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Summary

A total of 320 (160 barrows and 160
gilts) 14- to 18-d-old pigs (initially 10.2 +
2.2 Ib) was used to determine the optimal
level of dietary lysine needed for the segre-
gated early-weaned pig. Two diet formulation
methods were used with six dietary lysine
levels within each formulation method, re-
sulting in a 2 X 6 factorial arrangement of
treatments. The first formulation method
consisted of a basal diet that contained 1.95%
lysine. Increasing levels of cornstarch re-
placed L-lysine to achieve the other five
dietary treatments (1.2, 1.35, 1.50, 1.65, and
1.80% dietary lysine). All other amino acids
in each diet were maintained at the same
level as in the 1.95% lysine treatment. The
second formulation method consisted of a
basal diet (1.2% lysine) with the five addi-
tional treatments achieved by adding synthet-
ic lysine and other essential amino acids to
maintain an ideal amino acid ratio, relative to
lysine. All diets contained 20% dried whey,
10% lactose, 7.5% spray-dried porcine
plasma, 5.0% spray-dried wheat gluten,
5.0% select menhaden fish meal, 5.0%
soybean oil, and 1.75% spray-dried blood
meal. No lysine X formulation method
interactions occurred for average daily gain
(ADG) or average daily feed intake (ADFI)
throughout the 28 d period. However, lysine
X formulation method interactions were ob-
served for feed efficiency (F/G) from d 0 to
7,d0to 14, and d 0 to 28. From d 0 to 7
postweaning, ADG was improved quadrat-
ically as dietary lysine increased and appear-

ed to be maximized at 1.65% dietary lysine.
Feed efficiency was lowest for pigs fed
1.80% lysine for the first diet formulation
method and for pigs fed 1.95% lysine for the
second diet formulation method. From d 0
to 14 postweaning, ADG and F/G were im-
proved by increasing dietary lysine, with
both response criteria maximized in pigs fed
approximately 1.65% dietary lysine. How-
ever, ADFI was not affected during the 28-d
experiment. These data suggest that segre-
gated early-weaned pigs require approximate-
ly 5.2 and 6.2 g/d of lysine from d 0 to 7
and d O to 14 postweaning, respectively, to
optimize growth performance. Based on these
results, the diet for pigs < 11 Ib needs to be
formulated to contain at least 1.7% lysine.
The transition diet (11 to 15 Ib) should be
formulated to contain approximately 1.5 to
1.6% lysine.
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Introduction

Research from Iowa State University has
demonstrated that segregated early-weaned
pigs of high health status have higher lysine
requirements than pigs with conventional
health status. However, experimental lysine
levels used ranged from .60% to 1.80% with
increasing levels of .30%, and the level of
soybean meal was altered within each diet.
From this research, it is hard to determine
the appropriate lysine requirement needed in
a high nutrient dense diet.

1Appreciation is expressed to Global Ventures, Pipestone, MN, for providing the pigs used

in this research.



As seen in that research, formulating
experimental diets to evaluate the lysine
requirement in this age of pig poses some
unique problems. In older pigs, corn-soy-
bean meal ratios generally are altered to in-
crease the dietary lysine concentration, and
other amino acids are set using an ideal
amino acid ratio to assure that lysine is the
first limiting amino acid. However, this
method is not practical when dealing with
early-weaned pigs because of the delayed-
type hypersensitivity reaction seen with high
levels of soybean meal. Therefore, to more
appropriately define the lysine requirements
of early-weaned pigs, two different formula-
tion methods were used. The first formula-
tion method was designed to evaluate differ-
ent lysine levels with all other amino acids
held constant. All other amino acids were
set to be above their projected requirements
based on the highest level of dietary lysine.
The second formulation used a basal diet, to
which lysine and other synthetic amino acids
were added in a ratio relative to lysine to
provide the additional treatments. This
procedure was used to minimize excess
amino acids and to prevent amino acid imbal-
ances from occurring. In short, if the ratio
of other amino acids relative to lysine is
important for maximizing growth perfor-
mance, the first method of formulation would
tend to overestimate the lysine requirement.
However, if utilization of high levels of
synthetic amino acids limits pig performance,
the second formulation method might under-
estimate lysine requirements.

Procedures

A total of 320 (160 barrows and 160
gilts) 14 to 18-d old pigs was blocked by
weight and allotted to one of 12 dietary
treatments. There were four pigs per pen,
with a total of six pens per treatment. Two
diet formulation methods were used for this
experiment and six dietary lysine levels for
each diet formulation method, resulting in a
2 X 6 factorial arrangement. The first meth-
od consisted of formulating a basal diet that
contained 1.95% lysine. Increasing levels of
cornstarch replaced L-lysine HCI to achieve
the other five dietary treatments (1.2, 1.35,
1.50, 1.65, and 1.80% dietary lysine). All
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other amino acids in each diet were main-
tained at the same level as in the 1.95%
lysine treatment. The second method consist-
ed of formulating diets using the digestible
ratios proposed to maintain ideal amino acid
ratios in all diets. The appropriate ratios
were met by increasing the levels of synthetic
amino acids in each diet (Table 1). The first
method of formulation might tend to overesti-
mate the lysine requirement because the diets
containing the higher level of lysine will be
approaching the appropriate amino acid ratio.
The second method of formulation might tend
to underestimate the lysine requirement
because of possible decreased utilization of
high levels of synthetic amino acids used in
the diets containing higher levels of lysine.
All diets contained 20% dried whey, 10%
lactose, 7.5% spray-dried porcine plasma,
5.0% spray-dried wheat gluten, 5.0% select
menhaden fish meal, 5.0% soybean oil, and
1.75% spray-dried blood meal.

Pigs were housed in an environmentally
controlled nursery in which the temperature
was maintained at approximately 94°F for
the first week of the trial and lowered ap-
proximately 3°F per week to maintain pig
comfort. Pens were 4 ft X 4 ft, with slatted
metal flooring and contained a four-hole self-
feeder and one nipple waterer to allow ad
libitum access to food and water. Pigs were
weighed and feed disappearance was deter-
mined on d 7, 14, 21, and 28 to calculate
ADG, ADFI, and F/G.

Data were analyzed as a randomized
complete block design with pen as the experi-
mental unit. Pigs were blocked on the basis
of initial weight. Analysis of variance was
performed using the GLM procedure of SAS,
and linear and quadratic polynomials were
evaluated.

Results

No lysine X formulation method interac-
tions were observed for ADG or ADFI
throughout the 28 d period (Table 2). How-
ever, lysine X formulation method interac-
tions were observed for F/G duringd O to 7,
d 0to 14, and d 0 to 28. Because of these
interactions, data are presented for each diet



formulation separately. From d 0 to 7 post-
weaning, ADG was improved (quadratic,
P<.01) as dietary lysine increased, with
ADG appearing to be maximized between
1.65 and 1.80% dietary lysine. Feed effi-
ciency, from d 0 to 7 postweaning, was
improved quadratically (P<.01) and linearly
(P<.01) for the first and second diet formu-
lations, with feed efficiency lowest for pigs
fed 1.80% lysine for the first diet formula-
tion method and for pigs fed 1.95% lysine
for the second diet formulation method.
From d 0 to 14 postweaning, ADG was
improved (quadratic, P<.01) by increasing
dietary lysine and was maximized at approxi-
mately 1.65% dietary lysine. A lysine X
formulation method interaction was observed
for F/G from d 0 to 14 with F/G being
improved quadratically (P < .01) and linearly
(P<.01) for the first and second diet formu-
lations. For the overall experiment (d 0 to
28 postweaning), ADG and F/G were both
improved (quadratic, P < .01) with increasing
dietary lysine. However, ADFI was not
affected during the 28-d experiment.

Discussion

Results from this experiment suggest that
the dietary lysine requirement for the segre-
gated early-weaned pig is greater than current
National Research Council estimations. The
NRC (1988) estimate for the 11 to 22 b pig
is 1.15% lysine. Also, the NRC (1988)
suggests that a pig of this weight requires 5.3
g/d of lysine to support expected ADG,
ADFI, and F/G of .55 Ib, 1.01 Ib, and 1.84,
respectively. From d 0 to 14 postweaning
(where pigs covered the weight range of 10.2
to 22.2 1b), approximately 6.2 g/d of lysine
was required to support ADG, ADFI, and
F/G of .88 Ib, .84 Ib, and .96, respectively.
The performance of pigs in this research
clearly shows the benefits of a segregated
early-weaning program.

Average daily feed intake was not influ-
enced by dietary lysine for the 28-d experi-
ment. However, pigs in this research con-
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sumed 17% less feed than NRC estimates.
Therefore, the increase in dietary lysine over
NRC estimates may have been a function of
lower feed intake and also a greater lysine
need for protein deposition, because pigs of
high health status generally have lower pro-
tein catabolism. Also, pigs used in this
research were considerably younger at 10 1b
when compared to pigs used to set the cur-
rent NRC requirements. Thus, health and
genetic potential will dictate the lysine re-
quirement to optimize growth performance of
segregated early-weaned pigs.

A lysine X formulation method interac-
tion was observed for F/G for the 28-d
experiment. This may have been the result
of different utilization of the synthetic amino
acids used in the two different diet formula-
tion methods. In the first formulation meth-
od, amino acid imbalances may have oc-
curred in pigs fed the lower lysine levels.
As dietary lysine increased, the amino acid
imbalances perhaps were minimized, result-
ing in improved efficiency, With the second
formulation method, each diet had the same
ratio of other amino acids relative to lysine.
Use of this formulation method should have
avoided amino acid imbalances. However,
data suggest that a higher lysine content was
needed to reach maximum feed efficiency
with this formulation procedure. This re-
sponse is depicted in the following graph.
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These data suggest that segregated early-
weaned pigs require approximately 5.2 to 6.2
g/d of lysine from d 0 to 7 and d 0 to 14
postweaning to optimize growth performance.
Formulation method had little influence on
the response to dietary lysine. However,
changes in feed efficiency suggest changes in
nitrogen utilization with high levels of

Table 1. Comgition of Experimental Diets

Formulation 1%

excess amino acids (formulation method #1)
or high levels of synthetic amino acids (for-
mulation method #2). Based on these results,
the diet for pigs < 11 Ib needs to be formu-
lated to contain at least 1.7% lysine. The
transition diet (11 to 15 Ib) should be formu-
lated to contain approximately 1.5 to 1.6%
lysine.

Formulation 2°, Lysine, %

Item, 1.20 Lysine, % 1.20 1.35 1.50 165 1.80 195
Corn 38.93 3923  39.23 39.23  39.23 39.23 39.23
Dried whey 20.00 2000 20.00 20.00 20.00 20.00 20.00
Lactose 10.00 10.00 10.00 10.00 10.00 10.00 10.00
SD porcine plasma 7.50 7.50 750 7.50 7.50 750 7.50
SD wheat gluten 5.00 5.00 5.00 5.00 500 500 5.00
Fish meal 5.00 5.00 500 5.00 500 5.00 5.00
Soybean oil 5.00 5.00 500 5.00 500 5.00 5.00
SD blood meal 1.75 1.75 L7978 "1.75 1.7 1718 1.75
Monocalcium P 1.73 1.73 .73 133 1.73 173 1.73
Antibiotic® 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cornstarch 95 2.50 217 1.67 1.18 59 .003
SBM, 46.5% 52 20 .20 .20 .20 20 .20
L-isoleucine 45 .09 18 270 360 454
L-threonine .39 .001 .098 96 293 391
Zinc oxide 38 38 38 38 .38 38 .38
Limestone .30 30 .30 .30 30 .30 .30
Vitamin premix 25 25 25 25 .25 25 25
Trace mineral premix A5 15 A5 8 b Nl A8 13
DL-methionine 21 032 078 124 .17 215
L-cystine .20 019 064 109 154 (199
L-valine .20 096 .201
L-trypthophan 10 .025 052 079 106
L-lysine HCI .002 .014 204 394 585 775 965
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

*Diet formulation #1 consisted of L-lysine replacing cornstarch to provide 1.35, 1.50, 1.65, 1.80,

and 1.95% dietary lysine levels.

®Diet formulation #2 consisted of L-lysine, L-isoleucine, L-threonine, DL-methionine, L-cystine,
L-valine, and L-trypthophan replacing cornstarch to maintain the same amino acid ratios relative

to lysine within each dietary lysine level.
“Provided 50 g/ton carbodox.
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Table 2. Performance of Pigs (16 + 2 D) Fed Increasing Levels of Dietary Lysine with Two Diet Formulation Techniques®

Formulation #1 Dietary Lysine, % Formulation #2 Dietary Lysine, %

Ttem 120 135 150 165 1.80 1.95 120 135 150 165 1.80  1.95 CcV
d0to7

ADG, Ib%* .56 & - B T 71 61 70 .74 a7 .76 .83 2.3
ADFI, Ib 63 64 63 62 .63 63 61 69 .71 .69 64 .68 11.0
F/GYef 1.12 9% .87 .84 .83 .89 1.00 99 9 .90 .85 .83 7.9
d0to 14

ADG, Ib™ .63 76 82 .86 .86 87 73 80 .84 90 .87 .89 9.1
ADFI, 1b 81 84 82 81 .8 .84 .84 89 91 .87 .84 .86 9.2
F/GYef 129 110 99 95 .96 97 1.15  1.11 108 97 98 97 5.8
d0to28

ADG, b 88 103 1.08 1.09 108 1.09 98 1.04 109 1.07 1.10 111 5.6
ADFI, Ib 128 " 137 124 U108 T 13 0 178 127 129 129 1.24 127  1.29 6.6
F/GYfe 146 124 145 B3 - ©13 A1 LS 4y - s . k16 1.15  1.16 3.9

“Means represent a total of 320 pigs (average weight = 10.2 Ib) with 4 pigs per pen and 6 replications per treatment. Pigs were 14 to 18 d of age
and were PIC (L26 X C15).
PQuadratic effect of i mcreasmg dietary lysine (P <.01).
°L1near effect of increasing dietary lysine (P <.01).

Lysme X formulation method interaction (P <.01)
°Lmear effect of i mcreasmg dietary lysine for formulations 1 and 2 (P <.01).

fQuadratic effect on mcreasmg dietary lysine for formulation 1 (P <.01).
2Quadratic effect on increasing dietary lysine for formulation 2 (P <.01).





