
Intern J Appl Res Vet Med • Vol. 14, No. 2, 2016. 159

KEY WORDS: farrowing environment; 
behaviour; stress; immunity; primiparous 
sows

ABSTRACT
Aiming at investigating the effect of farrow-
ing environmental difference on primiparous 
sows that lactated for 35 days, 16 gilts with 
closed EPD were reared in straw-bedded 
farrowing pen or farrowing crate randomly. 
Nest-building, postures change within 3 
days after farrowing, and bahaviour of gilts 
in 2-5 weeks after farrowing (W2, W3, W4, 
W5) were observed. Prolactin, cortisol, and 
IgG were measured at 2 days before EPD, 
the parturition day, and the weaning day. 
Results showed that, straw-bedded pen can 
encourage gilts’ nest-building behaviour, 
and significantly reduced the incidence of 
abnormal behaviour, and their oral behav-
iour directed mostly to straw, while gilts in 
farrowing crate performed more ventral ly-
ing and sitting, and less lateral lying, and the 
frequency of their vacuum-chewing and ac-
tive behaviour directed to pen were higher; 

gilts in straw-bedded pen performed more 
ventral lying and active behaviour in W5, 
while gilts in farrowing crate performed less 
behaviour directed to pen in W3 or W4 than 
in W2 or W5; lower cortisol also showed 
that straw-bedded pen can reduce gilts’ 
stress. There is no significant difference in 
IgG between sows in different environment 
or in different weeks. In conclusion, the 
straw-bedded farrowing pen reduced stress 
of gilt, and met the behavioural requirement. 
Straw stimulated nest-building behaviour, 
and effectively reduced the sitting, oral 
behaviour directed to pen and vacuum-
chewing.

INTRODUCTION
Farrowing/lactating system is the key of 
the swine production. A cohort study by 
Kilbride et al. (2012) showed that the pre-
weaning mortality of live born was 12% and 
crushing was the primary cause of death ac-
counting for 55% of the pre-weaning death.
Farrowing crates are widespread used to 
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protect the piglets, which reduced the risk of 
pre-weaning death attributable to crushing, 
but piglets in this system were at increased 
risk of death from other causes, conse-
quently crates had no significant effect on 
the mortality of suckling piglets (Kilbride 
et al., 2012). Gu et al. (2011) reported that 
there was no difference in crushing to death 
or mortality between the freedom farrow-
ing pens and crates, and they concluded that 
with appropriate anti-crushing bars, the free-
dom farrowing pen was beneficial to reduce 
the death of piglets caused by crushing. 

On the other hand, crate is cruel as it 
confines the sow or gilt into a small space 
and constricts their movements. Barren crate 
hampered in expression of strongly motivat-
ed behaviour such as exploring, and can lead 
to abnormal behaviour (Vanheukelom et al., 
2012). Straw is a suitable environmental en-
richment for pigs, providing them a stimulus 
and outlet for exploratory and manipulative 
oral behaviours (Tuyttens, 2005). “Straw 
presence” often tends to increase the intui-
tive welfare score in experts’ housing system 
assessment (Spoolder et al., 2003). Besides, 
Sows have a strong preference to farrow in 
a bedded lying place and are prepared to 
gather large amounts of straw to build a nest 
before farrowing (Arey et al., 1991; Arey, 
1992), along with the rise of PGF2α (Algers 
et al., 2007). Even in a barren environment, 
sows have high motivation to build a nest 
(Andersen et al., 2005)

Confined sows are limited in their selec-
tion of nest-site, unable to gather material 
for nest building and are forced to farrow 
in an uncompleted nest (Gustafsson et al., 
1999). Straw which allows nest building can 
favourably influence maternal behaviour 
(Herskin et al., 1998; Ringgenberg et al., 
2012; Melišová et al., 2011), and reduce the 
risk of crushing (Weary et al., 1998; March-
ant et al., 2001), while stress weaken the 
maternal of sows, such as delayed response 
to screaming of piglets (Ringgenberg et al., 
2012). Thus, Straw-bedded pen with anti-
crush device is a practicable alternative.

Additionally, Jarvis et al. (2006) in-

vestigated whether housing sows in a crate 
during lactation leads to chronic stress, 
and found that baseline plasma ACTH and 
cortisol levels showed no treatment differ-
ences during the lactation, and the difference 
of Cortisol AUC and cortisol/ACTH ratio 
were only shown on Day 29. So, prolonged 
confinement in farrowing crates may have a 
negative impact on sow welfare. However, 
EU rules prevent weaning before 28 (Coun-
cil Directive 2008/120/EC), and EU organic 
rules delay weaning until at least 40 days 
(CIWF, 2006). 

Weaning at 5 weeks of age is thought 
much better for piglets but not for sows. The 
aim of this experiment was to investigate the 
effect of farrowing environmental differ-
ence on primiparous sows that lactated for 
35 days.

MATERIALS AND METHODS
Animals and care
During pregnancy, gilts were group-housed 
in a straw-bedded pen (6m × 10m) with a 
6m × 10m outdoor area. Seven days before 
expected parturition day (EPD), 20 gilts 
with closed pregnancy condition and EPD 
were randomly moved to either a farrowing 
crate (Treatment C) or a straw-bedded far-
rowing pen (Treatment P) in the same room. 
Because of dystocia or small litter size, 16 
primiparous sows were used in the experi-
ment (eight sows in each treatment). Piglets 
were weaned at 35 days of age by the sows 
moving out.

They were fed three times per day 
(06:00, 10:00 and 16:00). The straw-bedded 
pens were cleaned twice per day at 05:00 
and 15:00 and fresh straw (about 5cm deep) 
were provided after the morning feed, while 
the crates were cleaned at 06:00 and 16:00. 
Health inspection and disease treatment 
were performed at 06:30.
Housing structures
Commercial farrowing crates (2.15m × 
1.8m) were 0.3m from above the ground. 
The width of the sow stall was 0.6m. Two 
fibre glass thermal creeps (1.0m × 0.6m) 
were fixed in the mid of pared crates. Iron 
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slats were applied for sow, and plastic slats 
for piglets. 

The straw-bedded farrowing pen (5.7m 
× 2.1m) had concrete floor with a slope 
of 18°. The lying area (2.1m × 2.1m) was 
separated by a square tube (40 mm×60mm) 
50mm from above the floor to keep straw. 
Anti-crush bars were positioned 0.3 m from 
above the floor and 0.2 m from the wall or 
side railing in the lying area. Piglets creep 
(1m×0.8m) was situated in corner of lying 
area. (Details as shown in Yin et al., 2013)
Behaviour observation and categorisation
The behaviours of the sows were recorded 
by Noldus Observer XT system (Noldus 
Information Technology, Wageningen, 
Netherlands). 

Sows were videotaped continuously 
from three days before EPD and nest-build-
ing behaviour was observed 12-hour before 
the first birth of piglet. Nest-building behav-
iour means rooting or pawing floor/straw, 
and holding, depositing or arranging straw 
in straw bedded pen, but that’s sham nest-
building behavior in crate, such as scraping 
with the front paws, teeth grinding, biting on 
objects or housing facilities, as reported by 
Wischner et al. (2009) . These 12 hours were 
divided into six 2-hour periods, that is, -12h, 
-10h, -8h, -6h, -4h, and -2h. 

From 12 hours after the first birth of 

piglet, 48-hour continuous videotaping was 
conducted for observing the posture dis-
tribution and frequency of postural change 
(lateral lying to other posture, ventral lying 
to lateral lying, sitting to lying, and standing 
to lying). 

From the 2nd to the 5th week of lacta-
tion, sows were videotaped continuously 
from 07:00 to 09:00 and 13:00 to 15:00 
on the 3rd and 6th day of each week, with 
a 2-min instantaneous scan, so there were 
120 observations per day. Data of states 
were converted into percentages of the total 
observation time and data of oral behaviours 
were recorded as the number of times they 
occurred. Definitions of the behaviours can 
be seen in Table 1.
Physiological indicator.
Blood sampling through ear venous was 
taken in two days before EPD (-2d, taken at 
8am), Parturition Day (0d, taken at 6h after 
the first birth of piglet), and Weaning Day 
(35d, taken at 8am). The blood was sepa-
rated after serum separation, and stored in 
the refrigerator at-20°C until assay. ELISA 
kits (Rapidbio, the United States) were used 
to measure cortisol (CORT), prolactin (PRL) 
and Immunoglobulin G (IgG).
Statistical analysis
IBM SPSS statistics 20 was used for analy-
ses of the experimental data. All dependent 

Behavioural categories Definitions

Lying
Ventral lying Lying down with chest and abdomen making contact with the 

floor and front legs stretched or folded under the body.
Lateral lying Lying down with one shoulder making contact with the floor.

Sitting Partly erected on stretched front legs with hindquarter con-
tacting the floor.

Oral 
behaviour

Pen-directed Licking, biting, pawing or nosing trough, bars, walls and 
floor.

Straw-directed Nosing, rooting, pawing, holding, biting, chewing, or ingest-
ing straw. (Only in straw-bedded pen)

Vacuum-chewing Chewing with no object in the mouth.
Active All behaviours, except lying, sitting, or standing without any 

activity, and sleeping.

Table 1 Behavioural categories and definitions



Vol. 14, No.2, 2016 • Intern J Appl Res Vet Med.162

variables were checked for normality before 
being analyzed using One-Sample Kol-
mogorov-Smirnov Test. 

The effect of environment, periods 
before farrowing on nest-building behaviour 
was analyzed by Univariate procedure, and 
Regression analyses were performed using 
curve estimation. The effect of environment 
on posture distribution and frequency of 
postural change in early days after farrow-
ing was analyzed by Multivariate procedure. 
The effect of environment, periods of lacta-
tion on behaviours of sow, and least signifi-
cant difference (LSD) was used for pairwise 
comparisons of means among treatments. 
The effect of environment on PRL, CORT 
and IgG were analyzed through One-Way 
ANOVA.

All the results of the statistical analysis 

are presented as mean ± s.e.

RESULTS
Nest-building
In 12 hours before farrowing, 
sows in creates performed 
less nest-building behaviour 
than those in straw bed-
ded pen (7.95±2.07min/h vs 
12.75±3.90min/h, p=0.002), 
and there were no peak of 
nest-building behaviour in 
sows in creates (p=0.764). In 
straw bedded pen, as ap-
proached farrowing, nest-
building behaviour increased 

from 6.00±2.18 to 18.00±3.64 min/hour at 
-6h, then decreased to 8.93±2.00 (see Fig.1).
Posture in early days after farrowing
In early days after farrowing, there were no 
significantly difference in posture distribu-
tion, except standing (p=0.017, walking 
was also concluded in standing for sows in 
straw pen), between two treatments (Table 
2). There were few sitting in both treatments 
(C: 9 min per hour vs. P: 5 min per hour). 
There were no significantly difference in 
frequency of postural change between sows 
in C and P (Table 3).   

As shown in Fig. 2, in each week of lac-
tation, there was no significantly difference 
in overall lying between sows in C and P 
(p>0.05), while sows in C performed signifi-
cantly more ventral lying (p<0.01) and less 

Figure 1. Nest-building behaviour before farrowing

Lying Lateral lying Ventral lying Standing Sitting
C 90.90±1.88 76.67±6.46 14.24±6.88 8.26±1.88 0.63±0.35
P 85.69±6.94 75.21±8.85 10.42±6.04 12.22±3.19 0.35±0.35

p-value 0.102 0.742 0.269 0.017 0.195

Table 2. Posture distribution of the sows after farrowing (%)

Lateral lying to 
other posture

Ventral to Ventral lying Standing Sitting

C 16.86±2.82 11.57±2.53 2.86±1.22 10.00±1.66 0.63±0.35
P 23.50±3.01 13.21±2.13 2.93±0..66 13.14±1.24 0.35±0.35

p-value 0.133 0.629 0.960 0.155 0.195

Table 3. Frequency of postural change of the sows after farrowing (Hrs -1)
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lateral lying (p<0.05), except 
in W5 (p=0.49; p=0.37). For 
sows in P, there were no sig-
nificantly difference in ventral 
lying, lateral lying and overall 
lying between weeks of lacta-
tion (p>0.10), while sows in P 
performed more ventral lying 
in W5 than in any other week 
(p<0.05).

As shown in Fig. 3, in 
each week of lactation, sows 
in C performed more sitting 
(p<0.05), and there were 
no significantly difference 
in sitting between weeks of lactation for 
each treatment (C: p=0.71, P: p=0.64). As 
shown in Fig. 4, in W2-W4, sows in C were 
more active (p<0.01). For sows in C, there 
were no significantly difference in active 
behaviours between weeks of lactation 
(p=0.85), while sows in P performed more 
active behaviours in W5 than in any other 
week (p<0.05). As shown in Fig. 5, in each 
week of lactation, sows in C performed 
more pen-directed oral behaviours (p<0.05), 
vacuum-chewing (p<0.01), and overall 
oral behaviour (p<0.05). There were nearly 
no vacuum-chewing in sows in P (only 
observed in one sow in W3). And there 
were no significantly difference in more 
pen-directed oral behaviours (C: p=0.13; P: 
p=0.08), vacuum-chewing (C: p=0.61), and 
overall oral behaviour (C: 0.80; P: p=0.54) 
between weeks of lactation for each treat-
ment.

Physiological indicator
In -2d, there were lower PRL level in C sow 
(p = 0.09). There were significantly lower 
PRL levels in 35d than in -2d or 0d for sows 
in both treatments (p < 0.01). In -2d and 
35d, there were significantly higher CORT 
level in C sow (p < 0.05). The CORT level 
of sows in C was significantly higher in -2d 
than in 0d or 35d (p < 0.05), while there 
were no significantly difference in the CORT 
level of sows indifferent stage (p = 0.27). 
There is no significant difference in IgG 
between sows in different environment or in 
different weeks (p > 0.10).   Table 4 Level of 
PRL and CORT in different stage

DISCUSSION
Maternity
In natural condition, sows usually start look-
ing for nesting sites and collecting nesting 
material before farrowing. Domestic sows 
still possess maternal behaviour which has 

developed during a life in 
the wild and seems to be 
hardwired into the nervous 
system (Gustafsson et al., 
1999), and domestication 
has not given rise to major 
changes in the perfor-
mance of nest-building 
behaviour (Wischner et al., 
2009). Generally, the sow 
starts to build the nest at 
approximately 24 h before 
farrowing, showing most 
intensive activity 12 to 

Figure 2. Lying behaviour in 2-5 week of lactation

Figure 3. Sitting in 2-5 week of lactation
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6 h before farrowing (Cronin et al., 1994; 
Haskell and Hutson, 1996; Algers et al., 
2007; Cui, 2006). 

In present study, primiparous sows in 
P also showed a nest-building peak 8-5 h 
before farrowing while sows in C main-
tained nesting behavior at a low level. 
That’s because of the strong motivation of 
sows to building a nest (Arey, 1992), which 
is result of physiological state (such as 
Prolactin) (Lawrence et al., 1994, Wischner 
et al., 2009). Even in absence of exogenous 
stimuli, nest-building like behaviour is 
shown, such as biting and rooting at the rails 
in the crates (Wischner et al., 2009). Damm 
et al. (2003) also reported that compared to 
sows housed in pens, nest-building in crates 
is performed only in a small variation and in 
more fragmented and longer phases.

Suitable nesting material can stimulate 
the nesting behavior of sows, then regulate 
hormone to improve maternal (Cronin et 
al., 1993; Cronin, et al., 1994; Herskin et 

al., 1998; Herskin et al., 1999). 
Sows with more nest build-
ing activity performed a better 
maternal (Andersen et al., 
2005). Environmental stress of 
sows inhibits oxytocin, and then 
influences the maternal behav-
iour. Jarvis et al. (2004) found 
a positive relationship between 
oxytocin and unresponsiveness 
to piglets. In present experi-
ment, attacking piglets by sows 
in P when farrowing was found 
and a piglet was death of that. 

Ahlstrom (1997) also reported a higher 
probability of crated gilts to savage their 
piglets during early stages of farrowing. 
Thus, providing material of nest has a cer-
tain impact on improving maternal behavior, 
and reduces anxiety of farrowing.

Piglets’ death of crushing mostly oc-
curred in the first few days postpartum (Lay, 
2002), because at the first five days postpar-
tum sows spent most time together with their 
offsprings except excretion basically have to 
stay, lying area ,even for sows in straw pen 
(Bohnenkampa et al., 2013 ).

General behavior can be negatively 
influenced when sows do not have access to 
nesting material, which can result in more 
changes in position during the first 24 hours 
postpartum (Herskin et al., 1998). Frequent-
ly changing position of sows have a higher 
risk of crushing piglets, especially rolling 
behaviour (Danholt et al., 2011). Csermely 
(1994) showed that sows in intensive hous-

Figure 4. Active behaviours in 2-5 week of lactation

-2d 0d 35d

PRL (ng·ml-1)
C 1.342Ax±0.139 1.498Ax±0.208 0.945Bx±0.155
P 1.504Ax±0.199 1.529Ax±0.222 0.972Bx±0.156

CROT (ng·ml-1)
C 193.87ax±22.67 142.26bx±15.12 144.12bx±18.85
P 165.19ay±16.67 132.26ax±14.68 117.08ay±10.83

IgG (mg·ml-1)
C 56.24ax±4.35 59.66ax±3.69 57.60ax±4.47

57.71ax±3.32 60.87ax±2.69 60.61ax±3.70

Table 4 .Level of PRL and CORT in different stage

Note: Means with different superscripts are significantly different (capital letters means p<0.01 and lowercase letters 
means p<0.05; XxYy for column and AaBb for row.)
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ing facilities change position more often 
than free-range sows. 

The number of changes among different 
positions did not show significant differ-
ences between the two treatments in this 
study. Since sows’ activities are influenced 
by the size of space, more changes of dif-
ferent positions occurred in straw-bedded 
pen due to their more standing position 
caused by relatively free space. However, 
gilts in C changed position more often than 
those in P when farrowing, and some of 
them attacked the offsprings. There is a high 
risk of crushing piglets in this period, but 
behaviours were not analyzed because of the 
interference of aids to deliver. Fraser et al. 
(1995) also considered that the stress of gilts 
in crate may increase the probabilities of 
attacking and crushing piglets when farrow-
ing.

It is also regarded that the time of sows’ 
sitting are related to number of the crush-
ing on piglets (McGlone and Morrow-Tesh, 
1990) and there is frequently sitting of gilts 
in crate. However, gilts in C showed rare 
sitting behaviour (9 minutes per day) in 
present study, which may due to their straw-
bedded group pen before farrowing, and 
the short-period in C had little impacted on 
them. Besides, gilts’ unfamiliarity with the 
crate affected their behaviours. 

Physiological indicator showed that PRL 
is high before and after farrowing, which is 
determined by sows’ physiological condi-
tion, because PRL is closely related to the 

maternal behaviour (Cui, 
2006). The PRL of sows in 
C were a little bit lower than 
that of sows in P, however, 
it only showed significant 
difference in the day before 
farrowing which may be 
caused by crated gilts’ high 
hypothalamus-pituitary-ad-
renal axis (HPA axis) before 
farrowing. Study of Ruis et 
al., (2001) on sows’ social 
attack also showed that the 
increased activity of HPA 
axis under the stress can di-

rectly lead to the increased PRL, which may 
be the result of the inadaptation of the sows 
to the nesting environment. However, the 
closely PRL after farrowing indicated that 
simulation of farrowing and piglets can lead 
to a standard level of PRL secreting. There-
fore, the effect of environment on maternity 
was exerted mainly before farrowing and at 
the beginning of farrowing. 
Behaviours in 2-5 week of lactation
The result of present experiment showed 
that, the ventral lying of gilts in C was more 
than that of sows in P in W2 - W5, while lat-
eral lying was significantly less. Lying time 
showed no significant differences between 
the two treatments, which indicated that gilts 
in C perform more ventral lying. Generally, 
sows adopt lateral lying more when rest-
ing, while ventral lying represents a more 
alert and active behavior (Jarvis et al.,2002). 
Therefore, more ventral lying of gilts in C 
was active, which is in line with the result 
that the activity of gilts in C was higher than 
that of sows in P. However, Jarvis et al., 
(2006) found that sows in pen were more ac-
tive, with more ventral lying and less lateral 
lying. This is because no obvious vacuum-
chewing was found in their study, while gilts 
in crate showed vacuum-chewing in ventral 
lying in present experiment. The ventral 
lying of sows increased as lactation in P, 
and lateral lying and total lying decreased 
in W5. This is in accordance with biological 
nature of pig, as lateral lying is the position 

Figure 5. Oral behaviours in 2-5 week of lactation
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for suckling as well as for sows to initi-
ate lactating. From 3rd or 4th week during 
lactation, sows stopped initiating lactating 
(Bøe, 1991), and the frequency of lactating 
declined (Tuchscherer et al., 2000). Sows 
limit the suckling then the massaging after 
suckling, thus sows adopted more and more 
ventral lying position to end lactating.
The activities of sows in P increased sig-
nificantly from W5 after farrowing, which 
reflected the sows’ refusing and escaping 
from suckling. When sows are free to spend 
time keeping away from their piglets, they 
usually completed the process gradually 
through manipulating lactating time before 
the 28th day after farrowing (Pajor et al., 
2000). Because sows in C could not walk in 
this experiment, the activity did not change 
in W5. 

Sows in P performed few sitting behav-
iour, however, the gilts in C showed longer 
time of sitting from W2 to W5, which is in 
accordance with the result of Jarvis et al. 
(2006). But the sitting of gilts in crate oc-
curred more at the end of lactation in their 
research, while sitting increased significantly 
along with lactation proceeding in present 
study, which may be affected by the spa-
cious feeding environment with straw during 
gestation. 

The activity of gilts in C was higher 
than that of sows in P throughout the period, 
which is mainly because they performed 
more oral behavior, mostly vacuum-chewing 
when ventral lying. This can serve as an ex-
planation for the longer time of ventral lying 
and active time. The total oral behavior of 
gilts in C showed no significant differences 
among weeks, however, their pen-directed 
oral behavior occurred less in W3 and W4. 
The reason may be that the sows’ abnormal 
oral behavior was mostly shown as vacuum-
chewing with the prolonging confinement. 
And the increased pen-directed oral behav-
ior may be caused by the stress of sows’ not 
being able to escape from suckling. Because 
if sows are forced to be with piglets after 28 
days since farrowing, it becomes stress for 
sows (Jarvis et al., 2006). Although weaning 

later is more natural for piglets, and causes 
less stress (Worobec et al., 1999; Gonyou et 
al., 1998), confinement may do harm to the 
sows in a relatively long lactation period, 
since they showed symptom of chronic 
stress.

Having no access to nesting mate-
rial for sows can result in more oral-nasal 
stereotypies (Damm et al., 2003), and many 
studies (Whittaker et al., 1998; De Leeuw 
et al., 2003) showed that providing straw 
can reduce stereotypies. Sows in P nearly 
show no vacuum-chewing in this experi-
ment, and their oral behaviours are mostly 
straw-directed which showed no significant 
difference between weeks after farrowing. 
This indicated that straw remained attractive 
to sows. Although there showed some pen-
directed behavior in P, it is not stereotypies 
as showed by rooting the pen. This may be a 
good exploration to environment. However, 
results of Jarvis et al. (2006) showed that 
pen-directed behaviours of sows in straw-
bedded pens were less than that in crates. 
Stewart et al. (2008) found that straw in 
racks led to a reduction in pen-directed ex-
ploratory behaviour in group housed sows. 
In present experiment, gilts in C performed 
vacuum-chewing frequently, then more 
pen-directed behaviour, because most of 
the pen-directed behaviours observed were 
mingled with vacuum-chewing. Besides, the 
differences among sows’ behaviors may be 
mainly caused by available space rather than 
the straw provided. Space has been proved 
to be the most important element around 
parturition period (Jarvis et al., 2002). 
Stress and immunity
De Leeuw and Ekkel (2004) found that 
providing straw can reduce cortisol. Pres-
ent experiment also showed that cortisol of 
gilts in C are higher than that of sows in P 
through all stages, with significant differ-
ence only shown in the day before farrowing 
and weaning day. And cortisol of gilts in C 
was significantly higher in the day before 
farrowing than that in the farrowing day or 
weaning day. The increase of plasma cor-
tisol, as stress indictor, in crated sows was 
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related to the interruption of pre-parturient 
behaviour like nest-building (Lawrence et 
al., 1997), and the absence of nesting mate-
rial elevated cortisol concentrations before 
farrowing (Lawrence et al., 1994). How-
ever, during the farrowing period, crate did 
not seem to affect the activity of HPA axis 
(Jarvis et al., 1998). Cronin et al. (1991) also 
found that compared to the sows in straw 
pen, cortisol concentrations of sows in crate 
increase since the 28th day of lactation, 
which indicated that crate can be a chronic 
stressor, which is consistent with the result 
of present experiment. However, Jarvis et al. 
(2006) did not find the increase of cortisol in 
their research.

Whether the sows in crates show chronic 
stress depends on many factors (the previ-
ous feeding environment, nutrition level, 
equipment in the pen, and so on), which may 
cause different results of cortisol concentra-
tions among studies. Furthermore, HPA axis 
may adapt to the continuous stress, thus 
cortisol and ACTH may back to the standard 
level before stress (Pignatelli et al., 2000).
In present study, although IgG of gilts in P 
was a little bit higher than that of gilts in C, 
there was no significant difference at differ-
ent stages between the two environments. 
This indicated that short-time environmental 
confinement during lactation exerted not 
significant influence on gilts’ humoral im-
mune system.

CONCLUSION
The straw-bedded farrowing pen reduced 
stress of primiparous sows, and met the 
behavioral requirement. Straw stimulated 
nest-building behavior, and effectively re-
duced the sitting, pen-directed oral behav-
ior and vacuum-chewing. To some extent, 
straw-bedded farrowing pen can improve 
maternal behavior, reduce anxiety and fear 
in farrowing.
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