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Abstract 
Fattening pigs are commonly kept in intensive housing systems with slatted floor which represent a very 
barren environment, causing poor animal welfare. To improve such conditions a small amount of straw or hay 
(100 g per animal per day laid daily in a rack) was used in our study as an environmental enrichment (EE). 
Two replications, each including 96 fattening pigs of both sexes (3 pens of 16 females and 3 pens of 16 male 
castrates) from 60 kg to slaughter at average 96 kg live weight, were used to test the effect of EE and sex on 
behaviour, growth rate, and carcass composition. EE significantly increased the proportion of total activity 
during the illumination period (between 6 a. m. and 2 p. m.) on account of increased occupation with substrate 
(P<0.01). EE also significantly reduced time spent biting pen bars and frequency of aggressive encounters 
(P<0.01). The EE increased total activity in female animals during the observation period, but not in male 
castrates. None of the EE significantly influenced pigs‘ growth rate and lean meat percentage; however 
females in enriched environment grew slower and had greater lean meat percentage than the castrated males. 
Provision of a small amount of straw or hay to pigs in intensive housing systems can enrich barren 
environment in inexpensive and efficient way. Therefore such enrichment can be widely used also in large 
commercial pig production systems. 
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Zusammenfassung 
Titel der Arbeit: Stroh oder Heu als Umweltverbesserung und ihr Einfluss auf das Verhalten und 
Produktionsmerkmale von Mastschweinen 
Mastschweine werden üblicherweise intensiv auf Vollspaltenboden gehalten. Diese Form der Haltung ist 
reizarm und mindert das Wohlbefinden der Tiere. Um die Haltungsbedingungen zu verbessern, wurden 
zusätzlich zum Futter kleine Mengen Stroh bzw. Heu (100 g pro Tier und Tag) als Umweltanreicherung (UA) 
in Raufen angeboten. Es wurden zwei Wiederholungen mit jeweils 96 Mastschweinen beider Geschlechter (3 
Buchten mit je 16 weiblichen sowie 3 mit je 16 kastrierten männlichen Tieren) durchgeführt. Die Mastschweine 
standen von 60 kg (Anfangsgewicht) bis zum Schlachtgewicht von 96 kg im Versuch. Geprüft wurde der 
Einfluss der UA und des Geschlechtes auf das Verhalten sowie die Gewichtzunahme und die Zusammensetzung 
des Schlachtkörpers der Tiere. Die UA durch Stroh bzw. Heu führte zu einer intensiven Auseinandersetzung 
mit diesen Substraten; sie hat die Gesamtaktivität der Tiere während der Helligkeitsphase des Stalles (6 bis 14 
Uhr) insgesamt deutlich erhöht (P<0,01); gleichzeitig reduzierten sich die Dauer des Stangenbeißens und die 
Aggressionshäufigkeit wesentlich (P<0,01). Die UA erhöhte während der Beobachtungen die Gesamtaktivität 
bei weiblichen, aber nicht bei männlichen Tieren. Sie hat die tägliche Zunahme und den Fleischanteil im 
Schlachtkörper nicht beeinflusst. Allerdings zeigten weibliche Tiere ein langsameres Wachstum sowie einen 
höheren Fleischanteil als die Kastraten. Aus den Ergebnissen wird geschlossen, dass die Zufütterung von 
kleinen Mengen Stroh oder Heu in intensiven Haltungssystemen eine billige und wirksame Verbesserung der 
Haltungsbedingungen darstellt. Auch in größeren Schweinemastbetrieben könnte eine solche UA zweifellos 
kostengünstig eingesetzt werden. 
 
Schlüsselwörter: Schwein, Verhalten, Haltung, Wohlbefinden, Mastleistung, Schlachtleistung 
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  Introduction 
Animal welfare research has been considerably intensified during the last years 
(SMIDT, 1992; SMIDT et al., 1995; TUCHSCHERER and MANTEUFFEL, 2000; 
WEBER and VALLE ZÁRATE, 2005). The present investigation will contribute to 
this topic. Pigs spend a considerable amount of time chewing the substrates in its 
environment (JENSEN et al., 1993). However, in a barren environment lacking the 
appropriate rooting substrates, pigs redirect their oral activities to the nearest 
substitutes, mostly pen fixtures and pen mates (BEATTIE et al., 2001). The result is 
increased harmful social behaviour, aggressiveness, and behaviours directed to pen 
equipment. The mentioned problems can be alleviated with appropriate environmental 
enrichment. Objects and substrates which are enriching the environment and liked by 
pigs should be chewable, deformable, destructible, odorous, and ingestible (VAN DE 
WEERD et al., 2003). It is also important that such enrichment should occupy 
animals for a longer period (SAMBRAUS, 1997; FRANKE, 2003). Substrates such 
as straw meet these requirements of variability and responsiveness. The “recreational” 
effect is a major potential benefit for the welfare of growing pigs, for it serves as a 
stimulus and outlet for rooting and chewing activities (FRASER et al., 1991). 
The influence of environmental enrichment on pigs’ welfare in intensive housing 
systems is well known. In slatted floor systems enrichment with raw material has not 
been used due to a high risk of blockage of the dunging canal under the slatted floor. 
Small amount of raw material provided in a way that it would not cause the blockage 
of the dunging canal and which would occupy animals for a longer time would 
therefore be appreciated. It is also not known if the enrichment is of the same 
importance for female and castrated male fattening pigs. Additionally, we wanted to 
find out if hay as environmental enrichment has the same beneficial influences on 
pigs as straw, because in some agricultural areas hay is more available than straw. 
The aim of this study was to find out if the addition of small amount of straw or hay 
is an appropriate way to enrich slatted floor pens and if it has the same effect on the 
behaviour and production of female and castrated male fattening pigs. 
 

 
 

  Materials and methods 
 

Animals 
The research was performed in two replications on a commercial pig farm. Each of 
two replications lasting seven weeks included 96 fattening pigs from 60 kg live 
weight to slaughter at average 96 kg live weight. The animals were housed in six 
slatted floor pens (4.90 × 2.45 m) divided with full fences (Figure 1) containing 16 
pigs each (three pens of females and three pens of male castrates). All animals were 
tail docked. They were fed on average with 2.4 kg of complete mixture of feedstuffs 
(12.9 MJ/ kg ME, 14 % CP) at 60 kg live weight with gradual increase up to 3.0 kg at 
the end of fattening period and 4 litres of fresh whey per animal and day. The 
complete mixture of feedstuffs and fresh whey were offered at 7.30 a. m. and 12.00 p. m. 
Mixture of feedstuffs was given first, but pigs did not start to eat until whey was 
poured in the troughs and moistened the mixture. Animals did not eat the whole meal 
at once but left a part of it for later, so feeding was practically ad libitum. Each day 
one third of the animals received 100 g of wheat straw per animal, the other third 
was given 100 g of hay per animal and one third of the animals were treated as a 
control group. Hay or straw was laid in the rack placed above the trough right after 
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morning feeding of mixture of feedstuffs. The rack had a triangular profile and 
measured 115 × 50 cm (Figure 2). The lower edge of the rack was 35 cm above the 
floor. The front side was made of 5 × 5 cm wire mesh, which enabled animals to 
draw blades of hay or straw from the rack. At the beginning of experiment, pigs drew 
large wisps of hay or straw from the top of the racks, which caused blockage of the 
dunging canal under the slatted floor. To prevent this, an elastic band was stretched 
over straw or hay from one short side of the rack to the other. The lights in the pig 
house were on during working hours, namely from 6.00 a. m. to 2.00 p. m., when the 
farm workers performed everyday tasks. 
 

 
 

Fig. 1: Ground plan of experimental pens (Der Grundriss der Versuchsbuchten) 
 

 
 

Fig. 2: The sketch of the rack used for straw or hay (Skizze der Raufe für das Stroh oder das Heu) 
 
Behavioural observations 
All the animals were marked with a four-digit number tattoo on their backs for the 
identification purpose. The first digit represented the treatment (0 – control group,  
1 – straw group, 2 – hay group), the second one meant pig’s sex (1 – male castrate,  
2 – female), and the last two digits were the running number of the animal within 
treatment and sex (from 01 to 16). 
Pigs were observed by direct observation for three days during light period lasting 8 
hours in each replication. Observations were performed on day 10, 25, and 40 of 
each replication. Due to a large number of observed animals the observations were 
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performed by two observers. At the same time each observer recorded the behaviour 
of pigs in three pens which were switched between them over the observation days. 
Long-term behavioural elements: resting (lying or sitting), feeding, chewing straw or 
hay, and biting pen bars were recorded by instantaneous sampling (MARTIN and 
BATESON, 1993) in 56 intervals per observation period (between 6.00 a. m. and 2.00 
p. m.). Long-term elements were mutually exclusive (feeding, chewing straw or hay, 
and biting pen bars were recorded only in standing position) and expressed as the 
percentage of observation period per animal. Total activity was defined as a sum of 
all long term behavioural elements except resting. Because total activity and resting 
always sum up to 100 %, only the results for total activity are presented. Short-term 
activities: drinking and aggressive encounters (aggressive and other injurious 
behaviour) were recorded continuously (MARTIN and BATESON, 1993) as group 
events when they occurred and expressed as frequency per pen and observation 
period. Altogether, 576 records (two replications, three treatments each with 16 
females and 16 male castrates per replication and three observation days per 
replication) were collected for long-term behavioural elements and 36 records (two 
replications, three treatments each with one pen of females and one pen of male 
castrates per replication and three observation days per replication) for short-term 
activities. 
 
Growth rate and lean meat percentage 
Individual live weight of animals was measured twice, at the beginning of 
experiment, before the housing in pens and just before slaughter. Lean meat 
percentage was estimated according to Slovenian regulation. Altogether, 192 records 
(two replications, three treatments each with 16 females and 16 male castrates per 
replication) were available for daily gain and lean meat percentage. 
 
Statistics 
Data analysis was conducted using statistical program package SAS (SAS, 2001). 
Feeding, chewing of straw or hay and total activity were assumed to be normally 
distributed and analysed with a general linear model (1) in GLM procedure. Model 
(1) included fixed effect of replication ( )iR  with two levels, treatment ( )jT  with three 
levels, sex ( )kS  with two levels, and observation day within replication ( )ilD  with 
three levels. Biting pen bars and short-term activities (drinking and aggressive 
encounters) were not normally distributed. We assumed Poisson distribution for these 
traits and used generalized linear model (2) (McCULLAGH and NELDER, 1989) 
with default log link on expected value ( )ijklλ  using GENMOD procedure and 
GLIMMIX macro. Model (2) included the same set of effects as model (1). Growth 
rate of pigs and lean meat percentage were also assumed to be normally distributed 
and analysed with model (3). Significant interactions were also included in the 
models, if their inclusion improved the fit of the model for at least one analysed trait. 
Multiple comparison adjustment test by Scheffe (SAS, 2001) was used. Results for 
drinking and aggressive encounters were analysed with pen as a unit and presented 
on observed scale (event frequency), whereas other behavioural elements were 
analysed with animal as a unit and presented as percentage of observation period per 
animal. Only the results for the effect of treatment, sex, and interaction between 
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treatment and sex are presented because these effects were the main objective of our 
research. 
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  Results 
 

Behaviour 
Pigs spent most of the observation period resting. On average they were active only 
from 23 to 27 % of the observation period (Table 1).  
 
Table 1 
LSQ means ± standard error of long-term behavioural elements (percentage of observation period per animal) 
and short-term activities (frequency per pen in observation period) per treatment and sex (LSQ Mittelwerte ± 
Standardfehler bei Langzeitverhaltensmerkmalen [Anteil der Beobachtungsperiode pro Tier] und Kurzzeit-
aktivitäten [Häufigkeit pro Bucht in der Beobachtungsperiode] nach Behandlung und Geschlecht) 
 

Treatment Behavioural elements Control Straw Hay 
Long-term:    
   Feeding    

        Average 20.97 ± 0.34a 19.84 ± 0.34ab 18.78 ± 0.34b 

        Male castrates 19.90 ± 0.49a 18.19 ± 0.49abx 17.28 ± 0.49bx 

        Females 22.04 ± 0.49 21.48 ± 0.49y 20.28 ± 0.49y 

   Chewing straw or hay    

        Average / 5.63 ± 0.28a 7.13 ± 0.28b 

        Male castrates / 4.37 ± 0.38x 5.80 ± 0.39x 

        Females / 6.89 ± 0.39y 8.47 ± 0.41y 

   Biting pen bars    

        Average 2.56 ± 0.16a 0.52 ± 0.07b 0.35 ± 0.06b 

        Male castrates 2.27 ± 0.21a 0.48 ± 0.10b 0.24 ± 0.07b 

        Females 2.90 ± 0.24a 0.56 ± 0.10b 0.52 ± 0.10b 

   Total activity1    
        Average 23.56 ± 0.44a 26.23 ± 0.44b 27.12 ± 0.44b 
        Male castrates 22.17 ± 0.62 23.05 ± 0.62x 23.79 ± 0.62x 

        Females 24.94 ± 0.62a 29.41 ± 0.62by 30.45 ± 0.62by 

Short-term:    
   Drinking    

        Average 12.14 ± 0.54 10.86 ± 0.52 12.77 ± 0.56 

        Male castrates 12.30 ± 0.77 9.84 ± 0.69 11.97 ± 0.76 

        Females 11.97 ± 0.76 11.97 ± 0.76 13.61 ± 0.81 

   Aggressive encounters    

        Average 9.66 ± 0.86a 3.67 ± 0.52b 2.59 ± 0.44b 

        Male castrates 7.91 ± 1.09a 2.79 ± 0.63b 2.02 ± 0.53b 

        Females 11.79 ± 1.32a 4.82 ± 0.84b 3.32 ± 0.70b 
 

a, b Values with different superscripts within a row are significantly different between treatments (P<0.05). 
x, y Values with different superscripts within a column within each activity are significantly different between sexes (P<0.05). 
1 Total activity is a sum of feeding, chewing straw or hay and biting pen bars. 
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The major part of active time was spent for feeding. The addition of straw or hay 
significantly influenced all observed behaviours, except drinking. Pigs in a control 
group spent significantly less time for total activity in comparison with animals in 
both experimental groups. Percentage of time spent eating the complete mixture of 
feedstuffs was also greater in the control group. The differences between the control 
and hay treatment were significant (P<0.01), whereas between the control and straw 
group a trend of differences was noticed (P=0.067). Pigs chewed hay for a greater 
percentage of observation periods than straw. Both substrates significantly reduced 
the percentage of time pigs spent biting pen bars and it also significantly reduced 
pigs‘ aggression. In the straw and hay group, the frequency of aggressive encounters 
among pigs was significantly lower than in the control group. 
Between sexes in the control group there were no significant differences in the 
percentage of time spent feeding, biting pen bars, and for total activity, as well as in 
frequency of drinking and aggressive encounters. Nevertheless, in two activities a 
trend of differences between females and male castrates was noticed (feeding 
P=0.087 and total activity P=0.079). In straw and hay group females showed 
significantly more total activity than male castrates, which also spent significantly 
less time feeding. In time spent chewing straw or hay there were significant 
differences between sexes, too. Females spent more time chewing than castrated 
males. At the end of observation at 2.00 p. m., male castrates still had some chewing 
material in their racks, but the racks in females’ pens were already empty. 
 
Growth rate and lean meat percentage 
The addition of straw or hay had no significant influence on pigs’ growth rate during 
finishing period and lean meat percentage (Table 2), whereas sex of the animals 
significantly influenced both traits. Females in the hay group had significantly 
smaller growth rate than male castrates, but in the straw group a trend of differences 
was noticed (P=0.058). In both experimental groups females also had greater 
percentage of lean meat. 
 
Table 2 
LSQ means ± standard error of growth rate and lean meat percentage of pigs per treatment and sex  
(LSQ Mittelwerte ± Standardfehler für tägliche Zunahme und Fleischanteil der Mastschweine nach Behandlung 
und Geschlecht) 
 

Treatment  Control Straw Hay 
Growth rate, g/ day    

      Average 765 ± 10 759 ± 10 773 ± 10 

      Male castrates 793 ± 14 793 ± 15 810 ± 14x 

      Females 737 ± 4 725 ± 14 736 ± 15y 

Lean meat percentage, %    

      Average 53.68 ± 0.38 53.46 ± 0.38 53.75 ± 0.38 

      Male castrates 52.86 ± 0.53 52.16 ± 0.53x 52.44 ± 0.53x 

      Females 54.50 ± 0.53 54.75 ± 0.53y 55.07 ± 0.53y 
 

x, y Least square means with different superscripts within a column within each trait are significantly different between sexes (P<0.05). 

 
  Discussion 
 

Behaviour 
The daily addition of 100 g of straw or hay per animal laid in a rack resulted in 
significant behavioural differences compared to the non-enriched treatment, as found 
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by KELLEY et al. (2000) with 50 g of straw per animal daily. It seems that only a 
small amount of straw is required to provide welfare benefits, but it has to be daily 
renewed to preserve its effect of novelty and attract pigs‘ attention (FRASER et al., 
1991; WHITTAKER et al., 1998; KELLEY et al., 2000; MOINARD et al., 2003). 
Straw or hay laid in the rack increased the proportion of time animals were active. 
Similar results were also reported by AREY and FRANKLIN (1995) and GUY et al. 
(2002), who reported that pigs in straw yards spent significantly less time lying 
inactive and more time lying active compared to those in fully slatted pens. However, 
in the present experiment, increased proportion of total activity was noticed only in 
females, and not in male castrates. Increased total activity of pigs observed in 
experimental groups occurred on account of their interest and occupation with straw 
or hay. Pigs, having the opportunity to manipulate loose stimuli in their environment, 
perform this behaviour during great part of their active time (VAN PUTTEN, 1980; 
PETERSEN et al., 1995; BEATTIE et al., 2000; ROHRMANN and HOY, 2004). 
Besides, straw and hay have all characteristics of substrates the pigs should have 
(VAN DE WEERD et al., 2003) to reinforce their exploratory and feeding motivation 
(DAY et al., 2002b). We observed that the racks with hay were empty earlier than the 
racks with straw in both sexes. However, pigs chewed hay for a greater percentage of 
observation periods (Table 1). 
These two facts indicate that straw might be better enrichment in comparison to hay, 
because it lasts longer as chewing material. Female animals were occupied with hay 
and straw for a greater proportion of the observation period compared to male 
castrates. It seems they had a greater motivation for chewing. At the end of 
observation day male castrates still had some straw in the racks, which were empty 
the next morning. From this it can be concluded that male castrates continued 
chewing straw after the end of observation, also during the dark period of the day. 
Both substrates, hay and straw, given to the pigs, had a role of an environmental 
enrichment and improved animal welfare. Occupation with straw or hay resulted in 
lower percentage of time spent biting pen bars and lower frequency of aggressive 
encounters, which is in accordance with several studies (FRASER et al., 1991; 
LYONS et al., 1995; BEATTIE et al., 1996, 2001; O‘CONNELL and BEATTIE, 1999; 
KELLY et al., 2000; DAY et al., 2002a). 
On the basis of this result it can be also presumed, that it is not urgently required to 
enable the access to racks filled with straw or hay to all pigs at the same time as 
practiced in the case of feeding trough. The 115 cm long rack of straw or hay as 
environmental enrichment provided all 16 pigs the opportunity to draw blades of 
straw or hay from the rack without causing the increment of aggressive encounters 
among pen mates. Straw or hay also decreased the percentage of feeding time 
although several previous studies reported no significant influence of environmental 
enrichment on time spent or frequency of feeding (BEATTIE et al., 1996; GUY et al., 
2002), and feeding pattern (FRASER et al., 1991). In the present study significantly 
decreased time of feeding during the observations was noticed only for male 
castrates in the hay group. Pigs in the hay and straw group had still some complete 
mixture of feedstuffs in their troughs at the end of daily observation at 2.00 p. m. It 
seems that in this case chewing of straw or hay had a feeding and recreational effect 
(FRASER et al., 1991), which lowered pigs’ motivation for the consumption of 
complete mixture of feedstuffs. The frequency of drinking was not influenced by 
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treatment, which is in accordance with findings of BEATTIE et al. (1996) and 
WHITTAKER et al. (1998), who studied the effect of provision of straw on sows. 
Females seemed to be more active than male castrates, for they spent greater 
percentage of the observation period feeding and chewing straw or hay. These results 
are only partly in accordance with findings of GONYOU et al. (1992). They found 
that the only sex difference in barren environment was in time spent lying. Namely, 
barrows spent more time lying and less time standing than gilts. VARGAS VARGAS 
et al. (1987) observed higher social rank and more aggressive acts at gilts than at 
castrated males in mixed groups. Although male castrates in the present study chewed 
given substrate significantly less than females, they also reduced the frequency of 
biting pen bars and aggressive encounters in straw and hay group. This demonstrates 
improved animal welfare due to chewing substrate also in less active gender. 
 
Growth rate and lean meat percentage 
The addition of straw or hay did not influence pigs’ growth rate, probably due to too 
small amount of offered substrate per animal. MORGAN et al. (1998) and BEATTIE 
et al. (2000) reported increased growth rate in pigs that had environmental 
enrichment in the form of straw bedding. Conflicting results appear also in other 
studies, where authors did not use straw as environmental enrichment but different 
kind of toys, such as car tires (SCHAEFER et al., 1990) chains (PEARCE et al., 1989; 
PEARCE and PATERSON, 1993; HILL et al., 1998), cloth strips, lifter bars, swivel 
wheels, dustbin lids (PEARCE and PATERSON, 1993) and a rubber hose (HILL et 
al., 1998). SCHAEFER et al. (1990) found that enriched environment improved pigs’ 
growth rate, whereas PEARCE et al. (1989), PEARCE and PATERSON (1993), 
BLACKSHAW et al. (1997), and HILL et al. (1998) found no improvement in 
productivity when pigs were in enriched environment. 
Straw or hay had no significant influence on lean meat percentage of pigs included in 
the experiment. In accordance with the present results are findings of HILL et al. 
(1998), who enriched pigs‘ environment with metal chains and rubber hose, and 
BEATTIE et al. (2001), who as an environmental enrichment used mushroom compost. 
They reported no significant effect of environmental enrichment on carcass fatness. 
On the contrary, some studies reported that pigs with straw and peat enriched 
environment had a greater growth rate (BEATTIE et al., 2000) or live weight 
(O‘CONNELL et al., 2004), and heavier carcass weight with greater level of back fat 
thickness due to greater feed intake and better feed conversion (BEATIE et al., 2000). 
Sex of the animals significantly influenced growth rate in the hay group, but in the 
straw group a trend of differences was noticed. Furthermore, in the straw and hay 
group significant differences were also observed in lean meat percentage. Females 
grew slower and had greater lean meat percentage. It is a well-known fact that 
castrated males grow faster than females due to their greater ability of feed 
consumption (PURCHAS, 1991; OLSSON et al., 2003) and produce fatter carcasses 
with lower lean meat percentage than females (PURCHAS, 1991; STEINBERG et al., 
1992; BIEDERMANN et al., 2000; OLSSON et al., 2003; LATORE et al, 2004). 
However, in our study both sexes had the same feed consumption. The possible 
explanation for the observed sex differences in growth rate and lean meat percentage 
in enriched groups could be also the greater total activity of female animals (Table 1). 
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In conclusion small daily amount of straw or hay offered in racks served as an 
environmental enrichment and improved welfare of fattening pigs housed in a fully 
slatted floor pen. Both substrates reduced biting pen bars and aggressiveness among 
pigs, which are known as behavioural disorders in intensive housing systems, but did 
not influence growth rate and lean meat percentage of pigs. Significant sex 
differences were observed in pigs’ behaviour as well as in their daily gains and lean 
meat percentage. Provision of straw or hay significantly increased total activity of 
female animals during the observation period, but this was not observed in male 
castrates. Females in enriched environment grew slower and had greater lean meat 
percentage than castrated males. Provision of a small amount of straw or hay to pigs 
in intensive housing systems can enrich barren environment in inexpensive and 
efficient way. Therefore such enrichment can be widely used also in large 
commercial pig production systems to improve animal welfare. 
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