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Summary

Two experiments were conducted to
determine the effects of nutrient concentra-
tions and complexity of ingredients used in
nursery diets on growth performance to
market weight. In Experiment 1, nursery
regimens were: 1) simple ingredients/low
lysine(corn-soybeanmeal -driedwhey-based
diet with 1.25% lysine for d 0 to 23 and a
corn-soybean meal-based diet with 1.1%
lysinefor d 23 to 37) and 2) complex ingre-
dients/high-lysine (blood products, lactose,
and other specialty ingredients with 1.5%
lysinefor dOto9and 1.25% lysinefor d 9to
23, and acorn-soybean meal-based diet with
1.1% lysinefor d 23to 37). In general, feed
intake and rate of gain were increased for
pigs fed the complex/high-lysine regimen.
This improved performance resulted in an
average advantage of 5 Ib/pig at the end of
thenursery phase. For thegrowing-finishing
phase, pigs from the simple/low-lysine and
complex/high-lysine nursery regimens were
assigned to either a2-step (.8 and .6% lysine
to 150 and 250 Ib, respectively) or 4-step
(.95, .8, .75, and .6% lysineto 100, 150, 200,
and 250 Ib, respectively) regimen and fed to
a market wt of 250 Ib. Pigs fed the 4-step
regimen had greater rate of gain, but there
was no complementary effect of the com-
plex/high-lysine regimen in the nursery
phase with the 4-step regimen in the grow-
ing-finishing phase. Weshould note, howev-
er, that there was also no compensatory
response of the pigs fed the simple/low-
lysine diet in the nursery phase when given
either the 2-step or 4-step regimen during
growing-finishing. The net result was that
the 5 |b difference at the end of the nursery
phaseresulted in an additional 3.6 d required
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for pigsfedthesimple/low-lysineregimento
reach a market wt of 250 Ib.

In Experiment 2, the samediet regimens
were used except that athird diet, with 1.5%
lysine (resulting from adding whesat gluten
and crystalline lysine) was added to the
simple nursery regimen. Pigs fed the com-
plex nursery regimen generally had greater
feed intake and rate of gain, resultingina3
Ib/pig advantage at the end of the nursery
phase. Asin Experiment 1, there were no
nursery regimen x grow-finish regimen
interactionsthat woul d indicate compensato-
ry gain, with 1.8 additional days required to
reach the 250 Ib market weight for pigs fed
the ssmple nursery regimen. In conclusion,
the combined results of both experiments
indicated that for each 1 |b advantage at the
end of the nursery phase, daysto amarket wt
of 250 Ib were reduced by .6 to .7 d.

(Key Words: Compensatory Gain, Diet
Complexity, Grow-finish, Lysine, Nursery.)

I ntroduction

During the last decade, much research
has been focused on phase-feeding programs
for swine. The concept of phase feeding
dictates use of multiple dietsto better match
the continuously changing nutrient needs of
growing pigs. If done properly, such sys-
tems ensure adequate intake of essential
nutrients, yet minimizenutrient excessesthat
areof no benefit tothepigs, add cost to diets,
and end as excess nutrients excreted into the
environment.

Current recommendations for phase-
feeding programscommonly rangefromtwo



to four diets used in the nursery and from
two to five diets used in the growing-finish-
ing period. Obviously, use of many diets
requires more storage facilities for ingredi-
ents and diets and careful management to
ensure that pigs are given the appropriate
diet for each phase of growth. Furthermore,
multi-phase feeding programs typically are
formul ated to maximizegrowth performance
with use of high quality (and expensive)
ingredients, such as edible grade milk prod-
uctsand highly refined blood products. Thus,
many producers question the return on in-
vestment of time and money unless these
improvementsresultinfewer daysto market,
greater rate and efficiency of gain, and im-
proved carcass merit.

The experiments reported herein were
designed to determine the effects of ahighly
fortified, multiple-phasefeeding programon
growth performance from weaning through
finishing and on carcass leanness in market
hogs. Specia attention was given to the
effects of nutritional regimen during the
nursery phase (i.e,, high nutrient density
diets vs simple diets) on subsequent growth
performance during the grow-finish phase.

Procedures

In Experiment 1, 224 weanling pigswere
used. There were seven pigs/pen and 16
pengtreatment in the 37-d nursery assay.
Diet treatments were: 1) simple ingredi-
ents/low-lysine diet formulation (corn-soy-
bean meal -dried whey-based diet with 1.25%
lysinefor d 0to 23 and acorn-soybean meal -
based diet with 1.1% lysine for d 23 to 37)
and 2) complex ingredients high-lysine diet
formulation (spray-dried blood products,
lactose, and other specialty ingredients with
1.5%lysinefor d0to9and 1.25% lysinefor
d 9 to 23, and a corn-soybean meal-based
diet with 1.1% lysine for d 23 to 37). All
nursery diets were fed in pelleted form.
Thesediet regimenswerefed to pigsthat had
been divided into four weight groups (light,
heavy-light, light-heavy, and heavy), such
that the overall treatment designwasa?2 x 4
factorial with main effects of diet regimen
and initial weight group.
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The pigswere housed in 4 ft x 5 ft pens
with woven-wire flooring. Room tempera-
tureswere 90, 87, 84, 80, and 75°F for weeks
1 to 5, respectively. Each pen had a self-
feeder and nipplewaterer to allow ad libitum
consumption of feed and water. The pigs
were weighted on d 9, 23, and 37 of the
experiment to allow calculation of average
daily gain (ADG), average daily feed intake
(ADFI), and feed/gain (F/G).

At the end of the nursery assay, the 16
pens from the middle two weight groups
(i.e, heavy-light and light-heavy) were
moved to a modified open-front finishing
building (112 pigs total) and assigned to
finishing treatments. The pigs were housed
seven/pen with four pens per treatment.
Each pen was 6 ft x 16 ft, with a two-hole
self-feeder and nipple waterer to allow ad
libitum consumption of feed and water. The
finishing treatmentswere: 1) 2-step regimen
(.8and .6% lysineto 150 and 250 |b, respec-
tively) and 2) 4-step regimen (.95, .8, .7, and
.6% lysine to 100, 150, 200, and 250 Ib,
respectively). The diets for the growing-
finishing period werefed in meal form. The
combination of nursery treatment and finish-
ing treatment yielded a 2 x 2 factorial ar-
rangement, with main effects of simple vs
complex nursery regimen and 2- vs 4-step
finishing regimen.

As the average weight of pigs in each
pen reached 250 |b, the pigs were scanned
for fat depth at the last rib. Fat depth was
adjusted to a common live weight by using
the formula: fat depth + live wt x overall
avg live wt.

For Experiment 2, 160 pigs were used.
There were five pigdpen and 16
pens/treatment in the 35-d nursery assay.
Diet treatments were: 1) ssimple diet for-
mulation (corn-soybean meal-wheat gluten-
dried whey-based diet with 1.5%lysinefor d
0to 7, corn-soybean meal-dried whey-based
diet with 1.25% lysine for d 7 to 21, and a
corn-soybean meal-based diet with 1.1%
lysine for d 21 to 35) and 2) the same com-
plex diet formulation used in Experiment 1.
Thesetwo diet regimenswerefedto pigsthat



had been divided into four weight groups,
such that the treatment design was a 2 x 4
factorial as in Experiment 1. Housing and
management werethe sameasin Experiment
1, except that the pigs and feeders were
weighed on d 7, 21, and 35 of the experi-
ment.

At the end of the nursery assay, the two
pens of each treatment with the greatest
initial body weights were pooled, and this
process was repeated with the next two pens
for each treatment, and so on, so that 16 pens
of 10 pigs were generated from the origina
32 nursery pens. These 16 penswere moved
to the finishing building and fed the same
diet regimensused in Experiment 1, with the
same housing and management procedures.
Thus, the treatment design for the finishing
phasewasa?2 x 2 factorial, with main effects
of simplevscomplex nursery regimen and 2-
vs 4-step finishing regimen. As in Experi-
ment 1, the study was terminated for each
pen when the pigs averaged 250 |b.

Results and Discussion

For Experiment 1, ADG, ADFI, and F/G
were improved (P<.01) by feeding the com-
plex diet vsthesimple/low-lysinediet. Also,
ADFI was less and efficiency of gain was
greater for thesmaller vsthelarger pigs(i.e.,
linear effect of initial weight, P<.01). These
responses were not compl etely independent,
however, because ADG and ADFI showed a
marked improvement as initial weight was
increased for pigs fed the simple/low-lysine
regimen vs much smaller increasesin ADG
and ADFI asinitial weight wasincreased for
pigsfed the complex regimen (diet complex-
ity x quadratic effect of initial wt interac-
tions, P<.10 and P<.05, respectively).

For d 9 to 23, d 23 to 37, and overall,
pigs fed the complex regimen continued to
eat morefeed (P<.01) and have greater ADG
(P<.05) than pigsfed the simple/ low-lysine
regimen. Note, however, that the heaviest
groups of pigs given the simple/low-lysine
regimen had ADFI and ADG similar tothose
of the contemporary weight block fed the
complex regimen. Thisindicatesthat, for the
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pigswith aweaning weight of 15 Ib, the diet
with agreat variety of expensiveingredients
was probably not necessary. However, this
does not negate the marked improvement in
growth performanceof thesmaller pigswhen
fed the complex regimen compared to the
simple/low-lysine. Thusonaverage, pigsfed
the complex diet regimen had a 5 Ib/pig
advantage in body wt at the end of the nurs-
ery phase compared to those fed the sim-
ple/low-lysine regimen.

For growing-finishing, there were few
effects of nursery or growing-finishing diet
regimen. Pigsgiventhecomplex regimenin
the nursery phase had greater initial weights
(P<.01), but this did not result in greater
growth performance in the finishing phase.
However, the 5 Ib/pig advantage at the end
of the nursery phasefor these pigswasmain-
tained, resultingin 3.6 fewer daysrequiredto
reach the 250 |b slaughter weight.

Pigs fed the 4-step finishing regimen
had 3% greater (P<.10) ADG than pigs fed
the 2-step regimen. We should note, how-
ever, that this response was consistent for
pigs given the complex and simple/low-
lysine regimens (i.e., no nursery regimen x
finishing regimen interaction). Thus, there
was no compensatory growth for lost per-
formance in the nursery phase.

For Experiment 2, the diets were again
formulated with and without the complex
mixture of dried blood products, fishmeal,
yeast product, and flavor. However, for the
simpledietregimen, wheat gluten, crystalline
lysine, and additional soybean meal were
used to bring the initial diet to the same
lysine concentration (1.5%) as used in the
complex ingredient regimen.

As in Experiment 1, pigs responded to
the complex regimen with greater ADFI and
ADG throughout most of the nursery phase.
It isimportant to note that even fromd 21 to
35, when the pigs were consuming the same
phase Il diet, ADFI and ADG were greater
(P<.05) for pigsinitially fed the more com-
plex diet. Thus, the early response (d0to7
and d 7 to 21) to improved nutritional status



was still having an effect in the last 14 d of
the nursery period. The response to the
complex regimen yielded a 3 Ib/pig advan-
tage at the end of the nursery phase, which
was less than observed in Experiment 1.
However, remember that in Experiment 1,
the simple regimen initially had a low con-
centration of lysine (i.e., 1.25%).

For the growing-finishing phase of Ex-
periment 2, ADG was actually decreased
dightly (P<.10) by feeding the 4-step regi-
men vs the 2-step regimen. This occurred
primarily fromtheunexpectedly poor perfor-
mance of pigs given the

complex nursery regimen and the 4-step
growing-finishingregimen. Thisresponseis
probably an artifact in the data. In contrast
with ADG, efficiency of gain wasincreased
by 8% for pigsfed the 4-stepregimen. Nurs-
ery regimen did not affect growth perfor-
mance in the finishing phase, but the 3 Ib
advantage at the end of the nursery phase
resulted in 1.8 fewer d needed to reach mar-
ket weight.

Inconclusion, nursery pigsrespondedto
improved nutritional status resulting from
both nutrient concentrations and ingredients
usedinthediet. That improved performance
inthe nursery phaseresulted in fewer daysto
market, such that for every 1 Ib advantage at
the end of the nursery phase, approximately
.6 t0 .7 d less was needed to reach a market
weight of 250 |b. Thisvalueisconsiderably
less than the 1 Ib of nursery body wt = 3 d
lessto market reported by some researchers.
Nonetheless, our data do indicate that com-
pensatory gain during growing-finishing did
not negate the advantages achieved during
the nursery-phase. The question then be-
comes whether the economic benefitsof 2to
3 fewer days to market compensate for the
additional costs of a complex nursery diet
regimen.



Table 1. Diet Composition for the Nursery Phases of Experiments 1 and 22

Simple Complex

Item Phasel Phasell Phaselll Phasel Phasell Phaselll
Corn 27.05 42.31 64.30 34.79 45.62 64.30
Soybean meal 25.05 30.30 28.90 15.02 24.61 28.90
Fishmeal - - - 2.00 - _
Plasma protein - - - 7.50 - -
Blood meal - - - 2.50 2.50 -
Wheat gluten 10.00 - - - - -
Whey 20.00 20.00 - 20.00 20.00 -
Lactose 10.00 - - 10.00 - -
Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00
Dicalcium phosphate 2.20 1.88 1.98 2.07 1.98 1.98
Limestone .45 .61 .60 27 .56 .60
Salt .20 .20 .30 - A0 .30
KSU vitamin premix .25 25 .25 25 .25 .25
KSU minera premix A5 A5 A5 A5 A5 A5
KSU selenium premix .05 .05 .05 .05 .05 .05
Lysine-HCI .50 A0 A2 - - A2
Methionine - - - .05 .03 -
Copper sulfate .10 10 .10 10 .10 .10
Antibiotics’ 1.00 1.00 25 1.00 1.00 25
Pellet binder - .05 - .05 .05 -
Y east culture - - - 1.00 - -
Probiotic flavor - - - .20 - -

Total 100.00 100.00 100.00 100.00 100.00  100.00
Calculated analyses

CP, % 234 19.6 185 21.05 19.6 185

Lysine, % 1.50 1.25 1.10 1.50 1.25 1.10

Ca, % 9 9 .8 9 9 .8

P, % .8 8 N4 8 .8 N4

%For Experiment 1, pigs were given the phase || diet for d 0 to 23 and the phase |11 diet for d 23 to 35
to give the simple/low-lysine treatment. For Experiment 2, all three diets were used for both the
simple and complex regimens.

Apralan in phases | and |1 diets and Mecadox in phase I11.
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Table 2. Diet Composition for the Growing-Finishing Phases of Experiments 1 and 2

Lysine, %°

Item .95 .80 .70 .60
Sorghum 71.40 76.45 80.70 83.70
Soybean meal 25.40 20.25 16.50 13.50
Monocal cium phosphate 1.35 1.45 1.05 1.05
Limestone .95 .95 .95 .95
Salt .30 .30 .30 .30
KSU vitamins premix 25 25 25 25
KSU minerals premix 10 10 10 10
KSU selenl um premix .05 .05 .05 .05
Antibiotic® .20 .20 10 10

Tota 100.00 100.00 100.00 100.00
Calculated analyses

CP, % 18.80 16.40 14.80 13.60

Lysine, % .95 .80 .70 .60

Ca, % 75 75 .65 .65

P, % .65 .65 .55 .55

®For the 2-step regimen, pigs were fed the diets with .80 and .60% lysine for the growing (to
150 Ib body wt) and finishi ng (150 to 250 Ib body wt) phases, reﬁpectlvelX For the 4-st
e%men pigs were fed the diets with .95, .80, .70, and .60% lysine to 100, 150, 200, and 25
|b body wt, respectively

:’Supplled 200 and 100 g/ton chlortetracycline in the growing and finishing phases, respective-
y

Table3.  Effects of Diet Complexit LysneConcentratlon and Initial Body Weight on

Growth of Nursery g (Exp. 1
Simple® Complex®
Item Lat Lagt-Hvy Hvy-lgt  Hvy Lgt  Lat-hvy Hvy-lgt  Hvy CV

Initial wt, Ib" 10.3 12.2 134 15.8 10.4 12.2 13.3 15.8 4.2
Final wt, |b&" 41.5 43.1 443 50.7 47.0 49.8 50.5 525 57
d0to9

ADG, Ib® 42 42 45 48 63 .69 .69 59 13.3

ADFI, |p®nik 44 49 50 .62 59 .66 .68 62 99

F/Gen 1.05 1.17 111 1.29 .94 .96 99 105 82
d9to 23

ADG, Ib® .88 .78 82 85 94 95 1.00 92 10.3

ADFI, |b%¢ 1.16 1.15 121 1.35 1.26 133 135 135 84

F/Geh 1.32 1.47 148 159 1.34 140 135 147 6.6
d23to 37

ADG, Ib%f 1.07 1.15 1.07 134 1.28 129 122 133 106

ADFI, 1be" 1.82 1.85 1.84 211 2.04 218 211 235 73

FIG 1.70 1.61 172 157 1.59 169 173 177 69
Overal (d0to 37)

ADG, Ib® 84 .83 83 94 .99 1.01 101 99 79

ADFI, |bs" 1.23 1.26 1.27 1.46 1.40 149 148 154 6.8

F/Gen 1.46 1.52 153 155 1.41 148 146 156 4.6

%A total of 224 pigs (7 pigs/pen and 16 pens/treatment).

bLysine regimenswere 1.25, and 1.1% and 1.5, 1.25, and 1.1% and 1.25 for the simple and complex
formulations, respectively, for d 0to 9, 9 to 23, and 23 to 37.

cdeEffect of diet complexity (P<.10, P<.05, P<.01, respectively).

9N inear effect of initial wt (P<.10, P<.05, P<.01, respectively).

'Diet complexity x linear effect of initial wt (P<.05).
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IkDiet complexity x quadratic effect of initial wt (P<.10, P<.05, respectively).

Table4. Effectsof Diet Complexity and Lysine Concentrationsin the Nursery Phase on

Subsequent Growing-Finishing Performance of Pigs (Experiment 1)?

Simple-Nursery Complex-Nursery
.8/.6 .95/.8/.7/.6 .8/.6 .95/.8./.71.6
Lysine Lysine Lysine Lysine
Item (gro-fin) (gro-fin) (gro-fin) (gro-fin) Cv
Initial wt, Ib° 44.9 43.5 50.5 49.7 51
Final wt, Ib 252.4 256.3 253.8 257.5 2.0
Daysto 250 Ib° 118.2 116.0 115.1 112.0 2.9
ADG, Ib° 174 1.77 173 1.79 2.8
ADFI, Ib 5.19 5.43 5.45 541 4.9
FIG 2.98 3.08 3.16 3.02 4.8
Last rib fat depth, in .87 .87 .83 .90 9.0

®A total of 112 pigs was used (7 pigs/pen and 4 pens/treatment).
bEffect of nursery diet regimen (P<.10, P<.01, respectively).
dEffect of finishing diet regimen (P<.10).

Table5. Effectsof Diet Complexity at Similar Lysine Concentrations and Initial Body

Weight on Growth of Nursery Pigs (Experiment 2)*

Simple-Nursery® Complex-Nursery®

Item Lgt Lgt-hvy Hvy-lgt Hvy Lgt Lgt-hvy Hvy-lgt Hvy CV
Initial wt, Ib™* 9.8 11.2 125 149 9.8 111 124 148 3.0
Final wt, Ib*™™ 327 32.0 353 412 37.1 35.0 384 434 10.6
dOoto7

ADG, |b*® 25 .28 26 .35 37 37 40 53 293

ADFI, Ib®" .29 .29 34 .37 41 43 40 54 19.0

FIG 1.16 1.04 131 1.06 111 1.16 1.00 102 221
d7to21

ADG, Ib° .56 .56 61 .67 .62 .62 .63 .75 15.8

ADFI, Ib" 1.06 112 121 125 111 1.10 115 121 95

FIG® 1.86 2.00 198 1.87 1.79 177 183 161 11.0
d21to 35

ADG, Ib% .96 .78 87 1.05 112 .89 102 113 16.3

ADFI, |b?* 1.89 1.63 199 222 212 1.87 196 240 105

FIG' 1.97 2.09 229 211 1.89 2.10 192 212 105
Overall (d 0to 35)

ADG, Ib® .65 .59 64 71 .79 .67 74 85 135

ADFI, Ib®¥ 124 1.16 134 146 1.37 1.26 133 155 9.0

FIG® 1.91 1.97 209 2.06 1.73 1.88 180 182 10.2

®A total of 160 pigs (5 pigy/pen and 16 pens/treatment).

b_ysineregimenswere 1.5, 1.25, and 1.1%for d 0to 7, 7 to 21, and 21 to 35, respectively, for simple

and complex formulations.

cdeEffect of diet complexity (P<.10, P<.05, P<.01, respectively).
oM inear effect of initial wt (P<.10, P<.05, <.01, respectively).
"kQuadratic effect of initial wt (P<.10, P<.05, P<.01, respectively).
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Table6.  Effectsof Diet Complexity in the Nursery Phase on Subsequent Growing-
Finishing Performance of Pigs (Experiment 2)*

Simple-Nursery Complex-Nursery
.8/.6 .95/.8/.7/.6 .8/.6 .95/.8./.71.6
Lysine Lysine Lysine Lysine
Item (gro-fin) (gro-fin) (gro-fin) (gro-fin) cv
Initial wt, 1b 35.6 36.0 38.9 39.6 12.8
Final wt, 1b° 247.6 253.0 251.2 249.8 1.4
Daysto 250 Ib 121.1 119.8 115.7 121.6 4.4
ADG, |b"® 1.78 1.79 1.83 1.72 3.2
ADFI, Ib 573 6.05 5.75 5.90 5.3
FIG® 3.22 3.38 3.14 3.51 5.3

%A total of 160 pigs was used (10 pigs/pen and 4 pens per treatment).
bCEffect of finishing diet regimen (P<.10, P<.05, respectively).
Y nteraction of nursery and finishing regimens (P<.10).
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