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 15 

Abstract 16 

Nursing-suckling behaviour and piglet weight gain were compared in traditional Danish far-17 

rowing crates and farrowing pens where sows were free to roam to determine if improved 18 

access to the udder could increase the milk intake of the piglets. The experiment was con-19 

ducted in a Danish production herd, and behaviour and weight gain were registered on day 14, 20 

15, 27 and 28 post-partum. The nursing-suckling behaviour was video recorded, and the dura-21 

tion of the milk letdown was used as an indicator of the milk intake of the piglets. 22 

   The milk letdown lasted 8.5 sec for the sows housed in crates and 10.3 sec for the sows 23 

housed in farrowing pens. The 1.8 sec longer duration (P<0.001) could be due to more peace-24 

ful piglets and calmer sows in the farrowing pens; the piglets had fewer teat fights (P=0.009) 25 

and less piglets missed the milk letdowns (P<0.001). The sows housed in farrowing pens ter-26 
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minated fewer nursings (P<0.001), and thereby allowed the piglets to post-massage longer 27 

(P<0.001). Litter size did not influence the duration of milk letdown. The piglets housed in 28 

the farrowing pens had a higher weight at day 28 post-partum (P= 0.019) compared with the 29 

piglets housed in crates. The higher weight indicated that the piglets in the farrowing pens 30 

with easier access to the udder had a higher milk intake. 31 

Keywords: Sow, Piglet, Nursing, Milk letdown, Crate, Farrowing pen 32 

 33 

1. Introduction 34 

The productivity of commercial piglet production largely depends on the number of weaned 35 

piglets per sow. However, producers also aim to produce large piglets at weaning with little 36 

variation in weight within litters. Weight at weaning is higher for piglets housed in farrowing 37 

pens than for piglets housed in crates (Biensen et al., 1996; Moustsen and Poulsen, 2004). 38 

This is most likely due to higher milk intake by the piglets in the farrowing pens.  Milk is not 39 

present in the teats of the sow constantly, but only during milk letdown. The teats must be 40 

stimulated by the piglets before milk letdown can occur (Gill and Thompson, 1956; Ellendorff 41 

et al., 1982). Consequently, nursing in pigs follows a specific behavioural pattern that is nor-42 

mally divided into five phases (Whittemore and Fraser, 1974). In phase 1, the piglets gather 43 

by the udder to find their respective teat. The piglets massage the udder in phase 2, and in 44 

phase 3, they suckle with slow mouth movements. Milk letdown occurs in phase 4, lasting for 45 

10-20 sec (Brooks and Burke, 1998). Finally, in phase 5, the piglets massage the udder again. 46 

Nursings happen every 40-60 minutes (Hartmann et al., 1997), and the piglets digest ap-47 

proximately 45-55 g milk per nursing (Theil et al., 2007). So, the duration of the milk letdown 48 

can be determined by observing the behaviour of the piglets as they suckle with rapid mouth 49 

movements during milk letdown (Hartmann et al., 1997; Brooks and Burke, 1998). 50 

Arey and Sancha (1996) and Cronin and Smith (1992b) showed that nursing and milk letdown 51 

lasted longer for sows housed in the farrowing pens than sows housed in the crates. This sug-52 
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gests that piglets housed in farrowing pens obtain more milk from their sows, resulting in a 53 

higher weight at weaning. 54 

   Stress has been linked with reduced milk production. Other species, such as sheep and cat-55 

tle, have lower milk production and higher blood cortisol levels, when they were exposed to 56 

stress (Caroprese et al., 2010). Crates inhibit the sow’s ability to move compared with a far-57 

rowing pen. Inhibition of the sow’s to move may cause stress. However, changes in stress for 58 

sows housed in farrowing crates or pens could not be detected by blood cortisol levels (Jarvis 59 

et al. (2006). Cronin et al. (1991) only registered differences on day 28 post-partum. Sows 60 

housed in farrowing pens had a higher feed intake than sows housed in crates (Moustsen and 61 

Poulsen, 2004). However, Williams (1995) did not observe any correlation between feed in-62 

take of sows and milk production observed as weight gain by piglets. This was not surprising 63 

as sows mobilise body reserves for milk production when feed intake during lactation is low 64 

(Williams, 1995). Thus, it is highly unlikely that the sow or  her capacity to produce milk is 65 

restricting weight gain in piglets when sows are housed in crates. It is more likely that the 66 

farrowing rails of crates take up too much space in the pens and restrict access of the piglets 67 

to the sow’s udder. The restricted access increases competition for teats among the piglets, 68 

disturbing the sow and terminating more nursings before milk letdown.  69 

   This study tested the premise that increased access to the sow’s udder increases milk intake 70 

by piglets. We tested this premise by assessing nursing-suckling behaviour and piglet weight 71 

gain in two types of farrowing pens: a traditional Danish crate and a pen where the sows were 72 

free to roam during lactation. As indicators of milk intake we measured duration of nursings 73 

including massage periods and extended milk letdown; piglets missing milk letdowns; teat 74 

fights; sows terminating nursings, and piglet weight gain. 75 

  76 

2. Material and Methods 77 

 78 
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2.1. Experimental design 79 

We measured the behaviour of sows and piglets during nursing and the weight gain in piglets 80 

when the piglets were farrowed in a traditional Danish crate and a pen where the sows were 81 

free to roam. These are referred to as ‘farrowing pens’ and ‘crates’. The experiment included 82 

two treatments, where the sows were housed in eight farrowing pens or in eight crates. The 83 

experiment was conducted between January 2009 and April 2009 and was repeated three 84 

times.  85 

 86 

2.2. Housing  87 

The experiment was conducted in a Danish production herd (Siljebjerggard, Horsens, Den-88 

mark) with 750 sows and on-farm production of crossbred gilts. The batch-operating system 89 

was run on a weekly basis with approximately 35 farrowings per week. The piglets were 90 

weaned after 25-28 days. There were two system for lactating sows in the herd: crates and 91 

pens for loose sows. 92 

 93 

The experimental pens were located in two different farrowing units. The farrowing pens 94 

were located in a small farrowing unit containing 20 pens. Each measured 256 cm x 178 cm 95 

and were fitted with swing-side crates (Figure 1). When these crates were closed, they inhib-96 

ited the movement of the sow. The crate was only closed during parturition. After parturition, 97 

the sides of the crate were opened and attached to the sides of the pen, and the sow was able 98 

to move around in the pen. The creep area was covered and fitted with a solid floor. The floor 99 

in the sow lying area was partly slatted (40 % opening) and partly drained (10 % opening). 100 

The pens with crates measured 263 cm x 185 cm (Figure 2) and were located in a farrowing 101 

unit containing 56 pens. The creep area was covered and with a solid floor. The floor in the 102 

sow lying area was fully slatted. 103 
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   Both units had an equal pressure ventilation system and the same temperature strategy was 104 

used in both units. 105 

 106 

                                 [Figure 1]              [Figure 2] 107 

 108 

Sows from both units were automatically fed the same liquid diet three times a day. In the unit 109 

with farrowing pens, two sows shared one feed valve and in the unit with crates, four sows 110 

shared one feed valve. The sows were provided extra dry feed after requirement. Feed was not 111 

provided to the piglets. Both sows and piglets had free access to water. 112 

 113 

The same management routines were used in both units. Nesting material was provided in the 114 

form of straw every day until farrowing. Work routines, such as castration, tail docking, straw 115 

assignment and daily supervision, were the same in the two units. 116 

 117 

2.3. Animals 118 

A total of 50 Danish crossbred (Landrace x Yorkshire) sows were selected for the experiment. 119 

The sows were randomly allocated to the groups by the herd management. No first-parity 120 

sows were included in the experiment because first parity sows are smaller and do not occupy 121 

enough space in the crate for space to become a limiting factor. The average parity number of 122 

the sows was four in the farrowing pen and three in the crates. Eight out of the 50 sows were 123 

excluded from the experiment leaving 42 sows with 516 piglets. Some were excluded because 124 

they were infected with disease. Others were excluded because they stood up during the nurs-125 

ing, and it was thereby impossible to observe their behaviour. The litters were equalised to 126 

approximately 14 piglets in each litter on day one post-partum. In some cases, a litter was 127 

equalised to 13 piglets if the sows in one batch did not give birth to enough piglets. Piglets 128 

weighing less than 700 g were excluded from the experiment so that each litter contained 13-129 
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14 large “viable” piglets. After litter equalisation all piglets were ear tagged. Only one piglet 130 

was moved from one experimental pen to another, meaning that almost all the piglets were 131 

housed in the same pen from day one until day 14 post-partum. All dead and moved piglets 132 

were registered along with the weight and cause of the event. In total, 17 piglets were re-133 

moved from the farrowing pens and three piglets were removed from the crates. Only eight of 134 

these piglets died, the other 12 were removed because they were too small or diseased. 135 

   No piglets were moved from one experimental pen to another from day 14 to day 28. This 136 

period was chosen because the piglets take up more space in the pen/crate in the last part of 137 

the four-week lactation period, and the space limitations should be largest at that time.   138 

   139 

2.4. Daily gain recordings 140 

Live-weight of all piglets was recorded on day 14 and 28 post-partum. In addition, a number 141 

was written on the back of the piglet with a broad marker on day 14 post-partum so that each 142 

piglet could be identified during video surveillance. 143 

 144 

2.5. Observations of nursing behaviour on video 145 

Each pen had a surveillance camera of the type MONACOR TVSSD-1400IR B/W CAMERA 146 

(Loligo Systems, Tjele, Denmark) placed above it, and the pigs were video recorded from day 147 

14 until day 28 post-partum. During the period, the light in the farrowing unit remained on 148 

allowing piglets to be observed for 24 hours a day. The cameras were connected to four Dell 149 

stationary computers with PCI video capture cards (M. Shafro & Co., Riga, Latvia) and the 150 

program MSH-video server (M. Shafro & Co., Riga, Latvia) installed. The behaviour re-151 

cordings were made on a computer with MSH-Video Client (M. Shafro & Co., Riga, Latvia) 152 

installed. An observer viewed the video recordings and registered the behaviour with codes in 153 

a LogViewer (M. Shafro & Co., Riga, Latvia) program, which registered the date and time of 154 
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the event. The LogViewer files were later analyzed in SAS (version 9.13; SAS Inst. Inc., 155 

Cary, NC, USA) for duration and frequency of each event. 156 

 157 

Recordings of the behaviour were made on days 14, 15 and 27 post-partum. On day 14, the 158 

piglets’ teat order was recorded. The teat order was recorded during each milk letdown from 159 

approximately noon until midnight. However, only piglets suckling the upper row of teats 160 

could be identified on the video recordings. The teat order was not registered in LogViewer, 161 

but noted and later compared with the piglets’ weight gain. On days 15 and 27, the behaviour 162 

of the piglets during nursing was registered. Duration of pre-massage, milk letdown, and post-163 

massage were registered on all nursings that commenced between 00:00 to 24:00. The number 164 

of piglets missing milk letdown, the number of teat fights, and termination behaviour were 165 

recorded.  166 

   The start of the nursing and pre-massage phases (phase 1 and 2) (Whittemore and Fraser, 167 

1974; Ellendorff et al., 1982) was recorded when 75 % of the piglets had gathered around the 168 

udder, found their teats and begun massaging the udder. The pre-massage period would trans-169 

form into phase 3 (Whittemore and Fraser, 1974; Ellendorff et al., 1982) when all the piglets 170 

lay still and suckled with slow mouth movements, but the transition from massage to slow 171 

suckling did not take place at the same time for all the piglets in a litter in this experiment. It 172 

was, therefore, difficult to distinguish between phases 2 and 3, and in this experiment phase 1, 173 

2 and 3 were referred to as one phase called pre-massage. 174 

   The start of the milk letdown (phase 4) (Whittemore and Fraser, 1974; Ellendorff et al., 175 

1982) was recorded when all the piglets suddenly pulled the teats back and raised their bodies 176 

and stood/layed completely still. It was not possible to observe the mouth movements of the 177 

piglets, but on some sows it was possible to observe the grunts by observing stomach move-178 

ments. Just before the milk letdown, the sow would grunt with very small intervals (Whitte-179 
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more and Fraser, 1974), and it was possible to observe two or three grunts just before the milk 180 

letdown.  181 

   The start of the post-massage phase (phase 5) (Whittemore and Fraser, 1974; Ellendorff et 182 

al., 1982) was recorded when the first piglet let go of its teat and began massaging. After-183 

wards, all the other piglets followed.  184 

   The nursing was terminated by either sow or piglets. Either the sow rolled over or stood up 185 

and cut off access to the udder. The sow could also roll over or stand up before milk let down 186 

occurred. The piglets could terminate a nursing by leaving the udder or by falling asleep by it. 187 

The end of the nursing was recorded when 75 % of the piglets fell asleep or left the udder.  188 

   Nursings, where the sow rolled over or stood up before the milk letdown, or where the pig-189 

lets massaged the udder without reaching the milk-letdown period, were analysed as incom-190 

plete nursings. 191 

   At the end of every nursing, the number of piglets that missed the milk letdown was re-192 

corded. Only piglets attending the udder during a nursing were recorded. Piglets that did not 193 

leave the creep area during a nursing and missed the milk letdown were not recorded. 194 

   Each time a teat fight occurred it was recorded. A teat fight was defined as two piglets rais-195 

ing their heads from the udder and biting at each other.  196 

 197 

2.6. Statistical analyses 198 

The statistical analyses were carried out using the MIXED, FREQ, GENMOD, NPAR1WAY 199 

and REG procedures in SAS (version 9.13; SAS Inst. Inc., Cary, NC, USA).  200 

A general mixed-linear model was fitted to the durations of nursings, pre-massages, milk let-201 

downs, and post-massages:  202 

 203 

 ijklmnonjkijmlkjiijklmno eStbfbadtY eSfbadt )( ; (1) 204 

 205 
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where Yijklmno  was one of the duration responses. The systematic effects were: ti: treatment (i 206 

= 1, 2 for farrowing pen or crate), dj: time of day (j = 1, 2 for day ( 05:00 am – 05:00 pm) or 207 

night (05:00 pm - 05:00 am)), ak: day in lactation (k = 1, 2 for day 15 or 27 post-partum), bl: 208 

termination behaviour (l = 1, 2 for sow or piglets terminate nursing) and fm: teat fights (m = 1, 209 

2 for yes or no). In order to account for repeated measurements, a random effect Snjk~N(0,σ
2

S) 210 

of sow (n = 1,…, 42), time of day (j = 1,2) and day in lactation (k = 1,2) was included. An 211 

interaction term (treatment x termination behaviour) was included when the durations of nurs-212 

ing and post-massage were modelled (no other interactions were significant). The errors 213 

eijklmno were assumed independent and normally distributed. 214 

   The duration of the nursings and post-massages were square-root transformed to fulfil the 215 

assumptions of normality. 216 

 217 

The duration of milk letdown was modelled with day as the observational unit to find correla-218 

tions with the duration of the post-massage by the following general mixed linear model: 219 

  220 

 ijkkijkjiijk eSxatY eSat x ; (2) 221 

  222 

where Yijk was the duration of the milk letdown given as median per day, and the systematic 223 

effects were: ti: treatment (i = 1, 2 for farrowing pen or crate), aj: day in lactation (j = 1, 2 for 224 

day 15 or 27 post-partum),  was a regression coefficient, and xijk  was the duration of previ-225 

ous post-massage. In order to account for repeated measurements, a random effect 226 

Sk~N(0,σ
2

S) of sow (k= 1,…, 42) was included. The errors eijk were assumed independent and 227 

normally distributed. 228 

  229 

The weight gain of the piglets was modelled with the individual sow as the observational unit 230 

by a general linear model: 231 



 10 

 232 

 ijklkjiijkl epftY epft ; (3) 233 

 234 

where Yijkl was the average weight gain of the piglets between day 14 and day 28 post-partum, 235 

and the systematic effects were: ti: treatment (i = 1, 2 for farrowing pen or crate), fj: number of 236 

teat fights on day 14 (j = 0, 1 or >1) and pk: piglets missing milk letdowns on day 14 post-237 

partum (k = 0; where at the most 10 % of the nursings had piglets missing milk letdowns or 1; 238 

where at least 10 % of the nursings had piglets missing milk letdowns). 239 

 240 

The data set of complete nursings and incomplete nursings was modelled by a general mixed 241 

linear model with the “sow day” as the observational unit: 242 

 243 

 ijkllkjiijkl eSfatY eSfat ; (4) 244 

 245 

where Yijk was number of either complete or incomplete nursings per day, and the systematic 246 

effects were: ti: treatment (i = 1, 2 for farrowing pen or crate), aj: day in lactation (j = 1, 2 for 247 

day 15 or 27 post-partum) and fk: number of teat fights on day 14 post-partum (k = 0, 1 or >1). 248 

In order to account for repeated measurements, a random effect Sl~N(0,σ2
S) of sow (l = 1,…, 249 

42) was included. The errors eijkl were assumed independent and normally distributed. 250 

 251 

The piglets missing milk letdowns (percent of nursings per sow with or without piglets miss-252 

ing milk letdowns), piglets having teat fights (percent of nursings per sow with or without teat 253 

fights) and the termination behaviour (percent of nursings per sow teminated by sow or termi-254 

nated by piglets) were processed as ordinal scale dataset as frequencies. The frequencies of 255 

each treatment were compared with a χ2
-test.  256 



 11 

  The data of piglets missing milk letdowns were analysed by a generalized linear model with 257 

“sow day” as the observational unit. A binary variable Yijkl was formed taking the value 0 if at 258 

least 10 % of the sows’ nursings on a given day had at least one piglet missing milk letdown 259 

and Yijkl = 1 otherwise. The probability pijkl, that the binary variable equals zero, was analysed 260 

according to the following model: 261 

 262 

 lkji

ijkl

ijkl
Sfat

p

p
Sfait

p
)

1
log( ; (5) 263 

  264 

where the systematic effects were: ti: treatment (i = 1, 2 for farrowing pen or crate), aj: day in 265 

lactation (j = 1, 2 for day 15 or 27 post-partum) and fk: number of teat fights on day 14 post-266 

partum (k = 0, 1 or >1). The variable Sl~N(0,σ2
S)  was the random effects of sows (l=1,…, 267 

42). 268 

 269 

The daily weight gain was analysed with a mixed model with the individual piglet as the ob-270 

servational unit: 271 

 272 

 ijklmlkjiijklm eSqotY eSqot ; (6) 273 

 274 

where Yijklm was the daily weight gain of the piglet from day 14 until day 28, and the system-275 

atic effects were: ti: treatment (i = 1, 2 for farrowing pen or crate), oj: teat pair number (j = 1, 276 

2, 3, 4, 5, 6 or 7; according to the number of teat pairs) and qk: litter size day 14 (k = 9, 10, 11, 277 

12, 13 or 14; according to the number of piglets in the litter). In order to account for repeated 278 

measurements, a random effect Sl~N(0,σ2
S) of sow (l = 1,…, 42) was included. The errors 279 

eijklm were assumed independent and normally distributed. 280 

 281 
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A t-test (The TTEST Procedure) was used to analyse the effect of treatment on the weight of 282 

the piglets (piglet weight, litter weight, daily weight gain per piglet). Nonparametric tests 283 

(NPAR1WAY procedure) were used to analyse the effect of treatment on litter size (days 1, 284 

14 and 28 post-partum), parity number of sow, piglets removed from the experiment, the in-285 

tervals between the individual nursings per day and the teat fidelity of the piglets (whether the 286 

piglets suckled on one specific teat or one specific teat pair). The effect of litter size on day 14 287 

and 28 post-partum on the frequency of teat fights was also analysed by a nonparametric test. 288 

Nonparametric tests were used to analyse the effect of litter size on day 28 on piglets missing 289 

milk letdowns, summed duration of milk letdown per day and the median of the duration of 290 

the post-massage. 291 

 292 

Regression analyses (REG procedure) were employed to detect correlation between the dura-293 

tion of milk letdown and piglet weight gain and litter weight, correlation between litter size 294 

and milk letdown and litter size and post-massage, correlation between duration of post-295 

massage and piglet weight gain, and correlation between the duration of milk letdown on day 296 

15 post-partum and the duration of milk letdown on day 27 post-partum.  297 

 298 

3. Results 299 

 300 

3.1. Pre-massage, milk letdown and post-massage 301 

Data describing durations of pre-massage, milk letdown, post-massage and nursing are pre-302 

sented in Table 1. 303 

 304 

[Table 1] 305 

 306 
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In total, 1134 nursings were analysed for sows and piglets housed in farrowing pens, and 307 

1137 nursings were analysed for sows and piglets housed in crates.  308 

   The duration of the pre-massage did not differ between the two treatments. The sows 309 

housed in the farrowing pens had longer milk letdowns (P<0.001) than the sows housed in the 310 

crates.  311 

   The durations of the post-massage and the nursing lasted longer for the sows housed in 312 

crates if the piglets terminated the nursing, but the termination behaviour differed between 313 

animals in the crates and the farrowing pens (P<0.001). In the crates, 57 % of the nursings 314 

were terminated by the sows compared with 46 % in the farrowing pens. If the sow terminated 315 

the nursing, the duration of the post-massage was shorter (P<0.001). 316 

    317 

The duration of the nursing (P<0.001) and pre-massaging (P<0.001) was longer at night than 318 

during the day. The post-massage period was longer during the night when the sow termi-319 

nated the nursing. It was shorter when the piglets terminated the nursing at night (P<0.001). 320 

The time of day did not influence the duration of milk letdown. However, total milk letdown 321 

was longer during day 15 post-partum than day 27 (9.7 v 9.2 sec, P<0.001). In addition, there 322 

was a weak positive correlation between the durations of milk letdown on days 15 and 27 323 

post-partum (P<0.001) (Model (2)). The duration of post-massage did not affect the duration 324 

of milk letdown in the following nursing (Model (2)). 325 

 326 

3.2. Litter size and weight gain 327 

The number of piglets in the litter tended (P=0.083) to be higher in the farrowing pens on day 328 

one post-partum (Table 2). On day 14 post-partum, the litter size was equal in the two groups. 329 

However, on day 28 post-partum the litter size was larger in the crates (P=0.012). 330 

  331 

[Table 2] 332 
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 333 

The number of piglets removed from the experiment because of disease or death was lower 334 

for the piglets housed in crates compared with piglets housed in the farrowing pens between 335 

days 1 and 14 post-partum (P=0.003). Fewer piglets (P=0.007) were removed from the crates 336 

between days 14 and 28 post-partum.  337 

    338 

Piglet weight on day 14 post-partum did not differ between the farrowing pens and the crates, 339 

but the piglets in the farrowing pens weighed more on day 28 post-partum (P=0.019) (Table 340 

3). The average piglet weight was 7.1 kg in the farrowing pens and 6.3 kg in the crates on day 341 

28 post-partum (the weights in Table 3 are presented as medians). Litter weight did not differ 342 

between the two groups. The litter weight on day 14 post-partum was 46.5 kg; 28.9-61.3 kg 343 

(median; min-max) in the pens versus 46.7 kg; 30.1-63.8 kg (median; min-max) in the crates. 344 

The litter weight (median; min-max) on day 28 post-partum was (79.8 kg; 47.3-116.7 kg) in 345 

the pens versus (78.1 kg; 46.4-114.2 kg) in the crates. The piglets’ daily weight gain tended 346 

(P=0.066) to be higher in the farrowing pens (Table 3), but the litter daily weight gain was not 347 

significant different between the two groups (pen: 2.8 kg; 1.0-4.4 kg versus crate: 2.5 kg; 0.6-348 

3.8 kg) (median; min-max). 349 

 350 

[Table 3] 351 

 352 

The litter size on day 28 post-partum was larger in the crates, but there was no correlation 353 

between litter size and duration of milk letdown or post-massage. On the other hand, the dura-354 

tion of milk letdown was positively correlated with the weight gain of the piglets (P<0.001) 355 

(Figure 3) and the litter weight gain (P<0.001). The duration of post-massage on day 27 post-356 

partum was not correlated with litter weight gain. 357 

 358 
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 359 

[Figure 3] 360 

 361 

3.3. Teat fights 362 

The piglets housed in the crates had a higher percentage of nursings with more than one fight 363 

than the piglets housed in farrowing pens (71 % versus 29 %, P=0.008). 364 

   The number of fights did not differ on days 15 and 27 post-partum. 365 

 366 

 Teat fights during nursings did not affect the duration of milk letdown. However, the termi-367 

nation behaviour was influenced (Model (1)). When no teat fights occurred during the nurs-368 

ing, 50 % of the nursings were terminated by the sow whereas 72 % of the nursings were ter-369 

minated by the sow if teat fights occurred during the nursing (P<0.001).  370 

   Teat fights did not affect litter weight gain between days 14 and 28 post-partum. Litter size 371 

did not affect the number of teat fights.  372 

 373 

3.4. Piglets that missed milk letdowns 374 

In the crates, 62 % of the nursings had a piglet missing a milk letdown compared with 38 % in 375 

the farrowing pens (P<0.001). When teat fights occurred, more piglets missed a milk letdown 376 

(P<0.001). The number of piglets missing milk letdown did not differ between days 15 and 27 377 

post-partum (Model (5)). 378 

      Litter size affected the number of piglets missing the milk letdowns (P=0.007). The larger 379 

the litter size on day 28 post-partum, the more piglets that were missing. However, when there 380 

was the same number of piglets in the litter in both the groups, a larger number of piglets 381 

missed milk letdowns in the crates. Even with a litter size as low as 11 piglets, more piglets 382 

missed milk letdowns in the crates. 383 

    384 
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3.5. Complete and incomplete nursings 385 

A complete (productive) nursing is a nursing containing milk letdown, whereas an incomplete 386 

(non-productive) nursing does not contain milk letdown.  387 

   The number of complete nursings per sow per day did not differ between the two pen types 388 

(Table 2). The number of teat fights influenced the number of complete nursings via an inter-389 

action with the day in lactation (P=0.031). On day 27 post-partum, the number of complete 390 

nursings decreased when the number of teat fights increased (Model (4)).  391 

   The number of incomplete nursings per sow per day did not differ between the two types of 392 

pens and corresponded to 22-26 % of the nursings (Table 2). The teat fights and the day in 393 

lactation did not influence the number of incomplete nursings (Model (4)).  394 

   The interval between a complete nursing and the following incomplete nursing did not dif-395 

fer between the two pen types. Neither did the interval between a complete nursing and the 396 

following complete nursing (Table 2). 397 

 398 

3.6. Teat order 399 

It was possible to observe 374 out of 516 piglets during nursing on day 14 post-partum. Pig-400 

lets suckled on a specific teat or a specific teat pair. Some piglets always laid on top and suck-401 

led on a specific teat pair, whereas the piglets that suckled on a specific teat were only visible 402 

on the video recordings when the sow lay on a specific side. In the crates, more piglets suck-403 

led on a specific teat (P=0.047).   404 

   The daily weight gain of the piglets was under influence of which teat pair number the pig-405 

lets suckled on (P<0.001) (Model (6)). Figure 4 shows how the piglets suckling on the ante-406 

rior teats had a higher weight gain. The litter size had an affect on the daily weight gain of the 407 

piglets (P=0.0431), but did not interact with the teat pair number. 408 

 409 

[Figure 4] 410 
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 411 

4. Discussion  412 

A general observation in the current experiment was that nursings in the farrowing pens were 413 

observed as calmer events, with the only activity being pre-massage, milk letdown, and post-414 

massage. The piglets laid still in a fan-like arrangement (illustrated in Figure 1). In the crates, 415 

nursings were often more frantic events, with piglets fighting for position, climbing on top of 416 

one another and the farrowing crate bars to suckle (illustrated in Figure 2). The frantic nurs-417 

ings in the crates presumably explain the increased number of teat fights that led to more pig-418 

lets missing milk letdown. However, the teat fights did not affect the duration of milk letdown 419 

or the weight gain of the piglets. 420 

   More piglets were removed from the farrowing pens between days 14 and 28 post-partum 421 

because of disease or death. Consequently, there was on average one more piglet in the crates 422 

on day 28. In the literature, it is unclear whether litter size affects teat fights. Some studies 423 

have demonstrated that it does (Fraser, 1975; Milligan et al., 2001), while others have not 424 

(Scheel et al., 1977; Depassillé and Rushen, 1989). However, the first two studies only in-425 

cluded 14 (Scheel et al., 1977) and seven (Depassillé and Rushen, 1989) litters compared to 426 

92 (Fraser, 1975) and 51 (Milligan et al., 2001) litters, and teat fights were only recorded on 427 

the day of parturition. Litter size did not have an effect on the number of teat fights during 428 

nursing in this experiment. It was likely caused by the low variation in litter size. The experi-429 

ment was not designed to test the litter size, but litter size did affect the number of piglets 430 

missing milk letdowns. The number of piglets missing milk letdowns increased with the num-431 

ber of piglets in the litter.  432 

 433 

This experiment established that when fights occurred during the nursing it was the sows that 434 

terminated the nursings (71 % of all the nursings). Newberry and Woodgush (1985) and Cas-435 
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trén et al. (1989) also observed that fights and screams caused the sow to terminate the nurs-436 

ing before milk letdown occurred in semi-natural environments. 437 

Less fighting occurred mainly in the farrowing pens and the sows were calmer. Only 46 % of 438 

the nursings were terminated by the sows. Thodberg et al. (2002) also observed fewer sow 439 

terminated nursings in the farrowing pens compared with the crates, but this was only ob-440 

served among first parity sows. Second parity sows terminated the same proportion of nurs-441 

ings in the farrowing pens as in the crates. Valros et al. (2002) observed the opposite where 442 

slightly more sows terminated nursings in the farrowing pens compared with the crates.  443 

   The more fidgety piglets in the crates did not result in a larger number of incomplete nurs-444 

ings. The number of incomplete nursings was the same between the two groups. Six to seven 445 

nursings out of 27 (22-26 %) were incomplete, which is in agreement with other studies 446 

(Fraser, 1977; Castrén et al., 1989; Illmann et al., 1999; Valros et al., 2002). The time interval 447 

between a complete nursing and an incomplete nursing was shorter compared with the time 448 

interval between two complete nursings which is in concurrence with observations by What-449 

son and Bertram (1980).    450 

 451 

Milk production is triggered by the hormone prolactin (Stabenfeldt and Davidson, 2002) 452 

which is only synthesised when tactile stimulations of the teats occur like pre and post-453 

massage (Stabenfeldt and Davidson, 2002). Longer duration of post-massage increases the 454 

concentration of prolactin in the blood (Algers et al., 1991) and could thereby increase the 455 

milk production. The sows in this experiment that allowed longer post-massage could have a 456 

higher prolactin concentration in the blood and perhaps a higher milk production.  457 

   Milk letdowns lasted 1.8 sec longer in the farrowing pens in this experiment. Cronin and 458 

Smith (1992b) also observed significantly longer durations of the milk letdowns on day 1-3 459 

post-partum in farrowing pens (23 sec) compared with crates (18 sec). Blackshaw et al. 460 

(1994) observed significantly longer durations of phase 3 (slow sucking) and phase 4 (rapid 461 
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sucking/milk letdown) in farrowing pens (3.1 min) compared with crates (2.3 min), although 462 

the time periods of Blackshaw et al. (1994) seem long compared with the results in this ex-463 

periment. Both experiments indicate that the piglets had a higher milk intake in the farrowing 464 

pens. The longer durations of the milk letdowns in the farrowing pens could be caused by the 465 

longer post-massage, due to the calmer sows and nursings. However, the duration of milk 466 

letdown was not affected by the duration of the previous post-massage. These results do not 467 

support the hypothesis proposed by Algers and Jensen (1985) in which the piglets order the 468 

amount of milk by the duration of the previous post-massage. 469 

   In the present study, a nursing bout was initiated when 75 % of the piglets were active by 470 

the udder and a nursing bout ended, when 75 % of the piglets no longer were active at the 471 

udder. This definition of a nursing bout differs from other studies, where the limits of nurs-472 

ings were 50 % of piglets present by the udder (Blackshaw et al., 1994; Valros et al., 2002; 473 

Wallenbeck et al., 2008).  This means that a nursing will begin sooner and last longer, leading 474 

to longer nursings and longer post-massages compared to the other studies (Blackshaw et al., 475 

1994; Valros et al., 2002; Wallenbeck et al., 2008). However, the primary parameter of the 476 

present study was the milk letdown period, which was comparable between studies whereas 477 

the nursing period was secondary. 478 

    479 

Access to the udder was not the only difference between the two groups. There was one more 480 

piglet in the crates on day 28 post-partum. In the experimental period, the herd had problems 481 

with diarrhoea among the suckling piglets. Both piglets housed in farrowing pens and in 482 

crates suffered from diarrhoea, but possibly the piglets housed in farrowing pens suffered 483 

more. A contributing factor is likely the difference in floor design; the floor in the farrowing 484 

pen was partly drained, partly slatted, whereas the floor in the crates was fully slatted. Slatted 485 

floors are expected to keep a better hygiene in the crates making the piglets less prone to in-486 

fection with disease agents causing diarrhoea.  487 
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    488 

The fact that the milk letdowns had longer duration in the farrowing pens and that the number 489 

of complete nursings was the same between the two pens indicated that the piglets housed in 490 

the farrowing pens had higher milk intake than piglets housed in the crates. The piglets 491 

housed in the farrowing pens weighed significantly more (on average 737 g/piglet) on day 28 492 

post-partum, and the daily weight gain had a tendency to be higher. This is twice as high as 493 

was reported by Biensen et al. (1996) (370 g/piglet) and Moustsen & Poulsen (2004) (300 494 

g/piglet). The higher weight gain indicates that the milk intake was elevated in the farrowing 495 

pens, which is further substantiated by the fact that the duration of milk letdown was posi-496 

tively correlated with piglet and litter weight gain. 497 

 498 

The duration of the previous post-massage did not affect the duration of the milk letdown. It 499 

was difficult to link the post-massage to the milk intake and weight gain, because the post-500 

massage was measured at litter level and not piglet level. The piglets massaged the udder with 501 

different durations, and the possible effect on the individual teat is still rather unclear. How-502 

ever, Thodberg and Sorensen (2006) established that the weight of the mammary glands, 503 

which were on top because the sow lay more on one side during the nursing, weighed more 504 

than the other mammary glands. This could be caused by the piglets performing post-massage 505 

for longer on the teats on top, because it is easier for the piglet to massage if it is lying on top. 506 

The weight of mammary glands was positively correlated with the piglets’ weight gain in an-507 

other experiment (Nielsen et al., 2001). 508 

   509 

There is reason to believe that the higher weight gain in the farrowing pens was caused by the 510 

longer duration of milk letdowns, which was probably due to improved access to the udder 511 

during nursing in the farrowing pen. Other experiments have also documented that improved 512 

access to the udder have a positive effect on the weight of the piglets (Lou and Hurnik, 1994; 513 



 21 

Moustsen and Duus, 2006) and higher weight at weaning (Curtis et al., 1989) (Biensen et al., 514 

1996; Moustsen and Poulsen, 2004). Identical observations were made by Cronin and Smith, 515 

(1992a) in straw-added pens compared with crates.  516 

 517 

   While observing the nursing behaviour a stable teat order was observed among the suckling 518 

piglets in this experiment. Piglets suckled either on one specific teat or on a specific teat pair, 519 

meaning that some piglets always lie on top or on the bottom. The piglets suckling at the ante-520 

rior teats had a higher weight gain confirming observations by Fraser and Jones (1975), Al-521 

gers et al. (1990) and Bøe and Jensen (1995). 522 

 523 

5. Conclusion 524 

The duration of the milk letdown was 1.8 sec longer in the farrowing pens compared with the 525 

crates and litter size did not influence the duration of milk letdown. The piglets housed in the 526 

farrowing pens weighed more on day 28 post-partum indicating that the piglets in the farrow-527 

ing pen had a higher milk intake. This higher milk intake was most likely caused by improved 528 

access to the udder in the farrowing pens. The piglets were calmer during nursings in the far-529 

rowing pens, which led to a reduction in teat fights, and a decreased number of piglets miss-530 

ing milk letdowns. The sows also terminated less nursing in the farrowing pens and allowed 531 

the piglets to perform post-massage for longer. This could explain the expected higher milk 532 

intake.  533 

 534 
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Figure 3: Average piglet weight gain per litter (in kg) between 14 and 28 days post-partum as a function of 655 

the sum of the duration of milk letdown on day 28. 656 
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 Table 1: Duration (in seconds) of pre-massage, milk letdown, post-massage and nursing: number of ob-671 

servations, minimum and maximum. Estimates and P-values according to data analysis in Model (1). The 672 

data of the duration of the nursings and the post-massages were square root transformed in order to fulfil 673 

the normality assumptions. In the table the durations presented are transformed back. 674 

 Farrowing pen Crate P value 

n min-max estimate n min-max estimate  

Pre-massage, sec 1134 3-1309 162 1137 9-1639 162 NS 

- complete nursing, sec 873 29-532 100 863 11-434 105 NS 

Milk letdown, sec 873 3-20 10.3 863 2-20 8.5 <0.001 

Post-massage, sec 873 3-1214  863 5-1537   

- piglets terminate, sec 465 59-1214 504 371 110-1537 549 0.005 

- sow terminate, sec 408 3-718 77 492 5-828 71 NS 

Nursing, sec 1134 3-1371  1137 9-1763   

- piglets terminate, sec 616 104-1371 597 486 159-1763 644 0.008 

- sow terminate, sec 518 3-804 178 651 9-1283 180 NS 

675 
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 Table 2: Litter size, nursings and intervals between nursings, median (min-max). 676 

 Farrowing pen Crate P-value 

n median n median  

Litter size day 1 post-partum, piglets 21 14 (12-15) 21 13 (12-14) 0.083 

Litter size day 14 post-partum, piglets 21 13 (9-13) 21 13 (11-14) NS 

Litter size day 28 post-partum, piglets 21 12 (8-13) 21 13 (11-14) 0.012 

Total nursings per 24 hours  42 27 (16-35) 42 27 (20-36) NS 

- complete 42 21 (10-26) 42 22 (12-26) NS 

- incomplete 42 6 (1-13) 42 7 (1-14) NS 

Interval between complete and incomplete
a
, min  42 45.6 (33.7-244.8) 41 43.3 (22.2-112.0) NS 

Interval between complete and complete
b
, min 42 50.9 (41.0-70.3) 42 50.1 (37.9-62.6) NS 

a
 Interval between the start of a complete nursing and the start of the following incomplete nursing. 677 

b 
Interval between the start of a complete nursing and the start of the following complete nursing. 678 

679 
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Table 3: Average piglet weight (in kg/d) per litter, mean ± SE. 680 

 Farrowing pen Crate P-value 

n Mean ± SE n Mean ± SE  

Piglet weight day 14, kg 21 3.7 ± 0.1 21 3.6 ± 0.1 NS 

Piglet weight day 28, kg 21 7.1 ± 0.2 21 6.3 ± 0.2 0.016 

Piglet daily weight gain, kg/d 21 0.237 ± 0.01 21 0.202 ± 0.01 0.038 
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