was numerically minimized be-
low the lysine:calorie ratio required for opti-
mum biologic performance and IOMFC.

3.40 -
3.20 -
3.00 -
2.80 ~
2.60 -
2.40 -
2.20 -
2.00 -

Lysine:Calorie (g lysine/Mcal ME)

1.80 T T T T T

These studies indicate barrows and gilts
(PIC 337 x C22) fed high fat diets in commer-
cial facilities have a modest response to in-
creasing dietary lysine in early finishing (<150
Ib initial weight). However, penalties for
feeding below the lysine requirement in late
finishing (>150 1b initial weight) are severe
due to the more quantitatively significant ef-
fects on gain, feed efficiency, and lean deposi-
tion. Contrary to being below the require-
ment, these studies suggest the penalties for
being above the perceived requirement for op-
timal growth are minimal in late finishing. In
the late finishing trials (>150 Ib start weight),
IMOFC tended to plateau or incrementally
improve as lysine:calorie ratio increased be-
yond the requirement for optimal growth per-
formance. These studies indicate feed cost per
pound of gain is consistently minimized below
the biological requirement for optimal growth
performance and IOMFC. In summary, these
studies illustrate the need to understand the
dynamic biology and economic implications
involved when making strategic nutritional
decisions. Diet costs alone provide little value
in developing cost effective feeding strategies.

A Barrows

® Gilts

80 100 120 140 160

180

Body Weight, 1b

200 220 240 260

Figure 1. Predicted Optimal Lysine:Calorie Regimen for Pigs (PIC L337 x C22) Grown in

Commercial Finishing Facilities™.
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’A total of 7 trials (3 barrow, 4 gilt) were conducted using 7,801 pigs (PIC L337 x C22) to determine ef-
fects of increasing lysine:calorie ratio (g lysine/Mcal ME) in commercial finishing research facilities, and
to subsequently derive prediction equations for an optimal lysine:calorie regimen for barrows and gilts
respectively. °The lysine:calorie ratio prediction equation is: lysine:calorie ratio, g total lysine/Mcal ME
=-.006045 x BW, Ib + 3.694 for barrows and lysine:calorie ratio = -.00744 x BW, 1b + 4.004 for gilts.

Table 1. Overview of Increasing Lysine: Calorie Ratio Studies”

Weight Range, Ib  Midpoint, Ib ~ Duration, d Pigs per pen, n Pigs on test, n

Barrows
Trial 1 95 to 155 130 28 26 to 28 1,166
Trial 2 150 to 205 178 27 25t028 1,147
Trial 3 225 to0 265 245 21 22to 24 968
Gilts
Trial 1 75 to 135 105 28 28 1,176
Trial 2 130 to 190 160 28 27 to 28 1,163
Trial 3 170 to 225 198 28 27 to 28 1,160
Trial 4 220 to 265 243 25 21 to 25 1,021

*Studies were conducted to evaluate effects of increasing lysine: calorie ratio (g lysine/Mcal ME)
in grow-finish pigs (PIC 337 x C22, n=7,801) in a commercial finishing environment.

Table 2. Barrow Studies: Dietary Treatments, Formulated Composition, and Cost™

Item Diet, Step-wise Lysine:Calorie Ratio

Trial 1 (95 to 155 1b)
Lysine:calorie, (g lysine/Mcal ME) 2.21 2.55 2.89 3.23 3.57 3.91

Total lysine, % 0.79 0.91 1.04 1.16 1.28 1.40
True digestible lysine, % 0.69 0.80 0.91 1.02 1.13 1.24
ME, kcal/lb 1624 1624 1624 1624 1623 1623
Diet cost/ton, $ 118.10 121.71 125.37 129.02 133.39 137.04

Trial 2 (150 to 205 Ib)
Lysine:calorie, (g lysine/Mcal ME) 1.53 1.78 2.03 2.28 2.53 2.78
Total lysine, % 0.55 0.64 0.73 0.82 0.91 1.00
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True digestible lysine, % 0.47 0.55 0.63 0.72 0.80 0.88

ME, kcal/lb 1631 1631 1631 1631 1631 1631

Diet cost/ton, $ 109.57 112.26 114.94 117.65 120.33 123.04
Trial 3 (225 to 265 1b)

Lysine:calorie, (g lysine/Mcal ME) 1.40 1.60 1.80 2.00 2.20 2.40

Total lysine, % 0.51 0.58 0.65 0.72 0.80 0.87
True digestible lysine, % 0.43 0.50 0.56 0.63 0.69 0.76
ME, kcal/lb 1640 1640 1640 1639 1639 1639
Diet cost/ton, $ 107.29 109.48 111.55 113.75 11591 118.07

*Increasing lysine: calorie ratios were achieved by replacing corn with soybean meal, as no crys-
talline lysine was used to ensure lysine was the first limiting amino acid.

"Diets costs were calculated with $ 1.85/bu corn and $150/ton, 46.5% soybean meal, along with
a $12/ton manufacturing and delivery charge.
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Table 3. Gilts Studies: Dietary Treatments, Formulated Composition, and Cost™"

Item Diet, Step-wise Lysine:Calorie Ratio

Trial 1 (75 to 135 1b)
Lysine:calorie, (g lysine/Mcal ME) 255 289 323 3.57 3.91 4.25

Total lysine, % 091 1.04 1.16 1.28 1.40  1.52
True digestible lysine, % 0.80 091 1.02 1.13 1.24 1.35
ME, kcal/lb 1624 1624 1624 1623 1623 1623
Diet cost/ton, $ 121.71 125.37 129.02 133.39 137.04 141.03

Trial 2 (130 to 190 Ib)
Lysine:calorie, (g lysine/Mcal ME) 1.96 224 252 2.80 3.08  3.36

Total lysine, % 0.71 0.81 0091 1.01 1.11 1.21
True digestible lysine, % 0.61 0.70 0.79 0.88 0.98 1.07
ME, kcal/lb 1628 1628 1628 1628 1628 1627
Diet cost/ton, $ 11492 11791 12093 12391 127.27 130.65

Trial 3 (170 to 225 1b)
Lysine:calorie, (g lysine/Mcal ME) 1.53 1.78 2.03 2.28 2,53 2.8

Total lysine, % 055 0.64 0.73 0.82 0.91 1.00
True digestible lysine, % 047 055 0.63 0.72 0.80  0.88
ME, kcal/lb 1631 1631 1631 1631 1631 1631
Diet cost/ton, $ 109.57 112.26 11494 117.65 120.33 123.04

Trial 4 (220 to 265 1b)
Lysine:calorie, (g lysine/Mcal ME) 1.40 1.60 1.80 2.00 220 240

Total lysine, % 0.51  0.58 0.65 0.72 0.80  0.87
True digestible lysine, % 043 050 0.56 0.63 0.69 0.76
ME, kcal/lb 1640 1640 1640 1639 1639 1639
Diet cost/ton, $ 107.29 109.48 111.55 113.75 11591 118.07

*Increasing lysine:calorie ratios were achieved by replacing corn with soybean meal, as no
crystalline lysine was use to ensure lysine was the first limiting amino acid.

°Diets costs were calculated with $ 1.85/bu corn and $150/ton, 46.5% soybean meal, along with
a $12/ton manufacturing and delivery charge.
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Table 4. Barrow Study, Trial 1, Effect of Lysine:Calorie Ratio on 95 to 155 Ib Barrows”

Lysine:Calorie (g lysine/Mcal ME)
2.21 2.55 2.89 3.23 3.57 3.91

Total Lysine, % Probability (P<)
Item 0.79 0.91 1.04 1.16 1.28 1.40 SE Linear  Quadratic
Initial weight, 1b 95.6 96.4 96.0 96.4 96.1 95.8 215 0.99 0.30
ADG, Ib 2.01 2.14 2.19 2.13 2.12 2.08 0.05 0.50 0.007
ADFI, 1b 4.56 4.60 4.65 4.50 4.55 4.42 0.09 0.06 0.14
Feed/gain 2.27 2.15 2.13 2.11 2.15 2.12 0.03  0.002 0.0086
Off-test weight, Ib° 152.5 155.8 1573 1556 1555 1543 0.75 0.05 0.0001
10th rib fat depth change, mm*® 4.8 3.9 4.1 33 3.4 2.5 0.24  0.0001 0.86
LEA change, cm*® 7.7 8.7 8.5 9.0 8.8 8.5 0.29 0.03 0.008
Feed cost/Ib of gain, $ 0.134 0.131 0.133  0.136  0.143  0.146 0.002 0.0001 0.01
IOMFC, $/head’ 16.41 17.61 17.86  17.22  16.77 1629 0.46 0.27 0.005

*A total of 1166 barrows (PIC) housed at the rate of 26- 28 pigs/pen and 7 replications per treatment in the 28-day trial.
POff-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.

‘Change in fat depth and LEA = Difference in fat depth and LEA on the 5 animals/pen ultrasounded at the beginning and at
the end of the feeding period. These differences in fat depth and LEA were adjusted to a common change in liveweight.

Y[OMFC, Income over marginal feed costs, = Value of gain on a $42.50/CWT liveweight basis - feed costs during trial period.
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Table 5. Barrow Study, Trial 2, Effect of Lysine:Calorie Ratio on 150 to 205 Ib Barrows”
Lysine:Calorie (g lysine/Mcal ME)

1.53 1.78 2.03 2.28 2.53 2.78

Total Lysine, % Probability (P<)
Item 0.55 0.64 0.73 0.82 0.91 1.00 SE Linear  Quadratic
Initial weight, 1b 151.2 153.5 153.8 152.4 1520  152.6 3.91 0.92 0.27
ADG, b 1.80 1.83 1.97 1.99 2.02 2.09 0.04  0.0001 0.51
ADFI, Ib 5.02 5.08 5.10 5.19 5.04 5.18 0.07 0.15 0.66
Feed/gain 2.79 2.78 2.59 2.62 2.50 2.49 0.04  0.0001 0.34
Off-test weight, 1b° 201.3 202.3 206.2 206.3 207.3  209.2 1.05  0.0001 0.02
10th rib fat depth change, mm® 5.0 4.7 3.7 3.9 3.5 4.2 0.29 0.003 0.008
LEA change, cm® ° 7.6 8.0 8.5 93 9.7 8.6 0.45 0.006 0.06
Feed cost/Ib of gain, $ 0.153 0.156 0.149 0.154 0.150  0.153  0.002 0.46 0.47
IOMFC, $/head’ 13.27 13.27 14.68 14.55 1499 1533 0.39  0.0001 0.50

*A total of 1147 barrows (PIC) housed at the rate of 25- 28 pigs/pen and 7 replications per treatment in the 27-day trial.
°Off-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.

“Change in fat depth and LEA = Difference in fat depth and LEA on the 5 animals/pen ultrasounded at the beginning and at the end of
the feeding period. These differences in fat depth and LEA were adjusted to a common change in liveweight.

Y[OMFC, Income over marginal feed costs, = Value of gain on a $42.50/CWT liveweight basis - feed costs during trial period.
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Table 6. Barrow Study, Trial 3, Effect of Lysine:Calorie Ratio on 225 to 265 Ib Barrows”
Lysine:Calorie (g lysine/Mcal ME)

1.40 1.60 1.80 2.00 2.20 2.40
Total Lysine, % Probability (P<)

Item 0.51 0.58 0.65 0.72 0.80 0.87 SE Linear Quadratic
Initial weight, Ib 226.5 226.8 227.0 227.0 2269  226.8 3.20 0.77 0.67
ADG, Ib 1.80 1.80 1.89 1.91 1.91 1.93 0.05 0.03 0.66
ADFI, 1b 5.77 5.78 5.83 5.87 5.73 5.74 0.09 0.75 0.39
Feed/gain 3.21 3.22 3.09 3.08 3.00 2.97 0.05 0.0002 0.99
Off-test weight, [b° 264.7 264.7 266.5 266.9 267.0 2674 0.44 0.0001 0.14
Carcass yield, % 76.16 76.06 76.18 76.26 75.41 76.11 0.24 0.27 0.96
10th rib backfat, in° 0.77 0.78 0.80 0.79 0.76 0.76 0.01 0.01 0.0001
Loin depth, in° 2.31 2.33 2.32 2.29 2.32 2.35 0.01 0.01 0.0002
Lean, %° 53.94 53.90 53.58 53.63 54.17 54.18 0.15 0.003 0.0001
Grade premium, $/CWT 2.96 2.97 2.81 2.88 3.10 3.19 0.17 0.26 0.21
Feed cost/Ib of gain, $ 0.172 0.176 0.173 0.175 0.174 0.176  0.003 0.58 0.87
IOMFC, $/head" 106.64 106.66 106.98 107.09  107.60 107.81 1.40 0.12 0.78

*A total of 968 barrows (PIC) housed at the rate of 22- 24 pigs/pen and 7 replications per treatment in the 21-day trial.
POff-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.
“10th-rib backfat, loin depth, and lean percent were all adjusted to a common carcass weight for statistical analysis.

Y[OMFC, Income over marginal feed costs, = Carcass value - feed costs during trial period.

‘Base meat price of $53.33 CWT, actual feed costs and lean premium, and carcass weights attained by applying the trial mean carcass
yield (76.03%) to pen off-test weights were utilized in the IOMFC analysis.
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Table 7. Gilt Study, Trial 1, Effect of Lysine:Calorie Ratio on 75 to 135 Ib Gilts®

Lysine:Calorie (g lysine/Mcal ME)
2.55 2.89 3.23 3.57 3.91 4.25

Total Lysine, % Probability (P<)
Item 0.91 1.04 1.16 1.28 1.40 1.52 SE Linear Quadratic
Initial weight, 1b 77.26 77.39  77.24 77.33 77.33  77.69 1.76 0.46 0.60
ADG, b 1.97 2.01 2.05 2.00 1.99 1.96 0.03 0.50 0.03
ADFI, Ib 4.30 4.24 4.29 4.20 4.19 4.18 0.06 0.05 0.99
Feed/gain 2.18 2.11 2.09 2.11 2.11 2.14 0.03 0.35 0.03
Off-test weight, 1b° 132.7 133.5 1348 133.4 133.2 1321 0.91 0.007 0.0001
10th rib fat depth change, mm® 2.5 2.5 23 2.1 1.9 1.5 0.21 0.0002 0.3
LEA change, cm** 93 9.8 9.6 9.4 10.1 9.7 0.56 0.60 0.86
Feed cost/Ib of gain, $ 0.133 0.133  0.135 0.141 0.144  0.151 0.002 0.0001 0.03
IOMFC, $/head’ 16.16 16.43  16.65 15.94 15.69  15.08 0.34 0.001 0.02

*A total of 1176 gilts (PIC) housed at the rate of 28 pigs/pen and 7 replications per treatment in the 28-day trial.
°Off-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.

“Change in fat depth and LEA = Difference in fat depth and LEA on the 5 animals/pen ultrasounded at the beginning and
at the end of the feeding period. These differences in fat depth and LEA were adjusted to a common change in liveweight.

Y[OMFC, Income over marginal feed costs, = Value of gain on a $42.50/CWT liveweight basis - feed costs during trial period.
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Table 8. Gilt Study, Trial 2, Effect of Lysine:Calorie Ratio on 130 to 190 Ib Gilts®

Lysine:Calorie (g lysine/Mcal ME)

1.96 2.24 2.52 2.80 3.08 3.36

Total Lysine, % Probability (P<)
Item 0.71 0.81 0.91 1.01 1.11 1.21 SE Linear Quadratic
Initial weight, 1b 132.1 131.4 131.7 131.3 131.8 1319 1.84 0.89 0.17
ADG, b 2.02 2.07 2.12 2.15 2.10 2.06 0.03 0.09 0.001
ADFI, Ib 5.09 5.09 5.21 5.12 5.24 5.10 0.05 0.32 0.11
Feed/gain 2.52 2.48 2.46 2.39 2.50 2.47 0.03 0.27 0.02
Off-test weight, 1b° 188.1 189.4 190.9 191.8 1903 1894  0.42 0.0001 0.0001
10th rib fat depth change, mm® 4.0 33 33 33 2.9 2.9 0.23 0.0002 0.34
LEA change, cm** 93 9.6 9.9 9.5 9.6 9.5 0.38 0.78 0.43
Feed cost/Ib of gain, $ 0.145 0.146 0.149 0.148 0.159 0.161 0.002  0.0001 0.02
IOMFC, $/head’ 15.83 16.12 16.38 16.64 15.60 1525  0.29 0.06 0.002

*A total of 1163 gilts (PIC) housed at the rate of 27-28 pigs/pen and 7 replications per treatment in the 28-day trial.
POff-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.

‘Change in fat depth and LEA = Difference in fat depth and LEA on the 5 animals/pen ultrasounded at the beginning and at the end
of the feeding period. These differences in fat depth and LEA were adjusted to a common change in liveweight.

Y[OMFC, Income over marginal feed costs, = Value of gain on a $42.50/CWT liveweight basis - feed costs during trial period.
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Table 9. Gilt Study, Trial 3, Effect of Lysine:Calorie Ratio on 170 to 225 Ib Gilts®
Lysine:Calorie (g lysine/Mcal ME)

1.53 1.78 2.03 228  2.53 2.78

Total Lysine, % Probability (P<)
Item 0.55 0.64 0.73 0.82 091 1.00 SE Linear Quadratic
Initial weight, 1b 172.3 173.0 172.7  173.0 1729 172.5 2.53 0.93 0.65
ADG, b 1.78 1.79 1.98 202 201 1.98 0.04  0.0001 0.003
ADFI, Ib 5.60 5.62 5.62 561 554 5.56 0.09 0.43 0.73
Feed/gain 3.15 3.14 2.84 278 2.5 2.82 0.04  0.0001 0.0003
Off-test weight, 1b° 222.6 2229 228.3 2293 229.0 228.1 0.65 0.0001 0.0001
10th rib fat depth change, mm® 4.7 4.1 3.1 3.4 3.6 2.6 0.28  0.0001 0.27
LEA change, cm** 54 6.5 7.7 7.2 9.3 8.4 0.47  0.0001 0.10
Lean, %" 53.0 53.5 54.7 53.6 545 55.3 0.37  0.0001 0.93
Feed cost / Ib of gain, § 0.173 0.176 0.163 0.164 0.166 0.173  0.003 0.16 0.001
IOMFC, $/head* 12.57 12.49 1457 14.82 14.61 13.94 0.39  0.0001 0.001
IOMFC with lean, $/head" 83.3 84.03 87.34 86.46 87.25 87.16 1.29  0.0002 0.06

®A total of 1160 gilts (PIC) housed at the rate of 27 - 28 pigs/pen and 7 replications per treatment in the 28-day trial.
POff-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.

‘Change in fat depth and LEA = Difference in fat depth and LEA on the 5 animals/pen ultrasounded at the beginning and at the end
of the feeding period. These differences in fat depth and LEA were adjusted to a common change in liveweight. Calculated lean
percentage from established equations (National Pork Board) from ultrasound fat depth and LEA data.

Y[OMFC, Income over marginal feed costs, = Value of gain on a $42.50/CWT liveweight basis - feed costs during trial period.
‘Projected carcass value (as if pigs were sold to slaughter at the off-test weight) - feed costs during trial period.

fAssigns an average carcass value to each pen using calculated lean percentage, packer lean payment grid
(John Morrell & Company), and a standard carcass yield (75%) to the pen off-test weights, with a base meat price of $53.33 / CWT.
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Table 10. Gilt Study, Trial 4, Effect of Lysine:Calorie Ratio on 220 to 265 Ib Gilts”
Lysine:Calorie (g lysine/Mcal ME)

1.40 1.60 1.80 2.00 2.20 2.40
Total Lysine, % Probability (P<)
Item 0.51 0.58 0.65 0.72 0.80 0.87 SE Linear Quadratic
Initial weight, Ib 221.6 221.5 2224 2222 222.2 221.8 3.28 0.73 0.60
ADG, Ib 1.59 1.6 1.69 1.85 1.94 1.94 0.04 0.0001 0.90
ADFI 1b 5.36 5.26 5.14 5.29 5.45 5.43 0.09 0.15 0.05
Feed/gain 3.37 3.32 3.05 2.87 2.81 2.81 0.06 0.0001 0.04
Off-test weight, 1b° 262.2 262.3 264.5 268.4 270.8 270.8 0.60 0.0001 0.99
Carcass yield, % 75.4 76.0 76.3 76.2 75.7 76.2 0.30 0.28 0.25
10th rib backfat, in® 0.71 0.69 0.72 0.69 0.68 0.67 0.009 0.0001 0.003
Loin depth, in° 221 2.25 2.25 2.29 2.30 231 0.015 0.0001 0.07
Lean, %" 54.7 55.1 54.6 55.2 55.3 55.5 0.16 0.0001 0.04
Grade premium, $/CWT 3.52 3.76 3.48 3.8 3.83 4.02 0.16 0.02 0.51
Feed cost/Ib of gain, $ 0.181 0.182 0.170 0.163 0.163 0.166 0.003 0.0001 0.06
IOMFC, $/head®* 105.66 106.19 107.46 108.87 109.64 109.64 1.57 0.0001 0.47

®A total of 1021 gilts (PIC) housed at the rate of 21- 25 pigs/pen and 7 replications per treatment in the 25-day trial.
POff-test weight = Start weight + (ADG * number of days of test); and adjusts all treatments to a common start weight.
10th-rib backfat, loin depth, and lean percent were all adjusted to a common carcass weight for statistical analysis.

Y[OMFC, Income over marginal feed costs, = Carcass value - feed costs during trial period.

‘Base meat price of $53.33 CWT, actual feed costs and lean premium, and carcass weights attained by applying the trial mean car-
cass yield (75.94%) to pen off-test weights were utilized in the IOMFC analysis.
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