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ABSTRACT: The present study investigated the effects of back-fat thickness at d 107 of gestation and housing types during gestation
on reproductive performance and behavior of sows. A total of 64 crossbred sows (LandracexYorkshire) in their 3 to 4 parities were
allotted to one of four treatments (n = 16) over two consecutive parities. During each parity, sows were assigned to two gestational
housing types (stall or group housing) and two level of back-fat thickness (<20 or >20) at d 107 of gestation. Gestating sows were
transferred from gestational crates to stalls or pens (group housing) 5 weeks before farrowing. All sows were moved to farrowing crates
on d 109 of gestation. At weaning, back-fat thickness changes were lesser (p<0.05) in sows having back-fat thickness <20 mm than that
of sows with >20 mm back-fat thickness at 107 d of gestation. Group housed sows had greater (p<0.05) feed intake and shorter (p<0.05)
weaning-to-estrus interval than that of sows in stalls. At weaning, back-fat thickness changes were lesser (p<0.05) in group housed sows
than that of sows in stalls. The number of piglets at weaning, growth rate and average daily gain were greater (p<0.05) in group housed
sows than that of sows in stalls. During gestation, walking duration was more (p<0.05) in group housed sows. Group housed sows had
lesser (p<0.05) farrowing duration and greater (p<0.05) eating time than that of sows in stalls. Result obtained in present study indicated
that sows with >20 mm back-fat thickness at 107 days had better reproductive performance. Additionally, group housing of sows during
last five week of gestation improved the performance and behavior and reproductive efficiency of sows. (Key Words: Back-fat
Thickness, Behavior, Housing, Reproductive Performance, Sows)

INTRODUCTION

In modern pig industry maintaining optimal body
condition of high producing sows has become an issue of
considerable importance due to the economic pressure to
achieve best production targets (Whittemore, 1996; Maes et
al., 2004). The measurement of backfat thickness of sows
constitutes a more objective and precise method to assess
the body condition of sows (Charette et al., 1996). During
the last phase of gestation and lactation the sows feed intake
is not sufficient to meet the nutrient requirements for
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maintenance, fetal growth and lactation, which leads to
mobilization of reserve protein and backfat (Aherne et al.,
1999). It has been reported that excessive loss of body
protein and backfat during gestation and lactation is
associated with an increased percentage of stillborn piglets
(Maes et al., 2004), reduced litter size, litter growth
(McKay, 1993) and prolonged weaning to estrus interval
(De Rensis et al., 2005; Serenius et al., 2006). On the other
hand, excess body fat at the end of gestation leads to
farrowing difficulties and more stillborn piglets (Zaleski
and Hacker, 1993), postpartum dysgalactia and higher
culling rate due to locomotion difficulties (Martineau and
Klopfenstein 1996; Dourmad et al., 2001). Therefore,
backfat thickness should be maintained within an optimal
range to ensure the best reproductive performance.

A major public issue for swine industry these days is
housing and welfare of sows during gestation. It is
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estimated that 75.8% of all gestating breeding stock in the
US is housed in individual stalls (USDA, Animal and Plant
Health Inspection Service, 2014). However, increased
consumer awareness about animal welfare issues had led
producers to begin the implementation of group housing of
sows during gestation. Gestational pens with partial stalls
are designed for use with small groups of sows and lend
themselves well for units being converted from individual
gestational crate into group housing system (Boyle, 2005;
Zhao et al,, 2013). Previous studies compared group
housing to stall housing during gestation periods and
reported a varied performance; whether that being a
significantly greater result for group housing sows (Bates et
al., 2003), no change among the groups (Hemsworth et al.,
2013; Zhao et al., 2013) or a greater result for stall housing
(Den Hartog et al., 1993). Therefore, understanding the
effect of changing from gestational stalls to group housing
on the reproductive performance and behavior of sows is
essential to implement alternative gestational housing
systems and assure the well-being of sows. The objectives
of the present study were to investigate the effects of
backfat thickness and housing pattern during gestation on
reproductive performance and behavior of sows.

MATERIALS AND METHODS

Animals and management

The protocol for the present experiment was approved
by the Institutional Animal Care and Use Committee of
Kangwon National University, Republic of Korea.

A total of 64 crossbred sows (LandracexYorkshire) in
their 3  to 4 parities were allotted to one of four treatments
(n = 16) over two consecutive parities, but 5 sows culled in
the second (Fourth parity) experiment meant a total of 59
sows applied for the experiment. All sows used in the
present study were artificially inseminated 2 times after
onset of estrus, and pregnancy was detected and confirmed
at d 30 post breeding using a Pharvision B-mode ultrasound
machine (AV 2100V; Ambisea Tech. Corp., Shenzhen,
China). During gestation, all sows were housed in
individual gestation stalls (2.20x0.65 m) with fully slatted
concrete flooring. Five week before farrowing, sows (n = 32)
were assigned to two gestational housing types (stalls or
group housing) and two level of backfat thickness (<20 or
>20 mm) at d 107 of gestation using 2x2 factorial design.
Group housed sows were kept in two pens (10.4x5.4 m)
with 16 sows per pen. All sows were moved to farrowing
crates (2.2x0.65 m) on d 109 of gestation.

Each crate had a single feeder, and water was always
available through a nipple drinker. The farrowing room
temperature was maintained at 20°C before farrowing,
increased to 24°C for the first 2 week of lactation and
subsequently lowered to 20°C. Heating pads for piglets

143

were located on either side of the farrowing crates and
maintained at 36°C. Piglets were weaned at 21 d after
farrowing. Before the farrowing, they were allocated the
same amount of experimental diet (2.6 kg/sow) for both
group housing and stall sows, once a day at 0900 h. There
was one feeder per sow for group housing treatment and
each sow could individually occupy one feeder without
having the accessibility to the other sows feed. After
farrowing, sows had ad libitum access to water via a drinker
located in the feed trough in each farrowing crate. The
feeders were checked 3 times per day to be refilled when
required. All the sows were fed a common corn-soybean
meal based diet as per National Research Council (1998)
requirements for gestation and lactation (Table 1). The
value of average daily gain (ADGQG) of piglets was calculated
by final body weight minus the first body weight divided by
weaning date (day) multiplied by the number of weaned
piglets.

Backfat measurements and data collection

Sow backfat thickness at 10th rib, 6.5 cm from one side
of the backbone was measured at d 107 of gestation, after
farrowing (d 1 of lactation), and at weaning (d 21 of
lactation) by using an ei-medical imaging ultrasound
(Loveland, CO). Changes in backfat thickness of sows
during lactation were measured by calculating the
difference between backfat thicknesses at d 1 of lactation
and backfat thickness at weaning. Standard litter traits like
number born and born alive, body weight (kg) at birth, and
weaning, growth rate (kg/d), and ADG (g/piglets) were
recorded. Feed intake (kg/d) of each sows and weaning-to-
estrus interval (d) were also recorded.

Behavioral measures

Sow behavior during gestation and lactation were
recorded using Geovision GV-1240 video capture combo
card (Geovision, Inc., Irvine, CA, USA) and viewed using
EZViewlog (Geovision, Inc., USA) in real-time. Behavior
was observed and registered continuously for 10 (0700-
1700) h on d 49, 77, and 104 of gestation and during
farrowing. Behaviors registered included: ventral lying,
lateral lying, sitting, standing, walking, drinking, eating,
and farrowing duration.

Statistical analyses

Data generated in the present experiment was analyzed
as a 2x2 factorial arrangement in a completely randomized
design. Data were replicated over time, whereas the housing
type and back fat thickness were the fixed effect. Sow was
considered the experimental unit. The main effects of
housing type, backfat thickness at 107 d of gestation, and
their interaction were determined by mixed procedure of
SAS statistical program (SAS Inst., Inc., Cary, NC, USA). A
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Table 1. Ingredient and chemical composition of experimental
diets (as-fed basis)

ltem Gest-ation Lact-ation
diet diet

Ingredients (%)
Corn 4145 40.95
Wheat 12.00 10.00
Wheat bran 4.00 -
Palm kennel meal 4.00 2.00
Distiller's dried grains with solubles 12.00 8.00
Rapeseed meal 3.00 -
Soybean meal (Local) 6.95 22.83
Soybean meal (Import) - 5.88
Coconut meal 4.00 -
Corn gluten feed 2.00 -
Animal fat 5.21 4.03
Molasses 2.00 3.00
L-Lysine-HCI (78%) 0.08 0.14
pL-Methionine (88%) - 0.04
Choline chloride (50%) 0.06 0.06
Limestone 1.47 1.38
Mono dicalcium phosphate 0.85 0.85
Salt 0.55 0.50
Vitamin premix’ 0.20 0.16
Mineral premix? 0.10 0.10
Phytase? 0.03 0.03
Mannanase* 0.05 0.05
Total 100.00 100.00

Calculated composition (%)
ME (kcal/kg) 3,265 3,350
CP 14.58 20.13
Ca 0.75 0.75
Avg. P 0.32 0.32
Lys (%) 0.65 1.15
Met+Cys (%) 0.56 0.72

ME, metabolizable energy; CP, crude protein.

!'Supplied per kg diet: 9,600 IU vitamin A, 1,800 IU vitamin Ds, 24 mg
vitamin E, 1.5 mg vitamin By, 12 mg vitamin B,, 2.4 mg vitamin B,
0.045 mg vitamin By, 1.5 mg vitamin K3, 24 mg pantothenic acid, 45 mg
niacin, 0.09 mg biotin, 0.39 mg folic acid, 7.2 mg ethoxyquin.

2 Supplied per kg diet: 150 mg Fe (FeSO,), 96 mg Cu (CuSOy; H,0), 72
mg Zn (ZnS0,), 46.5 mg Mn (MnO,), 0.9 mg I (Ca(I0);), 0.3 mg Se
(Nazs€O3).

3 Provided 300 FTU/kg of diet phytase (Phyzyme XP 10000, Danisco
Animal Nutrition, Marlborough Wiltshire, UK).

4 Provided 120 FTU/kg B-mannanase (Hemicell, ChemGen Corp.,
Gaithersburg, MD, USA).

p-values <0.05 were considered statistically significant.

The data were tested for main effects of housing, back
fat, and their possible interaction. The following model
statement was used:

Yije = prtoitBityctapitei

where Yiji = measured response, L = overall mean, o; =
housing effect, B; = back fat effect, y.= the fixed time effect
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when the measurement was taken, of}; interaction
between housing and back fat effect, and &;; = residual error.

RESULTS

Backfat thickness, feed intake and weaning-to-estrus
interval

The backfat thickness, feed intake, and weaning-to-
estrus interval of sows are presented in Table 2. At weaning,
group housed sows had greater (p<0.01) backfat thickness
than that of sows in gestation stalls. Changes in backfat
thickness during lactation were lesser (p<0.05) in group
housed sows than that of sows in gestation stalls. Group
housed sows had greater (p<0.05) feed intake and shorter
(p<0.05) weaning-to-estrus interval than that of sows in
gestation stalls. Sows backfat thickness at 107 d of
gestation had no effects (p>0.05) on feed intake and
weaning-to-estrus interval (p>0.05). There was no housing
typexbackfat thickness interaction for any of the measured
variables.

Litter performances

The effect of housing type and backfat thickness of
sows at d 107 of gestation on litter performances are shown
in Table 3. There were no effects (p>0.05) of housing
pattern and backfat thickness at d 107 of gestation on
numbers of total born and born alive and body weight of
live piglets at birth. Numbers of piglets at weaning, growth
rate, and ADG were greater (p<0.05) in group housed sows
than that of sows housed in gestation stalls. Moreover, body
weight of piglets at weaning, growth rate, and number of
weaned piglets were greater (p<0.05) in sows with >20 mm
backfat thickness than that of sows with <20 mm backfat
thickness at 107 d of gestation.

Behavioral patterns

Behavioral patterns of sows during gestation and
lactation are presented in Table 4 and 5. During gestation,
housing type and backfat thickness at d 107 of gestation had
no effects (p>0.05) on ventral lying, sitting, standing and
drinking. Walking was significantly increased (p<0.05) in
group housed sows than that of sows in gestation stalls.
During farrowing, housing type and backfat thickness at d
107 of gestation had no effects (p>0.05) on ventral lying,
lateral lying, sitting, standing, and drinking. However,
eating duration was significantly greater (p<0.05) in group
housed sows than that of sows in gestation stalls. There was
no housing typexbackfat thickness interaction for any of the
measured variables.

DISCUSSION

Effects of backfat thickness on reproductive performance
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Table 2. Effects of gestational housing and different backfat thickness on backfat thickness changes, feed intake and weaning to estrus

interval in sows during two consecutive parities

. Parity 3 Parity 4 p-value!
Housing type - - SEM
Stall Group housing Stall Group housing H B HxB
Backfat thickness (mm) <20 >20 <20 >20 <20 >20 <20 >20
n=16) (n=16) (m=16) (n=16) (=15 n=14) (@=15) (n=15)

Backfat thickness (mm)

d 1 of lactation (A) 19.51  21.50 19.61  21.49 19.53  21.52 19.61 21.54 031 0.03 0.60 0.65

d 21 of lactation (B) 1554 16.29 17.00 17.64 1651 17.31 17.94 1823 022 0.05 0.87 0.79

Change (A-B) -397 521 -2.61 -3.85 -3.02 421 -2.67 =331 0.12 0.04 0.02 0.06
Feed intake (kg/d) 6.02 6.29 7.11 7.08 6.38 6.21 7.23 7.14 021 0.04 043 0.67
Wean-to-estrus (d) 4.46 4.68 4.29 4.28 449 450 4.17 4.20 0.11 0.04 0.28 0.35

SEM, standard error of the mean.

"'H, main effect of housing type (stall vs group housing); B, main effect of backfat thickness (<20 vs >20); HxB = housing typexbackfat thickness

interaction.

of sows

It is well established that, maintaining backfat thickness
and body conditions of sows during last third of gestation
and early lactation are crucial to determine subsequent
reproductive performance of sows (Houde et al., 2010).
Variation in feed intake, feeding pattern, and milk
production between sows during lactation is likely
responsible for variation in backfat thickness and losses of
backfat levels at weaning (Maes et al., 2004). In the present
study, there were no effects of backfat thickness at 107 d of
gestation on feed intake of sows during lactation, but
backfat losses during lactation were lesser in sows with <20
mm backfat thickness than sows with >20 mm. It has been
reported that the level of backfat losses were proportional to
numbers of live piglet weaned (Maes et al., 2004). On the
other hand, sows with lower backfat thickness wean fewer
piglets per litter (McKay, 1993). Greater backfat losses in
sows with >20 mm backfat in the present study might be
due to greater numbers and growth rate of weaned piglets
than that of sows with <20 mm backfat thickness.

The group housed sows showed a greater weaned

number, growth rate and ADG for piglets compared with
the stall sows. It has been shown that group housing can
positively affect the reproductive performance of sows
(Weng et al., 2009a). They concluded that the group
housing decreased the number of stillborn piglets and also
increased the live litter weight at 14 d and 28 d after
parturition compared with stalled sows. In this study body
weight, growth rate and numbers weaned of piglets at
weaning were greater in sows with >20 mm backfat
thickness than that of sows with <20 mm backfat thickness.
Our results are in contrast with Whittemore et al. (1995),
who observed that sows with greater backfat thickness
achieved higher litter size and greater litter performance
than that of sows with lower backfat thickness. On the other
hand, Maes et al. (2004) observed negative association
between the backfat thickness and the litter size at weaning.
Previously it has been reported that excessive backfat at the
end of gestation leads to reproductive performance
disorders like difficulties in farrowing, more stillborn
piglets (Zaleski and Hacker, 1993), post-partum dyslactia,
locomotion difficulties and higher culling rate (Martineau

Table 3. Effects of gestational housing and backfat thickness on litter size and piglet performance during two consecutive parities

) Parity 3 Parity 4 p-value!
Housing type - - SEM
Stall Group housing Stall Group housing H B HxB
Backfat thickness (mm) <20 >20 <20 >20 <20 >20 <20 >20
m=16) (n=16) (n=16) (n=16) (n=15)(n=14) (n=15) (n=15)
Piglet performance
Numbers of total born>  11.21  11.49 1132 11.25 11.55 11.83 11.66 1159 0.18 0.19 093 0.70
Numbers of born alive?  9.63 9.87 996  10.19 993 10.17 1026 1050 023 0.73 077 0.80
BW of born alive (kg) 12.07 12.36 12.07 12.52 1242 12.73 1244 1289 0.19 040 030 043
Numbers weaned? 9.35 9.57 9.76 9.78 933 946 9.96 10.06 021 0.03 0.02 0.06
BW at weaning (kg) 57.49  58.90 64.61  65.98 59.20 60.66  66.55 6796 241 0.13 0.03 0.15
Growth rate (kg/d) 2.16 224 2.49 2.55 225 228 2.56 260 012 0.01 003 0.07
ADG (g/piglet) 231 233 257 261 237 241 258 262 749 0.04 0.167 0.12

SEM, standard error of the mean; BW, body weight; ADG, average daily gain.
"'H, main effect of housing type (stall vs group housing); B, main effect of backfat thickness (<20 vs >20); HxB = housing typexbackfat thickness

interaction.
2 Piglets/litter.
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Table 4. Effects of gestational housing and different backfat thickness on behavioral patterns of gestating sows during two consecutive

parities
Housing type Parity 3 ‘ Parity 4 . SEM p-value!
Stall Group housing Stall Group housing H B HxB
Backfat thickness (mm) <20 >20 <20 >20 <20 >20 <20 >20
(n=16) (n=16) (=16)(n=16) (=15 (n=14) (m=15) (n=15)
Behavior (%)
Ventral lying 64.69  64.56 62.39  60.84 65.17 6540 6228 5853 588 0.55 026 048
Lateral lying 20.08  20.59 18.38 18.49 21.05 21.58 19.52 1877 441 0.57 0.58 0.68
Sitting 9.98 10.57 9.50  9.79 757 781 8.38 878 053 068 053 0.64
Standing 3.01 2.64 3.14 326 424 348 1.51 509 057 034 0.89 0.69
Walking 0.00 0.00 5.17 5.82 0.00  0.00 6.67 697 0.60 0.01 0.74 042
Drinking 2.24 1.65 1.41 1.80 1.98 1.74 1.63 1.87 049 097 040 0.86

SEM, standard error of the mean.

"H, main effect of housing type (stall vs group housing); B, main effect of backfat thickness (<20 vs >20); HxB = housing typexbackfat thickness

interaction.

and Klopfenstein, 1996; Dourmad et al., 2001). These
observations indicate that too low or too high backfat
thickness has adverse effect on the reproductive efficiencies
of sows. Therefore maintaining moderate backfat thickness
throughout reproductive cycle of sows is important for
obtaining greater reproductive efficiency.

Effects of housing type on reproductive performance of
SOWS

Increased consumer awareness about animal welfare
issues has led producers to begin the implementation of
group housing of sows during gestation. Group housing of
sows during gestation resulted in increased exercise, greater
control over environment, opportunity for normal social
interactions and opportunities to root or manipulate
materials (Von Borrell et al., 1997). In the present study,
gestating sows were transferred from breeding crates to free
gestation stalls or group housing 5 weeks before farrowing
and moved to farrowing rooms on d 109 of gestation. The

present results indicated that there were no differences for
the litter size and litter weight at birth among group housed
and stall fed sows. Our results are in agreement with Zhao
et al. (2013), who reported that group housed sows had a
similar litter size and litter weight at birth to sow in
gestational stalls. Similarly, it has been reported that there
were no differences in total number of piglets born and born
alive per litter for sows housed in pens or gestation stalls
(Bates et al., 2003). In contrast, Den Hartog et al. (1993)
reported that number of born alive was lower in group
housed sows than that of sows in gestation stalls.

In this study, weaning-to-estrus interval was lesser in
group housed sows than that of sows kept in gestation stalls.
Our results are consistent with Hemsworth (1982), who
reported that the weaning-to-estrus interval of group housed
sows was lesser than that of sows in stalls. Bates et al.
(2003) observed improved return to estrus and farrow rate
of group housed sows than that of sows housed individually
in stalls. In contrast to Hemsworth (1982) and present

Table 5. Effects of gestational housing and different backfat thickness on behavioral patterns of sows at farrowing during two

consecutive parities

. Parity 3 Parity 4 p-value!
Housing type - - SEM
Stall Group housing Stall Group housing H B HxB
Backfat thickness (mm) <20 >20 <20 >20 <20 >20 <20 >20
m=16) (n=16) (n=16) (n=16) (@=15 (m=14) @=15) (n=15)

Behavior (%)

Ventral lying 63.19 6244 5935 5782 62.75  61.99 60.05 5833 893 098 039 0.54

Lateral lying 19.09 19.48 18.43  20.25 19.46  19.86 18.47 1745 344 090 047 0.65

Sitting 8.14 8.30 10.84 9.70 9.49 9.69 1064 1079 294 040 025 0.58

Standing 4.22 431 5.84 591 3.38 3.45 4.43 6.46 157 030 039 0.35

Eating 3.47 3.54 3.64 4.34 3.05 3.1 4.41 507 0.67 0.03 0.69 047

Drinking 1.89 1.93 1.90 1.97 1.88 1.92 1.98 191 097 033 024 035
Farrowing duration (h) 5.53 5.65 5.11 4.44 5.30 5.41 4.84 345 046 005 0.17 0.15

SEM, standard error of the mean.

' H, main effect of housing type (stall vs group housing); B, main effect of backfat thickness (<20 vs >20); HxB = housing typexbackfat thickness

interaction.
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results, McGlone et al. (2004) reported lesser weaning-to-
estrus interval of sows housed in stalls than that of group
housed sows. Variations in results might be due to
variations in farm management between studies.

In the present study, numbers of piglets weaned, feed
intake, growth rate and ADG of piglets were greater in
group housed sows than that of sows kept in gestation stalls.
Present results are in agreement with Gunn and Friendship
(2003), who observed greater number of litter per sow per
year in group housed sows compared to sows in gestation
stalls. In contrast, Barbari (2000) reported greater number
of weaned piglets among sows housed in gestation stalls

compared to those housed in various group housing systems.

Bates et al. (2003) observed lower litter weight at weaning
among group housed sows than that of sows in gestation
stalls. Some of the previous studies reported that the
reproductive performance of group housed sows is equal to,
or superior to that of sows in stall, in term of backfat, litter
size, piglet birth weight, piglet weaning weight and wean to
estrus interval (McGlone et al., 2004; Rhodes et al., 2005).
Greater overall gain at weaning in group housed sow in the
present study might be due to greater number of piglets
weaned as compared to sows housed in stalls during
gestation.

Sows behavior during gestation, farrowing and lactation
serves as an interaction between sows and their
environment and it is affected by internal and external
factors (Rhodes et al., 2005). In the present study, housing
type and backfat thickness at d 107 of gestation had no
effects on ventral lying, lateral lying, sitting, standing, and
drinking behavior during gestation and lactation. Our
results are consistent with Calderon Diaz et al. (2014)
observed no effects of gestation housing on locomotory
behaviors of sows. Group housed sows in the present study
had a longer eating time than sows in stalls. Weng et al.
(2009b) observed less lying and moving in stall housing
before farrowing, however, during lactation, group sows
spent more time standing, moving and eating, less time dog
sitting and lateral lying. This might be due to the stress
caused by shifting the group of housed sows to the
farrowing crates. Loose housed sows during gestation are
more stressed by confinement in farrowing crates than sows
housed in stall during gestation (Boyle et al., 2000). Rhodes
et al. (2005) reported that sows show different behavior
when housed in gestation stalls, compared with some group
pens, because of restricted movement, reduced caloric
consumption, reduced opportunities to forage, absence of
bedding and restricted social interaction.

CONCLUSIONS

Result obtained in the present study indicated that sows
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with >20 mm backfat thickness at 107 days of gestation had
greater reproductive performance. Additionally, group
housing of sows during last five week of gestation
improved the reproductive efficiency and behavior of sows.
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