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Abstract

The determination of successful farrowings includes components of maternal behaviour, 
duration of farrowing, piglet mortality and colostrum intake. Duration of farrowing can 
be used as a simple measure of whether or not a farrowing can be considered successful. 
We suggest a time limit of 300 minutes for a successful farrowing. In addition to its well-
known benefits, human intervention by means of exogenous hormones during parturition 
comprises risks which should be considered. Induction of farrowing by prostaglandin 
administration may lead to immature piglets being born with congenital complications. 
Over use/routine use of oxytocin may reduce placental blood flow and thereby expose 
fetuses remaining in the uterus to hypoxia. Pain management of the sow at farrowing is an 
issue of high importance for a successful beginning of lactation and whenever abnormal 
nursing behaviour is observed, pain should be considered as a potential cause. Feeding 
is considered the major factor for reproductive management of the hyperprolific sow 
around farrowing. New insights such as adding more fiber to sow diets during pregnancy, 
and especially during the period prior to farrowing, may prevent constipation, increase 
water intake of the sow around parturition and increase milk intake and performance 
of piglets. Use of modern technology in supervision of farrowings may decrease losses 
related to large litters. In breeding programs, new components of maternal characteristics, 
such as maternal behaviour, ease of parturition, colostrum production, and piglet quality 
parameters, may be utilized to further improve success rate of reproductive management 
during farrowing and early lactation.

Keywords: sow, feeding, pain, hormones, constipation

10.1	 Introduction

Farrowing is a key event in the production life of a sow and it has a substantial economic 
impact on piglet production. Years of breeding selection in pig production have achieved 
excellent results in increasing the total number of piglets born per litter. However, there 
is evidence of a negative association between litter size and individual piglet birth weight 
(Kerr and Cameron, 1995; Roehe, 1999; Sorensen et al., 2000), and of an increase in the 
proportion of piglets born dead along with increasing litter size (Sorensen et al., 2000). 
Feeding strategies have also aimed at increasing sow milk yield in order to better support 
the growth of all the piglets during the pre-weaning phase (Einarsson and Rojkittikhun, 
1993). The productive cycle of sows has become faster, with a reduced duration of 
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lactation and a shorter weaning-to-oestrus interval, in order to maximise the number of 
piglets each sow produces annually. Swine breeding farms have become much larger in 
recent years, often with a functional distribution of space that limits the room available 
for each sow. All these changes have contributed to increasing environmental pressure 
on the sow at farrowing.

10.2	 Physiology of farrowing

The physiology of farrowing is very complex. Indeed, several hormones act and interact 
to regulate the farrowing process. In the latest stages of pregnancy, hormones such as 
progesterone, LH, estrogens, cortisol, prolactin, relaxin, and prostaglandins become the 
main actors that regulate all the physical events leading to parturition (Figure 10.1). All 
these hormones, regulated by various internal clocks and signalling systems, interact and 
influence each other in a very refined manner (Anderson, 2000).

Behavioural expression is also very important for the farrowing process. Sows express 
an innate hormone-driven nest-building behaviour which signals the beginning of 
parturition (Algers and Uvnäs-Moberg, 2007). However, the environment can also have 
an important, though indirect, influence on the pattern of these hormones. For example, 
a restricting environment can influence nest-building behaviour, especially in modern 
swine production systems, where the sow is pressured by several external factors (Damm 
et al., 2003). This refined, delicate hormonal process clearly requires very well-defined 
premises in order to proceed properly. In addition to housing, nutrition and disease may 
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Figure 10.1. A schematic description of the concentrations of reproductive hormones during pregnancy in 
the sow (modified from Anderson, 2000). Hormones concentrations undergo major changes only a few days 
before farrowing.
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also affect, either directly or indirectly, the release or activity of hormones that interfere 
with the farrowing process.

During early pregnancy, after implantation of the embryos and developmental activity 
of the corpora lutea, higher and constant concentrations of progesterone dominate the 
hormonal pattern (Meulen et al., 1988). This preserves the progress of pregnancy and, for 
almost two thirds of pregnancy, the circulating concentrations of progesterone remain 
high. At approximately 24 to 48 h before the beginning of parturition, the quick drop in 
progesterone concentrations initiates a cascade effect on many other hormones, which had 
quite stable concentrations throughout pregnancy. The concentration of prostaglandins 
peaks, that of oxytocin increases and begins to exhibit high pulsating activity (Gilbert et 
al., 1994), prolactin concentration gradually increases, and that of estrogens, after peaking 
quickly, gradually drops to basal levels (Anderson, 2000; Ellendorff et al., 1979; Kindahl 
et al., 1982) (Figure 10.1). The period of farrowing is therefore linked to numerous large 
hormonal changes taking place over a very limited time. Also, cortisol peaks at farrowing, 
rising to 2-3 times the basal concentrations and then levelling down within 24-36 h 
(Oliviero et al., 2008a; Osterlundh et al., 1998).

10.3	 Behaviour and activity

Before and during farrowing, the intense hormonal activity described above is 
responsible not only for inducing the process of parturition, but also for triggering 
visible behavioural changes. Activities such as rooting, pawing, turning and walking 
increase considerably 24 h prior to farrowing (Hartsock and Barczewski, 1997) and 
characterize the nest-building behaviour. One of the triggering factors of nest-building 
behaviour was found to be a rise in prolactin (Castrén et al., 1994), induced by a decrease 
in progesterone and an increase in prostaglandins (Algers and Uvnäs-Moberg, 2007). 
The external influence of the environment is also important for the expression of nest-
building behaviour. Indeed, the availability of proper nest-building material seems to 
speed up this process (Damn et al., 2000). Modern housing systems have promoted 
the confinement of sows in crates during farrowing, whereby the sow has very limited 
movement and bedding or any other nest-building substrate is often absent or very 
limited. In these particular conditions, the nest-building behaviour triggered by 
endogenous hormonal activity cannot be properly expressed. In the absence of a nest-
building substrate, confined sows express prolonged and unsuccessful nest-building 
behaviour (Damn et al., 2003). The lack of opportunity to express appropriate nest-
building behaviour can lead to increases in circulating cortisol and adrenocorticotropic 
hormone (Jarvis et al., 1997), which indicate a stressful condition. Gustafsson et al. 
(1999) found that domestic sows were able to build nests identical to those of wild 
boars, even after several previous farrowing experiences in confined crates without 
bedding. This innate behaviour is therefore a clear indicator of impending farrowing 
and is present regardless of housing or availability of bedding material.
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10.4	 Successful farrowing

A prerequisite for successful farrowing is that the sow has the tools to properly express its 
nest-building behaviour, such as the availability of nest-building material and the ability to 
move freely. In addition, it is important that sows receive a diet that reduces constipation 
and the risk for obesity. Furthermore, farrowing can be considered successful if the total 
duration of parturition is shorter than 5 h, and if more than 90% of the piglets are born 
alive and survive the following 72 h. The final criteria of a successful farrowing include 
that piglets receive colostrum and that the sow and piglets experience no complications. 
Typical complications to be avoided include intra-partum hypoxia of the fetus and 
contamination and subsequent inflammation of the birth canal in the case of the sow.

10.5	 Farrowing environment

The modern swine industry uses four basic types of farrowing accommodation: the 
farrowing crate, the sow pen, indoor group-housing and outdoor extensive housing. In 
Europe and North America, the most widely used farrowing accommodations are the 
sow pen and the farrowing crate, the latter being largely predominant (Hartsock and 
Barczewski, 1997; Jensen et al., 1997; Kemp and Soede, 2012).

10.5.1	 Housing: the crate and the pen

Farrowing crates usually consist of a system of bars which confine the sow to a limited 
space where she can lie down or stand, but cannot turn or move around. Farrowing 
crates are often placed on concrete, slatted floors or a combination of the two. The use of 
roughage or bedding for farrowing sows is regulated by European legislation describing 
only the minimum standards required (91/630/EEC). The situation can therefore vary 
considerably between countries, but roughage is usually very limited or completely 
absent. In this particular environment, the sow has fewer opportunities to express 
proper nest-building behaviour. In the absence of a suitable substrate, the sow directs 
her activities towards the floor and the bars of the crate (Lawrence et al., 1994). Crated 
sows stand up more often before the onset of parturition than do sows in pens (Hansen 
and Curtis, 1980). The farrowing crate was designed to minimise piglet losses due to 
crushing (Edwards and Fraser, 1997). Some studies have indeed reported that keeping 
sows in crates reduces crushing compared with keeping them in pens (Cronin et al., 
1996), however, several other studies found no differences (Aumaitre and Le Dividich, 
1984; Fraser, 1990; Phillips and Fraser, 1993). A recent field study in Denmark suggests 
a further need for research in order to provide producers with tools to cope with the 
challenges of loose housing during lactation (Hales et al., 2014). Farrowing pens can 
vary in size and structure, with the larger ones permitting the sow to move freely and 
to turn around. During the 24 h before parturition, sows in pens turn and walk more 
frequently than do crated sows, whose activities are limited (Hartsock and Barczewski, 
1997). Providing more space, even without straw, promotes the expression of maternal 
behaviour during farrowing (Jarvis et al., 2004). Vestergaard and Hansen (1984) found 
that sows under confinement before or during farrowing had prolonged farrowings. This 

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/9
78

-9
0-

86
86

-8
03

-2
_1

0 
- 

T
ue

sd
ay

, D
ec

em
be

r 
03

, 2
01

9 
7:

00
:0

7 
A

M
 -

 I
P 

A
dd

re
ss

:2
00

.1
10

.1
89

.2
24

 



The gestating and lactating sow� 235

� 10. Housing, management and environment during farrowing and early lactation

increased farrowing time was either the direct result of less optimal conditions for nest-
building, or the indirect result of subsequent stress. Because pens allow the sow to better 
express nest-building behaviour, at least in part, they are beneficial to the health and 
welfare of both the sow and the piglets (Algers, 1994).

10.5.2	� Effects of housing on hormonal variables associated with 
farrowing

There is evidence that sows housed in crates show greater salivary cortisol concentrations 
than sows in pens between 2 and 5 days post-farrowing (Oliviero et al., 2008a). In the 
penned group, during that period, cortisol concentrations returned to their pre-farrowing 
levels instead of remaining higher as in crated group (Figure 10.2). This greater level of 
salivary cortisol in crated sows could be linked to the prolonged duration of farrowing. 
As previously mentioned, the lack of an environment in which the sow can fully express 
nest-building behaviour (Jarvis et al., 2002) contributed to raise the stress level beyond 
a threshold above which other physiological mechanisms may have been altered. Lower 
concentrations of oxytocin found in crated sows may explain such an alteration (Oliviero 
et al., 2008a) because insufficient concentrations of oxytocin at parturition are thought to 
be an important cause of prolonged farrowing (Castrén et al., 1993).

The average post-expulsion oxytocin pulse concentration (measured within 6 min after 
expulsion of the piglet) for sows housed in crate was shown to tend to be lower than 
that for sows housed in pens (Oliviero et al., 2008a). The duration of farrowing was 
strongly associated with these oxytocin concentrations. In addition, without taking into 
consideration the different housing, farrowings longer than 5 h were strongly associated 
with lower oxytocin concentrations.
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Figure 10.2. Average salivary cortisol concentrations for sows housed in pens and in crates. Results are means 
± standard deviation (Oliviero et al., 2008a).
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10.5.3	� Housing and its effect on duration of farrowing and piglet mortality

There appears to be a clear connection between housing and piglet mortality as they 
both relate to farrowing duration (Table 10.1). Many studies found that housing in crates 
prolongs farrowing by 90 min on average, with crated sows having farrowings that last 
over 300 min. Similarly, a farrowing duration of over 300 min was associated with a 
higher stillborn rate compared with farrowings lasting less than 200 min (Gu et al., 2011; 
Oliviero et al., 2008a, 2010).

The association between longer duration of farrowing and the greater incidence of 
stillborn piglets is even stronger without considering the housing. Sows with a duration 
of farrowing longer than 300 min had 1.4±1.5 (mean ± SD) stillborn piglets, whereas 
sows with a duration of farrowing shorter than 300 min had 0.5±0.9 stillborn piglets 
(Oliviero et al., 2008a). The longer duration of farrowing for sows housed in farrowing 
crates instead of pens may be connected to the crate itself and to the absence of an 
adequate substrate for nest-building. Both these factors may interfere with the natural 
expression of the sow’s nest-building behaviour, thereby increasing the sow’s level of 
stress at farrowing (Lawrence et al., 1994; Thodberg et al., 1999). As previously discussed, 
the high concentrations of circulating cortisol present during farrowing demonstrate 
that parturition in itself triggers a stress-mediated response in the sow. This interaction 
between the environment and the sow’s physiology may also have an influence on the 
sow’s health status, in a domino effect whereby the environment affects the nest-building 
behaviour and, consequently, the duration of farrowing, which may impact the sow’s 
health. There is evidence that sows with a farrowing duration of ≥4 h are at a high risk 
of having fever at on the first day after parturition compared with sows with duration of 
farrowing <4 h (Tummaruk and Sang-Gassanee, 2013).

10.6	 Duration of farrowing and influence on sow fertility

The complex interaction between the environmental effects on the physiology of sows 
at farrowing seems to extend even further to the subsequent fertility of the sow. Recent 
findings demonstrate that sows with long duration of farrowing (>300 min) have a higher 
repeat breeding rate (Figure 10.3; Oliviero et al., 2013). This finding can provide valuable 
information for sow reproductive management. There is no clear explanation yet for this 
interaction. In free-ranging domestic pigs kept in a semi-natural environment, weaning 
of the litter is a slow and gradual process, taking between 91 and 126 days post-partum 
(Jensen and Recén, 1989). On the contrary, in commercial piggeries the lactation period 

Table 10.1. Number of stillborn piglets according to housing type (Gu et al., 2011; Oliviero et al., 2008a, 2010).

Housing Number of stillborn Average duration of farrowing (min) Litters

Pen 0.6±0.8 208±58 89
Crate 1.1±1.1 297±130 133
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is relatively short, usually between 18 and 28 days and the weaning-to-oestrus interval 
is, on average, 5 days. The interval between parturition and subsequent insemination 
is therefore much shorter than under natural conditions, which may allow factors that 
negatively influenced the physiology of parturition to interfere at post-weaning oestrus. 
Although histological involution of the uterus is completed within 3 weeks after farrowing 
(Belstra et al., 2005), the period between parturition and subsequent insemination is 
relatively short. Possibilities as to what physiological mechanisms may be negatively 
affected by environment include development of follicles, as well as impairment of 
oxytocin activity and/or oxytocin receptors modulation. However, further research on 
oxytocin and fat metabolism are needed to substantiate this.

10.6.1	� Human intervention into physiology of farrowing: induction of 
parturition and oxytocin administration during the process of 
farrowing

Prostaglandins are widely used to induce farrowing in sows. When an injection of 
prostaglandin is given in the morning, a group of sows is expected to farrow at daytime 
during the following day. While it is tempting to use prostaglandins to synchronize 
farrowings of sows in order to ensure supervision of farrowings in the day, the use of 
prostaglandins for this purpose is known to have risks. Piglets may be born immature 
since they are induced to be born before term. This is setting greater demands in terms 
of management of newborn piglets. It is also known that farrowing induction increases 
the risk of sows showing prolonged interruption of contractions (Smith, 1982) and 
post-partum dysgalactia syndrome (PDS, Papadopoulos et al., 2010). Furthermore, 
induction of farrowing increases the risk of certain congenital diseases such as spayleg. 
The accepted condition in veterinary medicine to recommend farrowing induction is 
overdue pregnancy, especially in gilts. It is recommended that farrowing be induced if 
pregnancy exceeds 117 days in gilts.

Oxytocin may be given to stimulate uterine contractions and milk let down. In both 
cases, a dose of 5-10 IU/sow (IV) may be used as complications are observed, and it can 
be repeated up to 4-5 times at 2-3 hourly intervals (Martineau, 2005). There should be 
at least 30 min between two subsequent injections. In fact, in most cases 5 IU appears 

Figure 10.3. Sows which failed to get pregnant at first insemination were having a previous duration of 
farrowing 100 min longer than those who got pregnant (Oliviero et al., 2013).

Farrowing sows

Average duration
of farrowing

268 ± 142 min

148

19

Weaned AI

129

Pregnant

Not pregnant

Average duration
of farrowing
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Average duration
of farrowing

357 ± 207 min
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to be enough to induce milk letdown and by using this low dose it can be injected 
repetitiously with a reduced risk for side effects. Parenteral administration of synthetic 
oxytocin is a very efficient way to induce uterine contractions and trigger milk ejection. 
The intramuscular route of administration is most common but using the intravenous 
route may further improve the effects. Although efficient and considered safe, repeated 
use of oxytocin might have some detrimental effects on sows. Indeed, repeated use of 
oxytocin may be related to poor herd performance (Bilkei Papp, 1994; Ravel et al., 1996) 
and increased somatic cell counts in milk (Garst et al., 1999). A downside to the use 
of oxytocin is that it induces placental vasoconstriction, exposing fetuses to hypoxia 
(Rootwelt, 2012). Oxytocin should therefore not be used as a routine but rather in cases 
where its use is recommended. The indications generally accepted in veterinary medicine 
include primary inertia of the uterus and PDS.

10.6.2	 Pain management at farrowing

Parturition is a painful process even in the pig, and feeling pain may decrease the interest 
of the sow towards her piglets. In extreme cases, pain may induce aggressive behaviour. 
Before farrowing, the sow is showing increased activity. After farrowing, sows lie down, 
which can be considered as passive behaviour (Malmkvist et al., 2012; Oliviero et al., 
2008b; Wallenbeck et al., 2008). Postpartal sows can be affected by roughness of the 
flooring material, which may cause skin lesions (Norring et al., 2007). In addition, it was 
shown that the use of non-steroidal agents at farrowing may, to some extent, protect sows 
from developing skin lesions during early lactation, because of reduced time laying down 
(Viitasaari et al., 2013). Since endotoxins appear as a major component of clinical sings 
related to PDS, pharmaceuticals targeted to alleviate endotoxemia may be recommended. 
Indeed, treatment with non-steroidal agents was shown to have a beneficial effect on 
health of affected sows. Treatment strategies usually consist of one treatment on the day 
of parturition, and sometimes a second treatment the following day. Drugs that have been 
proposed are: flunixin (2 mg/kg) (Cerne et al., 1984), tolfenamic acid (2-4 mg/kg) (Rose 
et al., 1996), and meloxicam (0.4 mg/kg) (Hirsch et al., 2003). Therefore, appropriate 
management of pain at farrowing seems appropriate. It is our understanding that under 
medication is more common than over medication. Whenever a sow refuses to expose 
her udder towards the piglets in early lactation, pain should be considered as a potential 
cause of this refusal.

10.7	 Effect of environment in early lactation

Maternal behaviour in free-ranging sows is normally performed in an isolated nest that 
the sow has built during the pre-parturient period (Jarvis et al., 2004). Some hours before 
farrowing sows show a natural behaviour of nest-building like foraging, rooting and 
pawing, expressing the desire to build a shelter for protecting their offspring. However, 
the possibility to perform these natural activities in farrowing crates is limited due to the 
lack of space, material or both. Provision of a biologically relevant stimuli, such as straw, 
positively affects the nursing and suckling behaviour of sows and piglets, with reduced 
termination of sucklings, reduced frequency of foreleg rowing, increased duration of 
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suckling and earlier development of suckling behaviour, which are advantageous for 
early milk intake by piglets (Herskin et al., 1999). Farrowing crates appear to prohibit 
interactions between the sow and her piglets to some extent, and the provision of space 
during parturition could facilitate the performance of maternal behaviour.

Sows kept in farrowing crates with no nest-building material had significantly lower 
oxytocin concentrations during farrowing than sows kept in loose-housed pens with 
abundant nest-building materials (Oliviero et al., 2008a). Recent results show that a 
plentiful supply of nesting materials prior to parturition leads to an increase in sow plasma 
oxytocin concentrations from 3 days prior to parturition until 7 days postpartum (Yun 
et al., 2013). This indicates a potential association between nest-building possibilities 
induced by abundant nesting materials and circulating oxytocin concentrations in 
peripartal sows. In this study, however, sows housed in loose pens with limited nesting 
materials did not have greater oxytocin concentrations than sows in confined farrowing 
crates with an equally limited amount of nesting materials. This indicates that abundant 
nesting materials may make a greater contribution to increased oxytocin concentrations 
than non-confinement of loose-housed pens (Yun et al., 2013).

Recent studies revealed that farrowing housing using crates requires extra udder 
stimulation by the piglets to obtain milk in the early lactation period (Yun et al., 2013). 
This prolonged udder massage might disturb the sow because it cannot be avoided in the 
crate, likely resulting in poor welfare because of inadequate coping mechanisms of the 
sow to this prolonged stress caused by the piglets. Indeed, Oliviero et al. (2008a) reported 
that sows in farrowing crates might have difficulty in denying the nursing activity of 
piglets, resulting in greater salivary cortisol concentrations when compared with sows 
in loose-housed pens (Figure 10.2). When sows are provided with abundant nesting 
material, they show a greater incidence of careful pre-lying behaviour and appear to 
perform better maternal behaviour in order to care for their offspring (Yun et al., 2013). It 
can be concluded that provision of suitable space and nesting material before parturition 
can improve sow welfare by providing opportunities for sows to express their normal 
behaviour and by reducing potential stresses during the nursing period.

10.8	� Body condition, fat metabolism and gut function at 
farrowing

10.8.1	 Body condition and fat metabolism

At the time of farrowing, the sow’s metabolism has already switched to a catabolic state, at 
which point she uses most of her body reserves to produce large quantities of milk (Van 
den Brand and Kemp, 2005). Rising levels of blood non-esterified fatty acids (NEFA) 
is a clear indicator of a catabolic state associated with severe body weight loss and low 
feed intake (Messias de Branganca and Prunier, 1999). It was reported that circulating 
concentrations of NEFA increase rapidly a few days before farrowing, reaching a peak on 
the day of parturition (Le Cozler et al., 1999; Oliviero et al., 2009). As the sow approaches 
farrowing, her body prioritises the impending parturition and begins producing milk. 
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On the other hand, feed intake and intestinal function decrease such that the use of 
external sources of energy is replaced by a catabolic state where there is mobilization of 
internal reserves of energy such as muscle proteins and NEFA from fat deposits (Oliviero 
et al., 2009). In this catabolic phase, the energy content of the feed seems less important 
than the quality of the feed itself. On the other hand, a prolonged feed restriction, albeit 
mild in terms of quantities, during pregnancy appears to have a negative effect on udder 
development and mammary gene expression at the end of gestation (Farmer et al., 2014).

As sows approach farrowing, a mild state of constipation is common because the intestine 
is less active (Kamphues et al., 2000). The sow’s body seems to have an inner ability to 
reduce its intestinal activity in favour of other physiological needs, such as parturition. 
Studies have also shown that increasing the energy of feeding in late pregnancy can 
negatively affect the sow’s feed intake during early lactation. This reduction in feed intake 
is thought to be due to reduced glucose tolerance and to insulin resistance caused by 
excess energy intake during late pregnancy (Fangman and Carlson, 2007).

10.8.2	 Intestinal activity and constipation

As mentioned before, a mild state of constipation is common for sows in the very last 
part of pregnancy and sows often experience a state of constipation just around farrowing 
(Oliviero et al., 2009). In addition, water absorption in the intestine increases during this 
phase due to the fluid request resulting from the onset of milk production (Mroz et al., 
1995). Offering feed low in volume and fibre can worsen constipation, thus increasing 
the risk for absorbing bacterial toxins targeting the udder (Smith, 1985). In other 
studies, constipated sows showed higher rates of mastitis (PDS) than unconstipated sows 
demonstrating evidence of a direct effect of constipation on udder health (Hermansson 
et al., 1978; Persson, 1996). During late pregnancy, one common practice in sow feeding 
aims at reducing the amount of feed offered and increasing the dietary energy. Such 
concentrated diets usually contain limited amounts of fibre compared with standard 
pregnancy diets. This practice is done to ensure that sows receive enough energy 
during late pregnancy to satisfy the needs for upcoming milk production (Einarsson 
and Rojkittikhun, 1993). This combination of a concentrated and low-fibre diet during 
a period of physiologically low intestinal activity can lead to severe constipation. Such 
a mass of solid faeces may create a physical obstacle during birth by pressing on the 
birth canal, thus resulting in greater difficulty during the expulsive stage (Cowart, 2007). 
There is a current lack of knowledge as to how much such a state of severe constipation 
may be a source of intestinal pain for the sows contributing to their declining welfare. 
Starting five days before expected farrowing, a faecal score can be used to monitor the 
intestinal activity of sows for 7-10 days, with a daily qualitative evaluation of the faeces. 
Every morning before the daily cleaning, faeces of the sow should be checked by visual 
qualitative evaluation. A score value is assigned, ranging from 0 to 5 (Figure 10.4). When 
the average score is between 1.9 and 3.5 the intestinal activity should be normal, values 
from 0 to 1.8 indicate different grades of constipation, with a severe condition when the 
score is under 0.9. h
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When higher concentrations of crude fibre are offered in late pregnancy (≥7-10%), the effect 
of constipation is less severe and sows recover proper intestinal activity faster than when 
fed diets with lower concentrations of crude fibre (<4%). Recent studies demonstrated that 
during the period from five days before to five days after farrowing, sows fed a 7% crude 
fibre diet had an average faecal score of 2.1±1.3 (mean ± SD), compared with an average 
score of 1.2±1.1 for sows fed a 3% crude fibre diet (Figure 10.5).

In that study, 22% of the sows in the low fibre group exhibited extremely severe constipation 
(more than five consecutive days without producing faeces), whereas only 5% of the sows 
in the high fibre group exhibited this condition (Figure 10.6). The average individual daily 
water consumption was also higher in the high fibre group (29.8±4.9 l) than in the low 
fibre group (20.2±3.3 l) (Figure 10.7).When sows are lacking an adequate source of fibre 
in their late pregnancy diet, a mild constipation at farrowing can worsen and develop into 
severe constipation, and thus negatively influence the duration of farrowing, sow water 
intake and likely sow welfare.

On days 1 and 5 postpartum, respectively, piglets weighed 1.8±0.3 kg and 2.5±0.3 kg in 
the high-fibre group, and 1.7±0.3 kg and 2.3±0.5 in the low-fibre group. Piglet weight 
gain from days 1 to 5 was also greater in the high-fibre group. These results imply a 
positive effect of feeding sows a high-fibre diet before farrowing on the performance of 
their suckling piglets.

Figure 10.4. Faecal score applicable to evaluate intestinal activity in sows over a week (data from Oliviero et 
al., 2009).

Very wet faeces, unformed and
liquid 

5

Between normal and wet; still
formed, but not �rm 

4

Normal and soft, but �rm and
well formed 3

Between dry and normal (pellet -
shaped and formed)2

Dry and pellet - shaped (unformed)-1

Absence of faeces0
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Figure 10.5. Intestinal activity, expressed as constipation index, of sows fed isocaloric diets differing in crude 
fibre content. Lower values indicate greater constipation state. Normal intestinal activity is considered above 
the dashed line (Oliviero et al., 2009).
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Figure 10.6. Incidence of different levels of constipation during the period from five days before to five days 
after farrowing in sows fed a 7% FIBRE (n=40) or a 3.8% FIBRE (n=41) diet. Each category consists of various 
numbers of consecutive days with absence of faeces (Oliviero et al., 2009).
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10.8.3	� Effects of body condition and constipation on the farrowing 
process

Higher backfat values were found to be associated with an increased duration of farrowing 
(Oliviero et al., 2010). In Figure 10.8, all the sows in areas C and D had normal durations 
of farrowing (<300 min), whereas those in areas A and B had farrowings longer than 
normal (>300 min). Most of the fatter sows (>17 mm of back-fat) were in area B, whereas 
most of the thinner sows (<17 mm of backfat) were in area C.

When looking at the correlation between faecal score and the duration of farrowing, 
the average constipation index score was 2±0.6 (range from 0.3 to 3) and the lower 
constipation index scores were negatively related with duration of farrowing. Figure 10.9 
illustrates that all the sows in areas C and D had a normal farrowing duration (<300 min), 
whereas those in areas A and B had longer than normal farrowings (>300 min). Many of 
the constipated sows (<1.9 constipation index score) were in area A, whereas most of the 
unconstipated sows (>1.9 constipation index score) were in area D (Oliviero et al., 2010).

Cases of severe constipation can be avoided by increasing the amount of dietary fibre 
in the very last phase of pregnancy. This provision of dietary fibre improves intestinal 
activity and reduces the degree of constipation. The use of high-fibre diets therefore 
appears as a beneficial strategy and the role of roughage/substrate at farrowing may also 
be of importance. Additional roughage could support the sow’s nest-building behaviour 
while at the same time contributing to reduce constipation by providing a readily available 
source of fibre.
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Figure 10.7. Average daily water consumption of sows fed two different levels of crude fibre (Oliviero et al., 
2009).
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Figure 10.9. Individual sows plotted according to average constipation index score (CI) and duration of 
farrowing. Low CI values indicate constipated sows, whereas high CI values indicate unconstipated sows. 
The horizontal dashed line distinguishes prolonged farrowings (>300 min; areas A, B); the vertical dotted 
line distinguishes constipated sows (areas A, C). The solid regression line represents a negative relationship 
between the constipation index and the duration of farrowing (Oliviero et al., 2010).
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Figure 10.8. Individual sows plotted according to average backfat and duration of farrowing. The horizontal 
dashed line distinguishes prolonged farrowings (>300 min; areas A, B). The vertical dotted line distinguishes 
the fatter sows (areas B, D). The solid regression line represents a positive relationship between average 
backfat and duration of farrowing (Oliviero et al., 2010).
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10.9	 Technology to predict and supervise farrowings

10.9.1	 Physiological signs of imminent farrowing

Other than behavioural signs, many clinical signs give clear indications of impending 
farrowing. Several studies have demonstrated that the sow’s body temperature gradually 
rises to 1-1.5 °C higher than its normal body temperature, from 24-48 h before the onset 
of farrowing until 12 h before farrowing. This increased body temperature is seen until 
weaning (Elmore et al., 1979; King et al., 1972). Detection of the sow body temperature 
is a reliable and fast way would be of help in predicting the onset of farrowing, but 
also in detecting upcoming diseases which can occur at farrowing and early lactation, 
such as PDS. However, the traditional rectal temperature detection is not practical. A 
remote detection method would save time and reduce stress on the animals. Recent 
studies showed that body surface temperature in swine at various anatomical sites (eye, 
mammary gland, back of the ear, vulva, and inner part of the ear) can be measured with 
an infrared camera (IRC) and concluded that infrared thermography may allow routine 
measurements of body surface temperatures that can be used for early disease detection 
(Schmidt et al., 2013; Traulsen et al., 2010). Single-time measurements of body-surface 
temperature with IRC cannot deliver reproducible results under field conditions, but 
implementing an adapted computer program would improve its use by practitioners as 
a monitoring tool. For example, IRC monitoring of sow body temperatures over 1 week 
before farrowing would provide average temperatures for individual sows (Schmidt et 
al., 2013). In this way either the physiological rise of temperature before parturition or 
an abnormal rise during farrowing or early lactation could be detected and used to alert 
farmers of impending farrowing or disease onset.

The respiratory and heart rates also rise a few hours before farrowing, returning to 
normal after parturition (Kelley and Curtis, 1978). Other well-known signs of impending 
farrowing are the presence of milk in the udder and a swollen vulva. As described 
previously, nest-building behaviour is also a very good predictor of upcoming parturition. 
A few hours before farrowing, the sow’s normal activity level can increase three-fold 
(Hartsock et al., 1997). Observing changes in these signs helps to predict the onset of 
farrowing in sows, but a more precise collection of data, with the help of technological 
devices, for example, could provide more accurate predictions.

10.9.2	 Predicting the onset of farrowing using movement sensors

The use of a photocell sensor placed at a height of 0.6 m in farrowing crates, makes 
it possible to detect when the sow is standing up. The average duration of standing is 
longer in the 24-h interval prior to farrowing compared with all the other 24-h intervals 
from -120 h until +72 h, relative to farrowing. The mean frequency of standing up and 
lying down movements is also greater in the 24-h interval prior to farrowing compared 
with these other intervals (Figure 10.10). Similar findings can be obtained if a force 
sensor is placed on the floor under the sow. The force sensor recorded a greater number 
of peaks (activity) in the 24-h interval prior to farrowing than in all the other 24-h 
intervals monitored.
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Movement sensors can be of help in predicting the onset of farrowing. Such sensors are 
cheap and easy to install in piggeries and would provide farmers with useful information 
that may help them to organise and prevent problems at farrowing. Some studies have 
demonstrated how human supervision at farrowing can drastically reduce the perinatal 
mortality of piglets (Andersen et al., 2009; Holyoake et al., 1995; White et al., 1996). 
Improving the chances of predicting when the sow will give birth would improve the 
survival of piglets experiencing a dystocic event or suffering from hypothermia or 
starvation during the first hours after birth. Most sows nowadays farrow without proper 
assistance in environments that often fail to provide them with the tools they require to 
express their physiologically-driven behavioural needs. More investments are needed 
to improve the quality of accommodation for sows at farrowing and to reduce perinatal 
mortality due to lack of supervision.

10.9.3	 Implications for the pig industry

Automation is assuming a more and more important role in animal husbandry today. 
Although, the excessive use of machines and computers to manage the relationship between 
livestock and humans should be avoided, modern technology can be useful in improving 
the monitoring of physiological, behavioural and clinical signs in production animals. 
This is especially the case considering the recent preference of animal production for very 
large herds with ever increasing numbers of animals per unit. An automated system that 
could monitor peripartal sows in the herd and, with the help of specialized software, sound 
alarms when necessary, could prove useful. Oliviero et al. (2008b) demonstrated how it 
is possible to monitor behavioural changes that signal impending farrowing. It would be 
similarly possible to monitor important physiological and clinical signs occurring in the 
peripartal period. The temperature of newborn piglets is a critical factor for their survival 
in the first postnatal hours (Le Dividich and Noblet, 1983; Tuchscherer et al., 2000). 
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Further investigation on the use of remote devices, such as thermo-cameras, is needed to 
rapidly and successfully check the body temperature of piglets and sows.

10.10	 Conclusions

Recent results on technologies applied to farrowing surveillance, may encourage farmers 
to view farrowing more from the perspective of the sow and piglets. Benefits of using open 
crates for farrowing are significant and denote how welfare of the animals often correlates 
positively with economic benefit, as demonstrated by the lower number of stillborn piglets 
in this type of housing. In many circumstances, it is possible to allow sows to farrow 
in an open crate so that they can better express their nest-building behaviour, and only 
after farrowing, to close the crate to protect the piglets from crushing. Adding roughage 
a few days before farrowing would provide the sow with a substrate to better express 
nest-building behaviour and, in the case of straw, would also provide a source of fibre 
which can alleviate the state of constipation that arises around farrowing. Management of 
farrowing in terms of pharmacological interventions should be carefully considered and 
planned. Use of hormone preparations such as prostaglandins and oxytocin may have 
adverse effects that need to be taken into account, therefore routine use of these hormones 
and their analogues is not a wise strategy. Pain management, however, often appears as a 
forgotten element in the management of farrowing and there is room for improvement. 
Whenever abnormal nursing behaviour or refusal to nurse is observed, pain should be 
considered as a potential cause and pain medication may be indicated. Constipation at 
farrowing should be of greater concern to farmers, and results support the importance 
of its prevention by increasing the use of dietary fibre during late pregnancy. Looking 
more carefully for signs of constipation in the herd can be facilitated with individual daily 
screening according to a qualitative faecal scoring. In the farrowing unit, daily evaluation 
of the sow’s faeces, especially recording days with absence of faeces, can provide the farmer 
and veterinarian with a clear picture of the individual sow’s state of constipation and allow 
to correct it in a timely fashion. The sow’s water intake in very late pregnancy, farrowing 
and lactation is also a very important issue. Recent findings showed that sows fed a high-
fibre diet drank more water and reared heavier piglets during their first week after birth, 
confirming how the adequate availability of water during this period is essential.
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