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Summary
Correct feeding and management of the young pig for
optimum lifetime performance is a key goal of pig
producers, although the associations between these
variables are often difficult to quantify. It is well
recognised that commercial growth rates of suckling
and weaned pigs are less than those that can be achieved
when pigs are reared independently of the sow and/or
fed greater quantities of a more nutritious source of
nutrients such as bovine milk. However, such
management interventions for attaining greater postnatal
growth rates are not commonplace in the pig industry;
the most common form of supplementary feeding of
young pigs is creep/starter feed. A frequent question
asked by producers and the feed manufacturing industry
is whether pigs that achieve a ‘good start’ during the
weaning period extend the growth advantage through
to slaughter. Data presented in this paper suggest that
the weight of the pig at birth explains a substantial
proportion of the variation in postnatal growth. An array
of different dietary and management interventions has
been used to manipulate weaning weight and growth
rate after weaning with the aim of maintaining a weight
advantage through to slaughter. However, in many
cases, the ‘control’ pigs appear to compensate and there
are no differences in performance and carcass indices
at slaughter. Despite this, recent data from experiments
conducted in Western Australia show that processes
occurring before and after weaning could influence
carcass weight and dressing percentage of pigs that
weigh more than 105 kg at slaughter. In particular, the
effects of the rearing environment during suckling, the
type of creep diet fed during suckling and the housing
system after weaning appeared to influence carcass
weights and dressing percentages.

Keywords: piglet, weaning, lifetime performance, creep
feeding, milk, environment

Introduction
The young pig can grow very fast but a number of
factors including the milk produced by the sow may

limit the extent to which this inherent genetic potential
is realised. It has been known for decades that young,
artificially–reared (i.e., weaned at 1–2 days of age)
piglets given ad libitum access to liquid milk diets can
grow at rates in excess of 500 g/d (Hodge 1974; Williams
1976; Harrell et al. 1993). Excellent growth rates and
feed conversion can also be achieved in the post–
weaning period. For example, Pluske et al. (1996)
demonstrated that individually penned weaned pigs
28 days of age, which were fed bovine whole–milk every
two hours for five days grew at a rate in excess of
500 g/d and converted milk dry matter to empty
bodyweight gain at ratios approximating 1.0 (Table 1).
However, many of these studies were conducted with
older genotypes; Williams (2003) commented that if
studies such as these were repeated with modern
genotypes, young pigs might grow even faster and
hence demonstrate a higher potential for lean tissue
gain. There is thus little doubt that the performance of
the commercially reared piglet, both before and after
weaning, is substantially less than the maximum that
can be achieved.

Whittemore and Green (2001) suggested that the
growth of a pig from birth to maturity is best described
by a Gompertz function, which infers that the pig has a
predetermined growth path and that there are large, fast–
growing animals and smaller, slower–growing animals.
The function also means that a larger genotype or a pig
with a greater propensity for growth will, at any age, be
bigger and grow faster than a smaller genotype, and
that pigs that are heavier at birth and (or) weaning will
maintain this advantage as they grow older and attain
mature body weight (Williams 2003). However, the
Gompertz function fails to describe the post–weaning
period during which pigs usually lose weight and then
slowly recover; it sometimes takes 6–9 days for them to
regain their maintenance energy requirement (Pluske
et al. 1995). The challenge to people involved in most
facets of pig production is to minimize the growth check
after weaning so that the young pig re–establishes its
genetically determined growth path and reaches market
weight as quickly as possible.

Early feeding for lifetime performance of pigs

J.R. Pluske1, H.G. Payne2, I.H. Williams3 and B.P. Mullan2

1School of Veterinary and Biomedical Sciences, Murdoch University, Murdoch 6150 WA, J.Pluske@murdoch.edu.au
2Animal Research and Development, Department of Agriculture, Locked Bag No. 4, Bentley Delivery Centre
6983 WA

3School of Animal Biology, The University of Western Australia, Stirling Highway, Nedlands 6009 WA



172    Pluske et al.

The influence of early nutrition and management
on lifetime performance is clearly an important area of
investigation due to its potential influence on whole–
of–life productivity. Many studies on this topic have
only considered the growth of piglets to a certain point
after weaning, for example, to 30 kg or to 10 weeks of
age, assuming that any weight advantage at this
juncture would translate to a weight advantage at
slaughter. This may not necessarily be the case and
several studies in the past 5–10 years have facilitated
further elucidation of this topic.

In this paper, we review how pre– and post–
weaning nutrition and management affect subsequent
performance of pigs through to slaughter. Initially, we
discuss the role of bodyweight; this is followed by a
summary of research on the general effects of pre– and
post–weaning nutrition and management on post–
weaning performance until slaughter weight.

The importance of bodyweight and
early nutrition
Weight at birth, weaning and during the immediate
post–weaning period are major determinants of the
subsequent growth performance of pigs (Wolter and
Ellis 2001), although the manner in which pigs reach a
heavier weight also appears crucial. Williams (2003)
reviewed numerous studies showing that weights at
birth and one week of age are correlated with weaning
weight, and that weight at weaning is correlated to
subsequent performance. In addition, Tokach et al.
(1992) and Azain (1993) reported that pigs growing well
(225–340 g/d) in the first week after weaning reached
market weight 10–28 days before pigs exhibiting poor
gain (0–110 g/d) in the first week after weaning.
However, details of birth weights were not provided.

The effect of weight gain (and thus feed intake) in the
first week after weaning and the effect of weaning weight
are additive and account for approximately 80% of the
variation in body weight on day 20 after weaning and
34% of variation in body weight at 118 days of age
(Miller et al. 1999; Ilsley et al. 2003). Furthermore, Lawlor
et al. (2002a) commented that the type of diet fed after
weaning can affect the significance of the relationship
between birth weight and post–weaning performance.
They recommended feeding a high–density diet after
weaning to take advantage of this relationship.

Pigs that are heavier at weaning seem to maintain
their weaning weight advantage to slaughter weight
(Mahan and Lepine, 1991; Dunshea et al. 2003), but the
manner in which a piglet attains that weight appears to
have a marked influence on subsequent growth
performance. Williams (2003) argued that if food intake
is genetically determined to drive growth, which is also
genetically determined, then it is most unlikely that a
transient period of higher–than–normal nutrition (e.g.,
higher creep feed intake during lactation) will change a
long–term hypothalamic food intake ‘setting’.
Consequently, any increase in weight caused by an
increase in growth would, at best, be maintained or, at
worst, disappear with time.

Several recent studies that used large data sets
support this theory. Wolter et al. (2002a) found that
increasing weaning weight by means of supplemental
milk replacer during a 21–day lactation had no significant
effect on performance after weaning to 14 kg body
weight, or from weaning to slaughter at 110 kg. On the
other hand, piglets that were heavier at weaning (partially
because they were heavier at birth) ate more and grew
faster to slaughter (Table 2). Nevertheless, piglets fed
milk replacer took three days less to reach slaughter
weight than piglets that were not offered milk replacer.
Lawlor et al. (2002a) reported a 0.6 kg increase in

Table 1 The performance of pigs fed various diets until weaning at 28 days of age and for five days after weaning (SR,
sow reared; starter, solid starter diet; Ma, bovine milk fed at maintenance energy level; 2.5 Ma, bovine milk fed at 2.5
times maintenance energy level; Ad libitum, bovine milk offered ad libitum; adapted from Pluske et al. 1996).

Treatment

SR Starter Ma 2.5 Ma Ad libitum SED P–value

Body weight (kg)
Weaning 8.9 9.0 9.1 9.2 9.2 0.86 >0.05

Five days after weaning – 10.5 9.4 10.5 11.7 0.86 >0.05

Empty body weight (kg)

Weaning 8.7 8.8 8.9 9.0 9.0 0.85 >0.05

Five days after weaning – 10.0 9.2 10.3 11.3 0.84 >0.05

Daily body weight gain (g)

Body weight – 288 58 272 514 80.1 <0.001

Empty body weight – 231 49 253 463 74.2 <0.001

Voluntary food intake (g/d dry matter) – 286 102 234 400 41.0 <0.001

Gross energy intake (MJ/d) – 5.1 2.3 5.2 8.9 0.76 <0.001
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weaning weight at 28 days and attributed this to creep
feeding during lactation. This weight advantage was
lost by day 26 after weaning whereas pigs inherently
heavier at weaning (7.1 kg vs. 5.8 kg) remained heavier
26 days later (17.5 kg vs. 15.4 kg) because they ate more
feed. These data are consistent with those of Fraser
et al. (1994) who estimated that creep feed intake during
lactation accounted for only 1–4% of the variation in
bodyweight gain after weaning.

Supplementary feeding during lactation
There is a plethora of studies in which the effects of
creep feeding during lactation on weaning weight and
subsequent performances were investigated (see
reviews by Pluske et al. 1995; King and Pluske 2003).
The major argument for offering supplementary food to
suckling piglets is that it bridges the gap between the
piglet’s energy requirement and nutrients obtained from
milk, which increases as lactation advances. In practice,
this is hard to verify because it is difficult to measure
the creep feed consumption of individual piglets among
a suckling litter, but this has recently been attempted
(Pluske et al., unpublished). Another argument, albeit

less convincing, is that the consumption of creep feed
prepares the gut for the digestion of carbohydrates and
plant proteins that will be fed after weaning (e.g., Kelly
et al. 1990a, 1990b). Chapple et al. (1989) reported that
the variation in amylolytic activity of the pancreas of
piglets was more a function of the sow (litter of origin)
than of the intake of solid feed during lactation and
immediately after weaning. Similarly, Lindemann et al.
(1986) and de Passille et al. (1989) found that pepsin
and maltase activities in the gastrointestinal tract were
not related to weaning weight or the duration of creep
feeding during lactation. More recently, Bruininx et al.
(2004) reported that there was no association between
creep feed intake before weaning and gut morphology
at five days after weaning.

Yet another argument offered in support of creep
feeding during lactation is that it familiarises piglets
with solid feed so that the transition at weaning is less
stressful. However, there is little robust evidence to
support this sentiment. For instance, Kuller et al. (2004)
conducted a study in which sows were either
intermittently suckled for 12 h/d from day 11 to
encourage their piglets to become familiar with creep
feed before weaning or continuously suckled over a

Table 2 The effects of birth weight and provision of milk replacer during lactation on growth and performance of pigs to
market weight at 110 kg (adapted from Wolter et al. 2002b).

Birth weightA Milk replacerB P–value

Heavy Light Yes No Birth weight Milk replacer

BWC (kg)

Birth 1.83 1.32 1.58 1.58 0.001 0.76

Weaning 6.58 5.72 6.60 5.69 0.001 0.001

End of study 110.3 109.2 109.7 109.9 0.14 0.80

Daily gain (g/d)

Birth to weaning 222 205 236 192 0.05 0.95

Weaning to 14 kg 450 409 421 432 0.001 0.26

25 kg to 65 kg 952 904 943 913 0.01 0.08

Weaning to 110 kg 851 796 827 820 0.001 0.43

Feed intake (g/d)

Weaning to 14 kg 489 448 469 466 0.001 0.75

25 kg to 65 kg 1863 1800 1871 1791

Weaning to 110 kg 1866 1783 1841 1808 0.001 0.17

Gain : Feed

Weaning to 14 kg 0.93 0.90 0.90 0.92 0.01 0.05

25 kg to 65 kg 0.52 0.50 0.51 0.51 0.41 0.24

Weaning to 110 kg 0.46 0.45 0.45 0.45 0.11 0.37

Days from birth to 110 kg BW 141 148 143 146 0.001 0.01
A
Heavy pigs weighed 1.8 kg (SD = 0.09 kg) and light pigs weighed 1.3 kg (SD = 0.07 kg) at birth

B
Milk replacer was offered ad libitum from plastic milk feeders from day 3 of lactation. Replacer was prepared by hand–
mixing a commercial milk powder (280 g/kg crude protein, 23 g/kg lysine, 15.6 MJ/kg ME) with warm water (30°C) in ratio of 1
part powder to 10 parts warm water

CBW: body weight
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27–day lactation. They found that although piglets that
had been subjected to intermittent suckling consumed
more creep feed during and after lactation than those
that had suckled continuously, bodyweights of these
groups were identical by the seventh day after weaning.

Despite the large body evidence on the effects of
creep feeding, evidence in support of the notion that
creep feeding during lactation improves growth
performance after weaning is equivocal (e.g., Barnett
et al. 1989; Pajor et al. 1991; Fraser et al. 1994). Pluske
et al. (1995) and Brooks and Tsourgiannis (2003)
reported large variation in the apparent intake of creep–
fed piglets (assessed on a litter basis). Pluske et al.
(1995) estimated that the contribution of creep feed to
daily energy intake prior to weaning at 21–35 days of
age ranged from 1.2% to 17.4%; these estimates were
confirmed by Lawlor et al. (2002a). The intake of dry
creep feed during lactation is low, variable and, in pigs
weaned at less than about 21 days of age, unlikely to
influence weaning weight appreciably (King and Pluske
2003). However, Appleby et al. (1991) reported that creep
feed intake during a 27–day lactation was enhanced
when piglets were provided with a feeder with eight
access points rather than two, and that piglets that ate
more solid feed before weaning gained more weight in
the 14 days after weaning. Despite this, pigs with a
higher intake were also heavier at birth, possibly
confounding the effects. Appleby et al. (1992) reported
an inverse relationship between birth weight and creep
feeding behaviour, but by 42 days of age there was no
difference in bodyweight between the groups.

Creep feed consumption varies substantially
within and between litters. Fraser et al. (1994) estimated
that creep feed intake accounted for only 1–4% of the
variation in bodyweight gain in piglets during the first
14 days after weaning at 28–days of age even though
there were significant litter–of–origin effects on the
intake of dry feed during lactation. Pluske et al. (1995)
and King and Pluske (2003) commented that there is a
highly significant effect (30% to 60% of total variance)
of litter–of–origin on weaning weight and subsequent
post–weaning performance. This indicates that pre–
weaning factors have a major influence on weaning
weight and subsequent growth rate; pre–natal (e.g.,
placental efficiency) and post–natal components are
likely to exist. Rooke et al. (1998) reported that the
relative importance of pre–natal vs. post–natal effects
on weight was 3:1.

In a novel approach, Bruininx and colleagues in
The Netherlands used faecal Cr2O3 as a marker for
classifying piglets as ‘good eaters’, ‘moderate eaters’,
or ‘non eaters’ of creep feed during lactation. Using
this approach in conjunction with computerised feeding
stations that recorded individual feed intake after
weaning, Bruininx et al. (2002b) found that pigs classed
as ‘good eaters’ pre–weaning took less time to eat after
weaning compared with other groups, and that they
consumed more feed during the first eight days after
weaning. By day 34 after weaning, the effect of greater

creep feed consumption during lactation intake on feed
intake was less pronounced, although daily gain was
still higher. The methodology used in this study
indicated that some pigs eat more than others do after
weaning because of their higher pre–weaning
consumption of dry feed. However, no data were
provided on whether this advantage persisted until
slaughter. A study in Western Australia (Pluske et al.,
unpublished data) is seeking to clarify this relationship.

The nutrient composition of the diet consumed
during lactation also appears to have an influence on
subsequent weight gain. Dunshea et al. (1999) found
that providing skim milk powder (20% dry matter) from
day 10 of a 20–day lactation not only increased weaning
weight by 0.7 kg, but also had a significant positive
effect on bodyweight at 42 and 120 days after weaning
compared to piglets that did not receive the milk
supplement. Wolter and Ellis (2001) reported that
weaning weight had a greater effect on age at slaughter
than growth rate in the first two weeks after weaning,
which was manipulated by offering a liquid milk replacer.
However, milk replacer was not offered during lactation.
These contrasting results are difficult to reconcile, but
Williams (2003) postulated that consumption of skim
milk powder during suckling might have compensated
for the inferior quality of sow’s milk because it has a
better protein:energy ratio for muscle accretion
(Campbell and Dunkin 1982; Williams 1995).

In their review, King and Pluske (2003) reported
that pigs offered a liquid milk replacer during lactation
had a weight advantage of 11% to 35% at weaning. Heo
et al. (1999) reported that 14–day–old weaned piglets
fed a liquid milk replacer achieved a mean growth rate of
470 g/d in the first seven days after weaning. Kim et a1.
(2001) showed that feeding 11–day–old weaned piglets
a liquid milk–replacer for the first 14 days after weaning
using an automated milk machine increased weight
at 28 days of age by 1.62 kg. This advantage was
maintained to market weight. There was no evidence of
compensatory gain in dry–fed control pigs, and the
liquid–fed pigs reached market weight 3.7 days earlier
than the dry–fed pigs. These results demonstrate the
potential benefit of additional nutrients for weaning
weight and a clear benefit of using supplemental milk
replacer. However, Armstrong and Clawson (1980) did
not observe increased growth in piglets offered liquid
milk replacer during a 21–day lactation; perhaps this
indicates that the sow provided sufficient milk.

Offering liquid milk replacer during and after the
weaning period has also been shown to reduce the
severity and extent of the growth check. Dunshea et al.
(1999) attempted to alleviate the post–weaning growth
check by providing extra milk at the time of weaning.
Pigs that were offered liquid milk replacer in addition to
dry starter feed gained 1.2 kg during the first week after
weaning whereas pigs that received only dry starter
feed gained 0.4 kg during this period. The effects of
liquid milk replacer before weaning and in the first week
after weaning were additive; pigs that received liquid
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milk replacer before and after weaning were 10% heavier
at 120 days of age than pigs that were suckled by the
sow only and weaned onto dry starter feed (Dunshea
et al. 1999). Much of this improvement is most likely
attributable to the extra nutrient intake from
supplemental milk replacer prior to and immediately after
weaning. Furthermore, King et al. (1998) reported that
provision of either bovine milk or a synthetic milk
formulation for 24 days of a 28–day lactation enhanced
piglet growth rate compared to counterparts that were
not offered milk. Piglets offered bovine milk drank 130%
more than piglets offered the synthetic milk supplement.
Collectively, it would appear that the practice of offering
newly weaned pigs a milk replacer has the best potential
for overcoming the post–weaning decline in dry matter
intake and hence increasing growth rate after weaning.

Liquid diets for enhancing feed intake
before and after weaning
In contrast to the equivocal data on the intake of dry
creep feed, liquid feed (dry diets in a gruel/slurry form
or liquid milk diets) appears to be a promising way of
increasing weaning weight and post–weaning
performance. Brooks and Tsourgiannis (2003) state that
a liquid diet has a dry matter content similar to that of
sow’s milk, satisfies nutrient and water requirements
and overcomes the problem of learning to consume solid
feed. Solid diets in the form of gruel/slurry induce an
association of feed with water, which could enhance
dry matter intake. Toplis et al. (1999) stimulated piglets
to consume 374 g/d of gruel (1:2 :: meal:water) in the last
10 days of a 24–day lactation, yet they weighed
0.2 kg less than piglets that only suckled. However,
gruel–fed pigs grew 150% faster in the 35 days after
weaning than those that did not receive creep feed
during lactation (150 g/d vs. 49 g/d), and 30% faster
(416 g/d vs. 317 g/d) for five weeks after weaning. The
possible reasons for this were not discussed. Lawlor
et al. (2002b) did not observe consistent effects of
feeding liquid feed or acidified liquid feed to pigs weaned
at 28 days of age. From a limited number of studies, it
would appear that benefits derived from feeding weaner
diets in liquid (gruel/slurry) form are equivocal.

Lactation management techniques and
early growth of piglets
Under current husbandry systems, the piglet relies
mainly on the milk of the sow for nutrients. Piglets
consume colostrum within 24–36 hours of parturition
and then consume milk at regular intervals until weaning
(Pluske and Dong 1998). The intake of colostrum before
closure of the lining of the small intestine to
immunoglobulins is of critical importance to subsequent
survival and performance of the young pig, even in the
post–weaning period (see Pluske and Dong 1998; King
and Pluske 2003). Colostrum is given to weaker piglets
and in cases of agalactia to increase survival rate,
weaning weight, and to reduce variation in weaning

weight (King and Pluske 2003). Practices such as split
weaning and cross suckling immediately after birth
ensure a more equitable distribution of colostral
immunoglobulins across the spectrum of weights within
a litter (Donovan and Dritz 2000). Many studies have
shown benefits of colostrum in terms of gut
development, thermogenesis, protein synthesis and
protection against enteric pathogens (Le Dividich and
Noblet 1981). Split weaning involves weaning part of
the litter and leaving the lighter pigs to suckle for an
additional 5–7 days. Several workers have shown that
the light piglets that remain with the sow grow faster
than those that have to compete with larger littermates
(Le Dividich 1999). For example, Pluske and Williams
(1996) split–weaned the heavier piglets from litters at
22 days of age and showed that the bodyweight of the
remaining piglets increased by 60% during the following
week. Lighter piglets of split–weaned litters weighed
15% more than those of full litters at weaning at 29 days
of age (7.7 kg vs. 6.7 kg) but this weight advantage
dissipated by nine weeks of age (19.3 kg).

Post–weaning nutritional and
management interventions for
growth until slaughter
In a series of experiments conducted at The University
of Illinois, Wolter and colleagues used in excess of
6,000 pigs weaned at approximately 21 days of age to
study the influence of diet (pre– and post–weaning),
space allocation, feeder–trough space, group size and
stocking density on performance in wean–to–finish pig
units (Wolter et al. 2000, 2002a, 2002b, 2003a, 2003b). A
consistent feature of these studies (Table 3) was that
interventions during the first eight weeks after weaning
such as diet complexity and changes to space allocation
had no impact on weight or carcass parameters at market
stage (114 kg). Pigs that were fed the simple diet or
restricted in space did not perform as well as pigs given
the alternative treatments during the eight weeks after
weaning but compensated afterwards. Nevertheless, the
variation in growth of pigs fed the simple diet was greater
than that of pigs fed the complex diet and more pigs
were removed from the trial from the restricted treatment
than from the unrestricted treatment (Wolter et al. 2003a).

Wolter and Ellis (2001) used a 2 × 2 × 2 factorial
design to study the effects of weaning weight (5.4 kg
vs. 3.9 kg), post–weaning growth rate and gender
(barrows vs. gilts) on performance after weaning. Post–
weaning growth rate was accelerated by a regimen in
which pigs were housed in a special nursery and fed
milk replacer plus a dry diet for 14 days after weaning;
this was compared to a conventional regimen in which
pigs were housed in a standard nursery for an equivalent
period and fed a dry diet only. Housing and nutrition
from the end of the treatment period until slaughter at
100 kg were identical. The accelerated growth treatment
resulted in greater weights than the conventional
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treatment at 14 days after weaning (9.2 kg vs. 8.1 kg)
and at 56 days of age (19.6 kg vs. 18.3 kg). However,
early growth rate had no effect on growth from 35 days
of age to slaughter weight or days to slaughter weight.
Pigs of the conventional treatment had 1.5 mm more
backfat at slaughter than those of the accelerated
treatment. Pigs that were heavier at weaning were heavier
at birth and at 56 days of age and reached slaughter
weight 8.6 days earlier than those that were lighter at
weaning. In this study, weaning weight had a greater
effect on age at slaughter than growth rate during the
first two weeks after weaning (Wolter and Ellis 2001).

Dunshea et al. (2003) designed a 2 × 2 × 2 factorial
study to investigate how gender, weaning age (14 days
vs. 28 days) and weaning weight (heavy vs. light)
influences post–weaning performance and performance
to slaughter. The greatest determinants of performance
after weaning were age and weaning weight but the key
determinant of lifetime performance was weaning weight
and by inference, birth weight. Age at weaning had little
effect on lifetime growth rate, but back–fat thickness at
slaughter for pigs weaned at 14 days was increased
relative to that of pigs weaned at four weeks of age.
Therefore, heavy–for–age pigs appear to outperform

other studies. light–for–age pigs; these results concur
with numerous other studies. light–for–age pigs; these
results concur with numerous other studies.

Rearing and housing effects on lifetime
performance
In a study conducted at the Department of Agriculture’s
Medina Research Station in Western Australia, H.G.
Payne and others investigated the influence of rearing
environment (indoor born vs. outdoor born) and
housing system (conventional semi–slatted flooring vs.
deep litter flooring) on performance and carcass
characteristics from weaning to slaughter at ~ 105 kg. In
a second trial, they investigated the effect of creep
feeding during a 28–day lactation on pre– and post–
weaning performance and performance and carcass
characteristics to slaughter at ~ 105 kg. These studies
are, to our knowledge, the first to investigate
associations between pre– and post–weaning
environments with deep–litter systems. The second
study is one of only a few in which weight at birth,
weaning and slaughter, and time to a constant slaughter
weight was measured.

Table 3 The effects of diet complexity and space allocation during the first eight weeks after weaning on growth
performance of pigs (adapted from Wolter et al. 2003a).

Treatment

Diet complexityA Space allocationB P–value

Simple Complex Restricted Unrestricted SEM Diet Space D × S

BWC (kg)
Weaning 5.0 5.0 5.0 5.0 0.01 0.74 0.91 0.91

After week 2 7.0 7.5 7.3 7.3 0.04 0.001 0.41 0.30

After week 4 11.9 12.5 12.1 12.3 0.08 0.001 0.05 0.19

After week 8 28.0 28.8 27.4 29.3 0.20 0.01 0.001 0.65

After week 23 114.4 114.4 114.5 114.3 0.37 0.81 0.69 0.94

Daily gain (g)

Weaning–week 2 147 182 163 166 2.7 0.001 0.43 0.38

Weeks 5–8 574 580 548 607 5.3 0.41 0.001 0.21

Weaning–week 23 680 679 680 678 2.9 0.87 0.61 0.82

Feed intake (g/d)

Weaning–week 2 205 239 217 227 2.3 0.001 0.01 0.70

Weeks 5–8 942 937 903 977 7.8 0.62 0.001 0.74

Weaning–week 23 1671 1673 1678 1666 8.0 0.90 0.34 0.68

Gain : Feed

Weaning–week 2 0.72 0.76 0.75 0.73 0.008 0.001 0.10 0.37

Weeks 5–8 0.61 0.62 0.61 0.62 0.003 0.03 0.01 0.12

Weaning–week 23 0.40 0.40 0.41 0.40 0.001 0.91 0.41 0.67
A
Both diets contained cereal grain and soybean meal. The simple diet contained less milk products, processed carbohydrates
and animal proteins than the complex diet

B
Restricted, 2 cm feeder–trough space per pig and 0.21 m

2
 floor space per pig; unrestricted, 4 cm feeder–trough space per

pig and 0.64 m
2
 floor space per pig

CBW: body weight
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In the first study, two replicates of a 2 × 2 factorial
experiment were used to examine associations between
pigs born indoors or outdoors and kept indoors
(intensive) or on deep litter after weaning at
approximately 21 days of age. In the first replicate
(21 November 2002 to 8 April 2003), antimicrobials were
included in the creep/starter diet to protect pigs against
intestinal diseases. In the second replicate (23 October
2003 to 17 March 2004), antimicrobials were omitted from
the creep/starter diet. The results from both replicates
are shown in Tables 4 and 5.

Despite some inconsistencies in production
indices between the two replicates, which were probably
a consequence of the antimicrobials in the creep/starter
diet in replicate 1, carcass weight and dressing
percentage of outdoor–born pigs and pigs raised on

deep litter was consistently higher than those born
indoors and raised on conventional flooring (Tables 4
and 5). Further analysis showed that pigs that were
born outdoors, reared outdoors for the duration of
lactation, and then housed on deep litter had a higher
bone mineral content and a higher bone density, which
may be due to the additional physical activity of pigs in
these environments. Cox and Cooper (2001) and
Johnson et al. (2001) reported that outdoor pigs spent
more time walking compared to indoor pigs. Exposure
to ultra–violet light outdoors may have promoted
synthesis of vitamin D and caused greater reabsorption
of calcium from the digestive tract.

Payne and colleagues investigated the influence
of pre–weaning nutrition on whole–of–life growth
performance and carcass composition. The aim was to

Lactation environment Post–weaning environment

Indoor Outdoor Intensive Deep litter

Start weight (kg) 5.6 5.6 5.6 5.6

47–day weight (kg) 25.3 24.8 25.3 24.8

Final weight (kg) 107.3 107.3 107.0 107.6

Days on trial 143 A151*** 149 145

Daily gain (weaning–47 days; g/d) 418 409 418 409

Daily gain (weaning–finish; g/d) 721 683 686 718***

Carcass weight (kg) 79.3 81.1*** 79.1 81.0***

P2 fat thickness (mm) 12.4 13.5 12.3 13.6***

Dressing percentage 73.4 75.1*** 73.5 74.9***

Feed consumed (weaning–finish; kg/d) 1.71 1.69 1.63 1.77

Feed : gain (weaning–finish) 2.42 2.52*** 2.40 2.54***

Table 5 Main effects of lactation and post–weaning environments on pig production in replicate 2 in which antimicrobials
were not included in creep/starter diets.

***Statistically different (P<0.05) main effect (i.e., lactation vs. post–weaning environment) within rows.

Lactation environment Post–weaning environment

Indoor Outdoor Intensive Deep litter

Start weight (kg) 5.5 5.7 5.5 5.7

47–day weight (kg) 25.1 27.7*** 25.4 A27.4***

Final weight (kg) 106.2 106.8 106.4 106.7

Days on trial 137 137 139 134***

Daily gain (weaning–47 d; g/d) 416 467*** 423 460***

Daily gain (weaning–finish; g/d) 744 740 727 758***

Carcass weight (kg) 79.2 81.0*** 79.1 81.0***

P2 fat thickness (mm) 13.6 14.2 14.2 13.6

Dressing percentage 74.4 75.8*** 74.4 75.9***

Feed consumed (weaning–finish; kg/d) 1.77 1.77 1.71 1.83***

Feed : gain (weaning–finish) 2.38 2.36 2.32 2.42***

Table 4 Main effects of lactation and post–weaning environments on pig production in replicate 1 in which the creep/starter
diet contained antimicrobials.

***Statistically different (P<0.05) main effect (i.e., lactation vs. post–weaning environment) within rows
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examine the effect of substrates available to outdoor
piglets in the previous experiment during lactation in
the absence of other factors present in the outdoor
milieu. Twenty–four sows and 241 piglets were used in
two replicates of 12 sows and their litters. After
farrowing, equalisation of litter size and standard
husbandry procedures were applied. Sows and their
litters were allocated to one of three pre–weaning
nutritional treatments: no creep feed, a commercial
pelleted creep feed or an outdoor mix. The latter
consisted of a mixture of sow feed, fresh straw, soil and
organic matter (faeces, stubble) in a ratio of
approximately 5:1:25, which simulated materials that
outdoor born–and–reared piglets consume. The
commercial and outdoor diets were offered between
7 days of age and weaning at 28 days. After weaning,
piglets were all fed and housed indoors under identical
conditions until slaughter at approximately 105 kg. The
diets did not contain growth promoting antibiotics or
pharmacological levels of Zn or Cu.

Growth rate during lactation did not differ (P>0.05)
between treatments. However, pigs allocated to the
nutritional treatments performed better (P<0.001) in the
first week after weaning (123 g/d and 117 g/d for
commercial and outdoor treatments, respectively)
compared with piglets that were not offered creep feed
(76 g/d). Pigs that were offered no creep feed, the
commercial diet or the outdoor diet grew at 769, 756 and
789 g/d respectively between weaning and slaughter
(P<0.005; LSD = 20.5). There was no difference between

treatments (P>0.05) in daily gain between birth and
slaughter. Nevertheless, the outdoor diet had a
stimulatory effect on hot carcass weight and dressing
percentage after statistical correction for birth weight,
gender, P2 back–fat depth and liveweight at slaughter
(Table 6). These data concur with the previous
experiment conducted by Payne and colleagues in
Western Australia and suggest that, in this particular
genotype, factors associated with exposure to an
outdoor environment have a beneficial effect on carcass
conformation 19–20 weeks later.

These results indicate that factors before and after
weaning influence carcass weight and dressing
percentage. In the first experiment, it was evident that
the increased carcass weights and dressing percentages
of pigs housed on deep litter after weaning were
independent of the pre–weaning environment. In the
second experiment, the effects of ingestion of the
outdoor mix before weaning persisted until slaughter.
We suggest that the increase in carcass weight was
due to increased bone mass.

Conclusions
The relationships between early nutrition and
subsequent lifetime performance are clearly of interest
to the pig industry and would be of particular utility for
improving productivity and profitability if they could
be defined more precisely. Our current view is that the

Treatment during lactation

No creep feed Commercial creep feed Outdoor mixA LSDB (5% level)

Body weight (kg)

Weaning (28 d) 9.1 8.7 8.9 0.9

7 d post–weaning 9.7 9.8 10.0 0.8

28 d post–weaning 18.7 19.3 19.9 1.6

Final weight 107.1 106.2 107.4 1.4

Daily gain (g/d)

Birth–weaning 266 256 260 31

Weaning–7 d after weaning 60 123 131 63**

Weaning–28 d after weaning 344 366 378 63

Birth–day after weaning 307 316 325 23

Birth–finish 677 677 693 23

Weight/ageC (g/d) 686 687 701 24**

HCWD (Trim 13; kg) 70.4 70.3 71.7 1.27**

P2 fat thickness (mm) 12.4 12.7 13.2 1.78

Dressing percentage 65.7 65.9 66.8 1.08**
A
Outdoor mix consisted of creep feed, straw, soil and organic matter

B
LSD: least significant difference

C
Weight/age = (Final weight/final age)*1000

D
HCW: hot carcass weight

Table 6 Effects of offering no creep food, commercial creep feed, or an outdoor mix on performance and carcass
characteristics of pigs from birth to slaughter.



Early feeding for lifetime performance of pigs    179

weight of the pig at birth, and consequently at weaning,
explains a considerable proportion of the variation in
postnatal growth. Numerous dietary and management
interventions have been used with varying degrees of
success to manipulate weaning weight and growth rate
after weaning with the aim of maintaining a weight
advantage to slaughter. It appears possible to change
the association between liveweight early in life and
lifetime performance to some extent by providing liquid
milk diets early in life. However, recent data show that
processes occurring before and after weaning may
influence carcass weight and dressing percentage of
pigs that weigh more than 105 kg at slaughter. In
particular, the effects of rearing environment during
lactation, type of creep feed consumed during lactation
and housing system after weaning appear to influence
carcass weight and dressing percentage.
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