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Abstract

Aggressive interactions, and their consequences, are the most important causes of poor
welfare in piglets. Aggressive behaviour can be modulated by the prenatal and neonatal
environment in several species. Commercially kept pregnant sows are often subjected to
food restriction, which can compromise their welfare. Limited information is available on the
consequences of sow hunger during pregnancy on welfare outcomes for their piglets. High
fibre diets can mitigate the feeling of hunger and, consequently, it may improve welfare and
productivity measures. The aim of this study was to assess the consequences of feeding
pregnant gilts with high fibre diets (HFD) on agonistic behaviour, as manifested by skin
lesions, and indicators of fear in their piglets at weaning. Twenty-two pregnant gilts were fed
either HFD, 12.86% of crude fibre, 2.4 kg per day (N = 14), or low fibre diet (LFD), 2.53% of
crude fibre, 2.0 kg per day (N = 8). During lactation, both treatments received the same diet,
ad libitum. We investigated the impact of HFD on behaviour and performance measures
(birth weight, average daily gain, weaning weight, see S3 File) in the offspring. Skin lesions
were evaluated before and after weaning in 156 piglets (100 HFD and 56 LFD), and 142
piglets were subjected to an open field test and a novel object test (87 HFD and 55 LFD).
We found no treatment effect on the performance measures. Piglets born from gilts that
received HFD had fewer skin lesions before weaning (D28) than the offspring of LFD gilts,
while no difference was found during days 29 and 30. In the open field and novel object
tests, there was no treatment effect on the behaviour of piglets. The improved skin health at
weaning in piglets of sows fed HFD suggests less agonistic interactions amongst these lit-
termates than in piglets of sows fed LFD.
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Introduction

Excessive aggression among pigs is a serious economic and welfare issue [1] and it is also a per-
sistent problem [2]. There are some possible reasons for the occurrence of this behaviour. Pre-
natal and neonatal environments can modify the behaviour of animals with potential
consequences for successive generations [3, 4]. Such characteristics may influence the adaptive
response to different challenges [5]. Management strategies focusing on the prenatal and neo-
natal environments of domestic animals are able to modify immune function [6, 7], fear [8],
memory [9, 10] and social behaviour [11], with consequences on the organisation of important
coping systems, particularly the central nervous system [12, 13]. There are other factors that
may modulate aggressive behaviour, such as the asymmetry in body weight [14], environmen-
tal enrichment [15], available space per animal [16] and weaning age. Premature weaning,
defined by [17] as weaning before four weeks in pigs, caused memory impairment, altered the
expression of stress responsive genes in the brain and increased aggression [9, 10].

An appropriate body condition score of the sows is important in order to avoid obesity and
excessive leanness, to prevent low reproductive and performance indices [18, 19, 20]. There-
fore, sows are subjected to a feed restriction of approximately 50 to 60% of its ad libitum intake
capacity or motivation [21]. Food restriction is known as one of the most important sources of
stress for pregnant sows [22]. Increase in aggression, occurrence of stereotypic behaviour,
reduction in weight gain and changes in food motivation are some of the poor welfare out-
comes reported in sows kept on restrictive diets ([18, 23-25, 26] 26-finisher pigs]). Alternative
diets using fibre have been the subject of studies to mitigate the negative effects of food restric-
tion and reducing the feeling of hunger, which pregnant sows may experience. The inclusion
of fibre in the diet of these animals can reduce the expression of stereotypic behaviour [27, 28],
reduce aggression [20], reduce feed motivation [29], increase long-term satiety [30], improve
the welfare [31] and improve performance [32]. These cited studies were conducted out in an
attempt to understand the effect of a high fibre diet in the behaviour and productivity of the
sows themselves. However, as far as we know, no previous study has investigated the effect of a
high fibre diet for sows on the behaviour of their piglets.

The skin lesion score is significantly influenced by reciprocal fight and bullying, making
this measure an indicator of the outcomes of aggression [33]. The score can be obtained by
counting the skin lesions, classified as any scratch found in the skin (old, with scab, or recent
lesion) [34]. Behavioural characteristics associated with emotionality, such as fear and anxiety
could be important factors to determine the likelihood of an animal to engage in aggressive
interactions. Studies using open field and novel object tests may help to identify susceptible
and resilient phenotypes regarding their ability to adjust to their social environment, making
optimal decisions, and possibly having better welfare outcomes [35]. The emotionality tests
can inform about the individual characteristics of animals. This information is crucial to define
the strategy chosen by an animal, such as engaging in a fight or not.

The aim of the present study was to investigate the impact of a high fibre diet for pregnant
gilts on the levels of skin lesions and behaviour in open field and novel object test in their
piglets.

Material and Methods
Animals

The experiment was carried in an experimental pig farm at the Campus Fernando Costa,
School of Veterinary Medicine and Animal Science, University of Sdo Paulo, Pirassununga,
Brazil, upon approval of the Ethics Committee on the Use of Animals (CEUA) at the School of
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Veterinary Medicine and Animal Science (FMVZ) of the University of Sao Paulo (USP),
under the number 3606300114.

We studied the offspring of 22 sows, distributed by weight, making the groups homoge-
neous, in high or low fibre diet treatments on the day after they were inseminated with pooled
semen. At the beginning of this study, we had 32 sows, 16 in each treatment. However, 7 sows
from one and 1 sow from the other treatment returned to oestrus and then, were excluded
from analysis, and 2 was excluded for health reasons. The sows were kept in a group-housing
system during pregnancy, with individual sows offered either high or low fibre diets during
pregnancy, separated during feeding time in closed feeding stalls, in the same pen. Fourteen
sows were fed high fibre diet (HFD), (12.86% crude fibre) and eight sows were fed low fibre
diet (LFD) (2.53% crude fibre). It was the intention that extra quantities of high fibre diet be
sufficient to match the nutrient intake of LFD. LFD animals received 2 kg of diet (3.300 kcal
per kg) and HFD animals received 2.4 kg of diet (2.764 kcal per kg) per day, in two equal por-
tions given at 8:00 am and 15:00 pm, 50% in each period.

HFD diets had a 35% inclusion of soybean hulls, and were mixed to the diet. High and low
fibre diets were offered throughout the pregnancy. The HFD was composed by 57.6% of corn,
4.9% of soybean meal, 35% of soybean hulls, and 2.5% of vitamin-mineral premix. The LFD
was composed by 81.7% of corn, 15.8% of soybean meal and 2.5% of vitamin-mineral premix.
Parturition occurred in farrowing pens, where the sows were moved on the 107" day of preg-
nancy. The lactation diets were the same for both treatments, offered ad libitum for all sows,
and was composed by 64% of corn, 30% of soybean meal, 3% of soybean oil and 3% of vita-
min-mineral premix.

For the analysis of the lesions of the offspring of differentially fed sows, we studied 56 piglets
born from LFD sows and 100 piglets born from HFD sows. Lesions were counted in the piglets
immediately prior to and during weaning. Measures of emotionality were obtained in the
open field and novel object tests, where 142 pigs were investigated, 86 piglets from HFD sows
and 56 piglets from LFD sows (see S2 File).

Facilities and handling

The gestation pens were 6.7 m wide by 4.4 m long, giving 3.3m?/sow. Each pen had 9 individ-
ual feeding stalls (1.8m x 0.55 m) with a nipple drinker in each stall, with ad libitum access to
water. The feeders were built of concrete. During feeding time, all animals were confined in
the stalls, to avoid intermixture among dietary treatments.

From the 107™ day of pregnancy, until the 28™ day of lactation, sows were housed in indi-
vidual farrowing pens measuring 4.3 x 2 m. Connected to the pen, there was a creep area made
of concrete (0.97m x 2.2 m), where piglets had unlimited access to solid feed from the first day
of life. The sows had access to bedding material composed by dehydrated sugar cane bagasse
and hay. The creep area also had bedding material, the same as the pen and a heat source pro-
vided by a 60 Watt heat lamp. Farrowing was monitored with IP connected video cameras,
with real time internet transmission to the experimenters by computers and smartphones and
also through direct observation. Interventions were carried out only when necessary, following
a pre-established protocol, enabling standardization of management procedures. The sows
were divided in three blocks, according to the gestational period. The first block was composed
by 8 animals, the second by 14 and the third by 6 sows, totalizing 28 animals.

One-day old piglets were subjected to a common management protocol: they were weighed,
received two hundred milligrams of iron dextran, had their teeth grinded and had their ears
notched for identification, using local anaesthesia (cream, lidocaine 50 mg/g). In contrast to
common farm protocols, male piglets were not castrated and were not tail docked.
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When piglets reached 27 days of age, they were weighed. At 28 days of age they were
weaned and allocated to an experimental pen. Piglets were standardized by weight and gen-
der, at least six piglets (three male and three female) from each sow were used to evaluate
skin lesions. The criterion of farrowing order was used in the assignment of piglets in wean-
ing pens, as the sows were not subjected to hormonal protocol for oestrus or farrowing syn-
chronization, and housing by uniform body size in the same group. The strategy for animal
allocation resulted in four type of pens, "A”, "B", "C" and "D". Pen "A" had the heaviest ani-
mals, followed by "B", "C" and "D”, which housed the lightest piglets, in a descending order
considering the differences in piglet weight. Each animal was individually identified, using
a marker of non-toxic and non-permanent ink. Piglets were allocated either to pens with
only one treatment (HFD N = 21 pens or LFD N = 10 pens), each pen having one male and
one female piglet each from 2 different litters (N = 4 piglets per pen), or to pens with two
treatments mixed (N = 8 pens). For each litter, 2 piglets were allocated to pens for each of
the four weight classes, “A”-“D”, totalling an average of 8 piglets per sow. These nursery
pens measured 0.75 m” (1 m x 0.75 m) each, with slatted plastic flooring and no sharp
edges. Piglets had access to water and food ad libitum and the pens were cleaned daily.
Weaning, moving piglets to the new pen and the collection of photos and videos were car-
ried out between 7:00 and 7:30 am.

Photos were taken daily to count the lesions, following the methodology of [34] and the
novel object and open field tests [35] were held at the end of data collection, three days after
weaning.

Data collection

For the counting of lesions, each piglet was photographed and filmed on weaning day (D28,
immediately prior to weaning), and during the other two subsequent days, D29 (24 hours after
weaning) and D30 (48 hours after weaning). Each piglet was individually restrained and pic-
tures of the body, inner and outer face of the ear, neck and face, on both sides, were captured
on 6 photos in total (see Fig 1). The counting methodology used was the total amount of iden-
tified lesions in the photos [34]. Two independent evaluators analysed the photos, indepen-
dently, having no knowledge of treatment allocation for each animal.

The open field test and the novel object test were performed in combination at the end of
the D30, and followed similar methodology to that described by [35]. In each weaning group,
all tests began approximately at 15:30 pm and lasted for 10 minutes per animal. The pen used
in the test had solid concrete floor, measuring 4.85 by 2.37 m; the floor was marked with per-
manent yellow ink into quadrants of 83 by 78 centimetres. A digital camera was used for video
recording. The pen was always washed with water before the start of each test, to minimize
interference of olfactory cues. The test order of the piglets was in accordance with the pens,
starting with one piglet from pen "A", followed by a piglet from pen "B", "C" and "D", with an
interval of 30 minutes between animals of the same pen. The first animals tested in the same
pen were littermates of one litter, followed by their sisters. Each animal was placed in the same
starting position. All this strategy was performed to standardize at maximum the test handling.
Only when all the littermates were subjected to the test, the litter of the other sow, which was
in the same pen, was tested. All piglets were tested in the same day.

The open field test was conducted in the first five minutes and the novel object test in the
following five minutes. The object used was a polypropylene bucket with a capacity of 20 litres,
empty and yellow. The bucket was suspended and always descended in the centre of the pen, 5
minutes after the start of the open field test, using a pulley mechanism, without visual contact
between the animal and the experimenter (Fig 2). Because of the position of the camera, a few
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Fig 1. Pictures used to measure the skin lesions
doi:10.1371/journal.pone.0167363.9001

quadrants was invisible. However, these quadrants were in the same part of the pen and did
not influence on our analysis.

In the open field test, the following measures were taken: piglet’s activity (time spent walk-
ing), amount of time the animal remained in the central and lateral quadrants (quadrants on
the edge of the pen), latency to move and vocalization (see S2 File). In the novel object test, we
measured latency to interact with the object, time of interacting with the object (close to and
with the head toward to the object), time the animal remained close to the object (in quadrants
that surround the object), and vocalizations (see S2 File). All types of vocalizations was counted
for both tests. All quadrants were evaluated in both tests.

The performance data of piglets were obtained during the suckling period. All animals were
weighed three times (one day old, 21 days old and 27 days old, see S3 File) and the average
daily gain per litter and individual one were calculated according to the piglet’s exact age.

Statistical analyses

Data were analysed with the package Statistical Analysis System (SAS Inst., Inc., Cary, NC).
Initially, the data were analysed for the presence of discrepant information (outliers) and to
verify residual normality we used the Shapiro-Wilk test. When the normality assumption was
not found, the transformation by logarithmic, the square root or arc sine was used.

For the open field test, just the data of latency movement was transformed with logarithmic
and the vocalization was transformed with arc sine square root. Moreover, for the novel object
test, the data of latency to reach the object was logarithmically transformed, and the data from
exploratory behaviour and proximity of the object were square-root transformed.
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Fig 2. Painting quadrants into the ground used in the open field test and novel object test

doi:10.1371/journal.pone.0167363.9002

The data of skin lesions and open field test behaviour were analysed using mixed models
procedure of SAS (PROC MIXED) in a randomized block design.

The data of lesion scores were presented as untransformed least square means and SEM of
pen averages. The data of open field and novel object test were presented as untransformed
least square means and SEM on treatment averages.

Performance data were submitted to analysis of variance and the model included the effect
of treatment as a fixed effect and the block as a random effect.

The means and SEM was obtained from raw data. For all parameters, a 5% level of signifi-
cance was required.

Results

Data on weight gain indicated that there was no treatment effect for the performance parame-
ters evaluated (see S3 File). The performance data of the piglets are presented in Table 1. Litter
weight at day 27 of lactation, for LFD piglets, was numerically higher than HED piglets,
approaching significance.

Data collected by two independent evaluators revealed that piglets born from HFD sows
had fewer skin lesions on the day of weaning than LFD piglets (HFD 4.78 lesions and LFD 7.14
lesions, P = 0.023; Table 2, see S1 File). No differences in skin lesions were observed on post-
weaning days 1 (D29) and 2 (D30). Mixing of the animals, during weaning, induced an eight
fold increase in the recorded skin lesions. The two independent observers analysed a total of
936 pictures and the difference between than was 1.6 lesions on D28, 3.8 lesions on D29 and
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Table 1. Performance measures obtained assessing data from 156 piglets born from 22 sows fed
diets with 12.86% crude fibre (HFD; n = 14 sows; n = 100 piglets) or 2.53% crude fibre (LFD; n=8
sows; n = 56 piglets), during lactation.

Variables Treatment SEM P value
HFD LFD

Number of piglets born alive 11.12 9.33 0.65 0.18
Number of piglets weaned 10.19 8.5 0.59 0.16
Litter weight 24 hours after birth (kg) 18.02 16.09 0.76 0.21
Average piglet weight 24 hours after birth (kg) 1.68 1.82 0.48 0.14
Average piglet weight at 21 days of lactation (kg) 6.34 6.72 0.21 0.39
Average piglet weight at 27 days of lactation (kg) 7.98 8.98 0.28 0.08
Average daily gain per litter (kg) 2.29 2.11 0.11 0.44
Average individual daily gain (kg) 0.24 0.25 0.01 0.43

doi:10.1371/journal.pone.0167363.t001

6.9 lesions on D30 (see S1 File). According to the Tukey-Kramer test, HFD and Mixed piglets
were equal (P = 0.1236) and LFD piglets differed from HFD piglets (P = 0.0086) and Mixed
piglets (P = 0.0016).

There was no effect of treatment on the behavioural measures obtained during the open
field test and the novel object test (Tables 3 and 4). The number of vocalizations approached
significance in the novel object test, being somewhat higher in the HFD piglets. The reason for
this tendency could be a different way that piglets cope with challenges, as they were isolated
from littermates and adopted different approaches in this stressful situation.

Discussion

The aim of the present study was to investigate the impact of a high fibre diet for pregnant gilts
on the levels of skin lesions and behaviour in open field and novel object test. Piglets born
from HFD sows had fewer skin lesions at the weaning day, day 28, than piglets form LFD
sows. This may indicate that HFD piglets avoided engaging in mutual fights, or had less moti-
vation to engage in aggressive interactions before weaning, and therefore had fewer skin
lesions at weaning. Previous work demonstrated a correlation between agonistic behaviour
and skin lesions in pigs [33]. Our data did not reveal any significant effect of dietary fibre con-
tent before weaning on skin lesions after weaning. At days 29 and 30 the skin lesions were con-
siderably higher than at weaning in both groups, probably masking any treatment effect. It is
important to highlight the unexpected finding that there was a difference in the mean skin
lesions between the dietary fibre treatments at the weaning day, when, as we assumed, the pig-
lets were still part of a stable social group. A likely cause of this difference could be differences
between groups in competition to access milk. However, we did not identify any difference in

Table 2. Mean number of skin lesions per pen counted by two observers on photos of 156 piglets born from 22 sows fed diets with 12.86% crude
fibre (HFD, n = 14 sows; n = 100 piglets) or 2.53% crude fibre (LFD; n = 8 sows; n = 56 piglets), during day 28 (prior to weaning) and days 29 and 30
(one and two days post-weaning, respectively).

Variable

Number of skin lesions at D28
Number of skin lesions at D29
Number of skin lesions at D30

Treatment SEM P value
HFD LFD Mixed
4.78 7.14 3.28 0.33 <0.01
31.01 42.66 30.99 2.44 0.27
25.70 29.87 27.36 1.59 0.70

The values shown are the average skin lesions per pen. HFD sows n =21, LFD sows n = 10, Mixed n = 8. This results are the mean of the two evaluators

doi:10.1371/journal.pone.0167363.t002
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Table 3. Behaviour of piglets born from HFD (n = 87) or LFD (n = 55) sows in the open field test.

Variable

Latency movement (seconds)
Central quadrants (seconds)
Lateral quadrants (seconds)
Activity (seconds)

Number of vocalization (events)

doi:10.1371/journal.pone.0167363.t003

Treatment Mean SEM P value
HFD LFD
6.78 4.32 5.95 0.68 0.12
29.91 30.50 29.31 0.91 0.77
60.65 59.85 57.49 2.02 0.85
91.74 90.23 87.80 2.75 0.80
202.92 171.89 190.81 8.54 0.34

the performance measures, such as total litter weight at birth, average weight at 21 days,
average daily gain per litter and individual average individual daily gain. Only the average
weight at 27 days was numerically higher for LFD piglets, when compared with HFD piglets,
approaching significance (P = 0.077). The insignificantly higher average weights in LFD piglets
at all ages may be related to slightly smaller litter sizes in the LFD group. Given the treatment
effect on the weaning day, it was surprising to find no treatment effect in skin lesions on days
29 and 30, one and two days after weaning (see Table 2). The choice to house 4 animals per
pen, two littermates, may have created an unnaturally less complex, social environment for
recently weaned pigs. In natural settings, litters of 4-6 sows interact forming a rather complex
social environment after weaning [36]. In commercial settings, the number of piglets housed
in weaning pens varies, but it is seldom less the 12 animals. This methodology was adopted
because of the importance to systematize the weaning of the piglets. It is plausible to argue that
extremely challenging situations, as weaning more animals per pen as in commercial herds,
could create a more challenging environment for animals, exacerbating the differences in ago-
nistic behaviour observed before weaning.

The choice of open field and novel object tests, aimed at identifying characteristics of individ-
ual piglets, which could explain agonistic behaviour, measured by skin lesions. The behaviour of
piglets in the open field test and novel object test showed no differences between treatments
(Tables 3 and 4). The results found by [37] in rodents showed that a poor environment (without
enrichment) before mating, generated more fearful offspring, which spent less time in the cen-
tral quadrants in the open field test. In this study, the open field test and novel object test did not
contribute to explaining the difference found in animal skin lesions before weaning period. Per-
haps, with a large number of animals, we could test then in different ages to verify the correla-
tion between the skin lesions prior to weaning and behaviour in open field and novel object
tests. In addition, measuring the piglets behaviour, as well as the sow’s behaviour, during the
suckling period could contribute to understanding deeply this difference in skin lesions.

Conclusions

Our measures of lesions in piglets by weaning at 28 days of age, indicate that feeding pregnant
sows with a HFD is effective in generating piglets that had fewer lesions prior to weaning,

Table 4. Behaviour of piglets born from HFD (n = 87) or LFD (n = 55) sows in the novel object test.

Variable

Latency to reach the object (seconds)
Exploratory behaviour (seconds)
Proximity to the object (seconds)
Number of vocalization (events)

doi:10.1371/journal.pone.0167363.t004

Treatment Mean SEM P value
HFD LFD
73.62 71.41 73.03 7.51 0.53
16.14 14.83 15.33 0.99 0.93
38.40 35.04 36.47 2.16 0.78
195.10 163.85 184.91 7.83 0.07
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suggesting less agonistic interactions amongst littermates. This approach of HFD for sows in
their piglets is novel and can be a viable alternative to alleviate aggressive behaviour among
piglets during lactation. Data on the number of lesions and behavioural responses to the open
field test and novel object test after weaning, did not identify differences between piglets of
HFD or LED sows. Further studies with long-term data collection on piglets and their mothers
will provide valuable information about the consequences of diets in the prenatal period on
the behaviour and welfare of piglets before and after weaning.

Supporting Information

S1 File. This is the S1 SKIN LESIONS.pdf. This file contain the information of all the skin
lesion evaluated by two independent evaluators.
(PDF)

S2 File. This is the S2 Open field and novel object test (1).pdf. This file contain all the infor-
mation about emotionally tests.
(PDF)

S3 File. This is the S3 PERFORMANCE.pdf. This file contain all data of performance mea-
sures.
(PDF)
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