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first day or during the first three days of life
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Abstract

The objective was to investigate the effect of split-suckling on the performance of piglets during
the first three days of life. Split-suckling implies that not all piglets have access to the udder at
all times; i.e. the litter is split-in two or more groups being nursed in alternating order, or only
the heaviest piglets are enclosed temporarily; in order to benefit colostrum consumption and
survival of disadvantaged neonates. The experiment included three treatments: no split-suckling
(CON) (n=111), split-suckling was applied only in the first day of life (SS1d) (n=174), and
split-suckling was applied during the first three days of life (SS3d) (n=184). Split-suckling
involved alternated nursing of two groups every three hours in order to privilege nursing of the

third group for 12 hours per day. The two groups which were removed from the sow included
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the heavier piglets either born in first part or second part of parturition. Group sizes of these
two groups were equal and depended on the litter size and the criterion that at least 10 piglets
remained with the sow during split-suckling. Split-suckling started after farrowing was
completed. In total, 469 piglets from 28 litters were followed for colostrum intake, growth and
mortality. Colostrum intake did not differ between treatments. However, colostrum intake of
heavy piglets in SS1d and SS3d were lower when compared to CON (P < 0.05). Growth at 24h
post-farrowing was lower in SS3d (51 £5 g) as compared to CON (82 =7 g) (P =0.001), and
intermediate in SS1d (65 + 6 g). Further, growth at 72h post-farrowing was lower in SS3d (82
+ 4 g/d) as compared to CON (110 + 6 g/d) and SS1d (101 =4 g/d) (P < 0.001). Thus, heavier
piglets in SS1d were able to catch up growth loss, contracted during first day of life, by the
third day of life. When piglets were split-suckled for three days, growth continued to be
impaired. Furthermore, mortality at 72 h post-farrowing did not differ between treatments but
was higher amongst the non-isolated piglets within SS3d compared to those within SS1d (P =
0.007). In conclusion, piglet performances were not improved nor impaired when split-suckling
was applied during the first day of life. However and on the contrary, growth was impaired

when litters were intensively split-suckled during first three days of life.

Keywords

Split-suckling, piglet, colostrum, mortality, growth

1. Introduction

Continued selection for hyper-prolificacy in sows has resulted in a tremendous increase in the
number of live-born piglets (Kemp et al., 2018; Hansen, 2019). However, concomitantly the
proportion of low birth weight piglets accrued. Thus, the farmer is facing challenges in rearing

these light and disadvantaged piglets (Quiniou et al., 2002, Wolf et al., 2008), as well as
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supernumerary piglets (Baxter et al; 2013). Various management techniques are applied to cope
with these difficulties. One particular technique is split-suckling (Michiels et al., 2013). Split-
suckling implicates that not all piglets have access to the udder at all times; i.e. the litter is split
in two or more groups being nursed in alternating order. Sometimes the litter is split into a
group containing only the heaviest piglets which are enclosed temporarily leaving the — most
often disadvantaged piglets - at the udder (Kyriazakis & Edwards, 1986; Donovan & Dritz,
2000; Alonso et al., 2012). Split-suckling is particularly recommended to safeguard sufficient
colostrum intake in the first day of life, especially for small piglets and for surplus piglets when
the number of live-born largely exceeds the number of functional teats (Baxter et al., 2013). In
a survey among Flemish pig breeders in years 2013 (Michiels et al., 2013), 2015 and 2018 by
our group (both unpublished data), it was found that only 19, 26, and 36% of farms applied
split-suckling, respectively. Most of them focused on the first day of life in order to reduce
competition amongst newborns whilst colostrum is freely available. However, there is no
consensus on how to apply split-suckling, e.g. in terms of duration, which piglets to isolate,
how many groups to make, which group sizes and when to start. It looks like every farmer
applies split-suckling slightly different and that the work load is limiting the use of split-
suckling. Studies often failed to reveal any convincing beneficial and cost-efficient outcomes
of split-suckling (Kyriazakis & Edwards, 1986; Thorup, 2006; Dewey et al., 2008; Huser et al.,
2015a; Muns et al., 2015) or described no distinct effect (Holyoake et al., 1995; Rosvold et al.,
2017). Some researchers suggested that split-suckling may only be useful in large litters
(Kyriazakis & Edwards, 1986). Nonetheless, a decreased variation in growth until weaning was
suggested by Donovan & Dritz (2000) in litters of 9 piglets or more. Furthermore, higher serum
IgG-concentrations were observed by Vallet et al. (2013) in low birth weight piglets and by
Alonso et al. (2012) in piglets of primiparous sows compared to those of multiparous sows

within the split-suckling treatment. Very promising results were reported in two recent studies:
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increased neonatal growth (Morton et al., 2017) and reduced mortality (Huser et al., 2015b) of
small piglets when applying split-suckling by isolating heavier piglets. The latter observation
is interesting since the major proportion of piglet mortality during the nursery period occurs in
the first days of life and is highest among the smaller piglets within the litter (Quiniou et al.,
2002). Moreover, some other authors (Holyoake et al., 1995; Galiot et al., 2018) identified the
first three days of life as most critical. Safeguarding colostrum intake of vulnerable piglets in
their first day of life, and even milk later on, can reinforce their likelihood of survival since
energy supply is life-determining in first days of life, in particular for low birth weight piglets,
rather than the transfer of passive immunity which is determinant on the longer term (Theil et
al., 2014b). However, these studies did use different modes of split-suckling making it difficult
to compare or to conclude on the best technique. Thus, more studies are necessary in which
different set-ups for split-suckling are compared.

Therefore, the objective of the current study was to investigate the time span in which split-
suckling needs to be applied in order to reduce piglet mortality. The study was conducted on a
commercial Flemish sow farm with the preconceived hypothesis that the growth performances
and likelihood of survival in piglets is enhanced through split-suckling of the litter either in the

first day of life or during the first three days of life.

2. Materials & Methods

2.1. Animals and handling

The study was conducted in one farrowing group at a Flemish commercial farm (Zele,
Belgium). The sows were managed by a four-week-batch-system and housed in conventional
farrowing crates accommodated with floor heating and infrared lamps for newborn piglets. In
the study, 30 sows were randomly selected from a larger population based on the date of partus,

in order to limit the differences in partus dates to three days. No parturition induction was
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applied. Piglets were cross-bred of Topigs-20 sows and Piétrain boars. Parturitions were
continuously supervised and manual birth assistance was carried out to maximize number of
live-born piglets. If necessary, 1 ml of oxytocin (Carbetocin and Chlorobutanol hemihydrate,
LongActon 0.07 mg/ml, Vetoquinol SA, France) was administered intramuscularly, but only
after checking for an obstruction-free birth canal (Cowart, 2007), to sows with contraction
weakness.

Immediately after birth the umbilical cord was shortened to maximally 15 cm (Decaluwé et al.,
2014) and disinfected. Subsequently, the newborn was ear tagged and birth weight was
determined. Thereafter, the newborn was placed back in farrowing pen on the heated floor
scattered with lime powder under an infrared lamp (Pederson et al., 2016). Post-parturient
management routines were limited to the administration of 1 ml iron intramuscularly (Fe**
hydroxide dextran; Uniferon 200 mg/ml, MSD Animal Health BVBA, Belgium) and 0.4 ml/kg
body weight of an oral antiparasitic (toltrazuril; Dozuril 50 mg/ml, Dopharma, Belgium).

Sow health was monitored and abnormalities were noted as well as medication use.

2.2. Experimental design and treatments

The experiment included three treatments: a control (CON), as well as two split-suckling
treatments, whereby split-suckling was applied either during the first day of life only (SS1d) or
during the first three days of life (SS3d). Litters were split into three groups: a group composed
of heavier birth weight piglets born in the first part of parturition (SSG1), a second group of
heavier birth weight piglets, but born in the second part of parturition (SSG2) and a group of
the remaining piglets (which have lower birth weights) (SSG3) (Fig. 1). Only piglets without
abnormalities such as splay leg and difficulties to breath were eligible for isolation (Devillers
et al., 2007). Further, udder occupancy during split-suckling was at all times a minimum of 10

littermates in order to maintain galactopoiesis (Farmer et al., 2006) and to preserve lactogenesis
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(Theil et al., 2006). Considering this and combined with litter size, the number of piglets in
SSG1 and SSG2 was determined and kept equal. In this way udder occupancy was fixed during
the 12 hours of split-suckling. Split-suckling was initiated by isolating SSG1 when parturition
was completed. The end of parturition was defined as birth moment of last-born piglet. Piglets
were separated by placing a bottomless box in the farrowing pen on the heated floor and under
infrared lamp to avoid hypothermia (Kirkden et al., 2014; Pederson et al., 2016). After three
hours, these piglets were reunited with the sow and at the same time SSG2 was isolated for
three hours. In this way, it was aimed to ensure passive immunity through colostrum intake of
piglets with high birth rank number (Le Dividich et al., 2005b). This procedure was repeated
resulting in a total of 12 hours of split-suckling to privilege colostrum intake of low birth weight
piglets (SSG3). Thus, piglets in SSG3 had at all times access to the dam whilst piglets in SSG1
and SSG2 were isolated for a total duration of 6 hours per day (Fig. 2). This split-suckling mode
was repeated in the second and third day of life for litters in treatment SS3d. Cross-fostering
was not allowed during the first three days of life. Treatments were allocated to sows to balance

for parity and the number of live-born piglets.

2.3. Measurements and calculations

At farrowing, ear tag number, time of birth, birth rank number, gender and birth weight were
recorded for all piglets (dead and live-born). Furthermore, sow parity and number of functional
teats were listed. Gestation length was determined as the number of days from artificial
insemination until parturition. Litter heterogeneity, expressed in percentages, was defined the
variation coefficient of piglet birth weights within a litter. Udder occupancy, also expressed in
percentages, was calculated as the number of live-born piglets divided by the number of
functional teats. Udder occupancy during split-suckling was defined as the number of live-born

piglets that had access to their mother compared to the number of functional teats. Colostrum
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intake of piglets alive 24 hours after the first-born piglet (T24) (Theil et al., 2014a; Declerck et
al., 2017) was estimated by the model of Theil et al. (2014a):

CI=-106 +2.26 WG + 200 BW, + 0.111 D — 1,414 WG/D + 0.0182 WG/BW.

Hereby colostrum intake (CI) and weight gain (WG) were expressed in grams, birth weight
(BWy) in kilograms whilst duration of colostrum intake (D) in minutes. The accuracy of the
weight scale was 0.001 kg. A negative CI was assumed to be 0 (Devillers et al., 2007).
Colostrum production of the sow was calculated as the sum of the individual colostrum intakes
of each piglet within the litter (Theil et al., 2014a).

To determine growth performances, piglets were weighed 72 hours after the first-born piglet
(T72). Daily gain was calculated based on the differences with birth weight. In addition, piglet
mortality was monitored until T72. Stillborn piglets were defined as a piglet with no signs of
decay and found dead behind the sow (Declerck et al. 2015). Mortality percentage in first three
days of life was determined as the number of deceased piglets versus the number of live-born

piglets.

2.4. Statistical analysis

Measurements and calculations were gathered into two datasets, i.e. on piglet level and on sow
level, to process statistically using IBM SPSS Statistics 25. From these datasets one litter was
excluded since the sow endured severe mastitis. A second litter was excluded in order to
uniform the distribution of sow parity and number of live-born piglets between treatments. In
total 469 live-born piglets from 28 litters were included in this study: 111 piglets in CON, 174
piglets in SS1d and 184 piglets in SS3d. To check for normality and homoscedasticity the
Kolmogorov-Smirnov and Levene’s test were applied, respectively. On piglet level, continuous
variables comprised birth weight, weight gain (growth) at To4, colostrum intake and daily

growth at T72. When normality and homoscedasticity were confirmed, these variables were
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subjected to GLM-analysis and means were separated by the Bonferroni post-hoc test, if
appropriate. GLM-analysis included treatment as fixed factor and sow as random factor nested
within treatment. If only normality was met, a Welch-test was performed and subsequently a
Dunnett’s C post-hoc test to distinguish means, if appropriate. Otherwise the non-parametric
Kruskal-Wallis test was employed. The nominal variable mortality at T7> was subjected to a
Kaplan-Meier survival analysis with Log-rank Chi-square test. Means of piglet variables are
given either for all piglets, or separated into quartiles, based on their birth weight. Quartile 1
was characterized by 25% of the piglets with lowest birth weights within each litter, whereas
quartile 4 was characterized by 25% of the piglets with highest birth weights within each litter.
Accordingly, intermediary birth weights were classified in quartile 2 and 3. Similarly, data of
SSG1, SSG2 and SSG3 were analysed between the split-suckling treatments. On sow level,
parametric data were analysed through a GLM-procedure with only treatment as fixed factor
and means were separated by the Bonferroni post-hoc test, if appropriate. If non-parametric,
similarly, a Welch test was carried out when homoscedasticity was not confirmed, otherwise a

Kruskal-Wallis test was chosen.

3. Results

3.1. Sow and litter characteristics

Average parity did not differ between treatments (Table 1). However, gestation length was
shorter in SS1d (113.1 £ 0.3 days) than SS3d (115.1 + 0.4 days) (P = 0.001), and intermediate
for CON (114.3 + 0.4 days). Litter size at birth was higher in SS3d (18.4 = 0.7) as compared to
SS1d (15.8 £0.7) (P =0.018) and tended to be higher than CON (15.9 £ 0.9) (0.05 <P <0.10).
Sows had on average 15.0 + 0.4, 14.7 £ 0.3 and 14.4 £ 0.5 functional teats in treatments CON,
SS1d and SS3d (P = 0.642), respectively. In addition, at the end of parturition and prior to split-

suckling, udder occupancy was 107.1 £ 10.4 % in CON, 107.4 £3.8 % in SS1d and 129.8 £+ 7.4
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% in SS3d (P = 0.062). Litter birth weight in SS3d was 36.4% and 21.1% higher than CON and

SS1d, respectively (P < 0.001).

3.2. Split-suckling characteristics

During split-suckling on average 4.0 piglets were isolated in SS1d (i.e. group size of SSG1 and
SSG2 in SS1d), whilst this number mounted to 5.8-5.9 in SS3d (i.e. group size of SSG1 and
SSG2 in SS3d) (SEM = 0.3; P = 0.002) (Table 1). Piglets from SSG1 and SSG2 were isolated
consecutively. Consequently, 7.8 and 6.7 piglets were allowed to suckle continuously (i.e.
group size of SSG3) in treatment SS1d and SS3d, respectively (SEM = 0.4; P = 0.172). In this
way the number of piglets with access to the udder during split-suckling was at least 10: either
the number of piglets in SSG3 added with those of SSG2 or the number of piglets in SSG3
added with those of SSGI1. Udder occupancy rate during split-suckling established in SS1d
(80.3 £ 2.8 %) and SS3d (88.3 + 5.1 %) tended to be lower as compared to CON (107.1 + 10.4

%) (0.05 <P <0.10).

3.3. Colostrum intake

Colostrum intake was 384 + 12, 383 + 10 and 377 + 9 g per piglet in CON, SS1d and SS3d,
respectively (P =0.857) (Table 2). Estimations for colostrum intake of piglets in quartile 1 were
not different between treatments: 236 + 17 (CON), 266 + 15 (SS1d) and 274 + 13 (SS3d) g (P
= 0.200). When considering piglets in quartile 3, colostrum intake was lower in SS1d (398 +
11 g) and SS3d (393 + 11 g) as compared to CON (445 £ 14 g) (P = 0.008). Colostrum intake
in quartile 4 of SS1d (497 + 12 g) was higher than SS3d (456 + 12 g) (P = 0.046), but not

different from CON (490 £ 15 g).

3.4. Piglet birth weight, growth and mortality



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

In general, piglets were born lighter in CON (1.038 £ 0.023 kg) than in SS1d (1.162 £ 0.022
kg) and SS3d (1.220 + 0.023 kg) (P < 0.001) (Table 3) (Fig. 1). Evidently, this observation was
also noticed when considering the different quartile classes for birth weight. During the first
day of life, weight gain was significantly lower in treatment SS3d (51 + 5 g) when comparing
to CON (82 +£7 g) (P =0.001). SS1d had an intermediate gain of 65 + 6 g. Weight gain in the
first day of life was smaller for quartile 3 in both split-suckling treatments (P < 0.001) and for
quartile 4 in SS3d (P < 0.001) compared to CON. Furthermore, daily weight gain until T72 was
lower for piglets in SS3d (82 + 4 g/d) than SS1d (101 £ 4 g/d) and CON (110 = 6 g/d) (P <
0.001). On the other hand, growth rates at T7, for piglets classified in quartile 1 were 62 +7 g/d
and 67 + 8 g/d in SS1d and SS3d, respectively, but only 56 + 10 g/d in CON (P = 0.667).
Mortality rates did not differ between treatments (P = 0.189). However, mortality at T72 seemed
to be substantially lower in SS1d (11.5 + 2.4 %) compared to CON (14.4 + 3.3 %) and SS3d
(18.5+2.9 %) (P =0.189).

Daily growth at T72 of non-isolated piglets, thus piglets allocated to group SSG3, did not differ
(P =0.568) from split-suckled litters of SS1d and SS3d being 78 + 6 gand 72 + 9 g, respectively
(Table 3). However, isolated piglets allocated to SSG1 and SSG2 grew slower in litters split-
suckled during three consecutive days (86 + 6 and 84 + 7 g, respectively) compared to litters
split-suckled only the first day of life (123 =7 and 113 * 8 g, respectively) (P < 0.001 and P =
0.004, respectively). In addition, mortality was higher (P = 0.007) for SSG3 in SS3d (41.8 +
6.0 %) compared to SS1d (20.9 £ 4.4%). In accordance, 28 out of 67 piglets died in SSG3
within SS3d whereas 18 out of 86 piglets died in SSG3 within SS1d during the first three days
of life. From these deaths in SSG3, 11 piglets died in each split-suckling treatment within their

first day of life.

5. Discussion

10
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In general, results show that piglet weight gain in first day of life was impaired in split-suckled
litters. Moreover, and in contrast to the perceived major advantage of split-suckling, small
piglets were unable to increase their colostrum intake despite having more access to the udder
during split-suckling. In consequence, the weight gain at T24 and at T72 of these piglets did not
improve nor did their mortality rates drop. Importantly, weight gain of piglets isolated during
split-suckling was negatively affected. When split-suckling only lasted one day, heavy piglets
suffering from a growth check caught up in second and third day of life. Whether the piglets
isolated for three days were able to catch up the loss in growth after the period of split-suckling
is not known. Altogether, these findings reject the hypothesis that split-suckling improves the
performances of — especially small - piglets. Reasons for this lack of benefits of split-suckling

in this study might be various and are discussed hereafter.

5.1. Sow and litter characteristics

Sows were allocated to treatments with the objective to balance treatments for parity and
number of live-born piglets. Unfortunately, we failed to balance the number of live-born piglets
and hence some descriptive parameters were found different across treatments. It is likely that
this affected the outcome of the study. For example, the combination of a heavier birth weight
and higher number live-born piglets explained the higher litter birth weight of SS3d. Probably,
these two factors influenced individual colostrum intake and hitherto sow colostrum yield,
which was higher in SS3d. After all, birth weight contributes greatly to the calculation of
colostrum intake (Theil et al., 2014a; Devillers et al., 2004), since it is positively correlated to
colostrum consumption (Devillers et al., 2007). Additionally, lighter newborn piglets (<1 kg)
have a lower likelihood to survive the first day of life (Quiniou et al., 2002), which makes it not
so obvious to estimate their colostrum intake (Devillers et al., 2004, Devillers et al., 2007;

Quesnel et al., 2011; Theil et al., 2014a; Declerck et al., 2015; Declerck et al., 2017). Not

11
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surprisingly, sows with high colostrum yield are those with a heavy litter at birth (Devillers et
al., 2005; Vadmand et al., 2015), a higher litter birth weight when considering only piglets alive
at the end of their first day of life (Declerck et al., 2015), or a high number of piglets born alive,
or a large litter size at 24 h postpartum (Vadmand et al., 2015). Therefore, colostrum yield not
only depends on the ability of the sow to produce colostrum for the whole litter, but also on the

vitality of the litter (Devillers et al., 2007).

5.2. The effect of split-suckling on colostrum intake and growth performance during the
first day of life

When considering all piglets, irrespective of quartile and isolation group, no differences
between treatments for colostrum intake were observed. In contrast, differences in colostrum
intake were present when piglets within a litter were classified in quartiles. Colostrum intake
for quartile 3 in SS3d and SS1d was lower compared to CON whereas colostrum intake for
quartile 4 did not differ between SS1d and CON, but was higher in SS1d compared to SS3d.
The lower colostrum intake in these quartiles can be explained by the isolation of heavy birth
weight piglets during split-suckling in first day of life. These heavy piglets were prevented to
suckle twice for three hours which equals to 25% of their first day of life. The principal reason
for split-suckling is to enhance colostrum intake by small piglets (Kyriazakis and Edwards,
1986), yet, this was not shown in this study. In quartile 1 and 2, colostrum intake did not differ
between the treatments. However, the use of colostrum intake to determine the success of split-
suckling is not straightforward. Differences in birth weight between treatments could have
biased the effect of treatment on colostrum intake since birth weight is a determining factor in
equations to estimate colostrum intake (Theil et al., 2014a). It is more appropriate to rely on
direct measurements of colostrum intake or alternatively to use piglet weight measurements as

a proxy for pig performances. Piglets in split-suckling treatments gained less weight in first day

12



297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

of life compared to CON. This can be explained by a combination of different factors. Firstly,
the isolation of piglets during split-suckling. This is confirmed when considering the different
quartile classes for weight gain in first day of life. Piglets with a heavy birth weight (quartile 3
and 4) were isolated and thus prevented to suckle causing a lower weight gain. Moreover,
piglets in quartile 3 did not seem to benefit from a lower occupied udder during two times three
hours within this split-suckling mode. Possibly, birth weight compared to birth weight of
littermates (birth weight variation within the litter) might be more decisive to suckle
successfully than a lower udder occupancy. In this respect, piglets in quartile 3 within CON had
access to the udder at all times resulting in higher colostrum intakes. The latter also applies for
the heaviest piglets — classified in quartile 4 — in CON. Yet, colostrum intake of these piglets
was not different with those of SS1d. Maybe the heaviest piglets in SS1d — and supported by
their higher birth weight compared to CON — were able to catch up their colostrum intake
despite their isolation. If so, then the lower colostrum intake for quartile 4 within SS3d
compared to SS1d could be influenced by the effect of litter size on colostrum intake as
discussed hereafter. Secondly, the number of live-born piglets also impacted on growth
performances. More piglets were isolated when litter size was larger. On average, one out of
two piglets were isolated within each litter of SS1d whilst almost two out of three piglets were
isolated within each litter of SS3d. Thus, the more piglets isolated within a litter, the bigger the
detrimental effects of isolation on average weight gain. Moreover, weight gain at T4 is reduced
in larger litters (Vasdal et al., 2011). Some researchers advocate that there is less colostrum
available for each piglet when litter size increases (Le Dividich et al., 2005a; Devillers et al.,
2007; Quesnel et al., 2011; Decaluwé et al., 2014). Thirdly, when focusing on the 25% smallest
piglets (quartile 1) they did not gain more weight. Thus, the loss in weight gain of the isolated
heavier piglets was not compensated by an increased growth of the non-isolated piglets,

resulting in an overall (litter) reduced weight gain in the first day. Nevertheless, the result of
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even a small increase in weight gain for small piglets in split-suckling treatments should not be
underrated. Piglets with a lower or negative percentage weight change in first day of life are
more likely to die (Baxter et al., 2008). When piglets cannot meet their energy requirements,
they may suffer from hypothermia (Herpin et al., 2002; Theil et al., 2014b), become less
vigorous, and end up dying either because of starvation or because they are crushed by the sow
(Theil et al., 2014b). Typically, small piglets are more predisposed due to the smaller energy
reserves at birth (Herpin et al., 2002; Theil et al., 2011) and the greater heat loss due to the
greater surface to body mass ratio (Herpin et al., 2002). To maintain homeothermic balance in
the first day of life early colostrum intake is of utmost importance (Noblet et al., 1997; Herpin
etal., 2002, Theil et al., 2014b). Small piglets experience more difficulties to reach and compete
for a teat, to withdraw colostrum (De Pasille and Rushen, 1989; Le Dividich et al., 2005a;
Declerck et al., 2017) and thus to cover their energy requirements. Increasing the suckling
chances of these small piglets through split-suckling could thus improve their survival.
Unfortunately, in this trial, colostrum intake nor weight gain in first day of life and in

consequence survival was increased in small piglets.

5.3. The effect of split-suckling on growth and mortality during the first three days of life
In contrast to SS3d, the isolated piglets in SS1d caught up for the growth loss of first day of life
in the second and third day of life. Apparently, these piglets experience little harm of a restricted
colostrum intake and are able to claim and withdraw sufficient milk in the second and third day
of life. This probably also explains why no negative effect on their survival in the first three
days of life is observed. Similar, Thorup (2006) observed no increased mortality in the heaviest
piglets when isolating or cross-fostering them for four hours starting approximately six hours
after farrowing was completed. These findings are in line with the fact that heavy birth weight

piglets have better chances for survival until weaning (Quiniou et al., 2002). Moreover, it
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contributes to the observation that heavy birth weight piglets are less dependent on colostrum
to ensure good survival chances (Ferrari et al., 2014). In addition, this study indicated that
safeguarding colostrum intake is crucial for low birth weight piglets. In our set-up, no effect on
colostrum intake, no effect on growth and on mortality rates in piglets with lower birth weights
were observed. However, when comparing the split-suckling treatments, mortality rates in non-
isolated piglets were higher in SS3d than in SS1d. In contrast, Huser et al. (2014 & 2015b)
reported an increased survival of 13% for small piglets (<0.85 kg) at weaning (24 + 6 days)
when heavy birth weight piglets were isolated during two hours split-suckling in the first day
of life. Holyoake et al. (1995) reported also a decrease in mortality (of low viability piglets) at
an average weaning age of 21 days. Yet, a distinct effect of split-suckling, in this study of
Holyoka et al., is absent since supervised litters were subjected to several interventions.
Moreover, split-suckling was only applied as alternative for cross-fostering to rear litters of 12
piglets or more during the supervised period. Overall, one should be cautious since other, than
split-suckling, factors could have had an influence on mortality. In particular, birth weight is a
determining factor for growth and mortality (Quiniou et al., 2002, Galiot et al., 2018), especially
in large litters where small piglets endure more competitiveness for a teat (Vasdal et al., 2011).
As mentioned before, birth weight and litter size were not in balance between treatments.
Therefore it remains uncertain if split-suckling improved survival of small piglets in the current

study.

5.4. Added value of split-suckling until three days of life on performance and mortality

At the end of the third day of life we saw a negative effect on daily weight gain in the litters
which were split-suckled during three consecutive days. As observed in the case of split-
suckling for one day, growth of the heavier piglets in SS3d was impaired due to restricted

suckling. This reduced growth in the isolated piglets, is only justified if those piglets can catch
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up their growth loss or if the performance of the non-isolated, underprivileged littermates is
enhanced. This better performance includes a reduced pre-weaning mortality and thus split-
suckling could have an ethical benefit (Rutherford et al., 2011). Unfortunately, and in contrast
to the perceived advantage of split-suckling, no increase in the performance (growth and
survival) of small piglets was observed during the first three days. Mortality was even more
pronounced in the non-isolated piglets (smaller piglets, SSG3) of SS3d compared to SSG3 in
SS1d. Clearly, mortality was situated among the small piglets despite efforts to stimulate their
suckling chances through split-suckling during 12 hours each day. It is hard to interpret and
clarify this. According to Rutherford et al. (2013) and Hales et al. (2013) litter size is a main
determinant for postnatal survivability. In addition, Vasdal et al. (2011) reported an overall
higher postnatal mortality in larger litters regardless of colostrum and milk intake. Deen and
Bilkei (2004) concluded that low birth weight piglets have the highest chances to survive in
small litters irrespective of birthweight of their littermates. Thus, presumably the high mortality
in SS3d is then caused by the higher number of live-born piglets, in combination with the
prohibition of cross-fostering in the three first days of life. Further, udder occupancy and thus
teat competition is bigger in large litters (Milligan et al., 2001). Competition still occurred
during the periods that split-suckling was not in place, or eventually additional stress at
moments when isolated piglets are reintroduced in the litter may have taken place. At moments
all piglets are in the litter (12 h per day), low birth weight piglets may dedicate more time in
teat disputes and miss more nursing episodes (Deen & Bilkei, 2004). In an attempt to increase
their milk intake, piglets then spent more time in close proximity to the sow which increases
the probability of being crushed (Weary et al., 1996). Moreover, isolated piglets seemed to
show the same riskful behaviour when they were prevented to nurse during several nursing
bouts (Weary et al., 1996). This observation could explain the somewhat lowered survival of

isolated piglets, i.e. SSG2, in SS3d. Notwithstanding no beneficial effect was observed, split-
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suckling of large litters in first day of life might still be recommended. Afterwards, and if
possible, it is suggested to cross-foster at the end of the first day of life, especially when surplus
piglets are present (Baxter et al., 2013; Kirkden et al., 2014). However in case no sows to cross-
foster are available, prolonged split-suckling until third day of life might still be worthwhile.
Because of the potential detrimental effects on growth when piglets are isolated for a longer
period — and since milk replacer is mainly consumed by the heavier piglets within the litter
(Kobek-Kjeldager et al., 2020) — offering milk replacer to isolated piglets could be
recommended. Results from the current study point out that split-suckling for one day is not
having a negative effect. In order to increase the benefit of split-suckling (for a day), other
aspects should be considered and need further optimization: for example how long to apply
split-suckling, when to start with, how many piglets to isolate or how many groups to form in

a litter.

Conclusion

In conclusion the labour-intensive split-suckling approach did not result in beneficial effects in
terms of improved growth and reduced mortality of piglets when applied for one day, rather it
decreased growth when applied for three consecutive days. This urges for a less intensive
approach of split-suckling. However, cautious interpretation of the study results is needed, since
other factors than treatment could have confounded the outcome. Therefore, more emphasis
should be on litter size and birth weight when allocating the experimental units to treatment in

future research.
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Fig. 1: Graph A: cumulative birth weight distribution for CON (no split-suckling), SS1d (split-suckling
in first day of life) and SS3d (split-suckling in first three days of life). Graph B: cumulative birth weight
of SSGI (heavier piglets born in first part of parturition and isolated during split-suckling), SSG2
(heavier piglets born in second part of parturition and isolated during split-suckling) and SSG3 (non-

isolated piglets) within SS1d and SS3d.

Fig. 2: Split-suckling started after the end of parturition by isolating SSG1 (= the heavier piglets born
in first half of parturition, marked green — thin black line) in a bottomless box on heated floor and under
infrared lamp. After 3 hours SSG1 was reunited with the sow and SSG2 (= the heavier piglets born in
second half of parturition, marked blue) were isolated. This isolation cycle was repeated, resulting in

less competitive suckling for SSG3 piglets (= non-isolated piglets, not marked) during 12 hours.
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Table 1: Sow and litter characteristics for the different treatments: control (CON), split-

suckling in first day of life (SS1d) and split-suckling during three first days of life (SS3)

Treatment SEM P-value
CON SS1d SS3d

Parity 4.14 4.45 4.20 0.27 0.962
Gestation length (days) 114.3% 113.1% 115.1° 0.3 0.001
Number of live-born piglets 15.9% 15.8% 18.4° 0.4 0.018
Number of stillborn piglets 1.1 2.1 0.7 0.3 0.112
Litter birth weight (kg) 16.5% 18.4% 22.4° 0.6 <0.001
Litter heterogeneity (%) * 21.2 20.8 20.2 0.9 0.884
Number of functional teats 15.0 14.7 14.4 0.2 0.642
Udder occupancy (%) ** 107.1 107.4 129.8 4.4 0.062
Udder occupancy during split-suckling (%) ***  107.1 80.3 88.3 3.8 0.066
Number of isolated piglets in SSG1 4.0 5.9 0.3 0.002
Number of isolated piglets in SSG2 4.0 5.8 0.3 0.002
Number of non-isolated piglets in SSG3 7.8 6.7 0.4 0.172
Colostrum production (kg) 5.795%® 5.622% 6.378°  0.139 0.047

Means with a different superscript are significantly different (P < 0.05),

* defined as coefficient of variation (= standard deviation / average) for birth weights within a
litter,

** calculated as number of live-born piglets divided by number of functional teats,

*#** calculated as number of piglets with access to the dam divided by number of functional

teats.
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Table 2: Piglet colostrum intake per treatment: CON (no split-suckling), SS1d (split-suckling in first

days of life) and SS3d (split-suckling during first three days of life); per quartile within treatment

(quartile 1 = 25% piglets with lowest birth weights within each litter < > quartile 4 = 25% piglets with

heaviest birth weights within each litter); per group within split-suckling treatment (SSG1 = heavier

piglets born in first part parturition and isolated during split-suckling, SSG2 = heavier piglets born in

second part parturition and isolated during split-suckling, SSG3 = non-isolated piglets).

Treatment SEM  P-value
CON SS1d SS3d
Overall 384 383 377 6 0.857
Quartile 1 236 266 274 9 0.200
Quartile 2 369 349 371 7 0.288
Quartile 3 4452 398P 393b 7 0.008
Quartile 4 4902 4972 456° 7 0.038
SSG1 4752 412b 9 0.001
SSG2 406 425 8 0.221
SSG3 320 286 9 0.066

Means with a different superscript are significantly different (P < 0.05),

29



673

674

675

676

677

678

Table 3: Piglet birth weight and postnatal performances: CON (no split-suckling), SS1d (split-suckling

in first day of life) and SS3d (split-suckling during first three days of life); per quartile within treatment

(quartile 1 = 25% piglets with lowest birth weights within each litter < > quartile 4 = 25% piglets with

lowest birth weights within each litter); per group within split-suckling treatment (SSG1 = heavier

piglets born in first part parturition and isolated during split-suckling, SSG2 = heavier piglets born in

second part parturition and isolated during split-suckling, SSG3 = non-isolated piglets).

Treatment SEM  P-value
CON SS1d SS3d

Birth weight (kg)
Overall 1.038* 1.162° 1.220° 0.014  <0.001
Quartile 1 0.767* 0.869° 0.921°¢ 0.009  <0.001
Quartile 2 0.984* 1.113° 1.175° 0.019  <0.001
Quartile 3 1.156* 1.256° 1.307° 0.019  0.002
Quartile 4 1.281% 1.444° 1.500° 0.021  <0.001
SSG1 1.331 1.388 0.015  0.054
SSG2 1.320 1.358 0.023  0.387
SSG3 0.999 0.962 0.020  0.548
Daily weight gain until To4 (g)
Overall 82¢ 65% 51° 3 0.002
Quartile 1 10 23 22 6 0.656
Quartile 2 79 50 57 5 0.060
Quartile 3 110* 66° 50° 5 <0.001
Quartile 4 129% 111 70° 5 <0.001
SSG1 103* 50° 6 <0.001
SSG2 64 73 7 0.567
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SSG3

Daily weight gain until T72 (g)

Overall
Quartile 1
Quartile 2
Quartile 3
Quartile 4
SSG1
SSG2
SSG3

Mortality until T72 (%)

Overall
Quartile 1
Quartile 2
Quartile 3
Quartile 4
SSG1
SSG2

SSG3

110*

56

105

111

139°

14.4

36.7

14.8

3.8

0.0

44

101*

62

96

106

128*

1232

113%

78

11.5

29.8

9.5

4.9

0.0

4.5

0.0

20.9°

25

820
67
80
88
87"
86°
84b

72

18.5
40.0
18.2
9.8
4.1
5.1
5.2

41.8°

1.7

4.4

34

24

0.1

2.1

1.8

0.159

<0.001

0.667

0.072

0.046

0.001

<0.001

0.004

0.568

0.189

0.683

0.496

0.546

0.227

0.899

0.128

0.007

Means with a different superscript are significantly different (P < 0.05)
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