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Abstract

The present study investigated the effects of varying durations of nursery diets differing in percentages of milk
products on growth performance of pigs during the nursery phase (NP) and subsequent grow-finish phase (GFP) to
find the feasibility of reducing the use of nursery diets containing costly milk products. A total of 204 21-d-old
weanling female and castrated male pigs were subjected to one of three nursery phase feeding programs differing
in durations on the NP 1 and 2 and GFP diets containing 20%, 7%, and 0% lacrosse and 35%, 8%, and 0% dried
whey, respectively, in 6 pens (experimental units) for 33 d: HIGH (NP 1, 2 and 3 diets for 7, 14, and 12 d), MEDIUM
(NP 2 and 3 for 14 and 19 d), and LOW (NP 2 and 3 and GFP 1 for 7, 14, and 12 d). Subsequently, 84 randomly
selected pigs [14 pigs (replicates)/pen] were fed the GFP 1, 2 and 3 diets during d 54-96, 96-135, and 135-182 of
age, respectively. The final body weight (BW) and average daily gain (ADG) of nursery pigs did not differ among the
HIGH, MEDIUM, and LOW groups (14.8, 13.3, and 13.7 kg in BW and 273, 225, and 237 g in ADG, respectively). The
average daily feed intake during the nursery phase was greater (p <0.01) in the HIGH group than in the MEDIUM
and LOW groups, whereas the gainfeed ratio did not differ across the treatments. The BW on d 182 and ADG
during d 54-182 were greater in the HIGH and MEDIUM groups vs. the LOW group (110.0, 107.6, and 99.6 kg in BW,
respectively; p <0.01). The backfat thickness and carcass grade at slaughter on d 183 did not differ across the
treatments. In conclusion, the MEDIUM program may be inferior to the commonly used HIGH program in supporting
nursery pig growth. Nevertheless, the former appears to be more efficient than the latter in production cost per market
pig whereas the LOW program is thought to be inefficient because of its negative effect on post-nursery pig growth.
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Background

Weaning is a most stressful transition not only socially
but also nutritionally in the life of commercial pigs [1,2].
Therefore, weaner pigs are usually provided with palatable
diets containing highly digestible milk products such as
lactose and dried whey to alleviate the weaning stress
[3-5]. However, the milk products are so costly that some
researchers compared the relative effects of ‘complex’ nur-
sery diets containing high percentages of the milk prod-
ucts vs. ‘simple’ ones containing no or low percentages of
the milk products on growth performance of pigs to

* Correspondence: cylee@gntech.ac.kr

'Department of Animal Resources Technology, Gyeongnam National
University of Science and Technology, Jinju 660-758, South Korea

“The Regional Animal Industry Center, Gyeongnam National University of
Science and Technology, Jinju 660-758, South Korea

( BiolMed Central

examine the feasibility of reducing the ratio of the milk
products in the nursery diets [6-10]. The rate of weight
gain of nursery pigs was greater on the complex than on
simple diets in all of these studies. Moreover, the differ-
ence in body weight between the two dietary groups of
pigs after the nursery phase sustained or narrowed due to
varying compensatory growth during the subsequent
grow-finish phase. The carcass characteristics of the pigs
including the backfat thickness and loin eye area at the
market weight were not influenced by the nursery feeding
program [8,10]. However, the relative effects of the alter-
native nursery feeding programs on growth performance
as well as the pig production cost under the experimental
conditions were rather inconclusive. Further, little is
known as to how the complexity of commercial nursery
pig diets, which could be mimicked by manipulating the
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feeding duration on each of the nursery phase diets, influ-
ences the efficiency of pig production under commercial
conditions. The present study was therefore conducted to
investigate the effects of varying durations on the nursery
diets on growth performance of pigs during the nursery
and subsequent grow-finish phases under commercial
production conditions and thereby to find the feasibility of
reducing the use of the nursery diets containing the costly
milk products.

Methods
Nursery pigs
The experimental protocol of the present study con-
formed to the guidelines of the Institutional Animal Care
and Use Committee (IACUC) at Gyeongnam National
University of Science and Technology. The animals used
in the present study were handled humanely and did not
receive any prolonged constraint throughout the experi-
ment. A total of 204 (Yorkshire x Landrace) x Duroc pig-
lets consisting of equal numbers of females and castrated
males, which had been provided with 200 g of the nursery
phase 2 diet/litter (Table 1) as creep feed during the last
10 d of lactation, were randomly allocated to 6 pens at
weaning at 21 d of age, with three pens per sex and 34 ani-
mals per pen. One pen of females and another pen of cas-
trated males were placed on one of three phase-feeding
programs: HIGH, MEDIUM, and LOW which had varying
durations on the nursery phases 1, 2, and 3 diets contain-
ing 20%, 7%, and 0% lactose and 35%, 8%, and 0% dried
whey, respectively, and a grow-finish phase 1 diet (Tables 1
and 2). The lysine concentrations of the nursery diets were
slightly greater than those formerly recommended by
NRC [11], but were slightly less than the current NRC
[12] recommendations.

The HIGH group of animals received the nursery
phase 1 diet to d 6 of the experiment, at which time

Table 1 Declared minimum nutritional values of the
commercial nursery and grow-finish diets used in the
present study (as-fed basis)

Item Nursery Grow-finish

Phase 1" Phase 22 Phase 3° High Medium plane®

Phase Phase Phase Phase
1* 1 2 3

CP®, % 21.0 21.0 20.5 18.2 17.5 155 134
Lysine, % 140 1.40 125 1.10 1.0 0.80 0.70
CF% % 7.5 7.5 7.0 6.0 40 30 25
DE®, 375 360 360 345 335 330 325
Mcal/kg

3Contained 20%, 7%, and 0% lactose and 35%, 8%, and 0% dried
whey, respectively.

“Used for nursery pigs between d 21 and 54 of age.

*Provided to grow-finish pigs from d 54 through d 182 of age.
SCP, crude protein; CF, crude fat; DE, digestible energy.
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Table 2 Nursery phase (P)-feeding programs (treatments):
experimental design

7 days 7 days 7 days 12 days
High' Nursery P 1 T Nursery P 2 T Nursery P 3
Medium' Nursery P 2 I Nursery P 3
Low' Nursery P2 T Nursery P 3 I High-plane
grow-finish P 1

"Indicated group of nursery pigs received the indicated diets between d 21
and 54 of age. All pigs received the medium-plane grow-finish phases 1, 2,
and 3 diets during days 54-96, 96-135, and 135-182 of age, respectively. See
Table 1 for nutritional values of the diets.

23Transition with 20 and 30 kg of mixtures of two diets of the adjoining
phases, respectively.

remaining diet was removed from the feeder and three
6.7 kg portions of 2:1, 1:1 and 2:1 mixtures of the phases
1 and 2 diets, respectively, were layered sequentially on
the feeder. Thereafter, the animals were provided with
the nursery phase 2 diet to d 20 when a total of 30 kg of
mixtures of the phases 2 and 3 diets were provided after
the weigh-back as had been done at the end of d 6,
followed by provision of the phase 3 diet to d 33. As such,
the HIGH group animals, which received the transitive
mixed diet twice approximately for 2 d each beginning
from the ends of d 6 and 20, respectively, were actually on
the nursery phases 1, 2, and 3 diets approximately for 7,
14, and 12 d, respectively. The MEDIUM group was pro-
vided with the nursery phases 2 and 3 diets for 14 and 19
d, respectively, whereas the LOW group was fed the nur-
sery phases 2 and 3 and grow-finish phase 1 diets for 7,
14, and 12 d, respectively. The transitive mixed diets in
the MEDIUM and LOW groups were provided at the ends
of d 13 and d 6 and 20, respectively, in the same way as
was used in the HIGH group. All animals were weighed
by the unit of pen at the beginning and end of the nursery
phase. The feed intake in each pen was measured by the
weigh-back method at the ends of d 6, 13, 20 and 33.

Growing-finishing pigs

Upon finishing the nursery feeding trial, 84 randomly se-
lected pigs then aged 54 d (14 animals/pen) were num-
bered using the ear tag, weighed individually, and moved
to grower pens with non-tagged pigs altogether in a
pen-to-pen manner. These animals were fed the grow-
finish phase 1 diet through d 96 and moved again to fin-
isher pens where they received the grow-finish phases 2
and 3 diets successively to d 135 and 182, respectively,
as described previously [13,14]. The lysine concentra-
tions of the grower-finisher diets, as in the nursery diets,
were in between the previous and current NRC [11,12]
recommendations for corresponding stages of pigs. The
grower-finisher diets were provided through a mechan-
ical feeder line and hence the intakes of the diets were
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not measured. The 84 tagged animals were weighed re-
peatedly on d 96, 135, and 182.

A total of 60 animals (10 animals/pen), estimated
carcass weights of which were within or close to the range
of those eligible for the grades 1" or 1 by the MAFRA [15]
standards, were selected upon termination of the feeding
trial, transported to a local abattoir on the following
morning, given approximately 3 h of lairage, and slaugh-
tered. The carcass weight, backfat thickness, and other
carcass characteristics including the structural integrity
and color of the muscle and fat, which are used as criteria
for carcass grading [15], were measured or evaluated by
the grading official.

Statistical analysis

All data were analyzed using SAS (SAS Inst. Inc., Cary,
NC, USA). Data obtained from nursery pigs were ana-
lyzed as a completely randomized design (CRD) using
the MIXED procedure. The statistical model included
the nursery feeding program and sex as a fixed effect
and a random effect, respectively, with the pen regarded
as the experimental unit. Data from growing-finishing
animals were analyzed as a CRD with a 2 (sex) x 3 (nur-
sery feeding program) arrangement of treatments using
the GLM procedure, with the individual pig taken as the
experimental unit. The initial body weights at the begin-
ning of the nursery and grow-finish phases, which are
known to be correlated with subsequent growth rates in
pigs [13,16,17], were included in the statistical models
for the growth performance variables of the nursery and
growing-finishing pigs, respectively. Means were sepa-
rated using the PDIFF option when a main effect or an
interaction of the main effects was significant (p <0.05).

Results

Nursery growth performance

The initial and final body weights (BW) as well as the
average daily gain (ADG) of the nursery pigs during the
33-day (d) nursery phase did not differ across the dietary
treatments (Table 3). The average daily feed intake
(ADFI) also did not differ among the three dietary
groups during d 1-6, 1-13, or 13-33. However, the ADFI
during the entire nursery phase was greater (p <0.01) in
the HIGH group than in the MEDIUM and LOW
groups by 20% and 17%, respectively, whereas the gain:
feed ratio was not influenced by the dietary treatment.

Post-nursery growth

The initial BW on d 54 of age of the animals used for the
continuing grow-finish feeding trial was greater (p <0.01)
in the HIGH group than in the MEDIUM and LOW
groups (15.5, 13.3, and 13.4 kg, respectively) as well as in
barrows than in gilts (Table 4). The BW of the animals
was not different among the treatments or between the
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Table 3 Effects of varying phase-feeding programs on
growth performance of nursery pigs

Item High' Medium? Low®  SEM* P-value
Initial BW*, kg 598 560 593 013 027
Final BW** kg 1483052 1325+068 13.65+046 042
ADG™, g 273+16 225+20 237+14 042
ADFI*, g
D*1-6 266 233 184 15 0.12
D 1-13 307 214 257 13 007
D 13-33 503 447 433 15 0.14
Overall 426° 355° 364° 4 001
Gain: feed 062 067 064 004 064

"Provided with the nursery phases 1, 2 and 3 diets for 7, 14 and

12 days, respectively.

2Provided with the nursery phases 2 and 3 diets for 14 and

19 days, respectively.

3Provided with the nursery phases 2 and 3 diets and the high-plane
grow-finish phase 1 diet for 7, 14 and 12 days, respectively.

3See Table 1 for nutritional values of the diets used in each feeding program.
Data are means or least squares means + SEM of two pens consisting of 34
females and 34 castrated males, respectively.

“SEM, standard error of mean; BW, body weight; ADG, average daily gain;
ADFI, average daily feed intake; D, day.

®Initial BW was included in the model as a covariate.

2bMeans with no common superscripts differ (p <0.05).

two sexes at the end of the early grow-finish stage (d 96),
but thereafter it was greater in the HIGH and MEDIUM
groups than in the LOW group (70.3, 67.5, and 63.1 kg on
d 135 and 110.0, 107.6, and 99.6 kg on d 182 for the HIGH,
MEDIUM, and LOW groups, respectively; p <0.01) and
also in barrows vs. gilts (p <0.05). Apart from the statistical
significance, the numerical difference in BW between the
HIGH and MEDIUM groups at the beginning of the grow-
finish phase thus persisted through the end of the phase.
In contrast, the difference between these two groups and
the LOW group widened between d 96 and 182, which
was largely attributable to remarkably lower BW of gilts in
the LOW group compared with those in the other groups.
The ADG during d 54-96, as in d-96 BW, did not differ
among the treatments or between the sexes. However, the
ADG during d 96-135 and 135-182 as well as overall ADG
during d 54-182 were greater in the HIGH and MEDIUM
groups vs. the LOW group (752, 733, and 670 g in overall
ADG for the HIGH, MEDIUM, and LOW groups, respect-
ively), but there was no difference between the former two
groups. Moreover, the ADG during d 96-135 as well as
overall ADG was greater in barrows than in gilts. Finally,
the dressing percentage, backfat thickness, and quantitated
carcass grade of the pigs slaughtered after termination of
the feeding trial were not different among the treatments
(Table 5).

Discussion
Weanling pigs, in general, are provided with a palatable
milk products-based phase 1 nursery diet for a short period
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Table 4 Growth performance of the growing-finishing pigs which received the varying nursery phase-feeding

programs
Item High' Medium? Low? P-value
B* G* B B G FP* s* FP xS
BW*°, kg
D* 54 163+ 05 147 £05 144+ 05 121+ 05 131405 136+ 05 <001 <001 003
D 9% 388+ 10 367 +08 351409 369 + 09 373+08 340+ 08 007 0.10 001
D135 731416 675+ 15 657 15 693+ 15 679+ 13 583 + 14 <001 <001 <001
D 182 111.7 £ 3.1 1084 + 26 1084 + 27 1068 + 2.7 1054 + 25 937 +25 <001 001 0.13
ADG", g
D 54-96 502 + 24 542 + 20 503 + 22 546 + 22 557 + 20 477 £19 007 0.10 001
D 96-135 878 + 29 787 + 25 787 + 25 835 + 26 785 + 23 634 + 23 <001 <001 <001
D 135-182 843 + 43 876 + 37 909 + 37 808 + 37 802 + 34 756 + 34 0.04 021 021
Overall 765 + 24 739 + 20 739 + 21 727 + 21 716 £ 20 624 + 20 <001 001 0.13

'Provided with the nursery phases 1, 2 and 3 diets for 7, 14 and 12 days, respectively.

2Provided with the nursery phases 2 and 3 diets for 14 and 19 days, respectively.

3Provided with the nursery phases 2 and 3 diets and the high-plane grow-finish phase 1 diet for 7, 14 and 12 days, respectively.
35ee Table 1 for nutritional values of the diets. Data are least squares means + standard errors of means of 14 animals in each sex.
“B, barrow; G, gilt; FP, feeding program during the nursery phase; S, sex; BW, body weight; D, day; ADG, average daily gain.

°BW on d 54 was included in the model as a covariate in the analysis of subsequent BW and ADG.

to maximize their intake and accordingly to minimize the
post-weaning growth check resulting primarily from insuffi-
cient feed intake [1,2,5]. Most nursery feeding programs of
commercial feed manufacturers in Korea, like the HIGH
program of the present study, recommend the use of the
phase 1 diet for 1 week and subsequently phases 2 and 3 di-
ets containing lower percentages of the milk products for
2 weeks each. If the nursery pig’s intake of the milk prod-
ucts is restricted by providing them with diets containing
no or lower percentages of milk products, their weight gain
is also reduced. The reduced weight gain of nursery pigs
due to nutritional insufficiency is usually made up for dur-
ing subsequent grow-finish phase to varying extents de-
pending on the animals’ genetic background and grow-
finish feeding program in addition to the time, duration,
and severity of the nutritional insufficiency [7,18].

The nursery pigs which were fed the nursery phases 2
and 3 diets without (MEDIUM) or with the grow-finish
phase 1 diet (LOW) ate less than those fed the nursery
phase 1 diet as well as the phases 2 and 3 (HIGH). This
resulted in a lesser weight gain in the former than in the
latter although the nursery ADG did not differ statisti-
cally among the three groups due to the limited number
of replicates (pens). The magnitude of the BW difference
between the HIGH and MEDIUM groups at the begin-
ning of the grow-finish phase persisted to the end of this
phase, although final BW at termination of the feeding
trial did not differ statistically between the two groups. On
the other hand, according to unpublished data of Dr. B. C.
Chae (Kangwon National University, Korea; personal com-
munication), pigs weaned at 4 weeks of age gained less
weight on a medium vs. high nursery feeding program

Table 5 Carcass characteristics of the finishing pigs which received the varying nursery phase-feeding programs

Item High' Medium? Low? SEM* P-value

B* G* B G B G FP* s? FP xS
Live wt?, kg 1115 1084 109.2 107.8 107.1 %38 28 <001 002 0.12
Carcass wt, kg 833 814 824 79.1 799 715 21 <001 001 029
Dressing, % 748 75.1 757 734 747 754 10 089 063 027
BFT*®, mm 214 209 238 219 232 219 13 038 022 086
Carcass grade®  214+025 280+030 200+027 175+033  240+030 200+ 066 014 099 023

'Provided with the nursery phases 1, 2 and 3 diets for 7, 14 and 12 days, respectively.

2Provided with the nursery phases 2 and 3 diets for 14 and 19 days, respectively.

3Provided with the nursery phases 2 and 3 diets and the high-plane grow-finish phase 1 diet for 7, 14 and 12 days, respectively.
3see Table 1 for nutritional values of the diets used in each feeding program. Data are means of 10 animals in each sex, except for the carcass grade in which

data are least squares means + standard errors of means.

“B, barrow; G, gilt; SEM, standard error of mean; FP, feeding program during the nursery phase, S, sex; wt, weight; BFT, backfat thickness.
SAverage of the measurements between the 11 and 12 ribs and at the last rib adjusted for a 110-kg live weight.
SAssigned 3, 2 and 1 of arbitrary point units to carcass grades 1%, 1 and 2, respectively. Grade 2 carcasses which did not reach the minimum weight (79 kg)

eligible for the grade 1 [15] were excluded from the analysis
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similar to the present MEDIUM vs. HIGH during the nur-
sery phase, but the pigs previously on the former caught
up the growth of the others previously on the latter during
the subsequent grow-finish phase. Collectively, these re-
sults suggest that whether or not the pigs after the
medium vs. high nursery feeding program exhibit a com-
pensatory growth during the grow-finish phase may also
depend on the age when the animals were weaned.

The BW differential between the HIGH and LOW
groups at the outset of the grow-finish phase widened
with the advancing stage of the phase, which was more
pronounced in gilts than in barrows. There’s no convin-
cing explanation about this difference in post-nursery
growth performance between the LOW and MEDIUM
groups, because neither the ADG nor ADFI during the
nursery phase was different between these two groups. It
is thus speculated that the LOW program somehow im-
paired the growth potential of the animals probably be-
cause the planes of nutrition of the nursery phases 3 and
grow-finish phase 1 diets used in this program were sub-
stantially lower than those recommended by NRC
[11,12] for nursery pigs during the stages when the diets
were provided.

The MEDIUM program cost approximately 6,000 won
(approximately 6 US dollar) less for nursery feed per
head than the HIGH grogram. On the other hand, the
MEDIUM group required approximately 4.5 kg of add-
itional grow-finish diet for 1.5 kg of additional weight
gain and also 3 more days on feed costing 2,250 and 750
won per head, respectively, than the HIGH group to
reach a 110-kg market weight, assuming that the feed
cost per kilogram weight gain during the entire growth-
finish phase was equal in both groups. The total produc-
tion cost per 110-kg market pig was thus assessed to be
saved approximately 3,000 won by substitution of the
MEDIUM nursery feeding program for the commonly
used HIGH program. Relative production cost per mar-
ket pig for the LOW group, however, could not be ex-
trapolated, because the growth performance of this
group during the grow-finish period was much lower
than that of the other groups.

Conclusions

Results of the present study indicate that substitution of
the MEDIUM nursery feeding program using only the
nursery phases 2 and 3 diets for the common HIGH
program using the phase 1 diet in addition to the phases
2 and 3 causes a reduced weight gain of nursery pigs
and that the reduced BW due to the substitution persists
throughout the grow-finish phase. Nevertheless, the
former seems to be more efficient than the latter in
terms of production cost per market pig whereas the
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LOW program using the nursery phases 2 and 3 and
grow-finish phase 1 diets is thought not to be worthy of
further consideration because of its severely negative effect
on post-nursery pig growth. Obviously, however, more
studies are necessary to confirm the present assessment.
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