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Abstract
Weakened growth and development of embryos as well as of fetuses or their organs (IUGR) show 
a relationship with increasing sow fertility. When aiming to increase birth weight in piglets and 
reduce within-litter variation in piglet body weight, efforts should be made to maintain a favour-
able maternal environment (uterus-placenta-embryo). Intrauterine undernutrition can be limited 
through the hormonal and/or nutritional treatment of pregnant sows. This has an effect on prena-
tal myogenesis, resulting in better development of skeletal muscles, higher birth weight of piglets, 
and progression in postnatal growth rate.
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Intrauterine crowding in mammals
The causes of low birth weight in piglets are determined using two terms: in-

trauterine crowding (IUC) and intrauterine growth retardation (IUGR). The latter is 
defined as impaired growth and development of the mammalian embryo/fetus or its 
organs during pregnancy (Wu et al., 2004; Wu et al., 2006).

Intrauterine fetal growth is a complex biological process influenced by genetic, 
epigenetic and environmental factors. These factors affect placental size and func-
tional efficiency, placental blood flow, delivery of maternal oxygen and nutrients 
to the fetus, nutrient availability to the fetus, hormonal balance, and the balance of 
metabolic pathways. Alterations in fetal nutrition and endocrine status may influence 
adaptive and developmental changes, structural, physiological and metabolic chang-
es, and postnatal growth (Chmurzyńska, 2010). The impairment of fetal growth po-
tential can be primary or secondary (Zhu et al., 2010). The primary causes are of 
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genetic, vascular, autoimmune and infective origins, and the secondary cause is inad-
equate fetal nutrition. Of great importance in IUGR induced by fetal undernutrition 
is weakened placental synthesis of nitric oxides (NO), which has an effect on vascu-
lar efficiency. Another important factor is the synthesis of polyamines, which serve 
vital functions in regulation of DNA and protein synthesis in fetal endothelium (Wu 
et al., 2004). IUGR was induced by experimental inhibition of NO synthesis through 
inactivation of nitric oxide synthases in rats. The lack of the enzyme caused IUGR 
to occur in mice. Studies with sheep showed that weakened nitric oxide synthesis at 
placental and fetal levels is paralleled by decreases in distensibility of blood vessels 
and blood flow between them.

Wu et al. (2004) believe that maternal nutritional status can change the epigenetic 
state of the fetus, while DNA methylation and histone modification alter DNA ex-
pression. It follows from the description of fetal programming that nutritional stimuli 
during fetal development may leave a permanent imprint by changing the epigenetic 
state of the fetal genome and gene expression. The identified mechanisms of epige-
netic effects include changes in DNA methylation (replacement of cytosine within 
CpG dinucleotides in the mammalian genome) and histone modifications (acetyla-
tion and methylation). CpG methylation can affect chromatin conformation, while 
DNA methylation and histone modifications may modify amino acid and nutrient 
availability. In mice and rats, amino acid deficiency was found to influence genomic 
DNA methylation and reduce the expression of some genes important for fetal de-
velopment. 

Fetal undernutrition is quite common in the animal world. The peri-implantation 
period and the period of rapid placental development are particularly important with 
regard to IUGR. Ishida et al. (2002) attributed a key role in fetal development to ar-
ginine, which is a common substrate for the synthesis of nitric oxide and polyamines, 
the role of which was described by Wu et al. (2004). They are key regulators  
of angiogenesis and embryogenesis, being responsible for cell proliferation and 
differentiation (Ishida et al., 2002). Arginine deficiency hinders fetal development  
and increases perinatal mortality. The arginine-supplemented diet has positive  
effects by improving fetal growth and development and reducing the mortality  
rate. Fetal development is positively affected by a diet that meets 100% of the  
requirement for folic acid, vitamin A, iron, zinc and magnesium. In pregnant fe- 
males, a vital role in fetal development is also played by lipid and carbohydrate 
metabolism. Diets enriched with omega-3 long-chain fatty acids were found to be 
particularly beneficial during both pregnancy and the nursing period (Ishida et al., 
2002). 

IUGR is a cognitively interesting research problem of utilitarian and health im-
portance not only to animals but also humans (Wu et al., 2004). In the western USA 
intrauterine growth restriction (IUGR symptoms) is found in 5% of the children, 
which may predispose them to metabolic, endocrine and cardiovascular diseases in 
adulthood. The intrauterine environment is a more important determinant of fetal 
growth than the fetal genome. Embryo transfer studies show that it is the recipient 
mother rather than the genetic (donor) mother that more strongly influences fetal 
growth (Wu et al., 2004).
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Prolificacy and intrauterine growth retardation
High prolificacy of sows and increased fetal survival lead to greater incidence of 

intrauterine crowding (IUC), which may affect pre- and postnatal development of 
the progeny.

Selection for prolificacy, creation of lines with very good reproductive traits, 
and the common use of maternal heterosis shown by two-breed cross sows have in-
creased litter size at birth. Increases in sow fertility and also in piglet mortality were 
noted in many countries, including Switzerland, France, Great Britain, and Poland 
(Bee, 2007; Boulot et al., 2010; Orzechowska and Mucha, 2010).

The results of selection experiments indicate that there is still room for impro- 
vement in reproductive traits of the sows (Johnson et al., 1999; Ruiz-Flores  
and Johnson, 2001). Johnson et al. (1999) found that ovulation rate and corpora  
lutea increased by 6.5 during 11 generations. However, at 50 days of gestation,  
the number of fetuses was greater by only 2.8, and the total number of pigs per  
litter by only 0.8. According to Ruiz-Flores and Johnson (2001), one should not 
expect litter size to improve by more than 8–10% when using multigenerational se-
lection.

Prenatal survival is correlated to uterine space. Fetuses that develop in a crowded 
intrauterine environment with limited space are at a greater risk of perinatal and 
postnatal mortality compared to piglets that develop under normal conditions (Chen 
and Dziuk, 1993; Ryan and Vandenbergh, 2002). Pig fetuses require at least 36 cm of 
uterine length on day 50 of gestation to develop normally (Wu et al., 1999), but this 
condition is not always met with improved fertility.

According to German and Canadian researchers, production efficiency of sows 
of modern genotypes is determined by a large number of piglets born and weaned 
per litter, per year and during the breeding lifetime (Quinton et al., 2006; Müller, 
2011). Brüssow et al. (2011) indicate that breeding progress in reproductive traits, 
which are characterized by low heritability and repeatability, is small. Expression 
of even the best genotype can be constrained by adverse effects of the external and 
internal environment that occur continuously (Onteru, 2011). The environment influ-
ences the animal through feeding, housing and reproductive technique. Reproductive 
performance is ultimately determined by the age of females, embryonic and fetal nu-
trition during pregnancy, intrauterine position, uterine capacity, fetal crowding and 
litter size, as well as the endocrine and hormonal processes in maturing and mature 
healthy females.

Piglet weight at birth and its within-litter variation are important in productive and 
economic terms. Increased litter size decreases mean birth weight (r = –0.46) (Mil-
ligan et al., 2002). When litter size increases, within-litter birth weight variation also 
increases (Quiniou et al., 2002; Tribout et al., 2003; Boulot et al., 2010), making the 
litter less uniform (Milligan et al., 2002; Bee, 2007; Beaulieu et al., 2010). In a study 
with a large number of litters (n = 965), Quiniou et al. (2002) found that an approx. 
45% increase in litter size reduced mean birth weight of piglets by over 20% and 
increased the proportion of piglets weighing <1 kg by 16%. According to Quiniou et 
al. (2002) and Boulot et al. (2010), mortality in the group of piglets weighing <1 kg 
is 3- to 5-fold higher than in the group of piglets weighing >1.0 kg. Low body weight 
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and high within-litter variation at birth are negatively correlated with piglet survival 
(Herpin et al., 2002) and may affect productive traits such as growth rate during 
growth and fattening, and carcass meatiness and fatness. Therefore, preference in 
reproduction is given to sows born to females of high uterine capacity, because this 
increases the chance for improved litter size (Vallet et al., 2002). Koczanowski et al. 
(2006) found that the uterine horn length and uterine weight are positively correlated 
with the number of fetuses and their survival. However, the presence of runt piglets 
in litters is directly proportional to litter size, which is generally determined around 
30 days of gestation (Foxcroft et al., 2006). 

When investigating the effect of intrauterine crowding, Pere and Etienne (2000) 
showed that uterine blood flow decreased with increasing number of fetuses per uter-
ine horn, while the increasing competition for food may reduce fetal growth due to 
undernutrition. Foxcroft et al. (2006) express the view that inadequate transfer of 
nutrients and oxygen from mother to the fetus reduces its growth. As a consequence, 
newborn piglets are light and have limited capacity for compensatory growth. Stud-
ies by Rehfeldt et al. (2011, 2012 a, b) suggest, however, that lower birth weight of 
piglets, lower muscle weight, and differences in chemical composition of the body 
and histological structure of muscles may be compensated during the maternal nurs-
ing period and during the later growth period. The potential for increasing the number 
and diameter of fibres was described by Rehfeldt and Kuhn (2006). From birth to 5 
weeks of age, the number of muscle fibres in piglets may increase by over 60%, from 
approx. 0.4 to 0.65 million. In subsequent weeks, the scale of change in the number 
of fibres is much lower. Finally, at the age of around 32–33 weeks, the number of 
fibres is approx. 0.75 million. Meanwhile, fibre diameter clearly increases, from ap-
prox. 25 µm at 5–6 weeks of age to 70–75 µm at slaughter. These changes may form 
the basis of compensatory growth in growing pigs.

Canario et al. (2010) estimated the coefficients of genetic correlation to be  
r = –0.40 between the number of live born piglets and their weight on day 21, and 
r = +0.59 between neonatal weight and body weight on day 21. They found herit-
ability of homogeneity in body weight of piglets at birth and on day 21 to be low at 
h2 = 0.10 and h2 = 0.08, respectively. However, based on a thorough analysis of the 
results obtained, the same authors believe that genetic selection for equalized piglet 
weight is possible because of a high genetic correlation (r = +0.51) between standard 
deviations for piglet weight at birth and on day 21.

Influencing fetal intrauterine conditions falls within the scope of fetal develop-
mental programming. Based on literature data, Foxcroft et al. (2006) concluded that 
IUGR-induced lower birth weight, poorer postnatal growth performance, smaller 
muscle development as fatteners, and failure of compensatory growth to equalize 
inadequate body weight are determined not only by their low birth weight but also 
by conditions of myogenesis during fetal life. The same authors distinguished five 
stages in the life of pigs, important for the rate of growth and development of skeletal 
muscles:

Stage 1 – from conception to 35 days of gestation – uterine crowding,
Stage 2 – from 35 to 55 days of gestation – primary muscle fibre formation,
Stage 3 – from 55 to 90 days of gestation – secondary muscle fibre formation,
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Stage 4 – from 90 to 95 days of gestation – establishment of muscle fibre 
number,

Stage 5 – after birth – hypertrophic growth and maturation of muscles.
Foxcroft et al. (2006) concluded that giving preference to hyperprolific sows, 

without influencing intrauterine crowding, will not contribute to increasing pork pro-
duction efficiency.

Secondary fibre myogenesis in pigs (Dwyer et al., 1994) and ruminants (Du et al., 
2010; Funston et al., 2010) can be influenced through nutrition. Increased nutrition 
in mid-gestation sows (55–90 days) increases the number of secondary fibres in the 
progeny (Dwyer et al., 1994), which may improve the rate of their growth and feed 
conversion efficiency in the later stages of growth. Embryo developmental program-
ming in farm animals accounts for traits such as growth, muscling and fatness. Skel-
etal muscles develop through myogenesis and adipogenesis. Both forms of cells are 
derived from mesenchyma and their differentiation depends on beta-catenin signal-
ling. Up-regulation promotes myogenesis and down-regulation enhances adipogen-
esis. Interactions between myogenesis and adipogenesis may affect intramuscular fat 
content, and thus meat quality.

The increasing sow fertility is associated with weakened growth and develop-
ment of embryos as well as of fetuses or their organs (IUGR). If we aim to increase 
birth weight in piglets and reduce within-litter variation in piglet body weight, efforts 
to this end should focus on maintaining a favourable maternal environment. Intrau-
terine undernutrition can only be limited through the hormonal and/or nutritional 
treatment of pregnant sows. Well-balanced diets that meet the nutritional require-
ments have a positive effect on prenatal myogenesis and adipogenesis. Better growth 
and development of skeletal muscles is found in fetuses.

Dietary and hormonal treatments that reduce IUGR
The achievement of proper prenatal myogenesis and body weight increase in 

piglets, especially the low within-litter variation of body weight, can be influenced 
in two ways:

– through genetic selection, and
– by contributing to a favourable state of the intrauterine environment.
For fetal development and weight gain, it is essential that primary fibres are 

formed from myoblasts between 25 and 50 days of gestation, the number of which 
is genetically determined (Wu et al., 2006). Secondary fibres begin to form at  
50–55 days and their number is established at around 90–95 days of gestation. In 
different species of animals, this process is largely affected by the environment, no-
tably nutrition (Ashton et al., 2005; Nissen et al., 2005; Rehfeldt, 2005). The fibres, 
characterized by high plasticity, are finally transformed to type I, IIA and IIB muscle 
fibres. During fetal life, not only the total number of muscle fibres is established, but 
also adipocytes – which determine the content of intramuscular fat, a determinant 
of meat flavour and juiciness – are also formed (Du et al., 2010). Therefore, there is 
more and more research concerning the effect of feeding pregnant sows not only on 
reproductive parameters, but also on the development of progeny, and carcass and 
meat quality (Nissen et al., 2005; Wu et al., 2006; Du et al., 2010; Hill et al., 2010). 
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Research provides no conclusive results (Musser et al., 2004; Cerisuelo et al., 2009). 
While some report a positive effect of more intensive feeding of pregnant sows on 
the number of muscle fibres, the birth weight of piglets, and the rate of their growth 
(Gatford et al., 2003; Markham et al., 2009; Rehfeldt et al., 2012 a, b), others fail to 
confirm a positive effect of feeding pregnant females on the number of muscle fibres, 
fetal weight, piglet weight gains after birth, or meat quality (Nissen et al., 2003; 
McNamara et al., 2011). 

Weakened prenatal growth associated with the course of prenatal myogenesis has 
a residual effect on muscling, fatness and quality of pig meat (Powell and Aberle, 
1981; Dwyer et al., 1994; Gatford et al., 2003; Lefaucheur et al., 2003; Bérard et al., 
2008). This happens because a small number of secondary fibres generated during 
the fetal period, followed by a rapid increase in their size, contribute to the unused 
energy being used for deposition of fat. During gestation, undernourished sows give 
birth to lighter piglets that die more often, grow more slowly and are less efficient 
in feed conversion. During the later growth and fattening period, they produce car-
casses with a lower weight of primary cuts, lower meat content, and poorer meat 
quality (Bee, 2004; Gondret et al., 2005; Rehfeldt, 2005). 

Therefore, efforts are made to limit intrauterine undernutrition through nutri-
tional and hormonal treatment of pregnant mothers. Nutrition research looks at the 
problem comprehensively (Brown et al., 2011; McNamara et al., 2011; Campos et 
al., 2012; Rehfeldt et al., 2012 a, b). It accounts for differences in feed supply dur-
ing the formation of primary and/or secondary fibres in fetuses of pregnant sows  
(Cerisuelo et al., 2009; McNamara et al., 2011), protein supply (Rehfeldt et al.,  
2012 a, b) and L-carnitine supplementation of feed (Lösel et al., 2009; Nissen and 
Oksbjerg, 2009, cited from Oksbjerg et al., 2013), as well as the role of arginine in 
prevention of IUGR (Mateo et al., 2007, cited from Oksbjerg et al., 2013; Wu et al., 
2010, 2013). In a study by Wu et al. (2013), piglet weight and proportion of muscle 
tissue in newborn animals were highest when pregnant sows received a feed with op-
timal protein content (12.1%). These parameters were poorer when sow diet was rich 
(30%) or deficient in protein (6.5%), which confirms the role of protein in the diet 
of pregnant females with regard to IUGR as well as slaughter traits of the offspring. 
It is also interesting to note the antagonistic and synergistic interaction of different 
compounds, including arginine and carnitine (Oksbjerg et al., 2013). Wu et al. (2013) 
emphasize the role of arginine in stimulating the synthesis of placental and uterine 
proteins. When supplemented to the diet of pregnant sows (0.83%), it increases lit-
ter size and weight at birth. The researchers (Remaekers et al., 2006; De Blasio et 
al., 2009; Cambell, 2009; Bérard and Bee, 2010; Gao et al., 2012) cited by Wu et al. 
(2013) demonstrated that arginine supplementation also reduces embryo mortality in 
pregnant sows. Other authors (Greiner et al., 2012; Zier-Rush et al., 2012) cited by 
Wu et al. (2013) hold the view that litter size remains unchanged after excessively in-
creasing the level of arginine to 1.23% or 28 g/sow/day in early and late pregnancy. 

The results of several experiments show that the action of the growth hormone 
(GH), somatotropin (ST) and insulin-like growth factor (IGF-1) is related to fetal 
nutrition as well as birth weight of piglets, their growth and postnatal development 
(Rehfeldt et al., 2001; Sterle et al., 2003; Gatford et al., 2010). In an experiment by 
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Rehfeldt et al. (2001), giving porcine somatotropin (pST) to pregnant sows improved 
the nutrient supply of embryos, as evidenced by changes in biochemical and physi-
ological parameters, increased RNA concentration in the endometrium (showing  
a higher potential for protein synthesis) and increased glucose and protein content in 
amniotic and allantoic fluids. The beneficial effects on the weight of lightest piglets 
led the authors to conclude that the beneficial effect of pST can be selective in nature. 
In another study, Rehfeldt et al. (2004) analysed the results of research investigating 
the administration of the growth hormone to pregnant sows. The authors claim that 
the nutrition of mothers and the somatotropic axis are interrelated. Sow nutrition 
determines the concentration of nutrients, while the somatotropic axis has an effect 
on IGF-1 and IGFBP that regulate their use by fetuses. However, the more rapid fetal 
growth after somatotropin administration in early and mid-gestation does not persist 
until the end of gestation. Experiments with growing pigs suggest that somatotropin 
administration stimulates the synthesis of IGF-1 in the liver and significantly in-
creases the plasma levels of glucose and free fatty acids. While the supplementation 
of nutrients for fetal development can be regarded as direct, the effect of the maternal 
growth hormone is indirect. Maternal somatotropin exerts a large effect on nutrient 
transfer through placenta, which improves the growth conditions for piglets in litter. 
The maternal somatotropic axis plays a significant role in “coordinating” the distri-
bution of nutrients among maternal, placental and fetal tissues.

Effect of birth weight of piglets on postnatal growth
Neonatal body weight has often been studied in terms of its effect on rearing and 

fattening performance as well as quantitative and qualitative slaughter traits (Law-
lor et al., 2007; Bérard et al., 2008, 2010; Schinckel et al., 2010). Beaulieu et al. 
(2010) determined a relationship between birth weight of piglets and growth rate 
until weaning and from weaning to 120 kg of body weight. Piglets from the groups 
with low birth weight had significantly lower daily gains from weaning and during 
fattening compared to animals from the groups with higher birth weights (Table 1), 
which caused them to reach slaughter weight 7 to 9 days later. Studies by different 
authors confirmed a significant effect of piglet birth weight on growth rate from birth 
to weaning (Bee, 2004; Nissen et al., 2004; Lawlor et al., 2007; Bérard et al., 2008, 
2010), during fattening (Nissen et al., 2004; Lawlor et al., 2007; Bérard et al., 2008, 
2010) and collectively during growth and fattening (Gondret et al., 2005, 2006). 

When investigating feed conversion by growing animals differing in birth weight, 
Bee (2004) found no effect of piglet birth weight on feed conversion during fatten-
ing (Table 1). The findings of Gondret et al. (2006) showed 8.4% poorer (P>0.05) 
feed conversion (kg/kg gain) in lighter piglets at birth compared to heavier piglets 
(Table 1). Rehfeldt and Kuhn (2006) showed that piglet birth weight had an effect 
on lifetime daily gains and body weight at 175 days of age, while Quiniou et al. 
(2002) confirmed the relationship and effect of variation in piglet birth weight on 
body weight during the later growth and fattening period. When studying the ef-
fect of body weight in neonates born over 8 successive litters on weaning weight at  
28 days and on survival with mothers, Milligan et al. (2002) obtained best results 
for the heaviest piglets (Table 1). The results obtained after 4 weeks of growth for 
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piglets with different birth weights did not differ significantly. The presence in litters 
of piglets with low body weight was the principal reason for the lack of uniformity in 
neonatal weight, and the differences in body weight persisted at weaning.

Table 1. Effect of birth weight on body weight gains and feed conversion by young pigs (according  
to different sources)

Source

Effect of birth weight on:

daily gain until weaning on day 28 (or day 21*) Bee (2004) – P≤0.05
Bérard et al. (2008, 2010) – NS 
Beaulieu et al. (2010) – P≤0.05 

Gondret et al. (2005, 2006) – P≤0.05 
Lawlor et al. (2007) – NS 

Wolter et al. (2002) – P≤0.01*

daily gain during fattening (or from day 21 to 110 kg b.w.)* Bee (2004) – NS 
Bérard et al. (2008, 2010) – P≤0.05 

Beaulieu et al. (2010) – P≤0.05 
Gondret et al. (2005, 2006) – P≤0.05

Wolter et al. (2002) – P≤0.01*

age at slaughter weight Bérard et al. (2008, 2010) – P≤0.05 
Beaulieu et al. (2010) – P≤0.05 

Gondret et al. (2005, 2006) – P≤0.01 
Wolter et al. (2002) – P≤0.01

feed conversion during fattening Bee (2004) – NS 
Powell and Aberle (1980) – exp. I – NS, 

exp. II – P≤0.05

feed conversion from weaning to slaughter Bérard et al. (2008, 2010) – P≤0.05 
Gondret et al. (2005, 2006) – NS

body weight at weaning on day 28 Lawlor et al. (2007) – P≤0.05 
Milligan et al. (2002) – NS 

Nissen et al. (2004) – P≤0.01

body weight at 157 days of age Lawlor et al. (2007) – P≤0.05

weight gain from 28 to 157 days of growth Lawlor et al. (2007) – NS

weight gain from weaning at 28 days Milligan et al. (2002) – NS 
Nissen et al. (2004) – NS

weight gain during fattening to 104 kg b.w. Nissen et al. (2004) – P≤0.01

The coefficients of correlation calculated by Dwyer et al. (1993) confirm the re-
lationship between birth weight and growth rate in young pigs. Between birth weight 
of piglets and growth rate to 6 kg body weight, which the piglets reached by 4 weeks 
of age, the correlation was r = +0.36, while the correlation between birth weight and 
growth weight after weaning (from 6 to 26 kg b.w.) was r = +0.58. 

Nissen et al. (2004) estimated the correlation between birth weight and body 
weight at weaning (r = +0.53), body weight at slaughter (r = +0.29) and mean weight 
gain until slaughter weight (r = +0.24). According to the authors, the differences 
in the correlation coefficients resulted from the differences in muscle fibre growth. 
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They were due to the number and size of muscle fibres, which result from differences 
in satellite cell proliferation and protein turnover. DNA and RNA content are the in-
dicators of the protein turnover and synthesis of muscle-specific proteins. Therefore, 
changes in the growth rate of littermates with different weight can be attributed to 
both the number and growth of fibres. The smaller number of muscle fibres found in 
lighter piglets allows a conclusion that it is due to intrauterine undernutrition.

In an experiment by Lawlor et al. (2002), suckling piglets were fed a milk re-
placer with a higher nutritive value. Piglets differing in birth weight were assigned 
to two groups in the experiment. When both groups received a high-density diet, the 
difference in body weight between the lighter and heavier piglets increased from 
0.20–0.25 kg at birth to 3.0 kg at 30 days of age. When a low-density diet was used, 
the difference was smaller and amounted to only 1.7 kg after 30 days of feeding. The 
higher energy density of the diet during intensive growth did not limit, during the lat-
er growth (fattening) period, the negative effect of the lower birth weight on the rate 
of growth in growing piglets. The growth rate of marginal piglets, i.e. those weigh-
ing an average of 0.79 kg in the experiment (marginal piglets – those with a body 
weight <1.0 kg or reaching <65% of the weight of other littermates), was slower. To 
improve the nutritional status, some of marginal piglets were moved to foster sows. 
During growth to 26 kg body weight, the growth rate of lighter and heavier piglets 
was similar, but during fattening it clearly slowed down (P≤0.05) in relation to the 
heavier littermates. Feed conversion by marginal piglets reared by foster dams was 
significantly less efficient. The lower growth rate of marginal piglets was the result 
of their behavioural status (the inability to compete against stronger littermates) and 
physiological factors. To evaluate the effect of birth weight and method of supple-
mentary feeding on weaning weight and fattening performance of piglets, Wolter et 
al. (2002) assigned piglets differing in body weight to two treatments. The use of 
milk replacer significantly increased weaning weight of piglets compared to their 
birth weight (P<0.01) but had no effect on weight gains from weaning to slaughter. 
There was a birth weight by supplemental feeding method interaction, but only for 
weight gains between 14.5 and 25 kg of body weight. It resulted from the fact that 
light piglets that received no milk replacer to 21 days of growth grew much more 
quickly than piglets fed milk replacer (700 vs. 624 g). According to the same authors, 
birth weight has a greater effect than milk replacer on growth rate from weaning to 
slaughter, which is consistent with the results obtained by Powell and Aberle (1980) 
and the conclusions made by Lawlor et al. (2002). 

Schinckel et al. (2010), who used regression analysis to study the effect of birth 
weight on weight gain in different growth and fattening periods, found that they 
were related. However, the importance of birth weight decreased with increasing 
body weight and age. Birth weight accounted for 12–13% of variation in daily gain 
obtained until 47 kg, for 8–9% of gain until 64 kg of body weight, and for only  
2.0–2.4% of gain until 102.5 kg of body weight. The coefficients of regression for 
daily gain on birth weight depended on the weight of piglets. The coefficient of 
regression for daily gain to 102.5 kg per g of birth weight was 20–27 g for a piglet 
weight of around 1.0 kg, 9–10 g for a birth weight of around 1.5 kg, and only 3 g for 
a weight of 2.0 kg. The authors of the study reported the expected differences in daily 
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gains of piglets whose birth weight was 1.0 and 2.0 kg. Piglets weighing 1.0 kg grow 
more slowly: by 82 g/day up to 46.7 kg body weight, by 71 g/day up to 64.6 kg, by 
46 g/day up to 83.5 kg, and by 43 g/day up to 102.5 kg of body weight.

The results obtained by all the researchers cited above indicate that piglets with 
low birth weight grow more slowly and reach slaughter weight later than their heav-
ier littermates.

Conclusions
Analysis of the literature dealing with determinants and characteristics of IUGR 

in animals has pointed to high fetal survival and nutritional and hormonal deficiencies 
as the reasons for weaker growth and development of embryos as well as fetuses or 
their organs during pregnancy. The key role of arginine in placental development and 
fertility, as well as the importance of nutrition research in terms of prenatal growth 
and development of fetuses, and postnatal growth and development of progeny were 
emphasized. The effect of mother nutrition on myogenesis and adipogenesis was 
examined. Attention was given to the balancing of rations and the need to meet the 
requirement of pregnant sows for protein and some amino acids by changing their 
proportion in the diet. Special consideration should be given to research results that 
can be used in an interdisciplinary manner. One possibility is prevention of IUGR in 
different species of mammals, including humans; another is to manipulate the neona-
tal weight of farm animals, especially pigs, as well as their postnatal growth and de-
velopment expressed as fattening parameters. In summing up this literature review, it 
should be pointed out that not all the results of the experiments are consistent, which 
shows that research in the area under discussion should be continued.
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