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Abstract 1 

This study was performed to development the alternative farrowing pen (AFP) and to investigate performance and 2 

behavior of lactating sows and their litter. A total of 64 multiparous sows were randomly divided into two groups and 3 

were allocated to farrowing crates (FCs) and AFPs. The AFPs contained a crate and support bars that could be folded 4 

to provide the sows with extra space on day 5 postpartum. Behavior was recorded by charge-coupled device cameras 5 

and digital video recorders, and the data were scanned every 2 min to obtain an instantaneous behavioral sample. 6 

Farrowing systems did not affect feed intake, back-fat thickness, litter size and piglet weight at birth and weaning (p 7 

> 0.05). In addition, there were no differences in the number of crushed piglets between the two farrowing systems (p 8 

> 0.05). However, the weaning-to-estrus interval was shorter in the sows of the AFPs than in thous of the FCs (p < 9 

0.05). The sows spent most of their time lying down during the lactating period, at about 80% lateral recumbency and 10 

10–15% ventral recumbency. The only significant differences were in the feeding and drinking behavior between 11 

sows in the two farrowing systems (p < 0.05). The FC sows displayed more feeding and drinking behavior than the 12 

AFP sows, especially in the late lactating period (p < 0.05). Piglets in the FCs tended to spend more time walking than 13 

piglets in the AFPs (p < 0.05), whereas there were no differences in suckling and lying behavior between piglets in 14 

the two farrowing systems (p > 0.05). It is concluded that the AFPs with temporary crating until day 4 postpartum did 15 

not negatively affect performance and crushed piglet compared with the FCs. It also may improve animal welfare by 16 

allowing sows to move and turn around during the lactating period. Further research is needed to find suitable housing 17 

designs to enhance productivity and animal welfare. 18 

 19 

Keywords : Alternative farrowing pen, Animal welfare, Lactating sows, Piglets, Temporary crating 20 

 21 

 22 
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 24 
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 27 

 28 

 29 
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Introduction 30 

 31 

Farrowing crates (FCs) are widely used in the swine industry to reduce the number of crushed piglets during the 32 

lactation period. However, FCs raises serious welfare concerns that they restrict the sow’s physical movement and 33 

normal behavior, resulting in frustration and stress [1-4]. Recently, due to increasing public pressure to abolish FCs, 34 

loose farrowing systems (LFSs) have been introduced to improve sow and piglet welfare via different design features 35 

[5-7], compared to FCs such as reduced confinement and a greater amount of space. Sows in LFSs allow sows to turn 36 

around and interact more with their litters through providing more space. However, the important economic and 37 

welfare problem of pre-weaning piglet mortality in LFSs remains. Crushing is one of the major causes of pre-weaning 38 

piglet mortality, alongside starvation [8-12]. Piglets are most vulnerable until the first 4 days after birth, with more 39 

than 50–80% of deaths occurring during this period [13–16]. Over the years, many researchers have endeavored to 40 

reduce the number of crushed piglets by sows by installing support devices, such as anti-crushing bars in LFSs [17, 41 

18]. Several studies have found no significant impact on piglet crushing mortality in LFSs because the sows lie down 42 

and roll over in the open area [19, 20]. Attempts have been made to improve animal welfare for lactating sows and 43 

their litters, including circular, ellipsoid, rectangular, hinged crates and temporary crating systems. Nevertheless, these 44 

facilities are hard to install and manage in industrial swine farms. 45 

Therefore, this study was performed to development the alternative farrowing pen (AFP) and to investigate the 46 

performance and behavior of lactating sows and their litter. 47 

 48 

Materials and Methods 49 

 50 

Animals and Management 51 

 52 

The experiment was conducted on a commercial farm in Korea under mild weather (from October to November). 53 

A total of 64 multiparous sows (Yorkshire × Landrace) were randomly divided into two groups and were allocated to 54 

FCs and AFPs on day 7 prepartum from the expected farrowing day. All sows were familiar with FCs. On day 5 55 

postpartum, the crates were opened to provide the sows with extra space in AFPs. All sows were fed a standard ration 56 

of commercial concentrate twice a day at 0700 and 1600 h (Table 1) and had ad libitum access to water. The 57 

management routine and handling of sows and piglets were performed based on the normal practices of the farm. The 58 
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air temperature varied from 7.4 ± 3.4℃ to 23.0 ± 3.9℃, and the relative humidity was 66.7 ± 10.1%. An infrared lamp 59 

(250 W) was installed above the creep area, and it was turned on when the farrowing room temperature was below 60 

about 29°C during the 5 days postpartum. Ventilation was automatically controlled by fans. Some piglets were cross-61 

fostered immediately after parturition so pens or crates would contain no fewer than nine and no more than twelve 62 

piglets. 63 

 64 

Housing Design 65 

 66 

Figure 1 and 2 show photographs and schematics of the farrowing pens with the crate closed (a) and opened (b). 67 

AFPs (210 × 180 cm) contained a crate (210 × 65 cm) and support bars to prevent the piglets from being crushed by 68 

the sows. These bars were flexible and could be easily folded to open the crates and provide the sows with more space 69 

(210 × 165 cm) than in the previous systems equipped with the swing-side crates. Thus, the sows could not only turn 70 

around but also move freely. Drinkers were located inside the feed trough at the front of the crates. All floors were 71 

slatted with triangular steel bars, and no nesting materials were supplied. 72 

 73 

Performance 74 

 75 

Leftover feed was removed every morning before new feed was offered. Feed intake was determined as the 76 

difference between the allowance and leftover feed collected the next morning. The back-fat thickness was measured 77 

ultrasonically (Aloka SSD-500V, USA) on each sow before farrowing and at weaning at the last rib and 65 mm from 78 

the dorsal midline [21, 22]. The weights of suckling piglets were measured on day 1 and 21. A veterinarian monitored 79 

the deaths of piglets by crushing and disease through daily inspections, and the number of crushed piglets was recorded 80 

every day. Estrus checks for all sows were conducted twice daily using intact boars from 3 days after weaning until 81 

the end of estrus. The occurrence of estrus was defined by the standing reflex in front of a boar and the reddening and 82 

swelling of the vulva. Litter weight and litter size were recorded on the day of birth after cross-fostering and on the 83 

day of weaning. 84 

 85 

Behavioral Observations 86 

 87 
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Six multiparous sows (FCs: 3, AFPs: 3) and their litters were recorded during a 24-h period until 21 days postpartum 88 

using invisible LED lamps (950-nm wavelength), charge-coupled device cameras, and digital video recorders. The 89 

data were scanned every 2 min to obtain an instantaneous behavioral sample. The mutually exclusive behavioral 90 

categories that were recorded are shown in Table 2. One observer recorded all of the behavioral observations. Sows 91 

and piglets were not observed while staff performed husbandry tasks (vaccinations, fostering, etc.) throughout the 92 

study. 93 

 94 

Statistical Analysis 95 

 96 

Parity, feed intake, back-fat thickness, weaning-to-estrus interval, litter size, birth weight, and weaning weight were 97 

statistically analyzed using the SAS GLM procedure (SAS Inst., Inc., Cary, NC, USA). These data were approximately 98 

normal and were thus analyzed without transformation. Chi-squared analysis [23] was used to determine significant 99 

differences in the crushing of suckling piglets by sows. 100 

The number of times the animals engaged in each designated behavioral category each observation day was counted. 101 

These numbers were then converted into percentages. The data were approximately normal and were thus analyzed 102 

without transformation. The paired Student’s t-test was used to compare the behaviors of sows and piglets reared in 103 

FCs and AFPs. 104 

 105 

Results and Discussion 106 

 107 

Performance 108 

 109 

There were no differences in feed intake, back-fat thickness, weaning-to-estrus interval, piglet birth weight, or piglet 110 

weaning weight between the FC and AFP systems (p > 0.05, Table 3). Feed intake affects loss in back-fat thickness 111 

[23], so the back-fat thickness is used as an objective indicator of the body condition of sows and may compromise 112 

reproductive function post weaning [24–27]. A back-fat thickness that is too low or too high has adverse effects on 113 

the reproductive efficiencies of sows [28, 29]. It is also important for maintaining sow health and welfare and will 114 

impact piglets health and growth also (during gestation and lactation). 115 
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In this study, the weaning-to-estrus interval was shorter in AFP sows (4.3 ± 0.5 days) than in FC sows (5.1 ± 1.0 116 

days) (p < 0.05). The weaning-to-estrus interval is affected by a variety of factors, such as lactation length, parity, and 117 

litter size [30–34]. Stevenson et al. [35] and McGlone et al. [36] reported that a supplemental photoperiod during the 118 

lactating period reduced the weaning-to-estrus interval. According to Prunier et al. [37], a high ambient temperature 119 

delays the weaning-to-estrus interval due to nutritional deficiency. These factors were controlled for all groups in this 120 

experiment, so it can be suggested that AFPs did not affect the weaning-to-estrus interval. AFPs may affect sows’ 121 

stress reduction because they allow sows to move more freely. 122 

Sow milk yield is affected by the piglet body weight, litter size, and dietary intake [38, 39]. According to Noblet 123 

and Etienne [40], milk nutrient production during lactation is closely related to piglet weight gain and body weight. 124 

In particular, sow milk production affects suckling piglet growth [44], and there is a strong positive relationship 125 

between weaning weight and growth post-weaning [42]. Sow milk yield was not measured in this study, but we 126 

assumed that sows did not differ in milk yield because there was no difference in average birth weight or weaning 127 

weight between FC and AFP piglets. 128 

The total number of crushed piglets did not differ between FC and AFP piglets (Figure 3, p > 0.05), showing similar 129 

results to Condous et al. [42]. Sows normally spent most of their time lying on their sides in the first 24 h postpartum, 130 

after which they made more posture changes, which can lead to a greater risk of crushing [43–45]. Most crushing 131 

deaths occur when sows lie down from standing or roll over [46]. The effect of temporary crating in LFSs on piglet 132 

mortality has been investigated in several studies. Moustsen et al. [12] demonstrated that crating sows for 4 days 133 

postpartum was sufficient to reduce piglet mortality, whereas Goumon et al. [47] suggested that sows that were 134 

temporarily crated until day 3 or 7 postpartum had similar piglet mortality to those in FCs. Other studies have reported 135 

lower mortality in LFSs or no significant differences compared with FCs [48-50]. FCs result in high piglet mortality 136 

for other reasons, although there were fewer crushed piglets in FCs than in LFSs [51, 52]. In this study, we found that 137 

FCs prevented crushing death and also restricted sows’ movement after 4 days postpartum. 138 

 139 

Sow Behavior 140 

 141 

Sow behavior was compared between the two farrowing systems on day 1, 2, 3, 4, 5, 6, 7, 14, and 20 postpartum 142 

(Table 4). There were no differences in lateral recumbency, ventral recumbency, sitting, or standing (p > 0.05). The 143 

farrowing system only had a significant effect on feeding (p < 0.05). 144 
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Although there was no significant difference in feed intake, sows housed in FCs displayed more frequent feeding 145 

behavior than those in AFPs. It may be correlated with stereotyped behavior, which is repetitive actions with no 146 

obvious purpose, such as bar biting, chewing, and excessive drinking or drinker-pressing without ingesting water [53]. 147 

Stereotyped behaviors typically occur in a barren environment as a means of coping with conflict and frustration 148 

[5456]. In particular, drinker-pressing is seen in sows kept in stalls provided with a nipple drinker, which is one of 149 

the most interesting objects in the sows’ surroundings [53]. According to Johnson et al. [57], indoor-housed sows 150 

spend more time drinking than sows housed outdoors because outdoor sows perform foraging and exploratory 151 

behavior more than indoor-housed sows. In a study by Lou and Hurnik [7], sows in rectangular crates engaged in more 152 

rooting but less drinking than sows in circular and ellipsoid crates. These results indicate that the housing environment 153 

influences stereotyped behavior, which is in agreement with the findings of Arellano et al. [58]. 154 

The sows spent most of their time lying down; almost 80% was spent in lateral recumbency and 10–15% in ventral 155 

recumbency, corresponding to the results of other studies [57, 59]. Contrary to our expectations, there was no 156 

difference in lying behavior between sows in the two farrowing systems, despite crating systems being opened on day 157 

5 postpartum in AFPs. In addition, we did not find any differences in sitting and standing between sows in the two 158 

farrowing systems, which agreed with the results of a previous study [8]. While the duration in lateral recumbency 159 

tended to decrease from day 7 postpartum, the frequency was higher in the sows housed in AFPs than those housed in 160 

FCs. Additionally, ventral recumbency was seen more frequently in AFPs alongside an increase in standing behavior. 161 

Standing is generally associated with activity behavior, and previous studies have confirmed that sows in LFSs are 162 

more active than those in FCs [8, 60]. AFP sows interact more with their environment, including their litters [61]. This 163 

is important for enhancing motheryoung interactions and is thus beneficial for animals. Previous research has 164 

demonstrated that sows in LFSs vocalize to their piglets and perform piglet-directed behavior with physical contact 165 

more than sows housed in FCs [62–64]. In particular, there is evidence that early experience in an enriched 166 

environment may positively affect social skills or health later in life [6567]. 167 

 168 

Piglet Behavior 169 

 170 

Piglet behavior was also compared between FC and AFP piglets, as with sow behavior (Table 5). Farrowing systems 171 

did not affect suckling and lying behavior (p > 0.05), but walking behavior was higher in FCs than AFPs (p < 0.05). 172 
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Piglets will start to seek udders and teats immediately after birth, relying on a combination of visual, olfactory, 173 

tactile, and vocalization cues, and they have access to colostrum during the first 8 h postpartum [68]. Suckling behavior 174 

gradually develops a cyclical pattern, occurring every 30–70 min when induced by a nursing–suckling sound stimulus 175 

[6979]. The sow gives a characteristic grunting call, so it is very important to synchronize the grunt rhythm [53]. In 176 

particular, rapid grunting is a signal of suckling that is strongly correlated with the time of milk let-down and 177 

successful suckling [72, 73] because milk is only available for 1520 s for every bout of suckling [74, 75]. Suckling 178 

behavior gradually decreases throughout lactation. In a study by Bøe [76], there was a considerable reduction in the 179 

number of suckling bouts between week 1 and 3 in LFSs, with decreases in the time the sows spent with their litters. 180 

Jensen [77] also reported that sows kept in a semi-natural environment showed a significant reduction in nursing and 181 

contact with piglets during the first 4 weeks but increased foraging and locomotion. However, in this study, no 182 

differences were found in the duration and intervals of suckling bouts by day during the experiment period, even 183 

between two farrowing systems (Table 6, p > 0.05). The average duration and intervals of a suckling bout were 8.2  184 

1.6 and 37.1  3.3 min for the FC piglets and 8.1  1.6 and 37.4 ± 4.1 min for the AFP piglets, respectively. The 185 

average duration of a suckling bout was longer compared with the results of previous studies that reported it as being 186 

6.3 [78] or 6.4 min [79]. These differences may be explained by the pre- or post-ejection udder massage duration. In 187 

particular, post-ejection udder massage occurred for up to 15 min compared to 1–2 min for pre-ejection udder massage 188 

[80]. The function of udder massages is still unclear, although it may help stimulate future milk production [81]. 189 

Another reason for the differences might be the sampling method used to observe suckling behavior. Previous research 190 

demonstrated that piglets in larger pens spent more time at the udder of sows and performed longer suckling behavior 191 

[82,83]. 192 

Piglet behavior is greatly influenced by the farrowing system and environment enrichment [67, 84]. A larger space 193 

and the addition of materials (e.g., straw, wood-shavings, and peat) may lead to a decrease in aggressive behavior and 194 

an increase in exploratory or play behavior [85, 86]. In particular, play behavior is considered a suitable indicator of 195 

piglet welfare. Some previous studies reported that piglets in LFSs spent more time engaging in play behavior than 196 

those in the FCs [63, 87]. Others have found that piglet behavior is linked with sow behavior [88, 89]. Piglets tend to 197 

be inactive when the sow is resting and more active when the sow is standing up. In this study, we observed only 198 

general behavior, and walking behavior involved a wide variety of behavior, such as stereotyped, aggressive, 199 

exploratory, and play behavior. Further study of more detailed behavior observation is needed to better understand 200 

suitable AFPs for sows and piglets to promote animal welfare. 201 
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 202 

Conclusion 203 

 204 

It is concluded that the AFPs with temporary crating until day 4 postpartum does not impact performance and 205 

crushed piglet, compared with the FCs. It also may improve animal welfare by allowing sows to move and turn around 206 

during lactating period. The AFPs are not only meet the animal welfare standards in Korea but also more efficient at 207 

providing sows with additional space in the same area than previous swing-side type. In addition, the support bar is 208 

very easy to deal with when the crates are opened. We therefore suggested that it seems feasible to utilize alternative 209 

farrowing systems on commercial farms. Moreover, further research is needed to find suitable housing designs to 210 

enhance productivity and animal welfare. 211 

 212 

  213 
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Tables 

 

Table 1. Composition of diets fed to lactating sows (%) 

Ingredient Lactation 

Corn 52.39 

Soybean meal 29.00 

Wheat 7.83 

Wheat barn 2.00 

Tallow 5.00 

Lysine (95%) 0.20 

Methionine (50%) 0.05 

Limestone 0.83 

Tricalcium phosphate 1.90 

Salt 0.30 

Vitamin-Mineral Mix1 0.40 

Antibiotics 0.10 

Total 100.00 

Chemical composition  

ME (kcal/kg) 3386.00 

Protein 18.60 

Lysine 1.19 

Methionine 0.31 

Calcium 0.90 

Phosphorus 0.73 

 

1Composition per kg of mix: 2,750,000 IU vitamin A, 220,000 IU vitamin D3, 1,450 mg riboflavin, 11,000 mg d-pantothenic 

acid, 11,000 mg niacin, 110,000 mg choline, 11 mg vitamin B12, 1,100 mg menadione, 2.2 g ethoxyquin, 11,000 IU vitamin E; 

Contained 20% Zn, 10% Fe, 5.5% Mn, 1.1% Cu, 0.15% I. 

  430 
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Table 2. The mutually exclusive behavioral categories used for behavioral observation 

Behavior Definition 

Sow 

Lateral recumbency 

 

Lying on side with one shoulder completely touching the ground, 

which included nursing 

Ventral recumbency Lying on udder with neither shoulder touching the ground 

Sitting 

 

Partly erect on extended front legs with the caudal end of body 

contacting the floor 

Standing Upright with all four feet on the ground 

Feeding and Drinking 

 

Lowering head into the feeder and Touching the nipple water 

drinker with snout 

Piglet 

Lying Combined category of lying laterally and lying ventrally 

Walking 

 

Relatively low speed locomotion on the ground in which propulsive 

force derives from the action of legs, which included standing and 

sitting 

Suckling 

 

Successfully switching from teat massage and slow suckling 

movements to the rapid, regular suckling movements indicative of 

milk ingestion 
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Table 3. Effects of the AFP on the performance (mean ± SD) of sows and litters 

Variables 

Type of farrowing system 

P-value  

FC AFP 

Sow    

No. of sows 32 32  

Parity 4.5 ± 2.53 4.4 ± 2.5 ns 

Feed intake, kg/d  6.39 ± 0.47  6.39 ± 0.86  ns 

Backfat thickness, mm     

Before farrowing  15.7 ± 4.5  16.5 ± 4.7  ns 

At weaning  14.2 ± 3.9  14.1 ± 4.3  ns 

Backfat thickness loss  -2.1 ± 3.1  -2.5 ± 3.8  ns 

Weaning to estrus interval  5.1 ± 1.0a  4.3 ± 0.5b  <0.001 

    

Piglet    

Litter size, Piglets/litter     

At d 1 postpartum1)  10.1 ± 1.2  9.8 ± 0.9  ns 

At weaning  9.0 ± 1.2  8.8 ± 1.5  ns 

Avg. birth weight, kg  1.5 ± 0.3 1.6 ± 0.3 ns 

Avg. weaning weight, kg 7.6 ± 1.2 8.1 ± 1.3 ns 

1)After cross-fostering. 

a, b Values within treatment (rows) with different superscripts differ significantly, p < 0.05.  431 

ACCETED



20 

 

Table 4. Spending time (± SD) of the sows' behaviors during the lactating period 

Behavior 
Housing 

system 

Day 

% p-value 

1 2 3 4 5 6 7 14 20 

Feeding and 

Drinking 

FC 33 ± 25.3 21 ± 19.2 20 ± 13.9 61 ± 33.2 61 ± 26.6 55 ± 17.9 49 ± 13.3 85 ± 19.7a 95 ± 40.4 3.7 

<0.05 

AFP 30 ± 14.0 28 ± 24.2 27 ± 24.7 25 ± 11.0 36 ± 33.3 55 ± 17.9 40 ± 31.7 40 ± 5.3b 64 ± 2.0  2.4 

Lateral 

recumbency 

FC 807 ± 358.1 1305 ± 18.5 1107 ± 136.0 1233 ± 71.5 1261 ± 46.6 1302 ± 29.5 1290 ± 69.5 1179 ± 72.2 1091 ± 27.3 82.1 

ns 

AFP 1108 ± 122.0 932 ± 234.2 1092 ± 153.9 1139 ± 247.2 1183 ± 141.1 1158 ± 29.5 1213 ± 87.8 1215 ± 90.4 1145 ± 28.7 79.1 

Ventral 

recumbency 

FC 361 ± 214.1 81 ± 12.1 205 ± 147.3 128 ± 74.1 97 ± 74.1 57 ± 52.7 81 ± 61.2 149 ± 104.9 209 ± 22.7 10.6 

ns 

AFP 265 ± 122.3 419 ± 222.9 251 ± 63.8 226 ± 179.2 180 ± 91.8 57 ± 35.2 143 ± 37.2 163 ± 73.9 179 ± 43.9 15.3 

Sitting 

FC 111 ± 105.8 8 ± 8.7 7 ± 6.4 14 ± 2.0 7 ± 3.1 15 ± 2.3 11 ± 4.6 14 ± 14.0 36 ± 16.4 1.7 

ns 

AFP 23 ± 26.6 33 ± 31.9 55 ± 78.7 37 ± 59.5 18 ± 14.4 15 ± 2.3 24 ± 14.0 8 ± 10.4 28 ± 36.4 1.9 

Standing 

FC 129 ± 88.5 25 ± 9.0 23 ± 15.3 5 ± 2.3 13 ± 5.0 11 ± 7.6 9 ± 12.9 13 ± 12.1 10 ± 9.2 1.9 

ns 

AFP 15 ± 8.1 27 ± 30.3 15 ± 14.2 13 ± 12.2 23 ± 12.2 11 ± 18.0 20 ± 13.1 14 ± 12.0 24 ± 7.2 1.4 

a, b Values within treatment (columns) with different superscripts differ significantly, p < 0.05.  
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Table 5. Spending time (± SD) of the piglets' behaviors during the lactating period 

Behavior 
Housing 

system 

Day 

% p-value 

1 2 3 4 5 6 7 14 20 

Suckling 

FC 330.6  ± 28.9 331.3 ± 18.9 287.3 ± 24.7 356 ± 30.1 326.6 ± 48.4 330.7 ± 57.1 274.7 ± 48.4 340.0 ± 28.0 304 ± 25.1 22.2 

ns 

AFP 382.7 ± 130.5 340.2 ± 42.4 292.7 ± 64.6 318.8 ± 25.4 302.7 ± 46.7 298.2 ± 43.4 331.3 ± 18.9 287.3 ± 61.7 307.0 ± 80.9 22.1 

Lying 

FC 1072.3 ± 31.2 1039.3 ± 22.3 1069.3 ± 86.5 1005.3 ± 46.9 1061.3 ± 40.6 1044.7 ± 37.5 1083.3 ± 32.0 992.0 ± 26.5 1020.0 ± 55.2 72.4 

ns 

AFP 993.3 ± 139.2 1060.2 ± 49.6 1112.0 ± 62.6 1070.8 ± 33.1 1070.0 ± 37.5 1088.5 ± 59.2 1039.3 ± 22.3 1069.3 ± 86.5 1065.6  ±  100.1 73.8 

Walking 

FC 37.1 ± 10.2 67.3 ± 11.5a 83.3 ± 38.3 78.0 ± 18.0 52.0 ± 9.2 64.7 ± 22.0 82.0 ± 19.7 108.0 ± 19.1 116.0 ± 53.3 5.3 

<0.05 

AFP 64.0 ± 23.1 39.5 ± 7.3b 35.3 ± 11.0 50.4 ± 9.5 67.3 ± 10.3 53.3 ± 17.0 67.3 ± 11.5 83.3 ± 38.3 67.4 ± 24.8 4.1 

a, b Values within treatment (columns) with different superscripts differ significantly, p < 0.05.  
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Table 6. The duration and interval of a suckling bout (min  ±  SD) during the lactating period 

Variables 
Housing 

system 

Day 

Mean P-value 
1 2 3 4 5 6 7 14 20 

Duration 

FC 7.9 ± 0.9 7.8 ± 1.5 8.4 ± 0.9 8.6 ± 0.7 7.5 ± 1.2 7.5 ± 0.3 6.9 ± 0.9 9.3 ± 1.3 10.0 ± 1.3 8.2 ± 1.6 

ns 

AFP 8.9 ± 1.1 7.9 ± 0.8 7.5 ± 0.8 8.2 ± 0.4 7.9 ± 1.0 7.8 ± 1.2 7.3 ± 0.0 8.6 ± 1.6 8.8 ± 1.8 8.1 ± 1.6 

Interval 

FC 33.0 ± 2.0 37.7 ± 0.6 39.3 ± 0.6 40.7 ± 1.5 41.7 ± 3.1 36.3 ± 2.1 36.3 ± 3.1 35.7 ± 0.6 33.0 ± 0.0 37.1 ± 3.3 

ns 

AFP 37.7 ± 2.5 37.0 ± 2.6 38.3 ± 1.2 40.7 ± 4.7 37.7 ± 2.5 40.3 ± 3.2 38.7 ± 2.5 34.7 ± 7.4 31.7 ± 3.1 37.4 ± 4.1 
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    (a) Closed the crate (installed support bar)        (b) Opened the crate (removed support bar) 

Figure 1. Schematics of the alternative farrowing pen. (a) closed the crate and (b) opened the crate. 
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  (a) Closed the crate (installed support bar)             (b) Opened the crate (removed support bar) 

Figure 2. Photographs of the alternative farrowing pen. (a) closed the crate and (b) opened the crate.  
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Figure 3. The number of crushed piglets in the different farrowing systems 
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