
Animal 15 (2021) 100239
Contents lists available at ScienceDirect

Animal

The international journal of animal biosciences
Tasty straw pellets – Exploration of flavoured rooting material by pigs
https://doi.org/10.1016/j.animal.2021.100239
1751-7311/� 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: karen.kauselmann@fli.de (K. Kauselmann).
Karen Kauselmann a,⇑, Lars Schrader a, Benedikt Glitz a, Eva Gallmann b, Hansjörg Schrade c,
E. Tobias Krause a

a Institute of Animal Welfare and Animal Husbandry, Friedrich-Loeffler-Institut, 29223 Celle, Germany
b Institute of Agricultural Engineering, University of Hohenheim, 70599 Stuttgart, Germany
cBildungs- und Wissenszentrum Boxberg (LSZ), 97944 Boxberg, Germany
a r t i c l e i n f o

Article history:
Received 24 September 2020
Revised 25 March 2021
Accepted 26 March 2021

Keywords:
Aromatized enrichment
Fattening
Rearing
Sus scrofa domesticus
Tail biting
a b s t r a c t

Tail biting is a common problem in pigs kept in conventional fully slatted pens. Suitable enrichment
materials can help to prevent the occurrence of this behavioural disorder by encouraging pigs to increase
exploration behaviour. We investigated whether additional flavours can increase exploration behaviour
in undocked pigs. Therefore, we offered straw pellets flavoured with either fried onion (FO), strawberry
(SB), ginger, almond (AL), vanilla or without flavour (control) during rearing (eight groups in total) and
fattening (16 groups in total). Flavoured pellets were offered in an altering order during intervals of 1
week in material dispensers. Exploration duration at the material dispensers was continuously recorded
via an ultra-high-frequency radio-frequency identification system. Pigs were weighed weekly and their
tail lengths and tail injuries were scored in four categories. For analysis, changes in tail length scores com-
pared to the previous week were calculated as D-tail length. The different flavours affected pigs’ explo-
ration durations in both rearing (factor flavour, P < 0.0001) and fattening (factor flavour, P < 0.0001).
Highest exploration durations during rearing were recorded when straw pellets were flavoured with
FO and AL compared to all others. During fattening, exploration duration was highest towards controls
without significant difference to SB. Exploration durations additionally were affected by temporal effects,
i.e. week and day during rearing (both factors: P < 0.0001) and fattening (both factors: P < 0.0001). During
rearing, highest exploration durations were recorded in the first week and on the first day within week
after changing the flavour of the straw pellets. During fattening, exploration durations varied between
weeks and within weeks. The highest durations were recorded at the end of weeks, i.e. on the fifth
and seventh days after material change. During rearing, tail injuries were affected by week
(P < 0.0001). From the fourth week of rearing, the prevalence of tail injuries significantly increased.
During the fattening period, tail injuries were affected by flavour (P < 0.05). Fattening pigs had fewest tail
injuries after straw pellets flavoured with AL were offered. Altogether, based on the exploration dura-
tions, rearing pigs showed different preferences for the flavoured straw pellets but highly explored fla-
vours differed between rearing and fattening pigs. Despite a weekly change of the flavour of straw
pellets, exploration durations decreased during rearing but increased again in the transition between
rearing and fattening. Thus, straw pellets with alternating flavours are a suitable possibility to provide
environmental enrichment to pigs but will not prevent tail biting.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications at a constant level throughout rearing and fattening period. Our
We added different flavours to straw pellets in weekly intervals
in order to provide attractive rooting material. Flavours increased
exploration duration in rearing pigs and thus represent a suitable
enrichment. Exploration durations for flavours/control differed
between rearing and fattening pigs. Attractiveness in means of
exploration time of the enrichment material could be maintained
results indicate that the change of added flavours may be more
important than offering certain flavours. Offering changing fla-
vours on straw pellets may increase novelty and is a suitable
way to maintain exploration in conventionally housed pigs.

Introduction

Commercial housing systems of farm animals are often criti-
cized by the public with regard to animal welfare. Accordingly,
82% of European citizens are the opinion that the protection of ani-
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mal welfare should be improved (European European Commission,
2016). One of the most severe animal welfare issues in commercial
pig production systems is tail biting (Fraser, 1983) that is tremen-
dously prevalent in undocked pigs (Veit et al., 2016), but even
could occur in tail docked pigs (Hunter et al., 2001; Larsen et al.,
2018). Many factors can contribute to tail biting (Brunberg et al.,
2016). However, exploration and foraging are highly motivated
behaviours in pigs and the provision of suitable enrichment mate-
rial is a possibility to reduce the occurrence of tail biting (Fraser
et al., 1991; Larsen et al., 2018). Enrichment materials which are
changeable, chewable, edible, manipulable or odorous are recom-
mended most for pigs (Fraser et al., 1991; Jensen and Pedersen,
2007; Studnitz et al., 2007; Van de Weerd et al., 2003). Plant-
based enrichment materials meet these requirements and are also
preferred by pigs in comparison to non-plant-based materials
(Scott et al., 2006). Straw is considered to be very suitable as
enrichment material for pigs (e.g. Fraser et al., 1991; Hunter
et al., 2001). Especially long-stalk straw is recommended over
chopped straw due to the quality of straw-directed behaviours of
pigs and regarding tail biting (Day et al., 2008). Nevertheless,
long-stalk straw is seldom offered in commercial pens with fully
slatted floors for practicable reasons as it can plug the slurry sys-
tem. While pigs show no preference for either chopped or long-
stalk straw (Lahrmann et al., 2015), they prefer pelletized materials
over chopped materials (Kauselmann et al., 2020a). Besides being
favoured by pigs, pellets have the practicable advantage that they
dissolve in the manure and, thus, cause almost no problems in the
slurry system when falling through the slatted floor.

Pigs are macrosmatic animals having better olfactory than
visual capacities (Croney et al., 2003). Pigs’ gustatory preferences
are apparent for sweet tastes (Hellekant and Danilova, 1999;
Tinti et al., 2000) and umami (Hellekant and Danilova, 1999), while
they reject bitter flavours (Nelson and Sanregret, 1997; Tinti et al.,
2000). When given a choice, pigs explore containers including nat-
ural flavours (e.g. grass, dried mushrooms or moist soil) or syn-
thetic strawberry aroma more than other synthetic aromas
(Nowicki et al., 2015). Furthermore, an aromatic additive can
increase exploration of plant-based enrichment material (Blackie
and de Sousa, 2019). These effects of flavours on the behaviour of
pigs may offer an opportunity to make enrichment materials more
attractive for commercially housed pigs, i.e. to increase and sus-
tainably maintain exploration duration and, thus, may represent
a potential tool to reduce manipulative behaviours against
penmates.

In this study, we offered commercially housed rearing and fat-
tening pigs straw pellets of different flavours to test the effect of
flavours on their exploration duration. We used an ultra-high-
frequency radio-frequency identification (UHF RFID) system to
continuously measure the pigs’ exploration behaviour. Further-
more, tail damages were analysed in relation to the respective fla-
vours. We hypothesized that pigs show different exploration
durations indicating different preferences for certain flavours
applied to straw pellets. We expect that these additional flavours
increase exploration durations and may also reduce tail damages.
Material and methods

Animals and housing

In this study, 192 crossbred pigs (German Piétrain � German
Hybrid) with intact tails were housed in buildings with forced ven-
tilation and daylight windows at the Bildungs – und Wissenszen-
trum – Schweinehaltung, Schweinezucht – Boxberg (LSZ),
Germany. The pigs were tested in two successive replicates with
randomly mixed sexes (replicate 1: 96 animals: 44 females and
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52 castrated males; replicate 2: 96 animals: 51 females and 45 cas-
trated males) from January 2018 to August 2018 (Table 1). In each
replicate, pigs were housed in four pens during rearing (24 piglets
per pen) and eight pens during fattening (12 pigs per pen).

At weaning at 4 weeks of age, piglets were individually
weighted and equipped with UHF RFID tags (MS Tag Round UHF,
MS Schippers, Netherlands) for individual identification. Weaned
piglets weighting on average 7.7 kg (±1.1 kg SD) were randomly
divided in one of four identical rearing pens (24 piglets per pen)
with 15 m2 (5 m � 3 m) floor space (Fig. 1a), respectively. Accord-
ingly, space allowance during rearing was 0.6 m2/pig. The rearing
pens were continuously numbered across the two replicates (8
PenIDs in total). The floor consists of perforated plastic floor
(7.5 m2, with 38.5% perforation), slatted concrete floor (3.0 m2,
with 17.0% perforation) and partly slatted concrete floor (4.5 m2,
with 7.0% perforation) under heated covering. The piglets had free
access to water from two drinking bowls (‘‘Suevia 92R”, Suevia
Haiges GmbH, Kirchheim/Neckar, Germany) and two additional
nipple drinkers and were fed ad libitum with mashed feed in two
phases. After 2 weeks of rearing feed composition changed (see
electronic supplementary material Table S1 for detailed informa-
tion). Animal:feeding place ratio at the feeder was 2.4:1.

At an age of 11 weeks, pigs weighted on average 29.1 kg
(±3.9 kg SD) and were split up in eight fattening pens (12 pigs
per pen, Fig. 1b). The fattening pens were continuously numbered
across the two replicates (16 PenIDs in total). Pigs of the same rear-
ing pens were randomly assigned to two fattening pens, thus, the
pigs remained in groups with familiar conspecifics and received
the same treatment prior to fattening. Fattening pens had 15 m2

floor space (Fig. 1b) resulting in a space allowance of 1.1 m2/pig.
The floor consists of fully slatted concrete floor (with 17% perfora-
tion). During the whole fattening period, pigs had free access to
water from four nipple drinkers and were fed ad libitum from a sin-
gle feeder with pelleted concentrate. When the pigs reached an
average weight of about 80 kg, feed composition changed (see elec-
tronic supplementary material Table S1). At this time, pigs had an
age of about 18 weeks. After 11 weeks of fattening, data collection
stopped, i.e. when first animals reached slaughter weight and were
taken out from the groups. At this age of 22 weeks, fattening pigs
had an average live weight of 102.2 kg (±9.2 kg SD). All pens during
rearing and fattening were identically equipped with two sisal
ropes and a piece of wood hanging on metal chains. Rearing pens
were additionally equipped with a rubber bar.

Enrichment material and data collection

We tested straw pellets which were aromatized with one of five
different flavours and as control we used straw pellets wetted with
only water and thus without additional flavour (control). To arom-
atize the straw pellets, we used synthetic nature-identical food
flavourings (aroma-shopping GmbH, Rödinghausen, Germany),
i.e. fried onion (FO; ‘‘Bratzwiebel”, order number: AS10360), straw-
berry (SB; ‘‘Erdbeere”, order number: AS10100), vanilla (VA;
‘‘Vanille”, order number: AS10248), almond (AL; ‘‘Mandel”, order
number: AS10309) and ginger (GI; ‘‘Ingwer”, order number:
AS10367). We mixed the food flavourings with water to get a fla-
vour content of one percent in the flavoured water (detailed infor-
mation about flavour ingredients is given in the electronic
supplementary material Table S2). The straw pellets were aroma-
tized with the flavoured water at a ratio of 1:50 (flavoured
water:straw pellets) under constant turning by using a pressure
sprayer. Thereafter, the flavoured pellets were sealed hermetically
and immediately before offering to the pigs, they were mixed with
unflavoured straw pellets at a ratio of 1:1. Straw pellets were
offered to the pigs continuously from rearing to fattening, while
the flavours were alternatingly changed weekly in different order



Table 1
Dates of data collection, i.e. exploration duration of pigs for respective flavoured rooting materials, in rearing and fattening pens with the corresponding times of sunrise and
sunset in Germany.

Period Date Sunrise Sunset Mean sunrise1 Mean sunset1

Rearing 6:28 19:19
Replicate1
Begin 31.01.2018 7:37 17:00
End 21.03.2018 6:46 19:33

Replicate 2
Begin 12.04.2018 6:22 19:50
End 30.05.2018 5:09 20:56

Fattening 5:44 20:27
Replicate1
Begin 21.03.2018 6:46 19:33
End 06.06.2018 5:05 21:02

Replicate 2
Begin 30.05.2018 5:09 20:56
End 15.08.2018 5:59 20:19

1 Mean values were calculated separately for rearing and fattening, using the times of sunrise and sunset of the two replicates, respectively.

Fig. 1. Schematic drawing of the (a) rearing and (b) fattening pens of the pigs with partly slatted concrete floor of 7% (white) and 17% perforation (dotted). A lying area was
equipped with a heated cover (transparent dark grey) and a slatted plastic floor with 38.5% perforation (light grey).
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in each pen according to an experimental plan (see electronic sup-
plement Table S3). Initially, the flavours were assigned to the pens
in a random order. Afterwards flavours were assigned in a system-
atic order considering that across both replicates, each flavour
occurs at least in one pen at a given time. The resulting sequence
of flavours differed between the replications and was repeated in
each pen after 6 weeks, i.e. after all flavours were already available
once. On days of material change, all remains of flavoured straw
pellets were removed from the rooting area and the storage tube
to refill it with fresh straw pellets of a different flavour. The same
method was used during fattening (Table S3), with the exception
that always two of the eight pens received the same flavour
applied on the straw pellets. The flavour of the straw pellets usu-
ally was changed every Thursday, which was the first day of a
one-week interval. Since the material dispensers were not refilled
at the weekends, a stock of flavoured straw pellets was filled into
3

the storage tube on Fridays to ensure the supply during the
weekend.

In the centre of each rearing and fattening pen, identical mate-
rial dispensers were installed (Fig. 1, for photos see electronic sup-
plementary material Fig. S1), which consisted of a 100 cm high PVC
storage tube with a diameter of 25 cm that was manually filled
with flavoured straw pellets, as described above, so that pigs con-
tinuously had pellets to their disposal. The material dispensers
were constructed as described in Kauselmann et al. (2021). Briefly,
a 10 cm high cement ring with an inner diameter of 63 cm was
installed around the storage tube on the floor with a plastic mat
underneath to prevent the straw pellets from falling through the
slatted floor. Thus, a circular rooting area was created and pigs
could root the offered pellets from the storage tube through a
1.5 cm wide gap on the ground of the dispenser. Based on recom-
mendations for feeding places (Averberg et al., 2018), a trough
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length of 18 cm per pig in the rearing and 33 cm in the fattening
period was used to calculate the animal:dispenser place ratio
(1.7:1 in the rearing pens and 1.5:1 in the fattening pens).

In the storage tube of the material dispenser, a dust- and water-
proofed UHF RFID antenna (Kathrein MiRa ETSI, Kathrein Solutions
GmbH, Ismaning, Germany) was installed at a height of 50 cm
above the floor to read the tags attached to both ears of the pigs
when they stayed at the material dispenser. Based on the start
and end time of stays at the dispenser, the duration of each individ-
ual at the material dispenser was calculated. When a stay at the
material dispenser of an animal ended and re-started within 30
s, these two events were merged into one duration. The antenna
transferred the collected data to a converter and an UHF RFID
reader and via a software application (Phenobyte GmbH & Co
KG., Ludwigsburg, Germany) data were stored in a database (see
electronic supplementary material S1 for detailed information on
the UHF RFID system). The optimal technical parameters for the
UHF RFID antennae were validated in advance (Kauselmann
et al., 2021). Accordingly, best sensitivity (70.7% in rearing and
79.3% in fattening) and specifity (99.4% in rearing and 99.5% in fat-
tening) were achieved by using an output power of 22.4 decibel
milliwatt (dBm) at the antennae.

During the 18 weeks of continuous RFID data collection, the
pigs were weekly individually weighted and tail status was scored
according to the Deutscher Schweine Bonitur Schlüssel (DSBS,
2017), always on days when the flavoured pellets were changed.
Tail length was evaluated following the DSBS using five categories:
(0) full/natural length, (1) length loss up to one-third, i.e. also min-
imal losses at the tassel were included, (2) length loss up to two-
thirds, (3) length loss more than two-thirds and (4) total loss with
a maximum of 1 cm leftover for piglets in the rearing and 2 cm left-
over for pigs in the fattening. However, it should be noted that in
category 1 often only losses of a small part of the tail tip were
observed and category 4 was never recorded. Tail injuries were
also recorded according to the DSBS in four categories: (0) no inju-
ries, (1) superficial perforation of the skin, punctually or in the
form of a line, (2) deeper perforation of the skin, the size of the
injury does not exceed the diameter of the tail at the respective
location, and (3) deeper perforation of the skin, the size of the
injury exceeds the diameter of the tail at the respective location.

The daily weight gains of the pigs were calculated for the period
of data collection, separately for the rearing and fattening period.

Housing and management of the animals were conducted in
accordance with German legislation for farm animals
(TierSchNutztV, 2017). Space allowance (0.6 m2/pig in rearing pens
and 1.1 m2/pig in fattening pens) and additional offered enrich-
ment materials (sisal ropes, wood and rubber bar in rearing pens
and sisal ropes and wood in fattening pens) exceeded the minimal
legal requirements. Animals were daily visually inspected for
health issues. In case of tail biting, additional materials such as
paper bags, mineral feed, squeezed oats and zeolite were offered.
In case biters could be identified (three piglets each during rearing
and fattening), they were removed from groups and kept in a sep-
arate pen. Pigs with severely bitten tails were also removed from
groups and medicated in a separate pen.

Statistical analysis

The time each pig was recorded at the material dispenser was
summed up to a daily (24 h) value (exploration duration). Thus,
for the statistical analysis we used the exploration duration in a
period of 7 days after changing the flavour of the straw pellets
for each pig and each day, separately in rearing and fattening. To
analyse the effect of each flavour on tail length, we calculated
the difference of recorded tail length categories to the previous
one-week interval and used the resulting D-tail length per week.
4

For example, if a pig had a tail length of category 1 after week 2
and of category 2 after week 3, a change of tail length, i.e. D-tail
length, of 1 (2–1) was related to week 3. Calculation of D-tail
length should avoid misinterpretation of the tail length data as
tails that once showed a loss in length will remain short. For scored
tail injuries, we did not calculate differences to the previous week
as injuries may heal over time.

The data of daily exploration durations in the rearing and fat-
tening period were log-transformed (log(x + 1)) to reach normal
distribution of residuals, checked by visual inspection of the qq-
plots. However, the qq-plot for exploration duration in fattening
showed a minor deviation from normal distribution. However,
such minor deviations have been shown to not crucially affect lin-
ear mixed effect models (LME) (Schielzeth et al., 2020). All data
were analysed separately for rearing and fattening. The detailed
hierarchical model structure is exemplarily shown for rearing in
the electronic supplement (electronic supplementary Fig S2). The
used LMEs included the exploratory variables (i) flavour of the
straw pellets in the material dispenser (6-level factor; FO, SB, GI,
AL, VA and control), (ii) week (week in which a flavour was
offered), (iii) days of week (continuously numbered days of pro-
vided flavour within week) and (iv) two-way interactions between
the explanatory variables. Since pigs within pens were not inde-
pendent of each other, (i) animal (AnimalID), (ii) pen (PenID) and
(iii) week were considered as nesting random factors. In case of
significant differences, posthoc pairwise comparisons were calcu-
lated using pairwise t-tests. The results are given as median explo-
ration duration.

Due to a high number of zero values, D-tail lengths of rearing
and fattening pigs and tail injuries of rearing pigs were trans-
formed ((D-tail length + 1) and (tail injuries + 1)) to avoid errors
in the statistical calculation. The weights of the animals after each
week were log-transformed (log(x + 1)).

To analyse D-tail lengths and tail injuries, generalized linear
mixed models (GLMMs) with Poisson distribution were used sepa-
rately for the rearing and fattening period. The explanatory vari-
ables (i) flavour of the straw pellets in the material dispenser (6-
level factor; FO, SB, GI, AL, VA and control), (ii) week (week in
which a flavour was offered) and (iii) two-way interaction were
used in the models. Weight of the animals after each week after fla-
vours were changed was also considered as exploratory variable
without calculating interactions in the model to analyse D-tail
length of rearing pigs. Animal and pen were considered as nesting
random factors. As many zero values in the fattening model for tail
injuries caused a low variance between the weeks, convergence
problems in the model appeared. Therefore, we had to combine
the injury scores 1, 2 and 3 to only 1 (i.e. injury apparent) and con-
sidered a binomial distributed model here (0 = no injuries, 1 = in-
juries) with flavour as explanatory variable.

For all statistical analyses, R version 3.3.1 (R Core Team, 2019)
and the packages nlme (Pinheiro et al., 2019) and lme4 (Bates
et al., 2015) were used. The package car (Fox and Weisberg,
2019) was used to calculate the p-values for the GLMMs.
Results

Effects on exploration duration of piglets during rearing

The flavour of the offered straw pellets significantly affected the
exploration duration piglets spent at the material dispenser (LME,
factor flavour, F5, 1095 = 9.6, P < 0.0001, Fig. 2). Posthoc pairwise
comparisons showed highest exploration duration per pig and
day for straw pellets flavoured with fried onion (18.0 min/day)
and almond (17.4 min/day). Lowest exploration durations per pig
were recorded when straw pellets were flavoured with vanilla



Fig. 3. Exploration duration (median per pig and day) rearing pigs spend at the
material dispenser throughout 7 weeks of rearing period. The horizontal line in the
box represents the median, while the boxes and the whiskers represent the
quartiles. Outliers, i.e. data points that lie outside the 10th and 90th percentiles, are
not shown. Different letters indicate significant differences between the weeks
(pairwise t-test; P < 0.05).
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(13.1 min/day) or when the control, i.e. straw pellets without
aroma (13.9 min/day), was offered. Exploration durations of piglets
differed between the 7 weeks (LME, factor week, F6, 1095 = 51.7,
P < 0.0001, Fig. 3). Piglets spent most time at the material dispenser
during the first week (26.7 min median exploration duration per
pig and day, see electronic supplementary material Table S4) com-
pared to the following 6 weeks. The days within the week affected
the time piglets were recorded at the material dispenser (LME, fac-
tor day, F6, 7770 = 64.7, P < 0.0001, Fig. 4). The highest median explo-
ration durations per pig and day were found during the first day
after change of flavour (18.4 min), thereafter exploration durations
decreased until day 4 (12.5 min) and increased again to day 6 (17.5
min).

There were interactions between flavour and week (LME, F30,
1095 = 14.7, P < 0.001). Highest exploration durations were recorded
for straw pellets flavoured with fried onion in week 1, strawberry
in week 2, vanilla in week 3 and ginger in week 4. In weeks 5 and 6,
the differences of exploration durations between the flavours were
lowest, however, pigs showed highest exploration durations when
the straw pellets were flavoured with strawberry and almond in
week 5 and fried onion in week 6. In week 7, the straw pellets
without added flavour were explored most.

There are also significant interactions between flavour and day
within week (LME, F30, 7770 = 7.7, P < 0.001). On all days, except for
day 3, FO was the most explored flavour. In addition to FO, high
exploration durations were recorded for GI and straw pellets with-
out additional flavour (control) on day 2, for AL on day 6 and for GI
on day 7. On day 3, pigs showed highest exploration durations for
the straw pellets without additional flavour (control).

In addition, there were significant interactions between week
and day within week (LME, F36, 7770 = 21.2, P < 0.001). During week
5, highest exploration duration was recorded on day 2. In the
remaining weeks, highest exploration durations were recorded
on days 1, 6 or 7.

Effects on tail status during rearing period

D-tail length of rearing piglets was neither affected by flavour
(GLMM, factor flavour, v2

5 = 0.03, P = 1.0), week (GLMM, factor week,
Fig. 2. Exploration duration (median per pig and day) rearing pigs spend at the
material dispenser filled with straw pellets flavoured with fried onion (FO),
strawberry (SB), ginger (GI), almond (AL), vanilla (VA) and control, i.e. straw pellets
without flavour. The horizontal line in the box represents the median, while the
boxes and the whiskers represent the quartiles. Outliers, i.e. data points that lie
outside the 10th and 90th percentiles, are not shown. Different letters indicate
significant differences between the flavours applied on straw pellets (pairwise t-
test; P < 0.05).

Fig. 4. Exploration duration (median per pig and day) rearing pigs spend at the
material dispenser during the days of a week. Flavoured straw pellets were changed
at day 1 and offered for 7 days. The horizontal line in the box represents the median,
while the boxes and the whiskers represent the quartiles. Outliers, i.e. data points
that lie outside the 10th and 90th percentiles, are not shown. Different letters
indicate significant differences between the days within week (pairwise t-test;
P < 0.05).

5

v2
6 = 1.0, P = 1.0) nor weight of the animals (GLMM, factor weight,
v2
1 = 0.07, P = 0.8). During the rearing period, piglets reached daily

weight gains of an average of 442.1 g (±70.4 g SD). After rearing,
57.9% of pigs had tails with natural length (category 0) and 37.7%
had a partial loss up to one-third (category 1). Flavour had no effect
on tail injuries (GLMM, factor flavour, v2

5 = 4.0, P = 0.6; electronic
supplementary Fig. S3). Tail injuries during rearing were affected
by week (GLMM, factor week, v2

6 = 59.8, P < 0.0001; electronic sup-
plementary Fig. S4). Tail injuries (categories 1 and 2) occurred from
the first week of rearing (6.8%), increased at week four of rearing
(23.8%) and reached a peak at the fifth week of rearing (33.3%). We
also found a significant interaction between week and flavour
(GLMM, v2

30 = 122.6, P < 0.0001). In weeks 1, 2, 3 and 6, most rearing
piglets had no injuries at the tails (category 0). Category 3 was most
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often scored when piglets received straw pellets with VA in week 4
(79.2% of the piglets) and when pigs received straw pellets with FO
(52.2% of the piglets) in week 5. When straw pellets were flavoured
with VA in week 7, category 2 was scored most often (33.3%).
Effects on exploration duration of pigs during fattening

During fattening, exploration durations of pigs were affected by
flavour of the provided straw pellets (LME, factor flavour, F5,
1662 = 9.1, P < 0.0001, Fig. 5). Posthoc pairwise comparisons showed
that exploration durations of fattening pigs were highest when
straw pellets without flavour were offered (20.8 min median
exploration duration per pig and day), while there was no signifi-
cant difference to straw pellets flavoured with strawberry (19.9
min median exploration duration per pig and day). Lowest median
exploration durations were recorded for straw pellets flavoured
with almond (17.5 min per pig and day).

The week affected the exploration duration of pigs during fat-
tening (LME, factor week, F10, 1662 = 56.6, P < 0.0001). The lowest
exploration durations were recorded in the first week of fattening
(week 1), where the median exploration duration per pig and day
was 13.7 min (electronic supplementary Table S4). Thereafter,
exploration durations varied, reached a peak from week 4 to week
6 and decreased again. Exploration duration was affected by the
day within the week (LME, factor day, F6, 11064 = 11.4,
P < 0.0001). On the fifth day after a flavour of the straw pellets
was changed, the highest median exploration duration per pig
and day was recorded (20.6 min/day), without significant differ-
ences to the seventh day (20.3 min/day).

There were interactions between flavour and week (LME, F50,
1662 = 16.6, P < 0.0001). Highest exploration durations for straw
pellets without flavour were recorded in weeks 6 and 11. In weeks
1 and 10, pigs showed the highest exploration durations when
straw pellets with strawberry flavour were offered. Highest explo-
ration durations in week 3 were recorded when straw pellets were
flavoured with almond. In weeks 5 and 7, highest exploration dura-
tions were recorded for straw pellets flavoured with vanilla and in
weeks 2 and 9, straw pellets with ginger reached highest
Fig. 5. Exploration duration (median per pig and day) fattening pigs spend at the
material dispenser filled with straw pellets flavoured with fried onion (FO),
strawberry (SB), ginger (GI), almond (AL), vanilla (VA) and control, i.e. straw pellets
without flavour. The horizontal line in the box represents the median, while the
boxes and the whiskers represent the quartiles. Outliers, i.e. data points that lie
outside the 10th and 90th percentiles, are not shown. Different letters indicate
significant differences between the flavours applied on straw pellets (pairwise t-
test; P < 0.05).
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exploration durations. In week 4, pigs explored straw pellets with
ginger flavour or without flavour most and in week 8 straw pellets
without flavour or vanilla.

There were also significant interactions between flavour and
day within week (LME, F30, 11064 = 4.0, P < 0.001). During day 1,
all flavours and straw pellets without flavour were explored at
the same level. During day 2 to day 5, pigs reached highest explo-
ration durations for straw pellets without added flavour. Highest
exploration durations were recorded when straw pellets with
strawberry or ginger were offered during day 6. During day 7, high-
est exploration durations were recorded when straw pellets fla-
voured with strawberry, ginger or vanilla were offered.

There were significant interactions between week and day
within week (LME, F60, 11064 = 27.2, P < 0.0001). In all weeks, the
exploration durations of the pigs varied within a small range. High-
est exploration durations were recorded during days 5 and 7 in
week 1, during day 1 in weeks 2, 3, 7 and 9, during day 3 in week
4, during day 6 in week 5, during day 7 in week 6, during day 5 in
week 8, during days 1 and 7 in week 10 and during days 3, 5 and 7
in week 11.

Effects on tail status during fattening period

D-tail length was neither affected by flavour of straw pellets
(GLMM, factor flavour, v2

5 = 1.0, P = 1.0), week (GLMM, factor week,
v2
10 = 0.8, P = 1.0), nor weight of the animals (GLMM, factor weight,
v2
1 = 0.0, P = 1.0). The pigs reached daily weight gains of an average of

949.5 g (±100.1 g SD) during fattening. At the end of fattening, 22.6%
of the pigs had tails with natural length (category 0) and 66.7% had a
partial loss up to one-third (category 1). Tail injuries during fattening
were influenced by flavour of straw pellets (GLMM, factor flavour,
v2
5 = 12.1, P < 0.05; electronic supplementary Fig. S5)). Most tails

without injuries (category 0) were scored when AL was offered.

Exploration within days in rearing and fattening pigs

Mean exploration duration at the material dispenser during
rearing was 23.2 min (±0.3 min SE) per pig and day. Within days,
exploration showed peaks about 6 h after sunrise (1.3 min/h
(±0.03 min SE) exploration per pig; Fig. 6a) and 3 h before sunset
(2.3 min/h (±0.04 min SE) exploration per pig). Calculated time
for sunrise and sunset for the period of data collection are provided
in Table 1.

Mean exploration duration at the material dispenser during fat-
tening was 23.7 min (±0.2 min SE) per pig and day. Within days,
mean exploration duration showed peaks about 4 h after sunrise
(1.2 min/h (±0.02 min SE) exploration per pig; Fig. 6b) and about
3 h before sunset (2.8 min/h (±0.03 min SE) exploration per pig).

Most exploration duration was recorded between 0900 h and
2100 h in rearing and between 0800 h and 2000 h in fattening.
During these hours, pigs spent on average 17.3 min at the material
dispenser during rearing and 18.9 min during fattening, represent-
ing 2.4% of the active hours during rearing and 2.6% of the active
hours during fattening.
Discussion

The duration pigs spent at the material dispenser differed
between the flavours applied on the straw pellets as enrichment
and between ages of pigs. Rearing pigs explored most the FO and
AL, while fattening pigs spent most time exploring pellets with
SB and with control pellets, i.e. straw pellets without flavour.
Exploration duration during rearing decreased over time but
increased again after pigs were moved from rearing to fattening
pens. The prevalence of tail injuries of piglets increased until the



Fig. 6. Diurnal rhythm of mean (±SE) exploration durations in minutes per pig at the material dispenser during (a) the rearing and (b) the fattening period. Light bars show
the calculated mean light phase and dark bars show the mean dark phase of a 24-h day during data collection.
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fifth week of rearing and fattening pigs showed least tail injuries
during weeks in which straw pellets with almond flavour were
offered.

Pigs seem to explore some flavours more than others. During
the rearing period, pigs showed longest stays at the dispenser
when straw pellets flavoured with FO or AL were offered. The fla-
vour of fried onion can be attributed to umami which is known
to be preferred by pigs (Hellekant and Danilova, 1999). Further-
more, onion and garlic are botanically closely related and also pref-
erences of pigs for garlic ropes had been shown (Blackie and de
Sousa, 2019). Pigs adapt feed intake to their nutritional needs
(e.g. Kyriazakis et al., 1991). Almond, which was also highly
explored during rearing, has a nutty taste which might be associ-
ated with a high fat content and a high nutritional value of nuts.
Fattening pigs showed highest exploration durations for straw pel-
lets flavoured with strawberry and the control, i.e. straw pellets
without additional flavour. Like other fruits, strawberries contain
sugar and sweet taste also known to be highly preferred by pigs
(Hellekant and Danilova, 1999; Tinti et al., 2000). However, fatten-
ing pigs in our study also showed high exploration durations for
straw pellets without additional flavour. The latter result contrasts
7

the results of Blackie and de Sousa (2019) and Nowicki et al.
(2015), who found a general higher preference in means of higher
exploration durations for flavoured enrichment materials com-
pared to unflavoured ones. However, the control pellets were made
of straw which has its own natural flavour and natural odours
seem to be attractive per se. Nowicki et al. (2015) offered weaned
piglets natural materials (grass, dried mushrooms and damp soil)
and synthetic aromas (mint, orange, strawberry and vanilla). In
line with our results in fattening pigs, in that study piglets also pre-
ferred the natural aromas, while strawberry was the most explored
synthetic aroma.

Our findings that pigs’ preference, as indicated by exploration
durations, changed from rearing to fattening was also found in a
study in which we offered enrichment materials differing in struc-
ture to rearing and fattening pigs (Kauselmann et al., 2021). In that
study rearing pigs preferred pelletized compared to chopped mate-
rials, while fattening pigs preferred pelletized and chopped mate-
rial, suggesting that pellets better allow chewing which may
have a higher behavioural priority in young pigs. However, in the
present study, we offered all flavours on the same material, and,
thus, different exploration durations of rearing and fattening pigs
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for structure cannot explain our results on differences in their
exploration of flavours.

Rearing pigs showed the highest exploration durations in the
first week of rearing period. Thereafter, the exploration durations
remained at a comparable level despite significant differences
between certain weeks. Previous studies also found highest explo-
ration durations in pigs immediately after offering enrichment
materials (Trickett et al., 2009; Van de Perre et al., 2011) or showed
decreased exploration durations over time (Apple and Craig, 1992;
Van de Perre et al., 2011). As novelty is an important property of
enrichment materials to attract pigs’ interest (Docking et al.,
2008; Trickett et al., 2009), the high exploration duration in the
first week of our study is likely to be caused by the pigs having
their first contact with the offered enrichment materials during
this time. A weekly change of two enrichment materials (rope
and wood) (Trickett et al., 2009) or seven objects with different col-
ours (yellow ribbon, orange rope, yellow garden hose, purple rib-
bon, rubber bar, grey garden hose, rubber ball) (Van de Perre
et al., 2011) could reduce, but not completely avoid habituation.
It seems that weekly rotation of six different flavours on the same
material, as we did in our study, is more suitable to avoid habitu-
ation in pigs than the weekly change of two or seven different
objects. As we offered six different flavours (including control) in
a weekly change, the flavour offered during the first week was also
offered in the seventh week. Repeated offering of enrichment
material can lead to decreased exploration durations in pigs
(Jensen and Pedersen, 2007), but the 5 weeks between repetitions
as in our study seemed to be sufficient to prevent habituation.

In our study, the overall exploration durations remained at a
constant level from rearing until the end of fattening. In addition,
although significantly different, the absolute differences of explo-
ration durations between flavours were small both in rearing and
fattening period. It seems likely that the weekly change of flavours
had been more important for maintaining the exploration dura-
tions on a high level than offering certain flavours. Thus, a regular
change of flavours seems to be a possibility to maintain the novelty
of an otherwise unchanged enrichment material.

Interestingly, mean exploration duration during the fattening
period did not differ compared to the rearing period. Although fat-
tening pigs knew the flavours they did not show signs of habitua-
tion, possibly due to the long interval of 5 weeks between re-
application of flavours. Thus, by using and changing flavours to
enhance enrichment material, exploration duration of pigs could
be maintained. In recent studies, we likewise found increased
exploration durations from rearing to fattening when enrichment
materials (i.e. lucerne pellets, straw pellets, chopped straw or
chopped hay) were changed in 2-week intervals (Kauselmann
et al., 2021) but also if chopped straw or chopped straw with maize
kernels was continuously offered (Kauselmann et al., 2020b). In
these studies, we used the same material dispenser (one per pen)
and the same group sizes as in the present study. When pigs were
moved from rearing to fattening pens, group size decreased from
24 to 12. Thus, at beginning of fattening, the number of pigs per
material dispenser decreased. Although animal:dispenser place
ratio did not differ very much between rearing (1.7:1) and fatten-
ing (1.5:1) on a calculative basis taking into account the larger size
of fattening compared to rearing pigs, the access to the material
dispenser was easier at the beginning of fattening compared to
the end of rearing period. This also may have contributed to similar
exploration durations from rearing to fattening. In contrast to the
rearing period, in the fattening period, exploration durations were
lowest in the first week. In the first week of fattening, the new
environment and group constellation could have led to a reduced
exploration of the material as exploration was guided more
towards the novel housing conditions than towards the already
known enrichment material.
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Rearing pigs showed a decrease in exploration durations from
day 1 to day 4, i.e. a decrease throughout the first days after chang-
ing of flavours. On the following days, exploration durations again
increased to a higher level. Day 2 of observations usually was a Fri-
day. On this day, the storage tube of the material dispensers was
filled with a stock for the whole weekend and straw pellets were
not refilled during weekends. Thus, the flavours of the straw pellets
could evaporate during the weekends and refilling with fresh fla-
voured straw pellets on Mondays (usually day 5) could have led
to increased exploration durations. Also fattening pigs showed
highest exploration durations at day 5, while they reached a com-
parable level of exploration at day 7. Similar effects of increased
exploration durations were found after cotton ropes were re-
aromatized with garlic flavour after 8 days of usage (Blackie and
de Sousa, 2019). Thus, regular re-aromatized enrichment materials
can increase exploration durations of pigs.

By using the used UHF RFID system, it was possible to record
and analyse the exploration durations of the pigs continuously
for 24 h each day and for 18 weeks from the beginning of rearing
to the end of fattening (i.e. beginning of slaughtering). For the dif-
ferent flavoured straw pellets in this study, median exploration
durations differed between 13.1 min (VA) and 18.0 min (FO) per
pig and day during rearing and between 17.5 min (AL) and 20.8
min (control) during fattening. Kapun et al. (2016) used an UHF
RFID system to record visits of healthy and sick pigs at the feeder,
drinker, playing material and the door to the outside area. They
found that fattening pigs spent an average of 8.2 min per pig and
day at the playing material (piece of wood and plastic tube at a
metal chain). However, it must be noted that also sick pigs with
reduced exploration durations were considered there. Other stud-
ies used time sampling methods and found pigs exploring 0.5–
16.4% of active hours, ranging from 0900 h to 1700 h (Scott et al.,
2006; Trickett et al., 2009). In our study, most activity at the mate-
rial dispenser was recorded between 0900 h and 2100 h during
rearing and between 0800 h and 2000 h during fattening. Pigs in
the current study explored about 2.5% of the active hours, what
is rather in the lower range of the above mentioned studies. How-
ever, in our study, further enrichment materials were continuously
offered in the rearing and fattening pens for which we did not
record exploration durations, since we focused on the exploration
of the pigs toward different flavoured straw pellets and only can
capture these with the UHF RFID antenna system. Thus, it can be
expected that the overall exploration to all materials in the pen
is somehow underestimated as pigs also used the other offered
enrichment materials, apart from the flavoured straw pellets. How-
ever, exploration durations of the present study are comparable to
recent studies in which we also used RFID to record the time pigs
spend with different structured plant-based enrichment materials
(Kauselmann et al., 2021) or straw either with or without addi-
tional maize kernels (Kauselmann et al., 2020b). In these studies,
median exploration durations per pig and day ranged between
9.1 min per day and 25.4 min per day during rearing and between
27.5 min per day and 43.9 min per day during fattening.

Due to continuous data collection, diurnal exploration activity
could be evaluated and showed a similar temporal pattern in rear-
ing and fattening with a peak in the morning and in the afternoon.
Exploration was also recorded during the dark phase of the day,
but with lower durations compared to the light phase. However,
the activity peaks were more clearly defined in fattening pigs.
The temporal pattern of exploration duration in our study corre-
sponds to the known activity (e.g. Fraser et al., 1991) and feeding
behaviour (Bünger et al., 2017) of pigs. Based on similar temporal
patterns, pigs may also have used the offered straw pellets as food.
In this study, it was not possible to record the amount of straw pel-
lets eaten by the pigs or fallen through the slatted floor. However,
since exploration behaviour can be closely related to foraging
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behaviour (Wood-Gush and Vestergaard, 1989), similar activity
patterns are to be expected.

Furthermore, data collection of exploration duration in rearing
pigs was from winter to spring (January to May) and data of fatten-
ing pigs were recorded during summer (March to August). Thus,
during fattening, light phase was longer compared to rearing
(Table 1). As known from further studies, feeding and exploration
activities of pigs showed two peaks during long light phases and
one peak during short light phases (Bünger et al., 2017;
Kauselmann et al., 2020b). Thus, pigs probably adapt their diurnal
exploration activity to the seasonal length of the light phase.

Tail injuries first occurred in the first week of rearing, while the
most tail injuries were scored in the fifth week, when piglets
reached an age of about 9 weeks. The same trend was seen for
D-tail lengths during the rearing period, but this trend did not
reach significance. Tail biting has been reported most often to
firstly occur after weaning at an age of about 5 weeks (Schrøder-
Petersen et al., 2010; Veit et al., 2016), what is consistent with
our findings. However, our results on D-tail lengths should be
interpreted very cautiously. We weekly changed the flavours
because our main focus was to test the effects of flavours on explo-
ration durations. With respect to tail lesions and partial losses of
tails it is very likely that effects of age have masked possible effects
of flavour and that irrespective from a certain flavour carry over
effects occur between successive weeks when tail biting has
started.

During the fattening period, the fewest tail injuries were
observed after the weeks during which AL flavoured straw pellets
were offered. Interestingly, pellets with AL were also least explored
by the piglets. Thus, the less explored flavour was associated with
the fewest tail injuries. This was not expected, as previous studies
showed reduced penmate manipulation when exploration dura-
tion increased (Fraser et al., 1991; Nowicki et al., 2015). Our results
regarding tail injuries in fattening, however, have to be interpreted
carefully, as we had to use a reduced statistical model.

Conclusions and perspectives

This study provides novel insights on possibilities to increase
the attractiveness of exploration material by flavours in rearing
and fattening pigs. A weekly change of flavours resulted in a high
and sustainable attractiveness of the flavoured straw pellets for
exploration throughout rearing and fattening period. A substantial
decrease in exploration durations was only observed from the first
to the second week of rearing period, but thereafter the time spend
with exploration remained constant. Interestingly, attractiveness
of flavours seems to become different from rearing to fattening.
Thus, rather than the kind of flavour, the change of flavours applied
on enrichment material may be important to maintain exploration
in pigs. The use of straw pellets with changing flavours can be sug-
gested as a suitable way to offer attractive exploration material if
pigs are kept in fully slatted pens hampering the use of long fibre
organic materials such as straw. It may also be possible to add fla-
vour to pellets in systems by which pellets are automatically deliv-
ered to the pigs, e.g. by pipes.
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