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rowth, Body Chemical
Composition, and Tissue
Deposition Rates of Nursery
Pigs Fed Crystalline or Protein-
Bound Lysine®

J. J. Colina,2 P. S. Miller,® A. J. Lewis, PAS, R. L. Fischer,* PAS, and R. M. Diedrichsen
Department of Animal Science, University of Nebraska, Lincoln 68583-0908

ABSTRACT

A J-wk experiment was conducted to
compare the effect of feeding crystal-
line lysine relative to the lysine from
soybean meal (SBM) on growth perfor-
mance, body chemical composition, and
tissue deposition rates in nursery pigs.
Thirty-siz pigs were used [18 barrows
and 18 gilts, 15 d old; initial BW (mean
+ SEM) = 6.11 + 0.11 kg/. Siz pigs (3
barrows and 3 gilts) were killed at the
beginning of the experiment and the
remaining pigs were killed at the end of
the experiment to determine body chemi-
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cal composition and deposition rates

of protein, fat, water, ash, and amino
acids. Pigs were blocked by sex and BW
(3 blocks of barrows and 3 blocks of
gilts) and randomly allotted to 1 of 5
dietary treatments. Pigs were indiwvidu-
ally penned in 2 nursery facilities, and
each treatment was replicated 6 times.
The dietary treatments consisted of a
corn-SBM basal diet (1.05% lysine) and
diets containing either 1.15 or 1.25%
total lysine, which were achieved by add-
ing lysine (0.10 or 0.20%) from either
SBM or L-lysine hydrochloride (crystal-
line lysine) to the basal diet. Pigs were
given ad libitum access to feed during a
28-d period. Blood samples were collected
on the last day of the experiment, and
plasma was analyzed for urea concentra-
tion. Average daily gain, ADFI, and G:F
were similar among dietary treatments
(P > 0.50). Pigs fed diets supplemented
with lysine from SBM had greater (P <
0.001) plasma urea concentrations than
pigs supplemented with crystalline lysine.
Body protein concentration was greatest
(P < 0.01) in pigs consuming the diet
with 0.10% added lysine from crystalline
lysine. However, protein deposition was
similar in pigs fed both supplemented
diets (P > 0.10). Body fat concentration

and fat deposition were similar (P >
0.25; P> 0.10) in pigs fed diets supple-
mented with crystalline lysine or lysine
from SBM, respectively. Ash concentra-
tion was greatest (P < 0.05) in pigs fed
0.10% added crystalline lysine compared
with pigs fed added lysine from SBM.
Lysine concentration and deposition
were similar in pigs fed crystalline lysine
and pigs fed SBM-bound lysine. The
results suggest there are no differences in
growth, body chemical components, and
tissue deposition rate between nursery
pigs fed SBM-bound lysine and lysine
from L-lysine hydrochloride.

Key words: body composition,
growth performance, lysine, protein
accretion, swine

INTRODUCTION

Lysine is the first-limiting amino
acid (AA) in a low-protein corn and
soybean meal (SBM) diet for nurs-
ery pigs (Mavromichalis et al., 1998).
The efficiency of lysine utilization by
pigs can be improved by supplying
AA according to growth potential
and physiological status (Lenis et al.,
1999) or by supplementing low-pro-
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tein diets with crystalline AA (Easter
and Baker, 1980; Han and Lee, 2000).
However, studies have shown that
growing pigs utilize supplements of
crystalline lysine in diets fed once
daily less efficiently than diets fed

ad libitum (Batterham and Bayley,
1989; Yen et al., 2004), which may be
explained by the difference in rates of
net portal absorption between crystal-
line and protein-bound lysine (Yen et
al., 2004).

Most of the aforementioned research
was conducted on growing-finishing
pigs without considering the lysine
source. Experiments with nursery pigs
have been conducted to determine the
efficiency of crystalline AA utiliza-
tion for growth and protein deposition
(Sawadogo et al., 1997). Similarly,
Cosgrove et al. (1985), in a study
with nursery pigs given ad libitum ac-
cess to feed, reported that crystalline
lysine was utilized less efficiently for
growth than the protein-bound lysine
in SBM. However, little is known
about body composition, including
AA, and tissue deposition rates in
nursery pigs fed ad libitum crystalline
or protein-bound lysine. Therefore,
the objective of this study was to
compare growth performance, body
chemical composition, tissue deposi-
tion rates, and plasma urea concen-
trations (PUC) of nursery pigs fed ad
libitum with crystalline lysine or the
lysine bound to soybeans.

MATERIALS AND METHODS

Animals, Experimental Design,
and Facilities

All procedures involving animals
were approved by the University of
Nebraska-Lincoln Institutional Animal
Care and Use Committee. Thirty-six
crossbred (Landrace x Yorkshire x
Duroc x Hampshire) nursery pigs (18
barrows and 18 gilts, weaned at 15 d
of age; initial BW of approximately 6
kg) were used. Thirty pigs (15 bar-
rows and 15 gilts) were randomly
allotted to dietary treatments in a
randomized complete block design
with sex and BW as the blocking
criteria (3 blocks of barrows and 3

blocks of gilts). The remaining 6 pigs
(3 barrows and 3 gilts) were killed to
determine initial body composition.
Pigs were housed individually in 30
slotted-floor pens in 2 nursery facili-
ties. Each pen was 1.7 x 2.2 m with
vertical-rod gating and had plastic-
coated wire flooring, a nipple waterer,
and a 3-hole stainless steel feeder.
During the first 2 wk, pigs were pro-
vided with comfort boards and heat
lamps. A recorder was placed in the
nurseries to monitor humidity and en-
vironmental temperature, which were
maintained at approximately 60% and
25°C, respectively. Lights remained on
24 h/d.

Dietary Treatments

During the first 5 d after weaning,
all pigs were fed the same standard
prestarter diet (23.5% CP, 1.75%
lysine, 0.75% calcium, and 0.70%
phosphorus, with 165 mg/kg apramy-
cin sulfate) to allow adaptation to
the initial stress of weaning. For the
next 28 d, pigs were fed 1 of 5 di-
etary treatments (Tables 1 and 2).
All diets were formulated on a total
AA basis (NRC, 1998) to be limiting
in lysine (a preliminary experiment
had confirmed that lysine was the
first-limiting AA in the experimental
diets). The basal diet was a corn-
SBM diet (1.05% total lysine). Two
additional diets were formulated by
adding 0.10% (1.15% total lysine) and
0.20% (1.25% total lysine) crystalline
lysine (L-lysine hydrochloride), and
the remaining 2 diets were supple-
mented with SBM in amounts that
were equal to the lysine concentration
in the crystalline lysine diets. Soybean
meal and crystalline lysine were added
to the basal diet at the expense of
cornstarch. Sunflower meal was added
to all dietary treatments because of
the relatively low lysine concentra-
tion. The CP and lysine concentra-
tions in SBM and sunflower meal
were determined before formulating
the diets. Threonine, methionine, and
tryptophan were added to all diets to
meet the requirements (NRC, 1998)
for these AA. During the experi-
mental period, pigs were allowed ad

libitum access to the 5 experimental
diets and water.

Data and Sample Collection

Pigs and feeders were weighed at
the beginning of the experiment and
every week thereafter to determine
ADG, ADFI, and G:F. At the end of
the experiment, blood was sampled
via jugular venipuncture. Blood
samples were collected into heparin-
ized evacuated tubes (10 mL; Becton,
Dickinson and Company, Franklin
Lakes, NJ) and placed in ice until
centrifugation. On the day of col-
lection, samples were centrifuged at
2,000 x g for 20 min at room temper-
ature, and plasma was separated and
frozen at —20°C until further analysis.
Plasma urea concentration was deter-
mined using the automated technique
of Marsh et al. (1965).

Slaughter Procedures

Six pigs were killed at the beginning
and 30 pigs (6 pigs/treatment; 15 bar-
rows and 15 gilts) were killed at the
end of the experiment by injecting an
overdose of pentobarbital sodium. Gut
contents (any remaining digesta) were
removed and the whole body of the
pigs (including the gastrointestinal
tract) was weighed to obtain empty
BW (EBW) and was then frozen
at —20°C until further processing.
The frozen empty body was ground
through a commercial grinder with a
12.5-mm die (Model 1556, Biro, Mar-
blehead, OH). The ground body was
thoroughly mixed by hand to ensure
homogeneity, and a subsample of ap-
proximately 4 kg was obtained. Sub-
sequently, each sample was ground 3
times using a smaller grinder (Model
5120-0-009, Toledo Scale, Toledo, OH)
with successively smaller dies (6.5-
to 2-mm dies). Samples were mixed
thoroughly by hand between each
pass through the grinder. During the
last mincing, frequent grab samples
of approximately 100 g were taken at
random, mixed thoroughly to obtain a
total sample of approximately 500 g,
placed in plastic bags, and frozen at
—20°C until chemical analysis.
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Table 1. Composition of experimental diets’

Diet?

Basal

Crystalline

Soybean meal

Item

1.05% lysine

1.15% lysine

1.25% lysine

1.15% lysine 1.25% lysine

Ingredient, %

cyanocobalamin (vitamin B,,), 15.4 ug.

SAnalyzed composition.

Corn 32.96 32.96 32.96 32.96 32.96
Cornstarch 7.00 6.87 6.74 3.50 0.00
Soybean meal (46.5% CP) 10.00 10.00 10.00 13.50 17.00
Spray-dried plasma protein 4.00 4.00 4.00 4.00 4.00
Fishmeal (menhaden) 4.00 4.00 4.00 4.00 4.00
Sunflower meal 17.50 17.50 17.50 17.50 17.50
Lactose 15.00 15.00 15.00 15.00 15.00
Dicalcium phosphate 1.35 1.35 1.35 1.35 1.35
Limestone 0.15 0.15 0.15 0.15 0.15
Corn oll 5.00 5.00 5.00 5.00 5.00
Vitamin premix® 1.00 1.00 1.00 1.00 1.00
Trace mineral premix* 0.10 0.10 0.10 0.10 0.10
Salt 0.25 0.25 0.25 0.25 0.25
Zinc oxide 0.42 0.42 0.42 0.42 0.42
Antibiotic 1.00 1.00 1.00 1.00 1.00
L-Tryptophan 0.05 0.05 0.05 0.05 0.05
L-Threonine 0.13 0.13 0.13 0.13 0.13
pL-Methionine 0.09 0.09 0.09 0.09 0.09
L-Lysine hydrochloride — 0.13 0.26 — —
Calculated nutrient composition
CP°*% 18.93 19.13 19.98 20.70 22.90
Lysine, % 1.05 1.15 1.25 1.15 1.25
Calcium, % 0.90 0.90 0.90 0.91 0.92
Phosphorus, % 0.71 0.71 0.71 0.72 0.74
ME, kcal/kg 3,269 3,264 3,259 3,241 3,213
'As-fed basis.

2Basal: lysine concentration provided by corn, soybean meal, menhaden fishmeal, spray-dried plasma protein, and sunflower meal;
crystalline: basal diet supplemented with 0.13 and 0.26% lysine from L-lysine hydrochloride (78% lysine); soybean meal: basal diet
supplemented with 3.50 and 7.00% soybean meal.

3Supplied per kilogram of diet: vitamin A (as retinyl acetate), 3,088 1U; vitamin D (as cholecalciferol), 386 IU; vitamin E (as
a-tocopheryl acetate), 15 IU; menadione, 2.3 mg; riboflavin, 3.9 mg; p-pantothenic acid, 15.4 mg; niacin, 23.2 mg; choline, 77.2 mg;

“Supplied per kilogram of diet: copper (as CuSO,-5H,0), 11 mg; iodine [as Ca(l0,)-H,0], 0.22 mg; zinc (as Zn0), 110 mg; iron (as
FeSO,'H,0), 110 mg; manganese (as MnO), 22 mg; selenium (as Na,SeO,), 0.3 mg.

Chemical Analysis

Diet samples were ground through a
1-mm screen (Tecator Cyclotec 1093
Sample Mill, Foss Tecator, Hoganas,
Sweden) and analyzed for CP and
AA. The whole-body samples were
analyzed for DM, CP, fat, ash, and
AA. Duplicate whole-body sub-
samples (approximately 4 g each)
were freeze-dried to determine DM
content. Crude protein (N x 6.25)
was determined on wet samples with

a Kjeltec apparatus (Foss North
America, Eden Praire, MN) according
to AOAC (1998) procedures. Fat was
determined on freeze-dried samples by
an 8-h extraction using the Goldfisch
extraction procedure described by
AOAC (1998). Ash was determined by
burning the wet samples in a muffle
furnace at 550°C for 8 h. Amino acid
composition was determined on fat-
free dried samples that were ground
through a 1-mm screen to obtain a
powdery sample before analysis. To

determine AA composition, diets

and whole-body samples were hy-
drolyzed for 20 h (6 N hydrochloric
acid) at 110°C (Moore and Stein,
1963). Amino acids were separated
using ion-exchange chromatography.
The AA analyzer contained a cation
exchange column and AA were eluted
by a gradient of lithium buffers. After
elution from the column, the AA
were quantified fluorometrically using
o-phthalaldehyde as the derivatization
reagent. Sulfur-containing AA (methi-
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Table 2. Analyzed amino acid composition of diets (%)

Diet'
Basal Crystalline Soybean meal
Item 1.05% lysine 1.15% lysine 1.25% lysine 1.15% lysine  1.25% lysine
Amino acid
Arginine 1.12 1.18 1.16 1.25 1.39
Histidine 0.44 0.43 0.43 0.46 0.52
Isoleucine 0.73 0.74 0.74 0.75 0.80
Leucine 1.41 1.43 1.43 1.51 1.70
Lysine 0.93 1.05 1.16 1.03 1.15
Methionine + cysteine 0.80 0.81 0.79 0.85 0.89
Phenylalanine + tyrosine 1.30 1.34 1.33 1.40 1.60
Threonine 0.98 0.95 0.97 1.05 1.09
Tryptophan? (calculated) 0.28 0.28 0.28 0.30 0.32
Valine 0.90 0.91 0.91 1.00 1.1
Analyzed amino acid ratios relative to lysine®
Arginine 120 112 100 121 121
Histidine 47 41 37 45 45
Isoleucine 79 70 64 73 70
Leucine 152 136 123 147 148
Methionine + cysteine 86 77 68 83 77
Phenylalanine + tyrosine 140 128 115 136 139
Threonine 105 90 84 102 95
Tryptophan? (calculated) 30 27 24 29 28
Valine 97 87 78 97 97

"Lysine values are calculated.

3Lysine = 100.

2Tryptophan was not analyzed in this experiment.

onine and cysteine) were determined
by ion-exchange chromatography of
acid hydrolysate samples that had
been preoxidized with performic acid

(AOAC, 1998).

Calculations

Initial EBW and chemical body
composition of pigs slaughtered ini-
tially were used to estimate the initial
EBW and body chemical composition
of pigs slaughtered at the end of the
experiment. Deposition rates of water,
CP, fat, ash, and AA in the whole
body were estimated as the difference
between the total weight of chemical
components at the end and at the
beginning of the experiment divided
by the number of experimental days
(Gémez et al., 2002).

Statistical Analysis

Data for growth variables (ADFTI,
ADG, and G:F) were analyzed as a
randomized complete block design (6
blocks) with repeated measurements
in time by using the MIXED proce-
dure (SAS Institute Inc., Cary, NC).
Data for PUC, whole-body chemical
components, and tissue deposition
rates were analyzed as a randomized
complete block design. The individual
pig was considered the experimental
unit for all variables. Linear contrasts
were used to compare the 5 dietary
treatments. The linear contrasts
evaluated were the basal diet ver-
sus the others and crystalline lysine
versus SBM lysine at each total lysine

concentration (1.15 and 1.25% lysine).

Because sex did not affect any of the
variables studied, it was not included
in the model and data from barrows

and gilts were pooled.

The following model was used for
growth variables:

Y, =p+B +D+W,

ijkl
+ (D x W)jk + Eijkl’

where Y , is the observation on the
ith block Jth diet, kth week, and 1th
rephcatlon7 s the overall mean; Bi
is the random block effect (i =1, ...,
6); D, is the diet effect (j = 1, 5);
W, is the week effect k=1, ..., 4);
(D x W), is the diet x week effect;
and E. s the random residual error.
The following model was used for
PUC, whole-body chemical compo-
nents, and tissue deposition rates:

Yijk =p+ B+ Dj + Eijk’

where Y is the observation on the
ith block jth diet, and kth replica-
tion; p is the overall mean; B, is the
random block effect (1 =1, ..., 6); D,
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Table 3. Performance and lysine intake of pigs fed lysine-limiting diets at 3 different concentrations

Diet? P-value

Basal Crystalline Soybean meal Contrast®

1.05% 1.15% 1.25% 1.15% 1.25%
Item’ lysine lysine  lysine lysine  lysine SEM Diet 1 2 3 L
Initial BW, kg 6.10 6.13 6.02 6.17 6.12 0.11 0.90 — — — —
Final BW, kg 21.32 21.72 20.69 22.19 22.14 0.75 0.60 — — — —
ADG, g 544 560 546 572 572 25.63 0.85 — — — —
ADFI, g 849 860 816 881 883 41.98 6.66 — — — —
G:F, g/g 0.67 0.68 0.70 0.68 0.68 0.02 0.85 — — — —
Plasma urea, 29.72 26.26 30.64 37.42 38.00 2.59 <0.01 0.28 <0.01 <0.01 <0.01

mg/100 mL

"Mean from 6 pigs (3 barrows and 3 gilts).

2Basal: lysine concentration provided by corn, soybean meal, menhaden fishmeal, spray-dried plasma protein, and sunflower
meal; crystalline: diets supplemented with 0.13 and 0.26% lysine from L-lysine hydrochloride (278% lysine); soybean meal: diets
supplemented with 3.50 and 7.00% soybean meal.

%Contrasts: 1 = basal versus others; 2 = crystalline versus soybean meal (1.15% lysine); 3 = crystalline versus soybean meal (1.25%
lysine); L = linear effect of lysine concentration.

is the diet effect (j =1, ..., 5); and
Eijk is the random residual error.

RESULTS AND DISCUSSION

Growth Performance

Initial BW, final BW, ADG, ADFI,
and G:F (Table 3) were similar in
pigs fed the diets supplemented with
crystalline lysine and lysine from
SBM at the same lysine concentration
(P > 0.50). In fact, ADG numerically
decreased with increasing dietary
lysine (0.20%) from the crystalline
source and was similar for both diets
supplemented with lysine from SBM.
In contrast to the present study, Cos-
grove et al. (1985), Leibholz (1986),
and Adeola et al., (1994) reported a
linear response in ADG when feeding
nursery pigs graded concentrations
of supplemental dietary lysine from
crystalline lysine or protein-bound
lysine in SBM.

Overall, the results of this research
indicate that when pigs are al-
lowed ad libitum access to feed, the
growth performance of pigs fed a diet
supplemented with crystalline lysine
or lysine from SBM would be the
same. Similar to the results reported
herein, other studies with pigs given

ad libitum access to feed (Leibholz,
1986; Gahl et al., 1994; Leibert, 1995)
have not reported any differences in
the growth performance of pigs fed
crystalline lysine or lysine from SBM.
In contrast, results from this study
are not really comparable with those
of Pollmann et al. (1984), who found
that 5- to 17-kg pigs fed SBM had
improved ADG and feed efficiency
compared with those fed diets that
contained free lysine as L-lysine hy-
drochloride.

Plasma Urea Concentration

Plasma urea concentration (Table
3) increased with increasing lysine
supplementation (0.10 or 0.20%
lysine; linear effect, P < 0.01). Al-
though there was a numerical de-
crease in PUC when 0.10% crystalline
lysine was added, with respect to the
basal diet, this difference was not sig-
nificant (P = 0.28). Overall, pigs fed
diets supplemented with lysine from
SBM had greater (P < 0.001) PUC
than pigs fed diets supplemented with
crystalline lysine. The lower concen-
trations of PUC for pigs fed diets
supplemented with L-lysine hydro-
chloride support the view that these
diets had lower CP densities than the

SBM diets. As a result of the greater
protein content and the excess of AA
(other than lysine), PUC increased
via increased urea synthesis (Rose-
brough et al., 1983; Cai et al., 1996).

Body Composition and
Deposition Rates

Empty BW and whole-body chemi-
cal composition of pigs slaughtered
at the beginning of the experimental
period are shown in Table 4. Because
the means for body composition
variables were similar in barrows
and gilts, the means were pooled.
The proportion of EBW to initial
BW was 95%, and the total of the
chemical components was 98% of the
whole body. The whole-body chemi-
cal composition of pigs slaughtered at
the beginning of the experiment was
similar to the composition reported
by Shields et al. (1983) for nursery
pigs (6 to 18 kg EBW). Water and
protein concentrations of pigs slaugh-
tered at the beginning of the experi-
ment were also similar to the values
reported by Whittemore et al. (1981).
However, fat concentration was lower
than that of pigs with similar BW in
previous reports (Whittemore et al.,
1981; Shields et al., 1983). These dif-
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ferences may be related to differences
in genetic potential for fat and lean
deposition.

Body chemical composition and
deposition rates of pigs slaughtered at
the end of the experiment are shown
in Table 5. Final EBW was similar
(P = 0.64) among dietary treatments.
The proportion of EBW to final BW
ranged from 94 to 95%, which indi-
cates that approximately 5% of the
weight was gastrointestinal contents,
which is in agreement with the results
of Shields et al. (1983). Body protein
concentration was affected (P < 0.01)
by dietary lysine concentration. At
0.10% added dietary lysine, pigs fed
the diets supplemented with crystal-
line lysine had greater (P < 0.01)
body protein concentrations than pigs
fed the diets supplemented with lysine
from SBM. However, at 0.20% added
dietary lysine, both groups of pigs
had similar (P = 0.70) protein con-
centrations. Whole-body protein con-
tent was similar to values estimated
by Campbell (1977) and Shields et al.
(1983). Body protein deposition rates
were similar (P = 0.35) among treat-
ments. Protein deposition rates were
greater than the values reported by
Campbell (1977) and Adeola (1995)
in nursery pigs because the research-
ers measured protein deposition in
carcass only. However, Campbell et al.
(1988) measured protein deposition in
the EBW of 8- to 20-kg pigs and the
reported values are within the range
estimated in the present study.

Gahl et al. (1994), Adeola (1995),
and Mohn et al. (2000) reported that
the response of body protein deposi-
tion to increasing dietary AA supply
is typically linear when the first-
limiting AA is deficient in the diet. In
our study, ADFI and ADG decreased
by 46 and 14 g/d, respectively, in pigs
fed 0.20% added L-lysine hydrochlo-
ride compared with those fed 0.10%
added lysine from the same lysine
source. This lower feed intake and
BW gain may be accounted for by
the concomitant decrease in protein
deposition. Results of the research
of Susenbeth et al. (1991) conducted
with growing pigs are in agreement
with the similar protein deposition in

pigs fed diets supplemented with crys-
talline lysine or lysine from SBM.

Body fat concentration was affected
(P = 0.05) by dietary lysine concen-
tration but was similar (P = 0.27)
between the 2 groups of pigs fed diets
supplemented with crystalline lysine
or lysine from SBM. Deposition rate
of body fat tended to decrease as
dietary lysine concentration increased
within sources (P = 0.09), but was
similar between sources. These results
indicate that fat deposition was not
uniquely affected by feeding nursery
pigs diets with crystalline lysine or
lysine from SBM. Values for body fat
concentration and rate of fat deposi-
tion are close to those reported by
Campbell (1977). In contrast to the
present study, Adeola (1995) reported
a trend toward an increase in fat
content in nursery pig carcasses as the
dietary lysine concentration increased
from 6 to 8 g/kg. However, in the
aforementioned study, fat deposition
was not affected by dietary lysine (in-
take or concentration). The decreases
in body fat deposition in our study
were due to the decrease in fat con-
centration because final EBW were
similar among pigs fed the dietary
treatments.

Ash concentration was greatest (P
= 0.05) in pigs fed 0.10% added crys-
talline lysine versus lysine from SBM
at the same concentration. No differ-
ences (P = 0.47) were observed for
ash deposition and body water con-
centration or deposition (P > 0.35)
among diets, with values similar to
those reported by Shields et al. (1983)
and Campbell et al. (1988). Several
researchers (de Lange et al., 2001;
Gémez et al., 2002) have indicated
that the proportions of body protein,
water, and ash are relatively constant
and are not affected by diet.

Whole-body essential AA concentra-
tions (Table 6) and deposition rates
(Table 7) were similar (P > 0.20)
among treatments and between the
diets supplemented with crystalline
lysine and lysine from SBM at the
same lysine concentrations. Body
lysine concentration (48 g/kg) and
daily lysine deposition were similar
(P > 0.45) when comparing the 2

Table 4. Empty body

chemical composition of pigs
slaughtered at the beginning of
the experiment

Item Mean' SEM
Initial BW, kg 6.19 0.29
Empty BW, kg 5.87 0.29
Body composition,
g/kg
Water 709 3.84
Fat 105 3.86
Ash 24 0.48
Protein 141 0.74
Amino acid, g/kg
Arginine 47 0.39
Histidine 16 0.26
Isoleucine 20 0.07
Leucine 49 0.28
Lysine 43 0.35
Methionine + 23 0.05
cysteine
Pheylalanine + 43 0.42
tyrosine
Threonine 29 0.08
Valine 29 0.09
Alanine 46 0.26
Aspartic acid 59 0.29
Glutamic acid 93 0.35
Glycine 63 0.80
Serine 30 0.26

"Mean from 6 pigs, 3 barrows and 3
gilts.

sources of lysine (crystalline lysine:
5.29 g/d; SBM lysine: 5.32 g/d). Gahl
et al. (1992) reported that adding
SBM or SBM + crystalline lysine to
swine diets did not affect body AA
composition. Lysine concentrations in
whole-body protein were lower than
the estimates of 5.45 to 7.3 g/100 g
of protein that have been reported
previously (Campbell et al., 1988;
Batterham et al., 1990; Mahan and
Shields, 1998). This difference from
other research is likely unrelated to
the age of the pigs used in the present
study because it is assumed that nurs-
ery and growing pigs have the same
amount of lysine per 100 g of protein.
Unfortunately, there is little pub-
lished data documenting lysine
deposition in nursery pigs. Adeola
(1995) reported that lysine deposition
was a linear function of lysine intake,
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Table 5. Whole-body chemical composition and deposition rates of pigs slaughtered at the end of the
experiment

Diet? P-value
Basal Crystalline Soybean meal Contrast®
1.05% 1.15% 1.25% 1.15% 1.25%
Item’ lysine lysine lysine lysine lysine SEM Diet 1 2
Initial empty BW, kg 5.77 5.81 5.71 5.84 5.80 0.10 0.90 — —
Final empty BW, kg 20.20 20.80 19.60 20.87 20.82 0.70 0.64 — —
Body composition, g/kg
Protein 151 159 160 147 159 2.37 <0.01 <0.10 <0.01
Fat 136 131 121 137 127 5.09 0.05 0.12 0.27
Water 668 669 678 672 674 4.88 0.35 — —
Ash 26 27 25 24 25 0.75 0.10 0.23 0.05
Deposition rate, g/d
Protein 80 89 83 81 89 4.38 0.35 — —
Lysine 5.07 5.33 5.23 5.10 5.55 0.30 0.61 — —
Fat 77 75 63 81 72 5.84 0.09 0.45 0.37
Water 336 349 330 352 354 16.20 0.76 — —
Ash 14 15 12 13 13 0.99 0.47 — —

"Mean from 6 pigs slaughtered at the beginning of the experiment.

2Basal: lysine concentration provided by corn, soybean meal, menhaden fishmeal, spray-dried plasma protein, and sunflower
meal; crystalline: diets supplemented with 0.13 and 0.26% lysine from L-lysine hydrochloride (78% lysine); soybean meal: diets
supplemented with 3.50 and 7.00% soybean meal.

3Contrasts: 1 = basal versus others; 2 = crystalline versus soybean meal (1.15% lysine).

Table 6. Empty body essential and nonessential amino acids of pigs slaughtered at the end of the experiment

Diet'
Basal Crystalline Soybean meal
Amino acid, g/kg 1.05% lysine 1.15% lysine  1.25% lysine 1.15% lysine  1.25% lysine  SEM
Arginine 48 47 48 48 48 0.42
Histidine 18 18 18 19 19 0.28
Isoleucine 22 22 23 22 23 0.25
Leucine 52 52 53 53 54 0.50
Lysine 48 47 49 48 49 0.70
Methionine + cysteine 24 24 24 24 24 0.22
Phenylalanine + tyrosine 45 45 47 46 47 0.24
Threonine 30 30 31 31 31 0.34
Valine 30 30 31 30 31 0.28
Alanine 48 47 47 47 48 0.50
Asparagine 63 63 64 63 65 0.59
Glutamic acid 97 96 98 98 99 0.92
Glycine 64 62 62 64 63 0.95
Serine 31 30 31 31 31 0.33

'Basal: lysine concentration provided by corn, soybean meal, menhaden fishmeal, spray-dried plasma protein, and sunflower
meal; crystalline: diets supplemented with 0.13 and 0.26% lysine from L-lysine hydrochloride (78% lysine); soybean meal: diets
supplemented with 3.50 and 7.00% soybean meal.
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Table 7. Empty body protein essential amino acid deposition of pigs slaughtered at the end of the experiment

Diet'
Basal Crystalline Soybean meal
Amino acid, g/d 1.05% lysine 1.15% lysine  1.25% lysine 1.15% lysine  1.25% lysine  SEM
Arginine 4.93 5.24 4.92 5.00 5.32 0.29
Histidine 1.94 2.07 1.94 2.05 217 0.12
Isoleucine 2.27 2.46 240 2.34 2.56 0.13
Leucine 5.40 5.82 5.55 5.58 6.05 0.33
Lysine 5.07 5.33 5.23 5.10 5.55 0.30
Methionine + cysteine 2.44 2.64 2.54 2.45 2.71 0.09
Phenylalanine + tyrosine 4.75 5.06 4.91 4.92 5.31 0.17
Threonine 3.16 3.40 3.31 3.23 3.53 0.20
Valine 3.10 3.35 3.20 3.21 3.51 0.19
Alanine 4.94 5.24 4.82 4.97 5.35 0.29
Aspartic acid 6.58 7.02 6.68 6.67 7.31 0.41
Glutamic acid 10.13 10.78 10.28 10.30 1.1 0.63
Glycine 6.52 6.74 6.15 6.56 6.89 0.38
Serine 3.16 3.38 3.18 3.25 3.48 0.20

'Basal: lysine concentration provided by corn, soybean meal, menhaden fishmeal, spray-dried plasma protein, and sunflower
meal; crystalline: diets supplemented with 0.13 and 0.26% lysine from L-lysine hydrochloride (78% lysine); soybean meal: diets
supplemented with 3.50 and 7.00% soybean meal.

but in our study, lysine deposition
rate was not affected by diet. Lysine
deposition rates were greater than
those reported by Adeola (1995; 2.1
to 4.2 g/d), but were less than those
reported by Bikker et al. (1994; 6.6
g/d). In the present study, however,
lysine deposition was measured in the
whole body, whereas in the study by
Adeola (1995), it was measured in the
carcass only. Bikker et al. (1994) used
pigs within a BW range of 20 to 45
kg, which may account for the higher
values. The additional lysine supplied
from 1-lysine hydrochloride or SBM
did not affect the total lysine content
in body protein.

The AA concentrations in body pro-
tein were lower than those reported
by others (Campbell et al., 1988; Bat-
terham et al., 1990). Data are lacking
on the deposition rates of AA other
than lysine in nursery pigs when com-
paring crystalline or protein-bound
lysine. However, it is evident that
concentrations or deposition rates of
other essential AA were not affected
in pigs fed diets supplemented with
crystalline lysine or lysine from SBM.
This illustrates that the ratio of these
AA in the body protein relative to

lysine is likely not affected by the
lysine source. Campbell et al. (1988)
and Adeola (1995) reported signifi-
cant differences in the concentrations
of other essential AA as dietary lysine
increased; however, these changes
were small.

IMPLICATIONS

Nursery diets can be supplemented
with crystalline lysine without affect-
ing body growth and production crite-
ria. The decision to replace SBM with
crystalline lysine (and other synthetic
AA) will depend on price, lysine con-
centration, and the concentration of
other nutrients.
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