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  This study examined the extent to which prolonged farrowing and parity are associated with plasma 15 

oxytocin concentrations and follicular development of oestrous sows during subsequent insemination. 16 

A total of 30 sows were allocated to two groups based on farrowing duration: 1) SHORT (n = 14): 159 17 

± 29 min, 2) LONG (n = 16): 533 ± 190 min. The sows were also divided into two parity classes: 1) 18 

YOUNG (n = 14): parity 2.5 ± 0.8, 2) OLD (n = 16): parity 6.4 ± 2.3. After weaning, the ovaries were 19 

examined daily with transrectal ultrasound. On the second day of oestrus, blood samples were collected 20 

for oxytocin (OT) assay at -15, -10, -5, 0, +1, +2, +3, +4, +6, +8, +10, +15, +20, +25, +30, +40, +50 21 
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and +60 min with a boar contact between 0 and +10 min. Boar presence stimulated an increase in OT 22 

concentrations (P < 0.05). During boar presence, OT in the LONG group were higher than in the 23 

SHORT group (P < 0.01). The sows in the OLD group had a longer farrowing duration than in the 24 

YOUNG group (P < 0.05). OT levels and diameters of follicles were more relevant for parity than was 25 

the duration of farrowing. We therefore conclude that the OT levels and follicular development of 26 

oestrous sows are associated due to parity but difficult to be predicted from the duration of previous 27 

farrowing. 28 

Key words: sows, farrowing duration, oestrus, boar presence, standing reflex, insemination 29 

 30 

1. Introduction 31 

Prolonged farrowing was reported to be unfavourably associated with perinatal mortality (Borges et 32 

al., 2005; Fraser et al., 1997; Van Dijk et al., 2005), mainly by increasing the risk of hypoxia in piglets 33 

(Herpin et al., 1996). In addition to consequences for piglet vitality, prolonged farrowing also seems to 34 

be related to subsequent sow performance. A recent study showed that sows with prolonged farrowing 35 

had a reduced pregnancy rate after the subsequent post-weaning insemination (Oliviero et al., 2013). 36 

Causes of prolonged farrowing are reported to be large litter size (Borges et al., 2005; Herpin et al., 37 

1996), high parity (Björkman et al., 2017; Oliviero et al., 2010), confined farrowing environment (Gu 38 

et al., 2011; Oliviero et al., 2008; Yun et al., 2015), and restricted prepartum maternal behaviour of 39 

sows (Pedersen et al., 2006), which are also shown to be associated with a decrease in oxytocin (OT) 40 

concentrations during parturition (Björkman et al., 2017; Oliviero et al.., 2008, 2010; Yun et al., 2015). 41 

Sufficient myometrial activity is needed during farrowing for rapid expulsion of piglets and 42 

consequent prevention of prolonged farrowing (Castrén et al., 1993a; Jarvis et al., 2004; Lawrence et 43 
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al., 1997; Oliviero et al., 2008). It is known that OT is one of the major modulators of uterine activity 44 

(Higuchi et al., 1985; Taverne et al., 1979). The OT baseline concentrations start to increase about 6 45 

hours before parturition, peak after the birth of each piglet, and decrease thereafter (Castrén et al., 46 

1993b; Gilbert et al., 2002; Oliviero et al., 2008; Yun et al., 2015). Previous evidences consequentially 47 

suggested that the reduced basal and peak OT concentrations have been associated with prolonged 48 

farrowing (Castrén et al., 1993a; Oliviero et al., 2008). 49 

After weaning, the production and release of OT is stimulated by estradiol produced from follicles 50 

(Carter, 1992; Gimpl and Fahrenholz, 2001; Wathes et al., 1996) which is supported by increasing 51 

gonadotrophin stimulation, particularly by FSH and LH (Kemp et al., 2005; Van den Brand et al., 52 

2000; Van Leeuwen et al., 2011). The positive relationship between follicular development and 53 

estradiol concentrations during the follicular phase was confirmed by several studies (Breuel et al., 54 

1993; Nayudu et al., 1992; Sheldon and Dobson, 2004). However, to the best of our knowledge, there 55 

is little research to investigate the association between OT concentrations and follicular size of oestrous 56 

sows. OT release is triggered during oestrus by introduction of a boar to the sows (Langendijk, 2003, 2005), and 57 

it plays an important role in myometrial activity, and thereby in sperm transportation to the oviducts (Langendijk 58 

et al., 2005). Parity also affects myometrial activity at oestrus (Langendijk et al., 2005). 59 

Therefore, the current study aimed to investigate the relationship between previous farrowing duration 60 

(FD) and OT levels of the subsequent oestrous sows, and to examine the interactions with size of 61 

preovulatory follicles. We also aimed to study the effect of parity on this relationship. We focused on 62 

plasma OT concentrations of the oestrous sows, and hypothesized that prolonged farrowing and high 63 

parity would be associated with lower OT concentrations of the sows during subsequent oestrus. We 64 

also hypothesized that the OT concentrations in oestrous sows would be positively associated with size 65 

of preovulatory follicles.  66 
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 67 

2. Materials and Methods 68 

Experimental procedures were reviewed and approved by the Animal Experiment Board (ELLA: 69 

ESAVI/3331/04.10.03/2011) in Finland.  70 

2.1. Animals and management 71 

Two single experiments were conducted on two different research herds in southern Finland. Herd 1: 72 

approximately 400 crossbred (Finnish Yorkshire × Landrace) sows were housed in peat-bedded pens (8 73 

× 5 m) in groups of 8-10 during pregnancy, and confined in farrowing and lactation pens, which 74 

consisted of a conventional steel farrowing crate on a fully-slatted plastic floor during parturition and 75 

lactation. Herd 2: approximately 280 crossbred (Finnish Yorkshire × Large White) sows were housed 76 

in groups, twenty per group pen (20 × 5 m, straw-bedded) during pregnancy, and confined in farrowing 77 

and lactation pens which consisted of a conventional steel farrowing crate on a half-slatted concrete 78 

floor during parturition and lactation. After a four week lactation period (27.0 ± 1.8 days), all sows 79 

included in the study were confined in stalls individually and catheterized two or three days after 80 

weaning through the auricular vein following a nonsurgical catheterization procedure (Yun et al., 81 

2017). Starting three days after weaning, standing oestrus of the sow was tested daily at 08:30 and 82 

15:30 until detected by applying a back pressure test while the sows had nose-to-nose contact with a 83 

boar. For doing that, always the same boar was used in each herd. 84 

2.2. Experimental design 85 

A total of 30 crossbred sows [19 sows (FD 361.3 ± 210.3, parity 5.3 ± 3.0) in 4 batches for Herd 1, 86 

and 11 sows (FD 353.5 ± 284.0, parity 3.3 ± 1.2) in 3 batches for Herd 2] were selected for the study. 87 

According to the previous FD, all the sows were allocated to two groups: 1) SHORT: 14 sows (parity 88 
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3.8 ± 2.6) with shorter than 200 min of FD (range 103 – 192 min), and 2) LONG: 16 sows (parity 5.3 ± 89 

2.5) with FD between 300 and 900 min (range 326 – 878 min). The classification of FD in the present 90 

study was set based on the recent studies suggesting that prolonged farrowing was defined as longer 91 

than 300 min of FD (Oliviero et al., 2010, 2013). The sows included in the study were also divided into 92 

two age classifications: 1) YOUNG: 14 sows with parity between 1 and 3 (average 2.5 ± 0.8), and 2) 93 

OLD: 16 sows with parity between 4 and 11 (average 6.4 ± 2.3). The parity group was classified based 94 

on the previous evidences showing that FD initiated to increase from the 4th parity (Oliviero et al., 95 

2010; Björkman et al., 2017). Sows requiring induced delivery or distinct parturition assistance by farm 96 

personnel were excluded from the study. 97 

  2.3. Observation of farrowing duration 98 

The farrowings of the sows were video-recorded using internet protocol (IP) cameras (Niceview 99 

NICECAN420WL, Niceview Corp.). The cameras were placed behind and 1.5 m above the sows 2 100 

days before expected farrowing date. The sequence output was recorded by IP-camera software (Blue 101 

Iris v.2.64, Perspective Software Corp.) and examined with a media player (Windows media player 102 

12.0, Microsoft Corp.) by a trained observer. The display resolution was 640 x 480 pixels, and the 103 

frame rate was 2 FPS. FD was determined as time interval between the expulsion of the first and the 104 

last piglet. 105 

2.4. Blood collection and oxytocin assay during oestrus 106 

During blood collection, a boar was presented across the stall, and back, flank or both pressures were 107 

applied to the sow for 10 min. When initiating sampling, the first 2 ml of blood drawn was discarded, 108 

and the sample was taken using single-use vacuum needles into 3 ml EDTA tubes adding 500kIU/ml of 109 

aprotinin for Herd 1 and 4 ml EDTA tubes containing 500kIU/ml of aprotinin for Herd 2. Blood 110 
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samples were collected -15, -10, -5, 0, +1, +2, +3, +4, +6, +8, +10, +15, +20, +25, +30, +40, +50 and 111 

+60 minutes from the point of boar introduction. The boar was introduced to the sow for between 0 and 112 

10 min.  113 

OT concentrations for both trials were measured using an enzyme-linked immunosorbent assay kit 114 

(Oxytocin ELISA kit, Enzo Life Sciences, Lausen, Switzerland). Purified plasma samples were 115 

reconstituted with 250 μl of assay buffer supplied in the ELISA kit, and analysed in duplicate 116 

according to the assay kit instruction. Sensitivities of the plasma OT assays for Herds 1 and 2 were 7.8 117 

pg/ml and 3.9 pg/ml, respectively. Average mass recovery was 89.6% and 90.1%, and the intra- and 118 

inter- assay CVs were 4.5% and 9.6%, and 15.1% and 7.4%, for Herds 1 and 2, respectively. 119 

2.5. Measurement of follicle development 120 

Transrectal ultrasound examinations (Mylabone vet, 10 MHz, linear array probe, SV3513; Esaote) of 121 

the ovaries were performed twice a day at 09:00 and 15:00, starting three days after weaning until 122 

ovulation. Both ovaries were scanned at each examination. The clips were exported in DICOM format 123 

and analysed using the IMPAX 6.5.5 picture archiving and communication system (Agfa Healthcare, 124 

Belgium). The diameters (in mm) of the five largest follicles on the left and right ovary were measured 125 

and averaged. 126 

2.6. Statistical analyses 127 

SAS v.9.4 (SAS Institute Inc., NC, USA, 2012) was used for statistical processing of all data. A 128 

nested design using a mixed model was used to compare LS means for FD, litter size, plasma OT 129 

concentrations and follicle development between FD class (SHORT and LONG), parity class (YOUNG 130 

and OLD) and their interactions. FD and parity classes were nested within the herds. Batch was used as 131 

a random effect. The experimental unit was the sow. 132 
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Repeated measures using a mixed model were used to analyse periodical OT concentrations within 133 

four periods relative to the onset of boar presence at 0 min: 1) -15, -10 and -5 min (i.e. before boar 134 

presence), 2) 0, 1, 2, 3, 4, 6, 8 and 10 min (i.e. during boar presence), 3) 15, 20, 25, 30, 40, 50 and 60 135 

min (i.e. after boar presence), and 4) total period. Interactions between FD and parity classes were 136 

analysed with multiple comparisons using the Tukey-Kramer procedure. Post hoc analyses using the 137 

Kenward-Rogers procedure were performed to compare the data for OT and follicle development 138 

between the treatments in YOUNG or in OLD groups separately. OT concentrations analysed by 139 

repeated measures during the total sampling period were used to determine correlations with FD, 140 

parity, and diameters of the follicles measured at five days after weaning and when they reached 141 

maximum size, using Spearman rank correlation coefficients (rs). Pearson correlation coefficients (r) 142 

were applied to examine correlations of parity with average follicle diameters at five days after 143 

weaning and the days it took follicles to reach maximum diameter.  144 

 145 

3. Results 146 

  3.1. Farrowing duration and litter size 147 

Average FD of all sows was 358 (± 235) min, with 159 (± 29) min in SHORT and 533 (± 190) min in 148 

LONG groups. The sows in the OLD group had longer FD than those in the YOUNG group (LS means 149 

± SE: 265 ± 60 vs. 459 ± 63 min, P < 0.05).  150 

The sows in the LONG group tended to have more total piglets born per litter than did those in the 151 

SHORT group (14.3 ± 1.2 vs. 11.5 ± 1.2, P = 0.09). However, the number of total piglets born per litter 152 

did not differ between the OLD and YOUNG group (12.9 ± 1.1 and 12.9 ± 1.2, respectively) 153 

  3.2. Plasma oxytocin concentrations of oestrous sows with boar presence 154 



8 
 

Boar presence for 10 min brought about an increase in plasma OT concentrations of oestrous sows 155 

compared with absence (P < 0.05, Fig 1, Table 1). During boar presence, OT concentrations in the 156 

LONG group were higher than those in the SHORT group (LS means ± SE; 27.8 ± 5.5 vs. 21.4 ± 5.4, P 157 

< 0.01, Table 1). OT concentrations were not correlated with FD, but were positively correlated with 158 

parity over the total period (rs = 0.31, P < 0.0001). Parity class (YOUNG vs. OLD) per se did not affect 159 

the OT levels during all sampling periods (Table 1), but sows in the YOUNG group with short FD 160 

tended to have the lowest OT levels post boar presence (P = 0.07, Fig 1, Table 1). Among YOUNG 161 

group, the OT levels were higher in LONG than in SHORT during and post boar presence (P < 0.001 162 

and P < 0.01, respectively), whereas in the OLD group, those were not affected by FD in all sampling 163 

periods (Table 1).  164 

  3.3. Follicle development of oestrous sows 165 

FD and parity of the sow did not affect days of weaning-to-oestrus interval and when the five largest 166 

preovulatory follicles reached their maximum size between three days after weaning and ovulation 167 

(Table 2).  168 

Mean diameters of the five largest follicles of the LONG sows tended to be larger than those of  169 

SHORT sows four days after weaning (P = 0.06), but did not differ on other days (Table 2). Diameters 170 

of the follicles of sows in the OLD group tended to be larger five days after weaning, or were larger 171 

when follicles reached their maximum size after weaning until ovulation compared with those of sows 172 

in the YOUNG group (P = 0.07, P = 0.02, respectively, Table 2). 173 

The mean diameters of the five largest follicles measured at five days after weaning and when the 174 

follicles reached their maximum size after weaning were weakly correlated with OT concentrations of 175 

the oestrous sows during the total period (rs = 0.23, P < 0.0001 and rs = 0.38, P < 0.0001, respectively, 176 



9 
 

Fig 2), and these were also even more moderately correlated with parity of the sow (r = 0.61, P < 0.01 177 

and r = 0.57, P < 0.01, respectively, Fig 3).  178 

 179 

4. Discussion 180 

Average FD in the current study was relatively short compared with that reported by Björkman et al. 181 

(2017) from our research station (358 vs. 411 min). This might be related to the relatively low average 182 

number of total piglets born in the present experiment (13.4 vs. 16.3 piglets/litter), since large litter size 183 

was associated with prolonged farrowing (Fraser et al., 1997; Herpin et al., 1996; Van Rens and Van 184 

der Lende, 2004).  185 

Several studies showed that parity did not affect FD (Fahmy and Friend, 1981; Oliviero et al., 2010; 186 

Van Dijk et al., 2005). In contrast, the results of the present study are in accordance with others 187 

demonstrating that FD increases as sows get older (Björkman et al., 2017; Borges et al., 2005; Cronin 188 

et al., 1993; Pejsak, 1984). This association between higher parity and longer FD has been suggested to 189 

be due to large litter size (Borges et al., 2005; Dial et al., 1992), higher body condition score (Oliviero 190 

et al., 2008), or/and degradation of myometrial activity (Pejsak, 1984). In the current study, however, 191 

we did not establish a relationship between parity per se and litter size. In addition, body frames and 192 

myometrial activity of sows were not measured in the present study. Therefore, no conclusion on the 193 

cause of the association between higher parity and longer FD in the current study can be drawn. 194 

 Previous studies established relationships between prolonged farrowing and decreased OT release 195 

during parturition in sows (Castrén et al., 1993b; Jarvis et al., 2004; Lawrence et al., 1997; Oliviero et 196 

al., 2008). It was determined that considerable pain and distress during the parturition period was even 197 

increased by prolonged farrowing (Mainau and Manteca, 2011; Rutherford et al., 2013), which in turn 198 
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inhibited OT secretion in sows (Carter, 1992; Lawrence et al., 1997; Rutherford et al., 2013). We 199 

therefore considered that this association would result in reduced plasma OT concentrations of the sows 200 

during subsequent insemination. In contrast to one hypothesis, however, we found that prolonged 201 

farrowing was associated with higher OT concentrations of the subsequent oestrous sows in the 202 

YOUNG group when standing reflex was triggered by boar introduction.  203 

Irrespective of FD, the current findings corroborate those of Langendijk et al. (2003), demonstrating 204 

that OT concentrations of oestrous sows peak in response to boar introduction. In the current study, the 205 

back and flank of the sows were stimulated by samplers while the sows had nose-to-nose contact with a 206 

boar. Langendijk et al. (2005), however, suggested that stimulation of the back and flank of sows 207 

without boar introduction may not affect the release of OT, while Mattioli et al. (1986) reported that 208 

olfactory stimulation could lead to an increase in OT concentrations of sows at insemination. 209 

Therefore, it can be speculated that our findings indicate that boar odour, potentially accompanied by 210 

presence of a boar, may make a greater contribution to elevating OT concentrations than sole 211 

stimulation of the back and flank of oestrous sows during the insemination period. 212 

Follicular development in the present study could represent another explanation for the relationship 213 

between prolonged farrowing and increased OT concentrations and their interactions with parity in 214 

oestrous sows. The present results indicate that tendencies for larger follicles, seen in the LONG group 215 

and in the OLD group on day four or five after weaning respectively, could have originated from higher 216 

OT concentrations of the oestrous sows. It is suggested that the production and the release of OT is 217 

stimulated by oestrogen (Gimpl and Fahrenholz, 2001; Wathes et al., 1996) which can be produced 218 

from follicles (Carter, 1992). Furthermore, levels of oestrogen were positively correlated with density 219 

of OT receptors in the myometrium (Hoang-Vu, 1987; Okano and Okuda, 1996). It can therefore be 220 
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speculated that the larger follicles in older sows and in sows with prolonged farrowing may produce 221 

more estradiol, which in turn could influence an increase in OT concentration. 222 

The size of the largest follicles of the oestrous sows measured in the present study was estimated to be 223 

similar to the size of ovulated follicles. The current results may support the previous findings of 224 

Langendijk et al. (2000) and Gerritsen et al. (2008) confirming that primiparous sows had smaller 225 

follicles than multiparous sows at weaning (on average 2.5 vs. 3.3 mm), and ovulation (on average 7 226 

vs. 8 mm). The effects of parity on follicular development and endocrine profiles after weaning could 227 

be due to the negative energy balance caused by lactation weight loss (Soede et al., 2011; Soede and 228 

Kemp, 2015). Younger sows appeared more sensitive to lactation weight loss than older sows (Hoving 229 

et al., 2011; Thaker and Bilkei, 2005). Clowes et al. (2003) also demonstrated the negative effects of 230 

body protein loss during lactation on follicular size, follicular fluid and estradiol-17β after weaning. 231 

Therefore, the smaller size of the maximal follicles seen in the YOUNG sows in the present study is 232 

presumably linked to sow metabolism during lactation. However, further studies are needed to 233 

investigate the causal relationship between metabolic status during lactation and follicular development 234 

after weaning. 235 

 236 

5. Conclusions 237 

Contrary to an expectation of the present study, there was a positive association between farrowing 238 

duration and oxytocin concentrations at subsequent oestrus among YOUNG sows. On the other hand, 239 

we found that both farrowing duration and the oxytocin levels at oestrus increased as sows got older. In 240 

addition, our results suggest that the positive associations between the oxytocin levels and diameters of 241 

the follicles at oestrus were also originated from parity. Therefore, we conclude that plasma oxytocin 242 
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concentrations and follicular development of oestrous sows are associated due to parity but difficult to 243 

be predicted from the duration of previous farrowing. 244 
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Table 1. The effects of farrowing duration and parity on the plasma oxytocin concentrations of sows 378 

during post-weaning oestrus in presence of a boar†. 379 

 YOUNG OLD P value 

Period‡ 
SHORT 

 (n = 9) 

LONG 

(n = 5) 

SHORT  

(n = 5) 

LONG 

(n = 11) 

FD§ Parity¶ FD*parity 

-15 to -5 min 13.8 ± 1.5 14.8 ± 1.7 13.7 ± 1.7 13.3 ± 1.6 0.79 0.76 0.48 

0 to 10 min 18.6 ± 7.6 28.9 ± 7.8 24.2 ± 7.8 27.6 ± 7.7 < 0.01 0.84 0.13 

15 to 60 min 13.7 ± 2.5 16.8 ± 2.6 16.6 ± 2.7 16.2 ± 2.6 0.58 0.79 0.07 

-15 to 60 min 16.9 ± 2.5b 19.7 ± 2.6a 18.8 ± 2.6ab 18.8 ± 2.5ab 0.44 0.91 0.04 

† Values represent LS means ± SEM of plasma oxytocin concentrations of the sows (total n = 30).  380 

‡ Repeated measures carried out on the values over four periods: 1) -15, -10 and -5 min before boar 381 

presence, 2) 0, 1, 2, 3, 4, 6, 8 and 10 min during 10 min of boar presence, 3) 15, 20, 25, 30, 40, 50 and 382 

60 min after boar presence, and 4) total period. 383 

§FD (farrowing duration) was divided into two classes: 1) SHORT: between 103 and 192 min, and 2) 384 

LONG: between 326 and 878 min.  385 

¶Parity was divided into two classes: 1) YOUNG: between 1 and 3, and 2) OLD: between 4 and 11. 386 

a,bDifferent letters indicate that variables were significantly different at P < 0.05. 387 

  388 
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Table 2.  The effects of farrowing duration and parity on follicular development and weaning to oestrus 389 

intervals of subsequent oestrous sows. 390 

 YOUNG OLD P value 

 
SHORT  

(n = 9) 

LONG     

(n = 5) 

SHORT  

(n = 5) 

LONG    

(n = 11) 

FD† Parity‡ FD*parity 

Days§ 

  WOI 5.0 ± 0.2 5.4 ± 0.2 5.1 ± 0.2 4.8 ± 0.2 0.79 0.32 0.10 

  Maximum 4.0 ± 0.4 4.4 ± 0.5 4.7 ± 0.5 4.7 ± 0.4 0.77 0.38 0.61 

Diameters, mm¶ 

  Day 3 4.5 ± 0.4 5.0 ± 0.6 4.8 ± 0.5 5.5 ± 1.0 0.56 0.42 0.81 

  Day 4 5.5 ± 0.3 5.9 ± 0.5 5.1 ± 0.5 5.9 ± 0.6 0.06 0.83 0.65 

  Day 5 5.5 ± 0.3 5.8 ± 0.3 6.1 ± 0.3 6.2 ± 0.2 0.44 0.07 0.65 

  Oestrus 6.0 ± 0.4 5.3 ± 0.4 5.7 ± 0.4 6.3 ± 0.3 0.84 0.30 0.10 

  Maximum 5.7 ± 0.2 5.6 ± 0.3 6.2 ± 0.3 6.2 ± 0.2 0.80 0.02 0.95 

†FD (farrowing duration) was divided into two groups: 1) SHORT: between 103 and 192 min, and 2) 391 

LONG: between 326 and 878 min.  392 

2Parity was divided into two groups: 1) YOUNG: between 1 and 3, and 2) OLD: between 4 and 11. 393 

§Values represent LS means ± SE of the days for 1) weaning-to-oestrus interval, and 2) when the 5 394 

largest follicles reached their maximum size after weaning until ovulation.  395 

¶Values represent LS means ± SE of the mean diameters of the five largest follicles measured 1) on day 396 

3, 2) on day 4 and 3) on day 5 after weaning until ovulation, 4) at oestrus in which the sow showed a 397 
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standing response to the back test, and 5) when the follicles reached their maximum size after weaning 398 

until ovulation. 399 

  400 
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 401 

Figure 1. Plasma OT concentrations (LS means and SE) of oestrous sows in boar presence are plotted 402 

by SHORT-YOUNG (n = 9), SHORT-OLD (n = 5), LONG-YOUNG (n = 5) and LONG-OLD (n = 11) 403 

groups, according to farrowing duration and parity classes. The red shading indicates 10 min of boar 404 

presence. 405 

  406 
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 407 

Figure 2. Average plasma oxytocin concentrations of the sows during the total sampling period, i.e. -408 

15 to +60 min from beginning of 10 min of boar presence, and follicle diameters measured at five days 409 

after weaning and when the follicles reached their maximum size after weaning until ovulation are 410 

indicated with Spearman correlation coefficients (rs) (n = 30). Correlations were determined by 411 

repeated measures. 412 

  413 
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          414 

Figure 3. Parity of the sows and follicle diameters measured at five days after weaning and when the 415 

follicles reached their maximum size after weaning until ovulation are indicated with Pearson 416 

correlation coefficients (r) (n = 30). 417 

 418 


