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INTRODUCTION 
 
The European Union legislated to phase out housing 

pregnant sows in stalls by January 2013 due to animal 
welfare issues (Council Directives 91/630/EEC and 
2001/88/EC, and Commission Directive 2001/93/EF). This 
ordinance influenced the strategies of management, feeding 
and sow welfare. The move towards group housing systems 

has been investigated for the past two decades by European 
countries. Nevertheless, most Asian countries are still using 
stall housing because of the ease of artificial insemination, 
low capital cost, individual feeding and minimize 
aggressive behavior. However, stall housing causes a 
negative effect on muscle weight and bone strength 
(Marchant and Broom, 1996), decubital ulcers, chronic 
disease and stereotypes, which probably indicate poor 
welfare of sow (Scientific Veterinary Committee, 1997).  

Sows housed in groups are known to resolve these 
problems. Several studies have reported the effects of group 
housing. In productivity, group housed sows with the 
electronic sow feeding (ESF) system have similar or 
improved productivity than sows housed in stalls (Bates et 
al., 2003). In peripheral physiologic measures, several 
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ABSTRACT: This experiment was conducted to assess the welfare and productivity of gestating gilts in groups with the electronic 
sow feeding (ESF) system compared to conventional stalls. A total of 83 gilts (Yorkshire×Landrace) were housed into individual stalls to 
be artificially inseminated. Gilts confirmed pregnant were introduced to their treatment, conventional stalls (ST) or groups with the ESF 
system. All gilts were taken to the farrowing crates one week prior to their expected farrowing date. In the gestation period, there were 
no significant differences between gilts allocated to ST and ESF on growth performance. However, backfat thickness gain (p = 0.08) and 
body condition score (BCS) at 110 days of gestation (p = 0.10) tended to be higher in ESF gilts than ST. Likewise, gilts housed in group 
showed significantly higher estimated body muscle contents at 110 days of gestation (p = 0.02) and body muscle change during 
gestation (p = 0.01). There was a trend for a shorter parturition time in ESF gilts (p = 0.07). In the lactation period, group housed gilts 
showed a tendency to increased BCS changes (p = 0.06). Reproductive performance did not differ with the exception of piglet mortality 
(ST = 0.2 no. of piglets vs ESF = 0.4 no. of piglets; p = 0.01). In blood profiles, ST gilts showed a higher cortisol level at 110 days of 
gestation (p = 0.01). Weaning to estrus interval was shorter in gilts housed in ESF than ST (p = 0.01). In locomotory behaviors, ESF gilts 
recorded a tendency to elevate locomotion score at 36, 70, and 110 days of gestation (p = 0.07, p = 0.06, and p = 0.06, respectively). 
Similarly, ESF gilts showed significantly higher incidence of scratches at 36, 70, and 110 days of gestation (p = 0.01). Moreover, 
farrowing rates were higher in stall treatment (97.6%) compare to group housing treatment (95.2%). In conclusion, while group housed 
gilts with ESF system positively affected welfare status in combination with less physiologically stressful environments and activity, it 
negatively effects piglet mortality, farrowing rates and injuries of gilts. (Key Words: Electronic Sow Feeding, Stall, Gilts, Gestation, 
Piglets, Group Housing) 
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studies have concluded that no difference in stress-related 
serum cortisol concentrations are evident between sows 
housed in stalls and those housed in groups (Barnett et al., 
1989; von Borell et al., 1992; Zanella et al., 1998). However, 
there is limited data on the effects of group housed gilts on 
the measurements that are given above. Thus, more studies 
that compare different indicators of welfare as well as 
productivity in stalls and modern commercial group 
housing system of gilts are needed.  

Therefore, the object of the study is designed to assess 
the adequacy of the welfare and productivity of gestating 
gilts housed in either conventional stalls or group housed 
with the ESF system. 

 
MATERIALS AND METHODS 

 
Experimental animal management and diets 

A total of 83 gilts (Yorkshire×Landrace) with an 
average 180 d of age and approximately 134.3 kg of body 
weight (BW) were introduced into stalls to be artificially 
inseminated. They were given twice daily boar contact. 
When signs of first estrus were detected, artificial 
insemination (AI) was served twice a day at 12 hour 
intervals with fresh diluted semen (Darby A.I. center, 
Anseong, Korea). Pregnancy diagnoses were done with 
ultrasound analyzer (Easy Scan, Dong-Jin BLS Co., Ltd., 
Gwangju, Korea) with day 28 and 35 postcoitum. Gilts 
confirmed pregnant were allotted to their treatment, ST or 
ESF on the basis of BW and backfat thickness (BFT) in a 
completely randomized design. Two gilts in ST and one gilt 
in ESF were excluded in the experiment because of 
miscarriage and failure in adaptation of feeding station 
during gestation, respectively. After 110 days of gestation, 
gilts were all moved to farrowing crate (2.50×1.80 m2). 
Live body weight, body length and body condition score 
(BCS) were measured at mating, 110 d of gestation, 
farrowing, and 21 d of lactation, respectively. BFT was 
measured at the P2 position (mean value from both sides of 
the last rib and 65 mm away from the backbone) using 
Ultra-sound (Lean-meter, Renco Corp., Minneapolis, MN, 
USA) at the same time. Muscle and protein composition 
changes during gestation of primiparous sows were 
calculated using the equations of Dourmad et al. (1996) and 
Dourmad et al. (1997), respectively. 

 
Muscle (kg) = –9.2+0.61(±0.052) BW–0.86(±0.29) BFT 
 
Protein (kg) = 2.28+(0.178×EBW)–(0.333×BFT) 
 
*EBW (kg) = sow empty live weight estimated from the 

live weight (= 0.905×BW1.013) 
 
The reproduction traits were recorded within 24 h 

postpartum, including the number of piglets born alive, 
stillborn piglets, mummies, and piglet losses. Individual 
piglet weight of total born was measured at birth and piglets 
were weighed at 21 d of lactation. Full-HD camcorders 
(HMX-M20BD, Samsung, Suwon, Korea) were installed to 
record the duration of parturition which defined as the time 
between the expulsion of the first and the last born piglet. 
Average daily feed intake (ADFI) was scored during 
lactation. Detection of weaning to estrus interval (WEI) of 
each sow was monitored from 3 to 10 d after weaning. 

All experimental gilts were fed daily around 08:00 h 
with a commercial diet during gestation and lactation and 
gilts in both treatments were provided 2.0 kg/d during 
gestation and were ad libitum in lactation.  

 
Animal housing  

Gilts in stall treatment were housed in individual 
gestation stall (2.15×0.6 m2/sow) and an individual feeder 
with one waterer per sow. Floors were fully slatted concrete 
with no bedding. A climate computer regulated ventilation 
and heating in the compartments. Temperatures varied 
between 15°C and 20°C. Lighting was provided in 
combination with a several windows and fluorescent lights, 
which were switched on at 08:00 h and switched off at 
20:00 h. 

Gilts in ESF treatment were housed in a room (15.2 
m×10.2 m, 3.8 m2/head) with full concrete flooring and 
approximately 10 cm deep rice hull bedding. The Rice hulls 
were provided around lying area and changed every 2 
weeks. Water was provided ad libitum by 5 nipple drinkers 
per pen. The ESF station (Compident VII, Schauer, 
Prambachkirchen, Austria) was located in the middle of 
each pen. Gilts were identified by radio-Frequency 
Identification tag and provided the allocated amount of feed 
individually. Feed was dispensed with water in the ESF so 
that gilts finished consuming feed without leaving the ESF 
to drink water. 

  
Skin injuries and locomotion score  

Skin injuries and locomotion scores were assessed in 
both treatments on each of d 36, 70, and 110 as described 
by Karlen et al. (2007). Injuries were categorized according 
by fresh scratches and partially healed injuries. Each side of 
the gilt’s body was divided into 21 areas for injury scoring. 
The same experimenters did scoring of all injuries in each 
experiment. Locomotion score was assessed based on the 
observation of sows standing, walking. Gilts were observed 
by two experimenters and given a score of 0 (not lame) to 3 
(severely lame, cannot stand) while they walked on the 
solid concrete floor of the 50 m long central corridor.  

 
Sample collection and chemical analyses  

Five primiparous sows in each treatment were used to 
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collect blood samples. Blood samples were collected from 
jugular vein at 24 h and 21 d postpartum with 
ethylenediaminetetraacetic acid tubes (BD Vacutainer K2E, 
Becton Dickinson, Plymouth, UK). Blood samples were 
centrifuged at 3,000 g at 4°C for 15 min (Eppendorf 
centrifuge 5810R, Hamburg, Germany) to separate plasma. 

 
Statistical analysis 

The data of the test were compared using Student’s T-
test of SAS (version 9.2, 2008). Main effect in the model 
was different housing system. Individual gilt was 
considered as the experimental unit and all values are 
reported as least square means. Differences and suggestive 
differences between stall and ESF systems were considered 
at p<0.05 and p<0.10, respectively. The alpha level used for 
determination of statistical significance was 0.05. 

 
RESULTS  

 
The effects of different housing systems of gilts on 

growth performance during gestation are presented in Table 
1. There were no significant differences in BW, BFT, body 
length and BCS. However, ESF treatment tended to gain 
more BFT (p = 0.08) and show higher BCS (p = 0.10) at 
110 days of gestation. Additionally, there were significant 
differences in the body composition changes of muscle 
(Table 2). The ESF gilts showed higher weight of muscle in 
the body (p = 0.02) than ST gilts at 110 days, and 
consequently affected changes in body composition of 
muscle during gestation (p = 0.01). However, no 

improvement of changes in body protein deposition was 
detected. During lactation, different housing systems did 
not affect BW, BFT, and BCS (Table 3). Although there 
were no significant difference in daily feed intake, ESF gilts 
tended to lose more BCS (p = 0.06) than ST gilts during 
overall lactation. Reproductive performance of sows such as 
the number of total born, born alive, stillbirth, mummy, 
mortality and weaning pigs are presented in Table 4. 
Mortality was higher in ESF treatments (p = 0.01), but there 
were no significant difference in the others. Litter and piglet 
weight also was not affected by different housing systems. 
Gilts housed in groups tended to shorten parturition time (p 
= 0.07) and significantly shorten the average WEI (p = 
0.01). Skin injuries and locomotion scores are presented in 
Table 5. There was a tendency for a higher locomotion 
score at 36, 70, and 110 days of gestation in group housed 
gilts (p = 0.07, p = 0.06, and p = 0.06, respectively). 

Table 1. The effects of different housing system on growth 
performance of gilts in gestation 

Criteria 
Treatment 

SEM p-value
Stall Group 

No. of gestation sows 41 42  

Live body weight (kg)    

At mating 136.0 132.4 0.87 0.44

110 days of gestation  185.8 189.6 1.20 0.40

Gain (0 to 110 d) 49.6 57.2 0.92 0.12

Backfat thickness (mm)     

At mating 21.5 18.8 0.45 0.84

110 days of gestation  23.4 22.2 0.40 0.18

Gain (0 to 110 d) 1.9 3.4 0.38 0.08

Body condition score     

At mating 3.1 3.1 0.04 0.91

110 days of gestation  3.2 3.3 0.03 0.10

Gain (0 to 110 d) 0.1 0.2 0.05 0.11

Body length (cm)     

At mating 114.9 115.0 0.39 0.28

110 days of gestation  122.5 124.3 0.47 0.87

Gain (0 to 110 d) 7.6 9.3 0.43 0.35

SEM, standard error of mean. 

Table 2. The effects of different housing system on estimated 
body protein and muscle composition 

Criteria 
Treatment 

SEM p-value
Stall Group 

Gestation No. of sows 41 42   

Body protein contents (kg)     

At mating 18.5 18.8 0.19 0.50

110 days of gestation  27.1 27.6 0.23 0.32

Gain (0 to 110 d) 8.6 8.8 0.17 0.62

Body muscle contents (kg)     

At mating 55.4 55.4 0.60 0.96

110 days of gestation  84.0 87.4 0.75 0.02

Gain (0 to 110 d) 28.6b 31.9a 0.60 0.01

SEM, standard error of mean. 
a,b Values with different superscripts in the same row are significantly 

(p<0.01). 

Table 3. The effects of different housing system on body changes 
in lactation 

Criteria 
Treatment 

SEM p-value
Stall Group 

No. of lactation sows 40 40   

Live body weight (kg)     

24 h postpartum 166.7 174.1 1.21 0.44 

21 days of lactation 161.6 162.8 1.13 0.27 

Changes (0 to 21 d) –5.1 –11.3 0.92 0.25 

Backfat thickness (mm)     

24 h postpartum 21.7 22.2 0.41 0.63 

21 days of lactation 18.6 19.8 0.37 0.96 

Changes (0 to 21 d) –3.1 –2.4 0.23 0.97 

Body condition score     

24 h postpartum 3.0 3.0 0.03 0.76 

21 days of lactation 2.8 2.7 0.03 0.96 

Changes (0 to 21 d) –0.2 –0.3 0.03 0.06 

Daily feed intake (kg) 5.4 5.5 0.07 0.66 

SEM, standard error of mean. 
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Similarly in risk of injury, ESF gilts showed higher 
incidence of scratches at 36, 70, and 110 days of gestation 
(p<0.01). In addition, stall housed gilts observed more 
farrowing rates (97.6%) than ESF gilts (95.2%). In serum 
cortisol, ST gilts showed significantly higher levels of 
cortisol (p = 0.01) at 110 days of gestation and a tendency 
(p = 0.08) on 24 hours postpartum (Table 6). 

 
DISCUSSION 

 
Different housing systems did not show any significant 

differences on growth performance of gilts. However, BFT 
gain (p = 0.08) and BCS at 110 days of gestation (p = 0.10) 
tended to increase in gilts housed in groups. Similar results 
are shown in several studies. Weng et al. (2009) reported 
that gilts housed in groups showed significantly higher BTF 
gain than those housed in stalls due to different thermal 
environment experienced by animals. Marchant and Broom 
(1996) reported that although BW and body length are 
heavier and similar compare to group housed with ESF as 
gilts, group housed sows show significantly heavier and 
longer by the fourth parity. Possible explanations for these 
results are associated with muscular and skeletal 
development by activity (Marchant and Broom, 1996), less 

performing energetically costly stereotypes (Cronin, 1985), 
and decreasing lower critical temperature (LCT) by 
providing bedding materials (Geuyen et al., 1984). Indeed, 
sows that had a higher LCT require a higher proportion of 
their energy intake to maintain body temperature (King, 
1991). Karlen et al. (2007) suggested that sows confined in 
stalls show poorer body condition as a consequence of their 
higher LCT. In agreement with previous studies, our 
findings indicated that activity and thermoregulation might 
be attributed to improve BFT and BCS in group housed 
gilts. 

Different housing systems significantly influenced the 
estimated body composition. The lack of exercise in stalls 
leads to smaller locomotor muscles in proportion to total 
body weight than group housed sows (Marchant and Broom, 
1996). This is consistent with the study of Petersen et al. 
(1998) who confirmed that sows reared in large pens had an 
increased total bone mass, most significantly for the leg, 
compared to that of stall sows. Although our experiment did 
not conduct a postmortem examination, results of the 

Table 4. The effects of different housing system on reproductive 
performance 

Criteria 
Treatment 

SEM p-value
Stall Group 

No. sows 40 40   

Litter size, no. of piglets     

Total born 11.4 11.5 0.24 0.86

Stillbirth 0.7 0.6 0.11 0.62

Mummy 0.1 0.1 0.04 0.17

Born alive 10.6 10.8 0.25 0.42

After cross-fostering1 10.3 11.0 0.11 0.81

Mortality 0.2b 0.4a 0.11 0.01

Weaning pigs 10.1 10.6 0.11 0.86

Parturition time (min) 199.5 187.0 5.44 0.07

WEI (d) 6.3a 6.0b 0.15 0.01

Litter weight on lactation (kg)     

At birth 15.6 16.3 0.35 0.11

After cross-fostering1 14.5 16.2 0.29 0.13

21 d 53.3 54.4 0.90 0.62

Weight gain (0 to 21 d) 38.8 38.2 0.80 0.99

Piglet weight on lactation (kg)     

At birth 1.37 1.44 0.023 0.83

After cross-fostering1 1.41 1.49 0.026 0.08

21 d 5.29 5.16 0.078 0.75

Weight gain (0 to 21 d) 3.88 3.67 0.071 0.82

SEM, standard error of mean; WEI, weaning to estrus interval. 
1 After cross-fostering day at d 1 postpartum. 
a,b Values with different superscripts in the same row are significantly 

(p<0.01). 

Table 5. The effects of different housing system on skin injuries 
and locomotion score 

Criteria 
Treatment 

SEM p-value
Stall Group 

Incidence of scratch, No./gilt     

Initial 0.6 0.7 0.09 0.50

36 days of gestation 2.9b 16.2a 0.91 0.01

70 days of gestation 2.6b 6.2a 0.39 0.01

110 days of gestation 1.1b 4.0a 0.26 0.01

Locomotion score     

36 days of gestation 0.317 0.595 0.0772 0.07

70 days of gestation 0.561 0.810 0.0662 0.06

110 days of gestation 0.585 0.857 0.0713 0.06

SEM, standard error of mean. 
a,b Values with different superscripts in the same row are significantly 
(p<0.01). 

Table 6. The effects of different housing system on serum cortisol 
concentration 

Criteria 
Treatment 

SEM p-value
Stall Group 

Cortisol (µg/dL)       

Sow     

At breeding 2.44 4.75 0.611 0.36 

110 days of gestation 4.48a 3.00b 0.424 0.01 

24 h postpartum 5.60 3.78 0.613 0.08 

21 days of lactation 2.76 3.86 0.363 0.77 

Piglet     

At birth 8.72 5.98 1.018 0.54 

21 day  5.38 5.28 0.566 0.17 

SEM, standard error of mean. 
a,b Values with different superscripts in the same row are significantly 

(p<0.01). 
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present study indicated that activity would be a contributing 
factor affecting the growth of muscle mass in group housed 
gilts. 

There were few differences in BW and BFT changes 
between the two gestation housing treatments. Our results 
are in agreement with Bohnenkamp et al. (2013), but differ 
from Borell et al. (1992) who reported that gilts housed in 
groups showed significantly less BFT loss during lactation. 
The sows mobilize their body reserves and enhance their 
feed intake (Eissen et al., 2000) to increase energy demand 
during lactation. However, considering there were no 
statistical differences on ADFI in our results, we could 
explain that the tendency of poorer BCS in group housed 
gilts (p = 0.06) were associated with higher loss of BW and 
BFT. 

In reproductive performance, piglet mortality was 
significantly increased (p<0.01) in group housed treatment, 
which is in agreement with the results of Cronin et al. 
(1996). A dominant portion of piglet mortality in both 
treatments was crushing (Stall, 91%; ESF, 89%) in the 
present experiment. One explanation for this result may be 
the maladjustment of confinement. Boyle et al. (2002) 
found that sows group-housed during gestation had more 
postural changes, more ventral and lateral lying and dog 
sitting behaviors than sows from stalls. This implies that 
allowing sows to move restlessly increase the incidence of 
piglet crushing. This agrees with previous studies that group 
gestation housing may have a negative influence on sow 
welfare when these sows are placed in farrowing stalls 
(Mcglone et al., 2004), resulting in an increased number of 
stillborn piglets, and an increased risk of pre-weaning 
mortality (Weary et al., 1996), and possibly a disruption in 
the nursing cycle between sow and litter (Spinka et al., 
1997).  

Some previous studies calculated the duration of 
farrowing in sows and found that the average farrowing 
period ranged from 156 to 262 minutes (Van Dijk et al., 
2005). Both treatments recorded in the range of value found 
in previous studies, but there was a trend towards prolonged 
parturition length in stall treatment (p = 0.07). Parturition 
appears to be dependent on high concentrations of oxytocin, 
and has been shown to be slowed or prevented when plasma 
oxytocin concentration is reduced by treatment with opioid 
(Russell et al., 1989). Chronic environmental stress 
activates endogenous opioid pathways that inhibit oxytocin 
secretion and thereby prolong delivery (Lawrence et al., 
1994). Likewise, the present result indicates that prolonged 
delivery in stall housed gilts was caused by a chronic 
stressful environment, resulting in dysfunction of the 
endocrine regulation. 

Group housed primiparous sows significantly showed 
shorter WEI (p<0.01). Previous experiments have shown 

the effects of different housing systems on WEI of sows. 
However, the results have not always been concordant. 
Group housing did not affect WEI (Schmidt et al., 1985). In 
contrast, there was an increase in the number of gilts 
exhibiting irregular estrus behavior in stalls (Ford and 
Christenson, 1979; Rampacek et al., 1984). Moreover, 
Weng et al. (2009) reported that gilts housed in 
conventional gestating stalls and farrowing crates observed 
the significantly longest WEI than group housed gilts. This 
implies that confinement stress in stall housed gilts is 
affected negatively, but positively in group housing gilts by 
releasing more estrus-stimulating hormones. 

In previous studies, aggressive incidents, queuing and 
many non-feeding visits have been well recognized as being 
present when using ESF feeders for gestating sows (Jensen 
et al., 2000). However, less comparative studies have been 
conducted between stall and group housing on health status. 
The occurrence of skin injuries in group housed sows is a 
direct result of aggressive behavior. Previous studies 
suggest that aggression decreased with less frequent 
regrouping due to a decreased demand for the establishment 
of new rank relationships (Hunter and Smith, 1991). In 
contrast, individually housed sows can be protected from 
aggressive physical interactions if partitions are in place 
(McGlone et al., 2004). In the present study, group housing 
treatments showed significantly higher skin scratches in all 
phases (p<0.01). This implies that although the static group 
is well recognized social hierarchy and highly familiar with 
each of gilts, they encounter higher aggressiveness around 
feeding machine. 

On the other hand, the tendency toward deterioration of 
locomotion scores in group housed gilts in 35, 70, and 110 
days of gestation (p = 0.07, p = 0.06, and p = 0.06, 
respectively) might be associated with in combination of 
aggression at every feeding time and floor conditions. 
Several studies have conducted the effects of beddings in 
group housing. Andersen et al. (1999) found that in group 
housed sows, the supply of a bedding substrate reduced the 
frequency of abnormal gait, compared to sows raised on a 
slatted floor. Moreover, group housing with straw bedding 
is almost always associated with large, dynamic groups and 
ESF feeding (Spoolder et al., 2009). Thus, enrichment and 
bedding may be an effective way in large group sizes to 
reduce incidences of aggression. However in our 
experiment, rice hulls were provided only around the lying 
area, considering slurry systems as well as ease of purchase 
compare to straw. Thus, the ESF system would be less 
advantageous regarding leg injuries and longevity for group 
housing. 

Different housing systems affect farrowing rates, 
however results are still inconsistent. According to previous 
studies, farrowing performance and longevity of sows in 
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dynamic and static groups in an ESF system did not differ 
(Anil et al., 2006). In contrast, farrowing rate was 10% 
lower in group housing sows compare to stall housing 
(Karlen et al., 2007). In our findings, Stall housed gilts 
showed higher farrowing rates (97.6%) than that of ESF 
gilts (95.2%). Possible reason for this can be explained by 
attribution of continuous fighting, resulting higher risk of 
injuries as well as leg problems. 

Generally, a poor welfare situation could lead to 
extreme stress to animals. Blood cortisol concentrate has 
been the most common physiological parameter used to 
measure farm animal welfare (Terlouw et al., 1997), 
although the measurement suffers from diurnal variations 
and sample collection artifacts (McGlone et al., 2004). 
Barnett et al. (1989) reported that sows housed in stalls had 
a moderate, but statistically significant increase in cortisol 
concentrations compared with group-housed sows. In 
addition, Broom et al. (1995) reported similar 
concentrations of cortisol for stall-and group-housed sows. 
Recently, a meta-analysis of 35 refereed journal articles by 
McGlone et al. (2004) reported that the average stereotypes, 
cortisol, and immune function are statistically similar 
between sows in stalls versus group pens. In the present 
study, stall housed gilts showed significantly higher serum 
cortisol concentration in 110 days of gestation (p<0.01) and 
tendency in 24 hours postpartum (p = 0.08). Possible 
explanation for this result is that the chronic stress stem 
from confinement in stalls negatively influenced the growth 
of gilts in gestation. There was evidence that gilts in stalls 
had less BFT gain and BCS change. Moreover, prolonged 
parturition length in stall treatment was associated with 
increased serum cortisol concentration in 24 hours 
postpartum. 

 
IMPLICATIONS 

 
A modern type group housed gilts resulted in several 

possibilities for welfare parameters. Physiologically, group 
housed gilts lead to an enhancement of more accumulation 
of backfat as well as better muscle content in the body. On 
the other hand, several problems have remained in 
electronic sow feeding system. Advanced management or 
facilities for reducing piglet mortality are needed in order to 
ameliorate productivity. Additionally, further investigations 
are needed for managing aggressive behavior, following an 
increase of feet and leg problems, which is closely related 
to longevity of gilts as well as economic losses of the farm. 
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