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Abstract This study investigated the impact of different environmental enrichment strategies on the welfare of growing pigs
under industrial housing conditions. Four groups of piglets (n = 22 heads per group) were housed on fully slatted floors and
provided with various enrichment objects: cotton rope, grain-filled plastic bottles and wrapping paper balls, whereas the
control group had none. Welfare parameters, including lameness; injuries to the body, ears, carpal joints and tails; and tear
staining intensity, which is a biomarker of stress, were assessed weekly via modified Pig Welfare Quality Assessment
protocols. Statistical analyses were performed via the Wilcoxon signed-rank test and the Friedman rank variance test. The
absence of enrichment resulted in a significant increase in the incidence of lameness, carpal joint lesions and body-side
injuries (P < 0.05). Compared with the enriched piglets, the control piglets also presented markedly greater rates of ear and
tail biting. Among the enrichment types, grain-filled bottles provided the most stable welfare outcomes, maintaining low
levels of both physical injuries and tear staining intensity. In contrast, pigs exposed to transient or less interactive
enrichment presented higher emotional stress indicators. Overall, the results confirmed that the type and functionality of
enriched objects play a decisive role in mitigating harmful oral manipulations, improving locomotor health and reducing
chronic stress. Tear staining intensity has proven to be a reliable noninvasive parameter of welfare and is sensitive to
changes in environmental conditions. Implementing diversified enrichment strategies alongside regular welfare monitoring
can serve as an effective tool for increasing pig welfare and production efficiency in intensive farming systems.
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1. Introduction

An effective platform for ensuring the sustainability of the pig industry is the implementation of the principles of pig
welfare for different technological groups (Godyn et al., 2019; Vitali et al., 2020). On the basis of a review of the literature (De
Jong et al., 2000; Courboulay, 2004; Bracke, 2007, 2018), pig welfare is clearly becoming an increasingly important issue for
the smooth production of high-quality pork (Pietrosemoli and Tang, 2020). In industrial pig farming, animals are usually raised
in pens without bedding or manipulative material (Delsart et al., 2020; Warns et al., 2021) to prevent them from fully expressing
their specific natural behavior and causing mental suffering, aggressive behavior and, as a result, the development of chronic
stress negatively affects their performance traits (Velarde et al., 2015). Such phenomena provoke harmful social behavior,
which manifests itself in the form of biting the tail and ears, sides of the body, limbs and genitals to suppress their natural
behavior (Gifford et al., 2007; Lykhach et al., 2022), or is the result of frustration. Harmful oral manipulation of pigs negatively
affects their health; even increases the risk of infection, growth and welfare; and leads to significant economic losses for
producers (Van de Weerd et al., 2003). According to the literature available in Ukraine, unfortunately, for various reasons,
there are no statistics on the quantitative expression of harmful oral manipulations between pigs of different sexes and age
groups in terms of farms, households and industrial companies.

In the European Union, the Commission and a specialized animal health and welfare agency are conducting research
into the risks associated with tail biting in pigs and identifying possible ways to reduce the need for docking. This analysis,
which considers various factors, housing systems and breeding methods, revealed that between 30-70% of cases of aggressive
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behavior (tail and ear biting) were recorded on commercial farms. Moreover, 1-5% of pigs have tail injuries that incur additional
veterinary costs (EFSA, 2007; Beaudoin et al., 2019).

Harmful oral manipulations are among the most common forms of behavioral deviation in pigs under industrial
conditions of detention, especially during the period of growth. This stage of development is accompanied by the active
formation of a social hierarchy, adaptation to group retention and physiological changes. The occurrence of such actions as
biting, chewing, licking or sucking usually indicates the presence of stress or discomfort factors. Moreover, oral activity aimed
at exploring the environment (chewing objects, searching and digging the litter) is a natural form of behavior that helps reduce
aggressiveness and facilitates the process of adapting to animals (Chou et al., 2019; Rabhi et al., 2020; Boyle et al., 2022; Mun
etal., 2023).

The manifestation of oral manipulation in pigs is significantly influenced by factors such as pen density, microclimate
parameters, the level of feed and water supply and the availability of objects for research (Lykhach et al., 2022). The absence
of elements for environmental enrichment, violation of feeding or the influence of stress factors can increase the frequency of
undesirable forms of oral behavior (Schmitt et al., 2020).

Modern studies by scientists from different countries have shown that enrichment objects for pigs can be classified into
separate groups (Beaudoin et al., 2019; Bracke and Koene, 2019; Buijs and Muns, 2019). The categories of objects for gnawing
and chewing include rubber or wooden toys without toxic coatings; pressed straw and hay in bales or briquettes; strong ropes,
cords and chains suspended indoors; rattan or jute balls suitable for chewing; and special rubber or plastic rodents that make
it possible to realize the natural need to chew, reduce the level of aggression, prevent harmful oral manipulations and stimulate
social interaction between piglets (Elkmann and Hoy, 2009; Averds et al., 2010; Beaudoin et al., 2019; Fabrega et al., 2019;
Lykhach et al., 2020). Moreover, as noted by Lykhach et al. (2022), the widespread use of slatted floors on pig farms complicates
the use of straw and hay, as they can interfere with the operation of self-draining sewage systems.

The group of objects that stimulate digging in pigs includes bulk materials (straw, wood shavings, peat, sand, coconut
chips), which provide the opportunity to realize the natural instinct of digging. In addition, this category includes massive plastic
or rubber containers filled with feed or sensory substrates, as well as modular platforms with a variety of textures that activate
olfactory and tactile sensations. The use of such objects allows piglets to satisfy their natural need to dig, which reduces the
level of stress and manifestations of stereotypical behavior (Smith and Pierdon, 2024).

The group of interactive feeders and feeding stimulation devices includes automated systems with dosed feed, which
activate the locomotor activity of piglets; the “scatter feeding” method, which encourages the search for and research behavior
of animals; and bunker feeders with regulated access, which reduce manifestations of apathy and aggression and can monitor
the application of cameras in precision pig farming (Arulmozhi et al., 2021). The group of dynamic environments includes
variable objects and their rotation: regular movement of toys or replacement of materials (once every two days), alternate
introduction of new objects to maintain interest, and use of suspended or moving elements (balls, barrels, plastic pipes). This
approach prevents habituation to the same type of stimuli and reduces the level of stress and aggression between piglets
(Beaudoin et al., 2019; Lykhach et al., 2020, 2022; Yang et al., 2024). The categories of water and cooling devices, especially
those relevant to hot periods or arid regions, include water spray systems and shower installations; wet bedding (peat,
shavings, sawdust), which reduces overheating; and cooling mats or floor systems, which maintain an optimal microclimate
and prevent heat stress (Godyn et al., 2020; Costantino et al., 2022). A separate group of audio and light enrichment is
distinguished: the use of variable lighting modes with imitation of the daily cycle, dimmed light before rest, and the
reproduction of calm music or natural sounds. These effects have positive effects on the physiological state of piglets, reduce
stress levels, and improve the quality of rest and overall welfare of the animals (Li et al., 2020; Ciborowska et al., 2021; Lippi et
al., 2022).

Therefore, the use of enrichment objects in the housing of growing piglets not only reduces stress levels but also
significantly reduces the manifestations of undesirable oral manipulations (tail and ears biting), which is one of the main
problems of modern pig farming. Properly selected and combined environmental enrichment strategies minimize cases of
aggression and cannibalism while contributing to harmonious growth and development and improved animal welfare. This
topic is of particular value from a practical point of view: it opens the way to the implementation of new approaches in
production conditions that meet EU requirements for animal welfare. For this reason, the authors focused on comparative
research of enrichment strategies for growing piglets and assessing pig welfare experimentally. The results obtained can
become not only a theoretical basis but also a real tool for farmers, consultants and researchers who seek to combine pig
productivity with high standards of welfare.

2. Materials and Methods
2.1. Ethics

The animal treatments used in the experiments fully complied with the requirements. Conditions for feeding, watering,
housing, care, prevention and treatment following European legislation on the protection of animals and their comfort (Council
Directive 2008/120/EU) and the Order of the Ministry of Economy of Ukraine «On approval of the requirements for the welfare


https://doi.org/10.31893/jabb.21001
https://malque.pub/ojs/index.php/jabb
https://www.malque.pub/

of farm animals during their housing» of February 18, 2021, were organized. The Bioethics Commission of the National
University of Life and Environmental Sciences of Ukraine approved the experimental protocol (November 30, 2023 (008)).

2.2. Experimental design

Experimental studies were carried out during the period of 2023, at the farm of Ukraine — the private rental enterprise
“Victoria” of the Bashtanka district, Mykolayiv region. The experiment used four groups of piglets — a 1st control group (1CON),
2nd (2EXP), 3rd (3EXP), and 4th (4EXP) — and — experimental groups of 22 heads each.

The growing piglets were kept in pens on a fully slatted polymer floor with an area of 0.4 m? per head. Transportation
of feed by cable—pulley conveyors to automatic feeders. Two adjacent pens are equipped with one automatic feeder, each of
which has two cup-type automatic drinkers installed. The diets of the piglets in all the experimental groups were identical
according to specific feeding standards, taking into account the physiological characteristics of the animals and the type of
feeding. Until the 42nd day of life, the piglets were fed ad libitum with complete prestarter compound feed from the company
“Cehavekorm”, and from the 42nd to the 49th day, they were gradually transferred from prestarter to starter feed produced
in our own feed mill based on cereal crops, “Cehavit pig concentrate starter”, from the company “Cehavekorm”. The nutritional
value was as follows: a crude protein content of 182.700 g/kg and metabolic energy of 3164.800 kcal/kg. The compound feed
contained the following ingredients (%): wheat (45.000), barley (25.000), and Cehavit pig concentrate starter (30.000) (the
certificate of quality according to the Technical Conditions of the State Standard of Ukraine 4508:2005).

The ventilation system in the negative pressure room was implemented with exhaust fans and supply valves. Air was
fed into the room through the valves, mixed with the existing air, and extracted by the fan. The microclimate was regulated via
computer equipment. Microclimate parameters during the maintenance of growing piglets corresponded to the Departmental
Norms for Technological Design - Agro-Industrial Complex - 02.05 «Pig-breeding enterprises (complexes, farms, small farms) »,
2005. During the experimental period, the average indoor air temperature ranged from 22.0 to 24.0°C, the relative humidity
ranged from 60 to 80%, and the air velocity ranged from 0.20 to 0.60 m s, in accordance with national design standards. These
conditions are continuously regulated by an automated ventilation system, which minimizes heat stress while still reflecting
typical summer biometeorological challenges that may influence exploratory and oral behaviors in growing pigs. Piglets were
heated during the early stages of growth via UV heaters that were suspended at a height of 1.2 m. Houses were heated via a
100-kW pyrolysis boiler and a twin-pipe system.

Manure removal from the housing involved vacuum self-flow. Manure removal was carried out as the samples were
filled under slatted tubs but at least once every two weeks via a vacuum self-flowing system.

The piglets were brought to the section every Thursday, immediately after weaning from the sows, weighed and
maintained there for 7 weeks until they reached 77 days of age, after which they were weighed individually and sent for
fattening.

2.3. Enrichment objects

The age of the piglets at the beginning of the experiment was 28 days. The Piglets in the 1CON group were not enriched;
the 2EXP group was maintained with a cotton rope twisted with a diameter of 16 mm (Figure 1) to hang on the pen fence; the
3EXP group was maintained with plastic bottles with a volume of 1 liter, 50% filled with grain (Figure 2), with 4 units per pen
rotated weekly; and the 4EXP group, with a density of 80 g/m2 (Figure 3), was rolled into a ball and changed twice a day.

The enrichment objects were provided to the experimental groups of piglets during the day before the start of video
monitoring (day 0) to ensure that all pigs were accustomed to the objects by the following morning. The objects (Figure 2) and
(Figure 3) were placed on the floor in the cleanest part of the pen, far enough from the walls to ensure all-round access. The
suspended object (Figure 1) was placed on the pen so that the pigs could manipulate it from all sides.

All enrichment materials used in the study were soft or destructible (cotton rope, wrapping paper) or combined
destructible with sensory stimulation (grain-filled plastic bottles). No hardwood materials were used. This ensured that
differences in pig interactions were not limited by excessive material hardness.

2.4. Pig welfare assessment

The welfare assessment of growing piglets was determined by the health status of each animal, and possible injuries to
the piglets' body parts were assessed by the same observer each week in the pen via the Pig Welfare Quality Assessment
(Welfare Quality, 2009), modified (Warns et al., 2021) and included lameness, injuries to the ears, carpal joints and sides of the
body. The assessment of possible tail lesions was carried out according to the German pig scoring system (Friedrich Loeffler
Institute, 2017), modified (Warns et al., 2021). Tear staining was conducted following the DeBoer—Marchant—Forde scale as
described by DeBoer et al. (2015) with a 5-point scale. At a score of 0, there are no signs of staining. At a score of 1, the stain
does not extend below the eyelid. At a score of 2, the stain is approximately 50% of the eye area, whereas at a score of 3, the
stain is 50—100% of the eye area. At a score of 4, the stain is >100% of the eye area but does not extend below the mouth line,
whereas at a score of 5, it does reach below the mouth line.
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Figure 1 Cotton twisted rope suspended on the fence of the pen.
Note: the orange oval highlights the enrichment object for piglets 2nd experimental group (2EXP).
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Figure 2 Plastic bottles with a volume of 1 liter, 50% filled with grain.
Note: the red rectangle highlights the enrichment object for piglets 3rd experimental group (3EXP).
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Figure 3 Wrapping paper rolled into a ball.
Note: the yellow circles highlight the enrichment object for piglets 4th experimental group (4EXP).

2.5. Statistical analysis

To compare piglet welfare assessment parameters at the beginning and at the end of the growing period, the Wilcoxon
signed-rank test was used. To assess the independence of the manifestation of welfare parameters at weaning and at the end
of the growing period, Friedman’s rank analysis of variance was applied. The pen was considered the experimental unit, as
enrichment was applied at the pen level, whereas individual piglets were used for welfare scoring as repeated observations
within pens. Because each treatment corresponded to one pen per group, the pen effect was addressed via nonparametric
paired and rank-based tests, which are appropriate for pen-level comparisons with repeated measurements. All the statistical
analyses were performed according to generally accepted methods (Shebanina et al., 2008) via PAST software (Hammer et al.,
2001).

3. Results and Discussion

https://malque.pub/ojs/index.php/jabb
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A comparison of the results of the welfare assessment of each piglet at weaning and at the end of the growing period,
depending on the type of enrichment, revealed significant differences in lameness only among the animals in the 1CON group
(Wilcoxon signed-rank test: W = 2.31; P = 0.021) (Figure 4). The results indicate that in the absence of enrichment objects, the
housing environment exerts additional stress, which in turn affects the state of the musculoskeletal system.

In particular, a significant change was recorded in the assessment of welfare throughout the growing period. Of the
eighteen piglets that showed no signs of lameness (score of 0) at weaning, six demonstrated lameness at the end of the growing
period, with four pigs having a score of 1 and two pigs having a score of 2. Furthermore, of the four piglets with a lameness
score of 1 at weaning, two progressed to a score of 2 by the end of the growing period (Figure 5). These data demonstrate the
progression of limb pathologies in the absence of adequate environmental enrichment, which may be indirectly associated
with increased levels of aggressive or stereotypic behaviors.
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Figure 4 Estimates of arithmetic mean (£ 95% Cl) lameness of piglets depending on group and age.

Figure 5 Lameness of growing pig 1CON group.

Assessing limb condition is an important parameter of pig welfare during growth, as damage often leads to impaired
natural locomotion, lameness and consequently premature culling (Mustonen et al., 2011). A comparison of our results with
data from other authors confirms the importance of constructive solutions to housing design. As noted by Yang et al. (2024),
pigs kept in pens with elevated platforms had lower limb injury scores than did the control group throughout the entire
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fattening period. This is clearly explained by the presence of thick bedding, which reduces pressure on the joints and hooves,
creating more comfortable conditions for movement.

Similar patterns have been reported in other studies (Jgrgensen, 2003; Scott et al., 2006), where the use of straw
bedding significantly reduced the incidence of hoof and limb injuries in pigs. These findings indicate that even minor
modifications to the microenvironment can have a significant effect on the physical welfare of animals.

Yang et al. (2024) reported that as the animals grew, the level of limb damage increased in both experimental groups.
This observation is consistent with the hypothesis that floor type is a critical factor in the development of limb injuries. In this
study, concrete flooring may have contributed to bursitis, calluses and mechanical damage, which corresponds with the
findings of KilBride et al. (2008), who reported a greater risk of limb injuries on concrete floors than on metal or plastic floors.

A similar tendency was observed in the analysis of injuries to carpal joints. A comparison of the welfare assessment of
each piglet at weaning and at the end of the growing period revealed significant differences in carpal joints only among the
animals in the control group (Wilcoxon signed-rank test: W = 3.64; P < 0.001) (Figure 6). The results once again confirm that
the absence of objects for behavioral activity creates conditions for microtrauma to supportive structures. Among the sixteen
piglets without carpal joint lesions at weaning (score of 0), ten had a score of 1 or 2 at the end of the growing period. Of the
six animals with an initial injury score of 1, four progressed to a score of 2 at the end of the growing period. It can be assumed
that the intensity of motor activity without the possibility of implementing natural manipulative actions (rooting, chewing,
researching) potentially increases the load on joints and limbs.
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Figure 6 Estimates of arithmetic means (+ 95% Cl) carpal joints lesions of piglets depending on group and age.

The results of previous studies (van Staaveren et al., 2019) demonstrated that the prevalence of both mild and severe
body-side lesions in fattening pigs was not significantly correlated with the type of enrichment objects used (F,,2s = 0.80; p =
0.4616; F;,25 = 0.82; p = 0.4515; F5,5 = 0.60; p = 0.5556). In addition, the number of enrichment elements per pig did not
correlate with the level of damage to the sides of the body (Fs, 25 = 0.02; p = 0.8888). These results indicate that enrichment
alone is not always the determining factor in preventing mechanical injuries and that additional behavioral or technological
factors can be involved.

The same authors (van Staaveren et al., 2019) also concluded that body-side lesions can represent an independent
welfare issue that is not directly related to the type of environmental enrichment. Moreover, their high prevalence on
commercial farms highlights the importance of a comprehensive assessment of housing conditions, considering that stocking
density, behavioral interactions and microclimate parameters can indirectly contribute to injury occurrence. In general, our
results are consistent with these conclusions (van de Weerd & Ison, 2019), who highlighted that even when effective
enrichment objects are available, pigs actively interact with them, but this does not always lead to the complete elimination of
harmful behavior or mechanical injuries.

A comparison of the results of the welfare assessment of each piglet at weaning and at the end of the growing period
revealed that, depending on the type of enrichment, significant differences in body-side lesions were found only among the


https://doi.org/10.31893/jabb.21001
https://malque.pub/ojs/index.php/jabb
https://www.malque.pub/

animals in the control group (Wilcoxon signed-rank test: 2.89; P = 0.004) (Figure 7, Figure 8). These findings indicate that in the
absence of environmental enrichment, the risk of microtrauma and mechanical damage increases significantly throughout the
growing period. A detailed analysis revealed that out of seventeen piglets had no damage to their body side lesions at weaning
(score of 0), seven piglets had body side lesions by the end of growth: six animals were scored as 1, and one animal was scored
as 2. Among the five animals with an initial damage score of 1, two had already reached a score of 2 by the end of the period.
This dynamic confirms the tendency for lesions to accumulate in animals deprived of behavioral stimuli for natural activity.
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Figure 7 Estimates of arithmetic means (+x 95% Cl) body side lesions of piglets depending on group and age.

Figure 8 Body side lesions of growing pig 1CON group.

On the basis of the data presented here, it can be assumed that body-side lesions in pigs are multifactorial in nature,
with social behavior, stress, and spatial constraints playing a leading role rather than just the characteristics of enrichment
materials. Our results are consistent with the hypothesis that a balanced environment that provides both physical comfort and
social stability within the group is a key factor in preventing injuries and improving the welfare of pigs.

Tail docking of piglets was practiced at the experimental farm — a procedure that, despite numerous warnings, remains
common both in Ukraine and in several other countries. This approach is traditionally considered a preventive measure against
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tail biting, but it does not eliminate the behavioral causes of this phenomenon. As noted by Goossens et al. (2008), ear biting
occurs more frequently on farms where tail docking is performed, significantly because the shortened tail ceases to be an
attractive object for oral manipulation.

Even under tail docking conditions, the natural behavior of pigs remains unsatisfactory, leading to the redirection of oral
manipulation toward other body parts of pen mates. This finding is consistent with the data from Camerlink et al. (2015), who
reported that pigs with intack or half-docked tails were more likely to bite ears and engage in other forms of body manipulation
than to bite tails. Moreover, the animals performed oral actions much more often in the direction of their neighbors in the pen
than in the direction of the enrichment objects offered. This is probably explained by two main factors. On the one hand, the
body parts of other pigs can better satisfy the natural need for chewing and rooting activity, making them more attractive
objects for oral manipulation (Van de Weerd et al., 2003). On the other hand, an imbalance between the number of animals in
the pen and the available enrichment objects creates competition for resources, increasing frustration and stimulating
aggressive or displacement behavior.

A comparison of the welfare assessment of each piglet at weaning and at the end of the growing period, depending on
the type of enrichment, revealed significant differences in ear biting among only the animals in the control group (Wilcoxon
signed-rank test: 3.47; P < 0.001) (Figure 9, Figure 10). These findings indicate a significant impact of the absence of
environmental enrichment on the dynamics of ear biting during the growing period.
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Figure 9 Estimates of arithmetic means (+ 95% Cl) ears biting of piglets depending on group and age.

A detailed analysis revealed that, out of the fifteen piglets that did not bite ears at weaning (score of 0), twelve piglets
bites ears by the end of growth: six animals were scored as 1, and five animals were scored as 2. Among the seven animals that
had a score of 1 at the beginning of the experiment, four received a score of 2 at the end of the period. The absence of
opportunities to express natural research behavior likely led to the redirection of activity toward social partners, resulting in
an increase in the incidence of ear biting.

Similar tendencies were described by van Staaveren et al. (2019), who concluded that the frequency of ear biting in
fattening pigs did not depend on the type of enrichment (F,,2s = 1.35; p = 0.2778) and that the number of enrichment objects
per pig had no significant relationship with the level of the corresponding behavior (Fy,25s = 0.57; p = 0.4578). Our results are
consistent with the scientific data, confirming that not only enrichment objects but also their availability, social interactions
and pen density play key roles in the formation of damage. In summary, effective reduction of ear biting is possible only with
a comprehensive approach to the housing environment, combining optimal space, social compatibility of animals, sufficient
stimulating objects and avoidance of stress factors.
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Figure 10 Injures of ears of growing pig 1CON group.

Despite the active development of animal welfare standards, such as those in Ukraine, as in some European Union
countries, the practice of tail docking in pigs remains widespread. This procedure, involving partial or complete amputation of
the tail at a young age, is traditionally used to reduce the risk of further damage in adult animals (Sutherland and Tucker, 2011).
However, numerous studies have shown that tail docking does not eliminate the main behavioral cause of the problem — the
pig’s tendency to engage in oral manipulation. As a result, injuries and inflammation in the tail area remain common, even on
farms where this procedure is standard practice (Valros and Heinonen, 2015).

The results of the experiment by Meer et al. (2017) additionally confirmed this trend: almost all of the experimental
animals showed signs of biting, and approximately 39% of pigs had noticeable or significant wounds on their tails during the
production cycle. This finding indicates that tail docking does not guarantee the prevention of biting but only masks its
consequences. The data also revealed that the percentage of pigs with tail injuries was greater than that with ear biting,
suggesting that, despite its lower frequency, tail biting is more serious and traumatic and is associated with more intense forms
of aggression or stress (Scollo et al., 2013).

Similar conclusions were reached by van Staaveren et al. (2019), who noted that the frequency of tail behavior
significantly depends on the type of enrichment object; in particular, a statistically significant difference was found between
chain and plastic devices (F2,25 = 3.41; p = 0.0488; t5 = 2.22; p = 0.0869). This metric can indicate different levels of sensory
stimulation that animals receive from enrichment materials. The quality and properties of enrichment objects, rather than
their quantity, are likely needed to determine their effectiveness in preventing harmful oral behavior.

A comparison of the welfare assessment of each piglet at weaning and at the end of the growing period revealed that,
depending on the type of enrichment, significant differences in tail biting were found only among the animals in the control
group (Wilcoxon signed-rank test: 2.98; P = 0.003) (Figure 11). These findings indicate that the absence of objects for the
implementation of natural behavior increases the risk of developing injuries and inflammation in the tail area during growth.

A detailed analysis revealed that out of the twelve piglets that did not bite the tail at weaning (score of 0), nine piglets
bit the tail by the end of growth: six animals were scored as 1, and three animals were scored as 2. Among the ten animals that
had a score of 1 at the beginning of the experiment, five received a score of 2 at the end of the period. Therefore, it can be
assumed that with age and increased pen density, the intensity of contact between animals and the absence of adequate
environmental enrichment contribute to the development of stereotypical or aggressive forms of behavior. Our results suggest
that reducing tail biting is only possible through a combination of behavioral and technological solutions.

To assess the level of animal welfare, a noninvasive method for determining the intensity of tear color in the eye area
of pigs to reflect the level of porphyrin secretion, a natural pigment secreted by the Harderian gland, was used (Santillo et al.,
2020). As noted by Telkanranta et al. (2016), tear staining is a promising biomarker of pig welfare, as tear intensity is positively
correlated with the degree of tail and ear damage in the same animal. The authors emphasize that this indicator can be used
as a rapid tool for monitoring the emotional state of animals without the need for stressful manipulations.
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Figure 11 Estimates of arithmetic means (+ 95% Cl) tail biting of piglets depending on group and age.

Similar conclusions were reached by DeBoer et al. (2015), who reported that tear staining is a sensitive marker of stress
levels and that its reduction is observed under conditions of an enriched environment and social interaction. Larsen et al. (2019)
noted that tear staining can reflect age, physiological and behavioral changes, and the influence of housing conditions and the
microclimate. The results of Lagoda et al. (2023) confirmed that tear staining is reduced in animals with better housing
conditions, which correlates with reduced levels of aggression and improved social stability in groups. Recently, Vacuskova et
al. (2025) confirmed via thermographic analysis that the intensity of porphyrin spots is accompanied by an increase in
temperature around the eyes, indicating physiological stress responses.

A comparison of the welfare assessment of each piglet at weaning and at the end of the growing period revealed
significant differences in the intensity of tear staining color among the three groups: 1CON (Wilcoxon signed-rank test: = 4.14;
P < 0.001), 2nd EXP (Wilcoxon signed-rank test: = 2.71; P = 0.007) and 4th EXP (Wilcoxon signed-rank test: = 3.81; P < 0.001)

(Figure 12).
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Figure 12 Estimates of arithmetic means (x 95% Cl) tear staining of piglets depending on group and age.
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Changes in the intensity of the porphyrin stains during growth were observed in most groups, except for group 3rd E,
where the parameters remained stable. Thus, an increase in the intensity of tear staining at the end of growth was noted in
nineteen animals in the 1 CON group (86.3%), eight animals in the 2nd EXP group (36.4%) and nineteen animals in the 4th EXP
group (86.3%). The assessment results revealed that, in pigs in the 1CON group.

The level of tear staining according to the scale was 4-5 points (Figure 13), 2EXP and 4EXP were 1-2 points (Figure 14),
and 3EXP was 0-1 point (Figure 15).

w

Figure 14 Tear staining of growing pigs 2EXP and 4 EXP groups.

These results are consistent with the findings of Telkanranta et al. (2016), Larsen et al. (2019) and Lagoda et al. (2023),
who reported that the absence of enriched objects and sensory deprivation increase the manifestations of tear staining,
reflecting emotional stress and behavioral frustration. Thus, the results obtained confirm that the intensity of tear staining can
be a reliable integral indicator of the mental health of pigs to respond sensitively to changes in housing conditions depending
on the enrichment object. Its use in combination with behavioral, physiological and clinical criteria allows the formation of a
comprehensive system for assessing animal welfare, which is the key not only to ethical housing but also to the successful
management of modern pig farming.

https://malque.pub/ojs/index.php/jabb


https://doi.org/10.31893/jabb.21001
https://malque.pub/ojs/index.php/jabb
https://www.malque.pub/

Lykhach et al. (2026) 12

Figure 15 Tear staining of growing pigs 3EXP group.

4. Conclusions

The findings of this study demonstrate that the welfare status of growing piglets is strongly influenced by the quality
and type of environmental enrichment provided. The absence of suitable enrichment objects increases the risk of tail injury
and inflammation, as does the intensity of tear staining, indicating increased emotional tension and chronic stress. In contrast,
the inclusion of enrichment materials that stimulate research and chewing behaviors contributes to a reduction in oral
manipulative activity, stabilization of emotional responses and, in general, improvement in animal welfare.

Tear staining intensity has proven to be an effective noninvasive bioindicator of stress in piglets and is sensitive to
changes in housing conditions and enrichment type. When combined with behavioral, clinical and physiological parameters,
this indicator can serve as a valuable component of an integrative welfare assessment system for pigs in commercial
production.

From a practical standpoint, implementing balanced environmental enrichment strategies alongside routine monitoring
of tear staining can provide an early warning system for stress detection and prevention of damaging behaviors. This approach
not only promotes higher ethical standards of pig husbandry but also increases production efficiency by reducing losses
associated with injuries, stress and premature culling.
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