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ABSTRACT

Modern pig farming worldwide has been facing substantial economic loss due to perinatal mortality which is mainly
associated with the farrowing process. Therefore, the present study aimed to identify factors affecting the farrowing
duration in natural farrowing sows in the intensive indoor conditions. In total, 210 farrowing sows in 4 commercial
farms were included in the study. The association between potential risk factors and farrowing duration was
analyzed by using general linear models. Two final models demonstrated that the number of total born piglets,
number of stillborn and mummified piglets, litter weight, and average birth weight were significantly associated with
farrowing duration. Among the four factors, average birth weight had a negative association with whereas the other
three factors had positive associations with farrowing duration. Two models explained about 19.1-19.5% variation of
the farrowing duration. The results also demonstrated that the number of total born piglets, stillborn, and mummified
piglets were more important than litter weight and average birth weight in explaining the variation of farrowing
duration.

020z das 0 :pa1daday
0202 INC €2 :paAIRdeY

37712114V T¥NIOIHO

Keywords: Birth weight; Farrowing duration, Sow, Stillbirth, Total born
INTRODUCTION

Modern pig farming has been confronted with substantial economic loss and animal welfare problem due to perinatal
mortality (van Dijk et al., 2005). A majority of stillbirth (66.8%) occurs during expulsive stage of farrowing process, and
further, about 16.4% of stillbirths occur shortly postpartum (Leenhouwers et al., 2003) with a similar disease etiology
(Rangstrup-Christensen et al., 2017). Prolonged farrowing duration increases the risk of umbilical cord rupture and
asphyxia (Mota-Rojas et al., 2006), which predisposes piglets to stillbirth (Borges et al., 2005; Canario et al., 2006),
reduces postnatal viability by delaying first contact with udder, and lowers growth rate and survival rate over 10 days
postpartum (Herpin et al., 1996) and before weaning (Rootwelt et al., 2013). Thus, farrowing duration is clearly an
important indicator for survival of piglets.

Effects of various factors on farrowing duration has been investigated with controversial results (van Dijk et al.,
2005; Motsi et al., 2007; Bjorkman et al., 2018). The disparity in results may be attributable to the difference in
farrowing conditions (Oliviero et al., 2010), sow breeds (van Dijk et al., 2005), the increase in litter size over time
(Koketsu et al., 2017), and number of factors that were investigated in different studies (van Dijk et al., 2005; Motsi et
al., 2007).

The aim of this study was to evaluate effects of various factors including parity, gestation length, number of total
born piglets, litter weight, average birth weight, presence or absence of stillborn and mummified piglets in a litter, and
number of stillborn and mummified piglets in a litter on farrowing duration of sows raised in intensive indoor farrowing
conditions.

MATERIALS AND METHODS

Ethical approval
This study was performed according to all ethics and animal rights of Vietnam National University of Agriculture,
Vietnam.

Animals
Data were collected from 210 Landrace x Yorkshire crossbred sows raised in four commercial farms in three
provinces (Hung Yen, Bac Giang and Thai Binh) in the North of Vietnam. All sows were artificially inseminated with
semen from Duroc boars. During gestation, sows were fed 1.8-4.0 kg of commercial feed containing 13-17% crude
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protein and metabolizable energy of 2900-3100 Kcal/kg (Hi-Gro 566, 567S, Charoen Pokphan, Vietnam). All sows were
vaccinated against classical swine fever, porcine respiratory and reproductive syndrome, foot and mouth disease, porcine
circovirus disease and Aujeszky's disease. Sows were kept in individual gestation crates sized about 60 cm x 220 cm.
About a week before estimated farrowing date, sows were removed to farrowing crates with the size of 180 cm x 220
cm. The sow area, with a slatted floor and similar size as gestation crates, was located in the middle of the farrowing
crates. Water was provided ad libitum through a nipple drinking system.

Data collection

This study was conducted during June to November, 2019. In each farm, data were collected by 2 to 3 veterinarians
who had been trained on data collection. Signs of milk letdown, vulva swelling, mucous secretion were monitored
carefully to detect the time of parturition. Data including sows number, parity, gestation length, number of total born
(NTB), number of live-born, number of stillborn, number of mummified, litter weight, average birth weight (ABW), and
duration of farrowing were recorded. Gestation length was calculated as the interval from the first insemination to the
date of farrowing. The NTB was calculated as sum of number of live-born, stillborn and mummified piglets. Live-born
and stillborn piglets were weighted individually. Litter weight was the sum of weight of individual piglet in a given litter.
Average hirth weight was calculated by dividing litter weight by the number of live-born and stillborn piglets. Farrowing
duration was the interval between the first and the last piglet expulsion. None of the sows were induced for parturition.
Any sows that were administered oxytocin during farrowing or needed manual extraction were excluded from
observation, and data of such sows were not used in any analysis.

Statistical analysis

General Linear Models (GLM) were used to determine factors that affected the farrowing duration. Farrowing
duration was transformed by using natural logarithm to obtain normal distribution. Risk factors were farms, parity,
gestation length, NTB, litter weight, ABW, presence or absence of stillborn and mummified piglets in a litter (PSM), and
number of stillborn and mummified piglets in a litter (NSM). Initially, each factor was included in the GLM as a sole
explanatory variable for farrowing duration. Only variables significant at P < 0.25 (Hosmer and Lemeshow, 2000) in the
univariate analysis were further analyzed in combination with others to find out suitable models. The NTB and litter
weight (r = 0.817, P < 0.01), PSM and NSM (r = 0.651, P < 0.01) were highly correlated, thus they were analyzed in
different models. Models were built up by considering the pairs of variables (NTB and NSM, NSM and litter weight,
litter weight and PSM), followed by adding the third variable if the added variable conferred a significant effect
signaling by a P-value <0.05. All statistics were carried out in Statistical Package for the Social Sciences (SPSS) version
22 (IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY).

RESULTS

Descriptive statistics

In total, data from 210 litters were included in this study. The average farrowing duration was 215 + 122 minutes.
Of the 210 litters investigated, 64.8% (136/210) had at least one stillborn or mummified piglet, and 61.0% (128/210) of
litters had at least one stillborn piglet. Thirty-nine out of 210 litters (18.6%) had at least one mummified piglet. Totally,
2995 piglets were born from 210 sows, among them 2685 (89.6%), 251 (8.4%) and 59 (2.0%) were live-born, stillborn
and mummified piglets, respectively. Descriptive statistics of some reproductive traits of studied sows are presented in
Table 1.

Table 1. Descriptive statistics for some reproductive traits of 210 investigated sows from four farms in the North of
Vietnam in 2019.

Parameter Mean £ SD Minimum Maximum
Parity 46+25 1 10
Gestation length (days) 115.3+1.8 110 120
Number of total born piglets 143+£3.3 4 24
Number of live-born piglets 128+3.2 4 22
Number of stillborn piglets 12+15 0 11
Number of mummified piglets 0.3£0.6 0 4
Litter weight (kg) 19.2+46 4.4 34
Average birth weight (kg) 1.36 £0.19 0.84 1.96
Farrowing duration (minutes) 215+122 22 1226

SD: standard deviation
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Factors influencing the farrowing duration

At the initial stage of GLM, the log-transformed farrowing duration had no significant correlation with farms and
gestation length (Table 2). In the next step, parity and PSM were rejected from final models due to their nonsignificant
effect. Finally, two models were built to explain the variation of farrowing duration (Table 3). The first model contained
three variables including NSM, litter weight and ABW (R? = 0.191) and the second model consisted of two variables
including NTB and NSM (R? = 0.195). Univariate analysis showed that the most explanatory variables were NTB and
NSM with R? = 0.134 and 0.137, respectively. The NTB, NSM, and litter weight positively correlated with farrowing
duration. By contrast, ABW was negatively associated with farrowing duration.

Table 2. Univariate analysis of factors associated with log-transformed farrowing duration in 210 sows from four farms
in the North of Vietnam in 2019

Variables Significance Inclusion in the multivariate analysis
Farms 0.283 Excluded
Parity 0.202 Included
Gestation length 0.560 Excluded
NTB <0.001 Included
Litter weight 0.001 Included
ABW 0.005 Included
PSM 0.008 Included
NSM <0.001 Included

NTB: number of total born piglets; ABW: average birth weight; PSM: presence or absence of stillborn and mummified piglets; NSM: number of
stillborn and mummified piglets.

Table 3. Multivariate analysis of the factors associated with log-transformed farrowing duration in 210 sows from four
farms in the North of Vietnam in 2019

Model Parameter Regression coefficient 95% ClI Significance
Intercept 5421 4,981 - 5.861 <0.001
Model 1 . NSM- 0.075 0.039 - 0.110 <0.001
Litter weight 0.022 0.008 - 0.036 0.002
ABW -0.504 -0.831 - (-0.176) 0.003
Intercept 4.638 4.381 - 4.895 <0.001
Model 2 NTB 0.036 0.018 - 0.055 <0.001
NSM 0.072 0.036 - 0.108 <0.001

NSM: number of stillborn and mummified piglets; ABW: average birth weight; NTB: number of total born piglets; Cl; confidence interval; Model 1
conferred a R?=0.191; Model 2 conferred a R*=0.195.

DISCUSSION

The farrowing duration has been reported to range between 130 and 396 minutes (van Rens and van der Lende, 2004;
van Dijk et al., 2005; Oliviero et al., 2010; Bjorkman et al., 2017). The result of present study was very close to the
findings obtained by Motsi et al. (2007) who demonstrated that average farrowing duration of 136 sows was 217 + 160
minutes. The incidence of stillbirth at litter level in the present study (61.0%) was higher than the results reported by
Cozler et al. (2002) and Borges et al. (2005). However, the stillbirth rate (8.4%) was still in the range of previous
reported results (Lucia et al., 2002; Borges et al., 2005; Vanderhaeghe et al., 2010; Nam and Sukon, 2020).

The nonsignificant effect of parity on farrowing duration in this study confirmed the findings by several other
works (Fahmy and Friend, 1981; van Dijk et al., 2005; Motsi et al., 2007; Oliviero et al., 2010). However, it did not
agree with results found by Bjorkman et al. (2017) who reported that parity was positively correlated with farrowing
duration. The disparity in results among studies may be due to the difference in methods of analysis. Whereas Bjorkman
et al. (2017) evaluated effects of parity on farrowing duration without adjustment for other factors, the present study and
others (van Dijk et al., 2005; Oliviero et al., 2010) did that in combination with other variables. The nonsignificant effect
of parity on farrowing duration in the present study may be attributable to relatively high proportion of high parity sows.
Sows at higher parity might have been more strictly selected based on their reproductive criteria including the farrowing
duration. Thus, the selection may exert their effect on the heterogeneity of farrowing duration among different parities,
and may thereby alleviate the effect of parity on farrowing duration.
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This study failed to detect any significant effect of gestation length on farrowing duration. This finding confirmed
the results of Oliviero et al. (2010). Some authors found a positive correlation between these two criteria (Fahmy and
Friend, 1981), by contrast, others found a negative association (van Dijk et al., 2005). Gestation length had a negative
correlation with litter size (Sasaki and Koketsu, 2007; Rydhmer et al., 2008), thus it was expected to have a negative
association with farrowing duration. However, in the current study, such association between gestation length and litter
size did not exist, giving a possible explanation for the nonsignificant association between gestation length and farrowing
duration.

It is not clear whether long farrowing duration induces stillbirth or stillbirth increases farrowing duration (van Dijk
et al., 2005). Many studies found a positive association between these two factors (Borges et al., 2005; van Dijk et al.,
2005; Canario et al., 2006). Also, Motsi et al. (2007) substantiated that PSM was positively correlated with farrowing
duration. By contrast, current study failed to detect any significant effect of PSM on farrowing duration. Firstly, it was
possible that the association between PSM and other factors such as litter weight (r = 0.269, P < 0.01) and ABW (r = -
0.168, P < 0.05) alleviated the effect of PSM on farrowing duration when they were put in the same models. Secondly,
using PSM as an explanatory variable for farrowing duration erroneously implies that all litters with stillborn and/or
mummified have equal number of these piglet types. Thus, NSM may be a better factor than PSM for explaining
variation of farrowing duration because it represents the quantity of stillborn and/or mummified piglets. Indeed, this
study found that increased NSM elevated farrowing duration. This result confirmed many previous findings by several
authors (van Dijk et al., 2005; Oliviero et al., 2010; Bjorkman et al., 2017). A possible reason for the finding was that
only live piglets could actively move through the pelvic canal (Taverne and van der Weijden, 2008), therefore, dead
piglets could not participate into the farrowing process to obtain a right position, resulting in increased farrowing
duration (van Dijk et al., 2005).

Positive association between farrowing duration and NTB in this study corroborated previous findings (Fahmy and
Friend, 1981; van Dijk et al., 2005). Another study found the association between number of live-born, instead of NTB,
and farrowing duration (Motsi et al., 2007). In the current study, the number of live-born was not included in the analysis
because this factor did not confer practical significance for plans to reduce farrowing duration and stillbirth. On one
hand, increased NTB increased litter weight (r = 0.817, P < 0.01), and as the consequence, the litter weight also
positively correlated with the farrowing duration. However, this result was not in the agreement with previous study that
detected no association between litter weight and farrowing duration (Motsi et al., 2007). It was not a surprise because
that study did not find any correlation between NTB and farrowing duration. On the other hand, increased NTB resulted
in decreased ABW (r = -0.267, P < 0.01), therefore, this study found a negative association between ABW and farrowing
duration. This finding was in contrast to the previously published results that demonstrated a positive association
between ABW and farrowing duration (Motsi et al., 2007). Bigger piglets, in comparison with their small littermates,
may have thicker placenta, and they need more time to break the placenta to start their journey through uterus towards
the birth canal (van Rens and van der Lende, 2004). They are also subjected to higher friction on the walls of the birth
canal (Motsi et al., 2007). Collectively, it takes longer time for heavier piglets to be delivered. However, as mentioned
above, ABW was negatively associated with NTB, and it seemed that, in comparison with ABW, NTB had a stronger
effect on farrowing duration. Indeed, in this study the NTB explained 13.4% variation of farrowing duration compared
with 3.7% by ABW. Therefore, increased ABW reduced farrowing duration.

CONCLUSIONS

This study demonstrated that the number of total born piglets and the number of stillborn and mummified piglets in a
litter were the most important factors affecting duration of farrowing of sows in an intensive system. Litter weight and
average birth weight also affected farrowing duration but to a lesser extent.
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