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Abstract

:

Simple Summary


Litter size is an important economic trait in pigs. Improving the number born alive is an important breeding goal of the pig husbandry. A shorter farrowing duration is welcome for facilitating the management and sows’ health. Therefore, the aim of this study was to explore the effect of litter size and parity on farrowing duration, to determine whether a shorter length of farrowing duration could be considered as a breeding parameter in pig breeding. Our results showed the total number born had no significant relation with farrowing duration, but number of stillbirths increased with the prolongation of farrowing duration and decrease of live litter size if farrowing duration was longer than 240–300 min. Different parities sows had little difference in the same farrowing duration interval except for gilts. A shorter farrowing duration within 300 min might be considered in pig breeding without worrying about the decreasing of live litter size or the negative effect of parity.




Abstract


Litter size has increased and farrowing duration has also prolonged in recent years. The aim of this study was to analyze the effect of litter size and parity on farrowing duration (FAR) to estimate the possibility of selecting a short farrowing duration. We recorded 32,200 parturitions of 8420 Landrace × Yorkshire sows, determined farrowing duration, litter size, parity, gestation length. Results showed that total number of born (TNB) and parity obeyed a cubic (p = 0.0004, p = 0.004) relationship while number born alive (NBA) and number born dead (NBD) obeyed a linear (p = 0.0239, p = 0.0035) relationship with FAR. Gestation length obeyed a linear (p = 0.02) relationship with FAR. FAR of sows with stillbirth was longer than that of sows without stillbirth. Stillbirth rate increased rapidly from about 2% to 4%, especially when FAR was over 240 min. FAR gradually prolonged with the parities. FAR of 7th parity sows was longer than that of 1st~6th parity sows (p < 0.05), but different parity sows had little difference in the same FAR interval except for gilts. Results indicated it was possible and necessary to consider FAR into pig breeding without worrying about decreasing of live litter size or negative effect of parity if FAR was shorter than 300 min.
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1. Introduction


Reproductive traits are the most important concepts in determining the output of a pig farms. Litter size is an important reproductive trait, and it is one of the decisive factors affecting the economic benefits of the entire pig industry. Over tens of reproduction traits are considered in calculating the breeding index to rank and select breed pigs. However, the average stillbirth rate of piglets was still 3–8%, of which approximately 75% happened during parturition [1], the increase of stillbirth rate would inevitably reduce the profits of pork production [2,3]. Larger litter size may lead to a longer farrowing duration (FAR) and is related to the lower birth weight of piglets [4]. It has been suggested that large litter size can also lead to the increase of stillbirth rate, which is likely to bring significant negative impact on animal welfare [5]. Farrowing is known to be a stressful process of both piglets and sows, and a longer duration of farrowing process often requires extra care from nursing staff and sometimes impairs the uterus health of sows, which would bring certain difficulties in management and even a fertility reduction of sows during the next parturition. Many stillbirths occur during parturition due to dystocia and prolong farrowing.



Duration of farrowing (FAR) was reported to prolong with the number of stillbirths [6]. A prolonged FAR is said to impair fertility in pigs [7], as sows with a longer FAR tended to have a higher risk of post parturient disorders [8]. However, at the same time, the prolongation of FAR was also in relation to the increase of litter size [9,10]. In addition, genetic, breed, age, length of gestation, feeding management, environment and nutritional factors could also affect FAR [11]. There have been some studies focused on the environment conditions control in the farrowing house in order to ensure the smooth production of piglets [12,13,14].



The aim of this study was to explore the exact effect of litter size including total number born, number born alive and number dead on FAR. We also wanted to evaluate the impact of parity on FAR and litter size in order to evaluate the possibility of short FAR as a breeding indicator for pigs.




2. Material and Methods


2.1. Animals


The observational study was conducted in 2017–2018 on a commercial pig farm in Central China. Parturitions (n = 32,231) of 8420 randomly selected healthy Landrace × Yorkshire hybrid sows between 1st and 10th parity were included in this study. The sows farrowed in 26 batches. Pregnant sows were fed 1.8–2.0 kg/day for the first 7 days; 2.0–2.5 kg/day from days 7 to 30; 2.5–3.0 kg/day from days 30 to 70; 2.5 kg/day from days 70 to 90; and 3.5 kg/day from days 90 to 110. The diets were formulated according to their body condition. During 3 days before farrowing, sows were fed 2.5 kg/day. On the day of farrowing, sows were fed 0.5–1.5 kg/day. For the first 5 days after parturition, sows were fed 2.0, 2.5, 3.0, 3.5, and 4.0 kg/day, respectively.



All pregnant sows were fed in groups and transferred to farrowing houses 1 week before farrowing and fed in single crates in farrowing houses with free access to drinking water. The farrowing pens were 2.50 × 2.30 m2 in size, the farrowing crates were 2.10 × 0.70 m2 in size. The average room temperature was 25 °C. The environment of this pig farm was controlled by Big Dutchman ventilation system and cooling pad in summer and warm air heating system in winter. All sows were raised under regular disinfection and vaccination procedures (Table 1).




2.2. Measurements


Duration of farrowing (FAR) was defined as the time interval between the first birth to the complete expulsion of placenta. We also determined the following sow traits: farrowing batch, farrowing barn, farrowing house, farrowing pen, the length of pregnancy, parity, feeders and nursing staffs. The length of pregnancy was defined as the time interval between fertilization and farrowing. Total number born piglets (TNB), number of born alive piglets (NBA) and number of born dead piglets (NBD) in each litter were investigated by nursing staffs. TNB consisted of NBA, NBD and mummies. Piglets that had no breathing and heartbeat at birth, or had heartbeat but no breathing and unable to breathe after rescue, were defined as NBD.



FAR and delivery mode (normal delivery and assisted delivery) were recorded by the nursing staff who works day and night shifts in farrowing houses. Nursing staffs’ job is for delivery and nursing. When the sow’s amniotic fluid is out, they need to wipe the sow’s udder and hind body with warm water and disinfect with 0.1% potassium permanganate solution and wait for the sow to farrow. They need to keep an eye on each sow in farrowing and keep an eye on each sow as she gives birth, in order to deal with the dystocia of sows, the suspended death of newborn piglets, and to cut umbilical cord, to assist the piglets to keep warm and access the colostrum as soon as possible.



The assisted delivery was adopted if sows had strong parturition symptoms such as giving an expulsion effort but no piglet was delivered after 1–2 h of amniotic fluid outflow, or a fetus was present in canal or uterine cervix but sows had not enough labor force or the litter interval was more than 1 h. The assisted delivery consists of an injection of 0.5–1.0 mL oxytocin or and an artificial assisted delivery.




2.3. Statistical Analysis


All the data was analyzed by SPSS Statistics 26 (IBM SPSS Statistics, IBM Corp, Armonk, NY, USA) and presented with R software. Variables including FAR, TNB, NBA, NBD, parity (P) and gestation length (G) were checked for normal distribution. An initial univariable screening was performed to identify potential influencing factors of FAR and litter size. The correlations of FAR and TNB, NBA, NBD, P and G were tested and estimated. The regression model that had the highest fitting degree and achieved significance level was selected. Based on the significance levels of those tests, a multivariable linear model for FAR was created. Farrowing house, farrowing pen, nursing staff, feeder, and batch were included as random factors and delivery mode as fixed effects. The correlations of parity (P) and gestation length (G) on litter size were tested and estimated. Based on the significance levels of those tests, a multivariable linear model for TNB and NBA and a lineal model for NBD were created. Farrowing house, farrowing pen, nursing staff, feeder, and batch were included as random factors and delivery mode as a fixed effect. Results were presented as Mean ± SD and considered significant at p ≤ 0.05.





3. Results


Parturition records of FAR longer than 10 h (n = 225), live litter size less than 5 (n = 1172) and more than 19 (n = 31) were excluded. Data of parity ≥ 7 were classified as parity 7. A total of 32,200 parturitions of 8420 Landrace × Yorkshire hybrid sows were included in the following analysis: 3451 assistant delivery parturitions (10.7%). Distribution of farrowing duration, litter size, parity and gestation length were presented in Figure S1.



3.1. Effects of Litter Size on Farrowing Duration


Total number of born (TNB) (5–20), number born alive (NBA) (5~18) and number born dead (NBD) (0–9) obeyed a cubic (R2 = 0.77, p = 0.0004; R2 = 0.54, p = 0.0442; R2 = 0.79, p = 0.0043) relationship with farrowing duration (FAR) (10.2–600 min) (Figure 1). In the final multivariable model for FAR, the interact of TNB and NBA (TNB × NBA) were significant (p = 0.012). The average FAR was 250.05 ± 67.63 min, TNB was 11.61 ± 2.45, NBA was 11.29 ± 2.42, and NBD was 0.26 ± 0.58, respectively. An overview of effect of litter size on FAR was listed in Figure 1 and Table 2, Table 3 and Table 4.



From Table 2, farrowing duration indicated no significant difference between different TNB, but significant difference between different NBA (p < 0.05). Sows of different TNB and NBA had almost the same FAR variations, about 27%. The length of FAR first decreased and then increased with the increase of NBA. When litter size was less than 11, NBA took a little longer FAR than TNB. When litter size was over 12, NBA generally took a shorter time to farrow than TNB. Sows with 5 and 16 NBA had the longest FAR of 257.49 ± 76.8 min and 256.62 ± 67.61 min, longer than sows with 13, 17 and 18 NBA. Sows with 18 NBA had the shortest FAR of 239.98 ± 65.88 min, which was shorter than that of all the other sows, followed by sows with 17 and 13 NBA of 246.21 ± 65.05 min and 247.19 ± 65.89 min.



From Table 3, 78.69% parturitions (n = 25,339) had no NBD. 17.95% parturitions (n = 5779) had 1 NBD. 2.56% parturitions (n = 824) had 2 NBD. 0.50% parturitions (n = 162) had 3 NBD. 0.14 % parturitions (n = 44) had 4 NBD. 0.09% parturitions (n = 30) had 5 NBD. 0.04% parturitions (n = 14) had 6 NBD. 0.01% parturitions (n = 3) had 7 NBD. 0.01% parturitions (n = 4) had 8 NBD. 1 parturition had 9 NBD. Farrowing duration indicated significant difference between sows with different NBD (p < 0.05). Length of FAR of sows with 0, 1 and 5 NBD had about 27% variability. Length of FAR of sows with 6, 7 and 8 NBD had over 38% variability. FAR prolonged with NBD from 0 to 4. FAR of sows with 0 NBD were 62.64 min longer than that of sows with 4 NBD (247.18 ± 66.02 min vs. 309.82 ± 99.09 min) (p < 0.05). Sows with 6 NBD had the longest FAR, 72 min and 63 min longer than sows with 0 NBD and 1 NBD (319.24 ± 153.66 min vs. 247.18 ± 66.02 min, 256.60 ± 68.44 min) (p < 0.05).



From Table 4, after dividing FAR into 5 groups: 0–180 min, >180–240 min, >240–300 min, >300–360 min and >360–600 min, number born dead and stillbirths rate increased with the length of FAR, the longer the FAR, the more the NBD (from 0.21 to 0.45) and stillbirth rate (from 1.83% to 0.45%), especially when FAR was longer than 240 min. When the length of FAR was over 240 min, there would be significantly more NBD (p < 0.05).




3.2. Effects of Parity on Farrowing Duration and Litter Size


Parity obeyed a cubic relationship with FAR (R2 = 0.98, p = 0.0043), TNB (R2 = 0.997, p = 0.0003), NBA (R2 = 0.997, p = 0.0002) and NBD (R2 = 0.979, p = 0.0052) (Figure 2). An overview was shown in Figure 2 and Table 5 and Table 6. From Table 5, FAR gradually prolonged with parity, from 212.65 ± 61.55 min to 260.42 ± 68.02 min. 1st parity sows (n = 89) had a FAR of 212.65 ± 61.90 min, 2nd parity sows (n = 6915) of 243.01 ± 67.68 min, 3rd parity sows (n = 7477) of 247.23 ± 67.23, 4th parity sows (n = 5078) of 250.23 ± 65.84, 5th parity sows (n = 3559) of 251.10 ± 67.28 min, 6th parity sows (n = 3065) of 252.01 ± 68.75 min, 7th parity sows (n = 6018) of 260.40 ± 68.02 min, respectively. Sows of parity 1 and 2 had a significantly shorter FAR, while sows of parity 6 and 7 had a significantly longer FAR (p < 0.05).



TNB and NBA increased from 10.83 ± 2.35 and 10.59 ± 2.34 to 11.99 ± 2.44 and 11.66 ± 2.39 with the increase of the first four parities, and decreased to 11.03 ± 2.38 and 10.65 ± 2.34 with the increase of the last four parities. NBD always increased as the increase of parities, from 0.16 ± 0.40 to 0.32 ± 0.65, by 0.16 ± 0.25. Sows of parity 4 had the most TNB (11.99 ± 2.44) and NBA (11.66 ± 2.39). There was no significant difference among TNB and NBA of sows in parity 3 to 5, or among NBD of sows in parity 2 to 6. Sows of parity 3, 4 and 5 had significant more TNB and NBA than sows of parity 1, 2, 6 and 7 (p < 0.05). Sows of parity 7 had significant more NBD than sows of parity 1, 2 and 3 (p < 0.05).



Then, we looked into if there was significant variation among seven parities within each of the 5 FAR groups: 0–180 min, >180–240 min, >240–300 min, >300–360 min and >360–600 min (Table 6). Significant differences were detected when FAR was of 0–180 min, >240–300 min, and >300–360 min. When sows had FAR of 0~180 min and of >300–360 min, gilts had a shorter FAR than sows of all the other 6 parities (p < 0.05). When sows had FAR of >240–300 min, gilts had a shorter FAR than sows of parities 2 to 6 (p < 0.05).




3.3. Effect Gestation Length on Farrowing Duration and Litter Size


Gestation length (109–118 days) obeyed a lineal (R2 = 0.51) relationship with FAR, TNB (R2 = 0.946, p = 0.0004) and NBA (R2 = 0.915, p = 0002) (Figure 3). No significant relationship was found between gestation length and NBD. The average gestation length (G) was 114.28 ± 0.98 days. FAR was positively associated with length of gestation (β = 3.67; p = 0.02). An overview was shown in Table 7. There were only seven and three parturitions of gestation length of 109 days and 118 days. Additionally, significant difference was only found among sows of gestation length of 109 days and 118 days for FAR, TNB and NBA. After removing these 10 parturitions records, there was no difference in FAR between 110–117 days of gestation length. TNB and NBA of sows with 112 and 113 days of gestation were significantly higher than those in other gestations.





4. Discussion


A longer duration of farrowing (FAR) is thought to be against the health of sows [15] and their next delivery performance which would reduce the working efficiency for feeders and nursing staffs in farrowing houses. Some studies also suggested a positive correlation between FAR and litter size, the longer FAR, the more litter size. Therefore, in this study, we investigated the influence of litter size including TNB, NBA and NBD on FAR and the impact of parity on both FAR and litter size using a large scale of farrowing data in order to look into whether it was reasonable to consider a shorter FAR as one of the breeding parameters in pigs in the further.



By analyzing 32,200 parturition records from 8420 Landrace × Yorkshire sows, we found that the average length of FAR was about 250 min, or about 4.2 h, which was another piece of evidence that the FAR is getting longer and longer. In 2004, FAR was reported to last 133 min [9], and increased to 166 min [6] and 268 min [12], though the common use of oxytocin-like compound in pig production can shorten the length of FAR [16]. This might be partly because of the rapid increase of litter size in pigs since 2004. The average length of FAR in this study was significantly shorter than the 6~8 h of a batch of European superior sows [17]. Average TNB in this study was 11 compared to as high as 20 in the most hyper prolific sows in Europe.



In this study, we found that the litter size and parity had an impact on FAR by using the multivariable linear model. The interaction between TNB and NBA were detected. In the study of Bjorkman et al., they used the multinomial logistic regression model to explore the relationship between litter size, parity and farrowing duration. They found a positive correlation between number born alive and FAR, and number of stillbirth was significantly correlated with FAR [18]. The coefficient of variation of TNB and NBA were larger, about 27%. Significant difference was not found in FAR between different TNB, but found between different NBA because of the interact between FAR and stillbirth [19]. Shortening the length of FAR will not reduce the effective NBA. FAR of >240 to 300 min might be the ideal cut-off point in this population (with 5 to 22 litter size). This was in coincidence with the general believing that FAR that exceeded 300 min was likely to cause dystocia and new-born piglet complications, and piglets that experienced a longer FAR are more likely to die at birth [17,20].



Besides, NBD increased gradually with FAR, especially when FAR was longer than 240 min, the NBD increased rapidly and linearly. Studies have shown that a longer FAR could affect perinatal mortality or subsequent piglet growth. FAR and the birth order of piglets were reported to be the main factors determining the risk of stillbirth [20]. Some studies also pointed that there was a positive correlation between the number of born alive and FAR, and the number of stillbirths was significantly negatively correlated with FAR [18,21].



In addition, we found that parity had a significant impact on FAR. As the parity increased, FAR gradually became longer. Studies show that parity has a slight effect on the number of colostrum metabolites, which might affect the reproduction performance of sows, including litter weight at birth and piglet mortality [22]. Parity and FAR could affect the incidence of postpartum disease in sows; if FAR was longer than 4 h, the sows would be at greater risk for fever 1 day after parturition [23], which affected the reproductive performance of sows and sped up the sows’ elimination. Besides, the effect of parity on FAR might be due to the aging of sows’ uteri after multiple parturitions, which weakens their muscles’ ability to contract during parturitions, resulting in prolonged FAR.



Some studies have shown that FAR was not only affected by parity, but also by the sow’s physical condition, feeding and environment. For example, a higher energy intake in sows during late gestation could improve the farrowing duration traits [24], adding the Bacillus during the perinatal period of sows could shorten FAR and the weaning-estrous interval [25]. FAR was positively correlated with the gestation, and FAR with 118 day of pregnancy was the longest. However, there was no significant difference between gestation (110–117 days) and FAR after removing the data of pregnancy was 109 and 118. A study reported that the length of gestation (112–119 days) was negatively correlated with FAR, but the effect of litter size on FAR was not considered [6].



In general, we found that litter size had an impact on FAR, and there was a positive correlation between parity and FAR. The total number born and the number born alive increased gradually in 1–4th parity. All of these indicated that we can select sows with a shorter FAR and of the 1–4th parity during pig breeding.




5. Conclusions


In summary, we found that number of stillbirths increased with the increase of farrowing duration and decrease live litter size if farrowing duration was longer than 240–300 min. It might be possible to choose a shorter farrowing duration without compromising decreasing litter size in pig breeding. In order to further confirm the effect of litter size and parity on farrowing duration, it is necessary to further explore it from the perspective of genome.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ani12010094/s1, Figure S1: Distribution of farrowing duration, litter size, parity and gestation length.





Author Contributions


R.Q. contributed to the conception of the study and wrote the manuscript. M.J. and X.W., performed data analysis. P.H. and B.Z. contributed to revise the manuscript. X.L. (Xinjian Li), M.Z., L.S., X.H., X.L. (Xiuling Li), K.W., and L.Z. contributed to data collection. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by the National Natural Science Foundation of China (31902139) and the Pig Industry Technology System Innovation Team Project in Henan Province (S2020-06-G03).




Institutional Review Board Statement


All animals involved in this study were conducted according to the instructions of the care and use of experimental animals established by the Ministry of Agricultural of China and Henan Agricultural University (approval number is 11-0085).




Data Availability Statement


All data, models, or code generated or used during the study are available from the corresponding author by request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Wülbers-Mindermann, M.; Algers, B.; Berg, C.; Lundeheim, N.; Sigvardsson, J. Primiparous and multiparous maternal ability in sows in relation to indoor and outdoor farrowing systems. Livest. Prod. Sci. 2002, 73, 285–297. [Google Scholar] [CrossRef]

	



Vanderhaeghe, C.; Dewulf, J.; De Vliegher, S.; Papadopoulos, G.A.; de Kruif, A.; Maes, D. Longitudinal field study to assess sow level risk factors associated with stillborn piglets. Anim. Reprod. Sci. 2010, 120, 78–83. [Google Scholar] [CrossRef]

	



Vanderhaeghe, C.; Dewulf, J.; de Kruif, A.; Maes, D. Non-infectious factors associated with stillbirth in pigs: A review. Anim. Reprod. Sci. 2013, 139, 76–88. [Google Scholar] [CrossRef]

	



Schild, S.A.; Foldager, L.; Rangstrup-Christensen, L.; Pedersen, L.J. Characteristics of Piglets Born by Two Highly Prolific Sow Hybrids. Front. Vet. Sci. 2020, 7, 355. [Google Scholar] [CrossRef] [PubMed]

	



Rutherford, K.M.D.; Baxter, E.M.; D’Eath, R.B.; Turner, S.P.; Arnott, G.; Roehe, R.; Ask, B.; Sandøe, P.; Moustsen, V.A.; Thorup, F.; et al. The welfare implications of large litter size in the domestic pig I: Biological factors. Anim. Welf. 2013, 22, 199–218. [Google Scholar] [CrossRef]

	



van Dijk, A.J.; van Rens, B.T.; van der Lende, T.; Taverne, M.A. Factors affecting duration of the expulsive stage of parturition and piglet birth intervals in sows with uncomplicated, spontaneous farrowings. Theriogenology 2005, 64, 1573–1590. [Google Scholar] [CrossRef] [PubMed]

	



Oliviero, C.; Kothe, S.; Heinonen, M.; Valros, A.; Peltoniemi, O. Prolonged duration of farrowing is associated with subsequent decreased fertility in sows. Theriogenology 2013, 79, 1095–1099. [Google Scholar] [CrossRef]

	



Tummaruk, P.; Pearodwong, P. Postparturient disorders and backfat loss in tropical sows associated with parity, farrowing duration and type of antibiotic. Trop. Anim. Health Prod. 2015, 47, 1457–1464. [Google Scholar] [CrossRef]

	



van Rens, B.T.; van der Lende, T. Parturition in gilts: Duration of farrowing, birth intervals and placenta expulsion in relation to maternal, piglet and placental traits. Theriogenology 2004, 62, 331–352. [Google Scholar] [CrossRef]

	



Mainau, E.; Dalmau, A.; Ruiz-de-la-Torre, J.L.; Manteca, X. A behavioural scale to measure ease of farrowing in sows. Theriogenology 2010, 74, 1279–1287. [Google Scholar] [CrossRef]

	



Oliviero, C.; Heinonen, M.; Valros, A.; Halli, O.; Peltoniemi, O.A. Effect of the environment on the physiology of the sow during late pregnancy, farrowing and early lactation. Anim. Reprod. Sci. 2008, 105, 365–377. [Google Scholar] [CrossRef] [PubMed]

	



Oliviero, C.; Heinonen, M.; Valros, A.; Peltoniemi, O. Environmental and sow-related factors affecting the duration of farrowing. Anim. Reprod. Sci. 2010, 119, 85–91. [Google Scholar] [CrossRef] [PubMed]

	



Anthony, T.R.; Altmaier, R.; Jones, S.; Gassman, R.; Park, J.H.; Peters, T.M. Use of Recirculating Ventilation With Dust Filtration to Improve Wintertime Air Quality in a Swine Farrowing Room. J. Occup. Environ. Hyg. 2015, 12, 635–646. [Google Scholar] [CrossRef]

	



Muns, R.; Malmkvist, J.; Larsen, M.L.V.; Sørensen, D.; Pedersen, L.J. High environmental temperature around farrowing induced heat stress in crated sows. J. Anim. Sci. 2016, 94, 377–384. [Google Scholar] [CrossRef] [PubMed]

	



Bjorkman, S.; Oliviero, C.; Kauffold, J.; Soede, N.M.; Peltoniemi, O.A.T. Prolonged parturition and impaired placenta expulsion increase the risk of postpartum metritis and delay uterine involution in sows. Theriogenology 2018, 106, 87–92. [Google Scholar] [CrossRef] [PubMed]

	



Jiarpinitnun, P.; Loyawatananan, S.; Sangratkanjanasin, P.; Kompong, K.; Nuntapaitoon, M.; Muns, R.; De Rensis, F.; Tummaruk, P. Administration of carbetocin after the first piglet was born reduced farrowing duration but compromised colostrum intake in newborn piglets. Theriogenology 2019, 128, 23–30. [Google Scholar] [CrossRef] [PubMed]

	



Oliviero, C.; Junnikkala, S.; Peltoniemi, O. The challenge of large litters on the immune system of the sow and the piglets. Reprod. Domest. Anim. 2019, 54 (Suppl. 3), 12–21. [Google Scholar] [CrossRef]

	



Bjorkman, S.; Oliviero, C.; Rajala-Schultz, P.J.; Soede, N.M.; Peltoniemi, O.A.T. The effect of litter size, parity and farrowing duration on placenta expulsion and retention in sows. Theriogenology 2017, 92, 36–44. [Google Scholar] [CrossRef]

	



Gourley, K.M.; Swanson, A.J.; Royall, R.Q.; DeRouchey, J.M.; Tokach, M.D.; Dritz, S.S.; Goodband, R.D.; Hastad, C.W.; Woodworth, J.C. Effects of timing and size of meals prior to farrowing on sow and litter performance. Transl. Anim. Sci. 2020, 4, txaa066. [Google Scholar] [CrossRef]

	



Langendijk, P.; Plush, K. Parturition and Its Relationship with Stillbirths and Asphyxiated Piglets. Animals 2019, 9, 885. [Google Scholar] [CrossRef]

	



Feyera, T.; Pedersen, T.F.; Krogh, U.; Foldager, L.; Theil, P.K. Impact of sow energy status during farrowing on farrowing kinetics, frequency of stillborn piglets, and farrowing assistance. J. Anim. Sci. 2018, 96, 2320–2331. [Google Scholar] [CrossRef] [PubMed]

	



Luise, D.; Picone, G.; Balzani, A.; Capozzi, F.; Bertocchi, M.; Salvarani, C.; Bosi, P.; Edwards, S.; Trevisi, P. Investigation of the Defatted Colostrum (1)H-NMR Metabolomics Profile of Gilts and Multiparous Sows and Its Relationship with Litter Performance. Animals 2020, 10, 154. [Google Scholar] [CrossRef] [PubMed]

	



Tummaruk, P.; Sang-Gassanee, K. Effect of farrowing duration, parity number and the type of anti-inflammatory drug on postparturient disorders in sows: A clinical study. Trop. Anim. Health Prod. 2013, 45, 1071–1077. [Google Scholar] [CrossRef] [PubMed]

	



Che, L.; Hu, L.; Wu, C.; Xu, Q.; Zhou, Q.; Peng, X.; Fang, Z.; Lin, Y.; Xu, S.; Feng, B.; et al. Effects of increased energy and amino acid intake in late gestation on reproductive performance, milk composition, metabolic, and redox status of sows1. J. Anim. Sci. 2019, 97, 2914–2926. [Google Scholar] [CrossRef] [PubMed]

	



Gu, X.; Chen, J.; Li, H.; Song, Z.; Chang, L.; He, X.; Fan, Z. Isomaltooligosaccharide and Bacillus regulate the duration of farrowing and weaning-estrous interval in sows during the perinatal period by changing the gut microbiota of sows. Anim. Nutr. 2021, 7, 72–83. [Google Scholar] [CrossRef]








[image: Animals 12 00094 g001 550] 





Figure 1. Relation farrowing duration to litter size. Cubic relation between total number of born (A), number born alive (B), number born dead (C) and farrowing duration. 
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Figure 2. Cubic relation between parity and farrowing duration and litter size. Cubic relation between parity and farrowing duration (A), total number born (B), number born alive (C) and number born dead (D). 






Figure 2. Cubic relation between parity and farrowing duration and litter size. Cubic relation between parity and farrowing duration (A), total number born (B), number born alive (C) and number born dead (D).



[image: Animals 12 00094 g002]







[image: Animals 12 00094 g003 550] 





Figure 3. Relation between gestation length and farrowing duration and litter size. Relation between farrowing duration (A), total number born (B) and number born alive (C) with gestation length. 
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Table 1. Immunization procedure of Landrace × Yorkshire sows used in this study.
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Stage

	
Age (Day)

	
Vaccine






	
Piglets

	
1

	
Swine Pseudorabies Vaccine (Intranasal drop)




	
7

	
Swine Mycoplasma Hyopneumoniae Vaccine




	
10

	
Swine Atrophic Rhinitis Vaccine




	
12

	
Highly Pathogenic Porcine Reproductive and Respiratory Syndrome Vaccine




	
22

	
Classical Swine Fever Vaccine




	
52

	
Swine Pseudorabies Vaccine




	
59

	
Swine Foot and Mouth Disease (Type O) vaccine




	
66

	
Classical Swine Fever Vaccine




	
Gilts

	
150

	
Porcine Parvovirus Disease Vaccine and Swine Epidemic Encephalitis Vaccine




	
157

	
Classical Swine Fever Vaccine




	
164

	
Swine Pseudorabies Vaccine




	
171

	
Swine Foot and Mouth Disease (Type O) vaccine




	
178

	
Porcine Cirovirus Type 2 Vaccine




	
185

	
Porcine Parvovirus Disease Vaccine and Swine Epidemic Encephalitis Vaccine




	
192

	
Highly Pathogenic Porcine Reproductive and Respiratory Syndrome Vaccine




	
199

	
Swine Foot and Mouth Disease (Type O) vaccine




	
206

	
Classical Swine Fever Vaccine




	
213

	
Swine Pseudorabies Vaccine
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Table 2. Descriptive statistics of farrowing duration of different total number of born and number born alive piglets.
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Litter Size

	
Number of Litters

	
Farrowing Duration (min)

	
CV (%) 1




	
Total Number of Born/Number Born Alive






	
5

	
418/573

	
252.80 ± 72.75/257.49 a ± 76.8

	
28.78/29.83




	
6

	
673/767

	
249.43 ± 69.29/251.90 ab ± 72.61

	
27.78/28.83




	
7

	
889/1085

	
248.34 ± 67.93/251.96 ab ± 69.26

	
27.35/27.49




	
8

	
1685/1823

	
252.74 ± 69.33/253.41 ab ± 69.17

	
27.43/27.29




	
9

	
1809/2283

	
251.64 ± 69.86/253.47 ab ± 69.29

	
27.76/27.34




	
10

	
4314/4586

	
247.93 ± 66.46/249.54 ab ± 67.94

	
26.81/27.23




	
11

	
4443/4737

	
250.63 ± 67.27/249.68 ab ± 67.38

	
26.84/26.99




	
12

	
6469/6751

	
247.90 ± 65.86/248.89 ab ± 66.03

	
26.57/26.53




	
13

	
4643/4077

	
249.81 ± 68.08/247.19 bc ± 65.89

	
27.25/26.65




	
14

	
3494/2983

	
250.32 ± 66.76/248.83 ab ± 67.15

	
26.67/26.99




	
15

	
1882/1524

	
251.81 ± 68.67/252.00 ab ± 68.02

	
27.27/26.99




	
16

	
960/676

	
260.09 ± 70.51/256.62 a ± 67.61

	
27.11/26.34




	
17

	
326/239

	
251.65 ± 68.57/246.21 bc ± 65.05

	
27.25/26.42




	
18

	
177/96

	
250.82 ± 77.24/239.98 c ± 65.88

	
30.79/27.45




	
19

	
14/-

	
270.17 ± 77.51/-

	
28.69/-




	
20

	
4/-

	
274.95 ± 99.80/-

	
36.30/-








1 CV represents coefficient of variation of duration of farrowing. a–c Values within a column with different superscripts differ significantly at p < 0.05.
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Table 3. Descriptive statistics of farrowing duration of different number born dead piglets.
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	Number of Stillborn Piglets
	Number of Litters (Frequency %)
	Farrowing Duration (Minute)
	CV (%) 1





	0
	25,339 (78.69)
	247.18 c ± 66.02
	26.71



	1
	5779 (17.95)
	256.60 bc ± 68.44
	26.67



	2
	824 (2.56)
	279.01 abc ± 84.27
	30.20



	3
	162 (0.50)
	287.14 abc ± 87.34
	30.42



	4
	44 (0.14)
	309.82 ab ± 99.09
	31.98



	5
	30 (0.09)
	283.98 abc ± 79.20
	27.89



	6
	14 (0.04)
	319.24 a ± 153.66
	48.13



	7
	3 (0.01)
	288.40 abc ± 194.63
	67.49



	8
	4 (0.01)
	298.65 abc ± 114.99
	38.50



	9
	1 (-)
	251.00
	







1 CV represents coefficient of variation of duration of farrowing. a–c Values within a column with different superscripts differ significantly at p < 0.05.













[image: Table] 





Table 4. Descriptive statistics of number born dead piglets of different farrowing duration.
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	Farrowing Duration (Minute)
	Number of Litters (Frequency %)
	Number Born Dead
	Stillbirth Rates





	0–180
	4192 (13.02)
	0.21 d ± 0.52
	1.83%



	>180–240
	10,607 (32.94)
	0.23 d ± 0.54
	1.96%



	>240–300
	11,621 (36.09)
	0.25 c ± 0.55
	2.19%



	>300–360
	3980 (12.36)
	0.33 b ± 0.65
	2.85%



	>360–600
	1800 (5.59)
	0.45 a ± 0.86
	3.87%







a–d Values within a column with different superscripts differ significantly at p < 0.05.
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Table 5. Descriptive statistics of farrowing duration and litter size of different parities.
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	Parities
	Number of Litters
	Farrowing Duration (Minute)
	CV (%) 1
	TNB 2
	NBA 3
	NBD 4





	1
	89
	212.65 d ± 61.90
	29.12%
	10.83 c ± 2.35
	10.59 c ± 2.34
	0.16 c ± 0.40



	2
	6915
	243.01 c ± 67.68
	27.85%
	11.45 b ± 2.51
	11.17 b ± 2.48
	0.23 b ± 0.53



	3
	7477
	247.23 bc ± 67.23
	27.19%
	11.89 a ± 2.42
	11.59 a ± 2.40
	0.24 b ± 0.55



	4
	5078
	250.23 bc ± 65.84
	26.31%
	11.99 a ± 2.44
	11.66 a ± 2.39
	0.26 ab ± 0.60



	5
	3559
	251.10 bc ± 67.23
	26.79%
	11.81 a ± 2.42
	11.51 a ± 2.39
	0.26 ab ± 0.60



	6
	3065
	252.01 b ± 68.35
	27.12%
	11.52 b ± 2.34
	11.20 b ± 2.33
	0.26 ab ± 0.56



	7
	6018
	260.40 a ± 68.02
	26.12%
	11.03 c ± 2.38
	10.65 c ± 2.34
	0.32 a ± 0.65







1 CV represents coefficient of variation of duration of farrowing. a–d Values within a column with different superscripts differ significantly at p < 0.05. 2 TNB represents total number of born. 3 NBA represents number born alive. 4 NBD represents number born dead.
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Table 6. Descriptive statistics of different groups of farrowing duration of different parities.
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Parities

	
Duration of Farrowing (Minutes)




	
0–180

	
>180–240

	
>240–300

	
>300–360

	
>360–600






	
1

	
129.40 b ± 34.00

	
215.62 ± 14.58

	
263.90 b ± 13.83

	
314.90 b ± 8.04

	




	
2

	
149.21 a ± 26.81

	
213.02 ± 15.91

	
266.97 ab ± 15.91

	
326.13 a ± 16.10

	
412.68 ± 48.62




	
3

	
149.24 a ± 26.68

	
213.52 ± 15.84

	
267.84 a ± 15.79

	
324.58 a ± 16.41

	
420.94 ± 52.43




	
4

	
149.69 a ± 25.29

	
213.84 ± 15.90

	
268.00 a ± 15.73

	
325.84 a ± 16.60

	
418.98 ± 53.50




	
5

	
149.95 a ± 24.59

	
213.22 ± 15.84

	
268.25 a ± 16.20

	
326.44 a ± 16.14

	
414.80 ± 51.88




	
6

	
150.02 a ± 24.35

	
214.41 ± 16.02

	
267.67 a ± 15.94

	
325.98 a ± 16.49

	
419.70 ± 52.82




	
7

	
148.65 a ± 26.95

	
214.24 ± 15.99

	
268.92 a ± 16.08

	
325.78 a ± 16.66

	
414.50 ± 45.60








a, b Values within a column with different superscripts differ significantly at p < 0.05.
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Table 7. Descriptive statistics of farrowing duration and litter size of different gestation length.
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	Gestation Length (day)
	Number of Litters
	Farrowing Duration (min)
	Total Number of Born
	Number Born Alive





	109
	7
	224.23 b ± 33.09
	10.43 ab ± 2.23
	10.14 ab ± 2.12



	110
	37
	246.84 ab ± 59.11
	10.89 a ± 2.04
	10.00 ab ± 2.44



	111
	250
	257.78 ab ± 71.92
	11.86 a ± 2.39
	11.17 a ± 2.40



	112
	1200
	251.39 ab ± 73.80
	12.05 a ± 2.30
	11.58 a ± 2.34



	113
	4403
	248.93 ab ± 69.98
	12.08 a ± 2.29
	11.67 a ± 2.28



	114
	11,789
	250.29 ab ± 67.58
	11.69 a ± 2.40
	11.37 a ± 2.36



	115
	12,457
	250.54 ab ± 66.48
	11.39 a ± 2.50
	11.12 a ± 2.48



	116
	1997
	246.02 ab ± 65.05
	11.16 a ± 2.62
	10.89 a ± 2.59



	117
	57
	261.78 ab ± 74.62
	10.63 a ± 2.42
	10.19 ab ± 2.55



	118
	3
	286.60 a ± 74.90
	9.00 b ± 3.61
	8.67 b ± 3.06







a, b Values within a column with different superscripts differ significantly at p < 0.05.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
(B)

<

(

L] L] L] L] L ] L] L ] L L ] L]
L] [ ] L] L] L ] L] L] L] L L ] L
L] L] [ ] L[] L ] L ] L] L] L] [ ] L]
L] L] L] L] L ] L] L] L] L L] L
L] L ] L ] L ] L ] L] L ] L ] [ ] L ]
L] L[] [ ] L] L ] L] L] L ] L] L] L
L ] L] L] L ] L ] e L] L ]
T T T
(114 Sl ol
uJoq J0o Jaquinu |ejo|
o0 & L]
-9 ® - ® » e L ]
o 00 om0 o L]
-es
o®
LN ]
o ¢ L]
T T T T T T
009 00S (0[0}4 00¢ 00c 00}

(uiw) Buimouiey Jo uoneing

Parity

Parity

. . . .
. o . .
° . . .
. . . .
. . . .
. D .
. D . .

T T

cl ol

aAlle ulog JaquinN

Parity

Parity





nav.xhtml


  animals-12-00094


  
    		
      animals-12-00094
    


  




  





media/file0.png





media/file2.png
.
. o o o
. o . .
. e .e e o me .
oy e o .o .
. . .o @ 0 W we WON (e e snone 0 o .
.o “w s cesm .
. .
soea
— T T T T T T
O 009 009 00v 00¢€ 00z 0oL
(uiw) Bumourey jo uoneing
. . l.'..J'i - oo
. . -
e o
ee s oes .
* oo oo me
« = .o
cmone .
. . ece
.o
oo ome

3

(A)

.. o o ove .
e @ seseece .
¢ escec ceme . .
T T T T T T
009 00s ooy 00¢ 00z ool
(uiw) Buimowuey jo uoneing
. . .
cee o o e o o o .
. e o esee o ecme
_— |
. ome
. e woe o
“ o mm
emoe o e
e sos wren .
ceee wnom .
sece om . o

T T T T T T
009 005 00¥ 00¢ 002 ool

(uiw) Buimouey jo uoneing

Number born dead

Number born alive

Total number of born





media/file5.jpg
”‘H‘ Binisiibn





media/file6.png
Duration of farrowing (min)

o o

|

.
.
5 :
= .
. .
.
.
. .
. .
H
. .
5
: :
. .
. 3
H 3 o
5 I .
e ¥ ¥ ¥+—1
] . O
s i
. k]
s .
.
.
]
.
H .
.
I T T T i
110 112 114 116 118

Gestation length (d)

Total number of born

. . . . . .
. . . . .

. . . . . .
. . . .

T T T T 1

110 112 114 116 118

Gestation length

(

a)

Number born alive

. .
. .
. .
. .
. .
. .

110

112

. .
5 5
5 .
. .
T
114

Gestation length (d)

118






media/file3.jpg
®)

©)

©






media/file1.jpg





