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Abstract
Intensive swine production stressors induce stress responses that compromise welfare and health, positioning behavior 
as a critical welfare indicator. Although antibiotics traditionally improve performance, antimicrobial resistance concerns 
have driven the search for alternatives. This systematic review evaluated the influence of zootechnical additives, used as 
alternatives to antibiotic growth promoters (AGP), on pig behavior. Following the PICO framework (pigs, antimicrobial 
alternatives, AGP, behavioral responses), three databases (Scopus, PubMed, Web of Science) were searched. Out of 1,893 
identified articles, seven met the inclusion criteria, highlighting the scarcity of standardized behavioral research in this 
field. Extracted variables included biting frequency, posture (lying/standing/sitting), exploration, agonistic behavior, object 
interaction, reactivity, stereotypies, and vocalizations. The limited study number and heterogeneous assessment methods 
restricted direct comparisons between additives. While organic acids showed non-significant effects, probiotics improved 
exploration and activity in weaned piglets, improved human-animal relationships in sows, and reduced stress reactivity 
in offspring. L-glutamine increased standing time and novel object exploration in weaned piglets. Regarding phytogenics, 
Moringa oleifera reduced belly nosing, while Passiflora incarnata decreased aggression and biting in weaned piglets. 
In conclusion, feed additives can positively modulate pigs behavioral responses; however, these findings stem from lim-
ited data and require cautious interpretation. These findings highlight the potential of specific feed additives to mitigate 
stress-related behaviors in pigs, while emphasizing the urgent need for standardized ethological protocols to strengthen 
behavioral evidence across production phases.
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promoters (AGP) are widely used at sub-therapeutic doses, 
but their indiscriminate use contributes to antimicrobial 
resistance, threatening therapeutic efficacy in both animal 
and human health (Rahman et al. 2022).

In 2019, around 4.95 million human deaths were directly 
related to antimicrobial resistance, making it the third lead-
ing cause of death worldwide (Murray et al. 2022). Low- 
and middle-income countries are the most affected, which 
raises concern in South America. Despite stricter laws on 
antibiotic use in some countries, such as the European 
Union (Ardakani et al. 2023), the search for alternatives is 
essential to ensure the sustainability of production, animal 
health, and food safety (Tang et al. 2024).

Among the feed additives currently most used and 
researched as alternatives to antimicrobials are phytogenics, 
organic acids, antimicrobial peptides, probiotics, prebiotics, 
and exogenous enzymes (Ma et al. 2021). These compounds 

Introduction

Intensive swine production systems, by restricting space and 
natural behaviors, trigger stress responses that compromise 
welfare and increase susceptibility to diseases (Hillerer and 
Gimsa 2024). To mitigate these impacts, antibiotic growth 
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offer multiple benefits: organic acids reduce gastrointestinal 
pH and modulate the microbiota, improving performance 
and immunity (Ma et al. 2021); prebiotics and probiotics 
optimize performance, modulate the immune system, and 
promote gut health (Liu et al. 2022); phytogenics exhibit 
antibacterial and antioxidant properties, and enhancing 
digestibility (Coccimiglio et al. 2016; Su et al. 2019); anti-
microbial peptides have antimicrobial activity (Wang et al. 
2016); and exogenous enzymes increase nutrient bioavail-
ability, improving digestibility and gut health (Velázquez-
De Lucio et al. 2021).

Stressors intrinsic or extrinsic to the animal, compromise 
general homeostasis (Kraimi et al. 2019). This disruption 
often leads to the establishment of dysbiosis, resulting from 
imbalances in microbiota composition and diversity, which 
in turn compromises intestinal barrier integrity and facili-
tates the development of pathological states (Kraimi et al. 
2019). Furthermore, the bidirectional communication via 
the microbiota-gut-brain axis (MGBA) suggests that fluc-
tuations in the intestinal microbiota have the potential to 
alter neuroendocrine signaling. Such changes are reflected 
in behavioral and physiological parameters associated with 
welfare, including stress, anxiety, social behavior altera-
tions, and memory (Kraimi et al. 2019). In this context, 
AGPs mechanism of action may also influence the MGBA 
by remodeling microbial composition (Muurinen et al. 2021) 
and metabolic activity (Plata et al. 2022), potentially affect-
ing neurochemical signaling with the pathways that regu-
late neuroendocrine, immune, and behavioral responses via 
the microbiota-gut-brain axis (Woś et al. 2025). To mitigate 
these effects, dietary additives can modulate the MGBA, 
enhancing nutrient digestibility and immune response 
while positively influencing the central nervous system and 
behavioral patterns related to stress and cognition (Kraimi 
et al. 2019).

Understating animal behavior is fundamental, as it repre-
sents the primary indicator of an individual’s internal state 
(Watters et al. 2021). Behavioral changes such as reduced 
activity, abnormal aggression or the occurrence of stereo-
typies may indicate compromised welfare (Deen 2021). 
Behavioral indicators are highly feasible across farms, zoos, 
and aquaculture, especially with the increasing integration 
of automated video and image analysis technologies, as 
they provide non-invasive and cost-effective assessment 
tools (Watters et al. 2021). It is important to highlight that 
animal welfare is intrinsically linked to the sustainable 
development goals, as improved management practices and 
effective stress mitigation can enhance productivity while 
reducing mortality and reliance on antimicrobials. Consid-
ering the prevalence of animal-derived products in human 
diets, these welfare-driven strategies contribute directly to 
public health and align with increasing consumer demand 

for antibiotic-free products, offering significant economic 
advantages and added market value (Mohammadzadeh et 
al. 2025; Busch et al. 2020).

Numerous studies have investigated the metabolic and 
immunological effects of feed additives in swine nutrition. 
However, a clear scientific gap remains regarding their influ-
ence on pig behavior, largely due to the lack of standardized 
methodologies for behavioral assessment. Although antibi-
otic alternatives have been extensively evaluated for their 
physiological and health-related outcomes, their behav-
ioral effects, recognized as highly sensitive indicators of 
animal welfare, are still poorly systematized in the litera-
ture. Therefore, considering the importance of behavior as 
a welfare indicator, the growing demand for antimicrobial 
alternatives, and the methodological diversity in behavioral 
evaluations, this systematic review aims to assess the effects 
of different zootechnical additives used as alternatives to 
antibiotic growth promoters on pig behavior.

Materials and methods

Ethical approval was not required for this study, as it con-
sists of a systematic review using exclusively data from pre-
viously published research involving pigs.

Review protocol and research question

A systematic review was conducted on the influence of 
alternatives to AGP administered via diet on pig behavior. 
The research question was: “Do dietary alternatives to AGP 
influence pig behavior?”

Search strategy

The search, exclusion, and data extraction process was con-
ducted by two members of the research team, and discrep-
ancies were resolved through discussion or the judgment of 
a third reviewer. A protocol was used for the independent, 
peer-reviewed literature search, based on the PICO frame-
work. The studied population was pigs, the intervention 
consisted of alternatives to antimicrobials, the control was 
AGPs, and the outcome was animal behavior.

The indexing databases used were Scopus, PubMed, and 
Web of Science. The final literature search was conducted in 
May 2025. The search string used was as follows: (“swine” 
OR “pig” OR “pigs” OR “piglet” OR “piglets” OR “gilt” 
OR “barrow” OR “sow” OR “porcine” OR “boar”) AND 
(“animal behavior” OR “animal behaviour” OR “behav-
ioral” OR “behavioural”) AND (“alternative to antibiotics” 
OR “antibiotic alternatives” OR “alternative to antimicrobi-
als” OR “antimicrobial alternatives” OR “growth promoter” 
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OR “growth promoting” OR “additives” OR “additive” OR 
“feed additive” OR “feed additives” OR “dietary additive” 
OR “dietary supplement” OR “probiotics” OR “probiotic” 
OR “prebiotics” OR “prebiotic” OR “essential oil” OR 
“essential oils” OR “enzyme” OR “enzymes” OR “acidi-
fiers” OR “acidifier” OR “organic acids” OR “homeopathy” 
OR “plant extract” OR “plant extracts” OR “herbal medi-
cine” OR “phytogenics” OR “phytobiotics” OR “plasma” 
OR “glutamine” OR “phytotherapeutic products”). A total 
of 690 articles were found on the Scopus platform, 527 on 
PubMed, and 676 on Web of Science, totaling 1,893 studies.

Exclusion criteria by title, abstract, and 
methodology, and data extraction process

To help with the study selection, all records obtained 
through the search strategy were exported to the Rayyan 
platform (Rayyan Management Platform 2024). Initially, 
721 duplicates were removed. After duplicate removal, 
titles and abstracts were screened to identify potentially rel-
evant studies. At this stage, records were excluded if they: 
(1) were reviews, overviews, pilot studies, chapter books or 
erratum; (2) did not use live pigs as the primary experimen-
tal model; (3) if the article was not found. After applying 
the criteria, 662 articles were excluded and the remaining 
articles were then subjected to full-text assessment. During 

this stage, studies were excluded if they had an absence of 
an experimental design, did not described an alternative 
additive to antibiotics in feed, absence of behavioral assess-
ment, or did not include a clearly defined control group. The 
study selection process is summarized in Fig. 1. With the 
full-text exclusion step following the previously defined cri-
teria, 503 studies were excluded. This resulted in a total of 
seven articles included in the systematic review.

The seven articles underwent data extraction, which 
was performed using a Microsoft Excel for Microsoft 
365 spreadsheet, version 2309 (MICROSOFT 2023). The 
spreadsheet’s structure was based on the following: basic 
article information (title, authors, journal, year of publica-
tion, and DOI), basic study characteristics (study type, sam-
ple size, breed/lineage, age, sex and weight of animals, and 
experiment duration), intervention information (antibiotic 
alternative used, dose administered, control group, duration 
of the intervention), observed outcomes (behavior evalu-
ated, description of the behavioral test, frequency and dura-
tion of the tests), and study results and limitations.

Assessment of risk of bias

To assess the risk of bias in the included studies, an adapted 
table from the RoB 2 tool (Sterne et al. 2020) was used. The 
reviewers received prior training with practical examples 

Fig. 1  Flowchart of the study 
search, exclusion, extraction, and 
selection process

 



1 3

  435   Page 4 of 13 Veterinary Research Communications          (2026) 50:435 

to standardize the assessments. The evaluations were con-
ducted using Microsoft Excel, and the table was generated 
on the Risk of Bias 4.0 tools platform (Cochrane, London, 
United Kingdom).

All articles were evaluated based on a judgment (low, 
some concerns, or high) of individual items within each of 
the five domains (Table 1).

After this assessment, the risk of bias for each article 
was classified in each of the domains using the following 
categories:

	● Low risk of bias: Studies classified as “low risk” in all 
evaluated domains.

	● Some concerns: Studies that raised “some concerns” in 
at least one domain.

	● High risk of bias: Studies with a “high risk” of bias in at 
least one domain.

Articles classified as “low risk of bias” were considered to 
be of high methodological quality, as they presented detailed 
descriptions of both the methodologies used for behavioral 
assessment and the interventions applied. Furthermore, they 
clearly reported the experimental design, explained any 
deviations from the protocol, and adequately justified the 
absence of data, providing a comprehensive and transparent 
presentation of the results.

Domains Key questions Assessment
1 - Bias 
due to the 
randomization 
process

Did the study describe the randomization method 
used to allocate animals to experimental groups? / 
Did the groups have similar characteristics at the 
start of the study (age, weight, sex, lineage)? / Did 
the study report how it handled potential imbal-
ances between groups at the start of the study?

Low: Yes, the information is clearly 
described and consistent.
Some concerns: No complete clarity 
regarding the randomization or bal-
anced distribution of the animals.
High: No, there is a lack of informa-
tion or uncontrolled variation.

2 - Bias due 
to devia-
tions from 
the intended 
intervention

Did the animals receive only the described inter-
vention, without cross-contamination between 
groups? / Were the diets (control and intervention) 
administered in a standardized manner in terms 
of route, frequency, and presentation? / Was there 
any deviation from the intervention that might 
have affected the behavioral results? / Did the 
study clearly describe all the additives used in the 
intervention, including their doses, composition, 
and suppliers?

Low: No reported deviations, and all 
parameters were followed according 
to the protocol.
Some concerns: Small modifica-
tions were identified but reported as 
having a low impact on the outcome.
High: Inconsistencies related to 
the intervention or sampling were 
detected.

3 - Bias due 
to missing 
outcome data

Did the authors describe which animals were 
included in the behavioral analysis? / Did the 
study explain and justify any data loss or exclu-
sion of animals? / Did the proportion of missing 
data differ between groups?

Low: All essential data are available.
Some concerns: Some losses 
occurred, but they are reported.
High: More than one critical param-
eter is missing or was imputed.

4 - Bias in the 
measurement 
of the out-
come (number 
of repetitions)

Was the reliability of the observation in collecting 
behavioral data guaranteed or addressed? / Were 
the behavioral tests applied under similar condi-
tions for all groups (e.g., time of day, location, 
duration)? / Did the study clearly describe what 
behaviors were evaluated, with a methodological 
definition for each one? / Was the behavioral mea-
surement methodology standardized, validated, 
or based on reliable previous literature (e.g., 
ethograms, protocols)? / Did the study specify the 
timing of the behavioral assessment in relation to 
the intervention (e.g., beginning, middle, end of 
the experiment)?

Low: Yes, sufficient replicates were 
reported.
Some concerns: The number of 
replicates is slightly below ideal but 
still allows for some inference, or 
the description of the replicates is 
not entirely clear.
High: No, the number of replicates 
is insufficient or was not reported.

5 - Bias in the 
selection of 
the reported 
results

Were all the behaviors mentioned in the method-
ology actually presented in the results? / Is there 
any indication that the study omitted unfavorable 
or neutral results? / Were the results presented in 
accordance with the objectives described in the 
study?

Low: Standardized and recognized 
analytical methods are used, and 
the data are appropriately compared 
side-by-side.
Some concerns: The description is 
incomplete, or it is unclear how the 
behavior was evaluated.
High: Identification of a potential 
conflict of interest.

Table 1  Assessment of the risk 
of bias of the included studies, 
based on five key domains, and 
categorization of the risk as Low, 
Some Concerns, or High for each 
item assessed
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Results

A flowchart was designed for better visualization, showing 
the total number of identified publications and the num-
ber of publications filtered at each stage of the systematic 
review selection process (Fig. 1).

The final database compromised seven studies published 
between 2017 and 2025, which addressed three phases of 
swine production: the nursery period, growing/finishing, 
and reproduction (sows). This indicates that the use of 
alternatives to antimicrobials in swine production occurs 
throughout the entire production cycle, making it impor-
tant to associate the behavior of these animals with the use 
of these additives. This shows that research in this field is 
improving due to the substitution of AGP (Tang et al. 2024).

To facilitate the discussion and descriptive analysis of the 
data obtained in the systematic review, the seven included 
articles were categorized based on the additives used in the 
research: organic acids, probiotics, L-glutamine, and phyto-
genics (Table 2).

Of the seven studies that met all eligibility criteria, the 
geographical distribution was as follows: Spain: two stud-
ies (28.6%); United States: two studies (28.6%); Brazil: one 
study (14.3%); India: one study (14.3%); Italy: one study 
(14.3%). This highlights the global relevance of the topic 
addressed and the search for sustainable alternatives to the 
use of antibiotics in animal feed.

Organic acids

Among the selected articles, only one used organic acids 
as an alternative to AGP. López-Colom et al. (2023) evalu-
ated the behavior of weaned piglets challenged with Esch-
erichia coli F4 (1.4 × 109 and 1.5 × 109 CFU for Trial 1 and 
Trial 2, respectively), receiving sodium butyrate or sodium 
heptanoate, both protected with a mixture of sodium salts 
of medium-chain fatty acids distilled from coconut. Behav-
ioral assessment was performed the same way for both tri-
als, using scan sampling to evaluate behaviors related to 
the disease and resulting from dietary supplementation. 
The challenged piglets exhibited lethargic behavior, with 
a higher frequency of time spent lying down. In addition, 
the animals also visited the feeder area less often and spent 
more time under the heat source.

In relation to behavioral changes resulting from differ-
ences in diet, López-Colom et al. (2023) observed that pig-
lets that received heptanoate spent less time in the feeding 
area and more time in the lamp area, especially in the after-
noon, in addition to being more inactive and more likely to 
lie down in the afternoon, compared to animals in the nega-
tive control and sodium butyrate groups. In the group of ani-
mals that received the sodium butyrate-supplemented diet, 

greater standing activity and more proximity to the feeder 
were observed, in addition to an improvement in the intes-
tinal barrier through longer intestinal villi and proliferation 
of caliciform cells.

Probiotics

Among the studies analyzed, two investigated the use 
of probiotics as feed additives in pigs. Barba-Vidal et al. 
(2017) studied the effects of a probiotic based on Bacillus 
licheniformis and partially protected sodium butyrate salt in 
weaned piglets challenged with Salmonella Typhimurium. 
Behaviors were recorded through scan sampling. Barba-
Vidal et al. (2017) showed that piglets fed a probiotic-
supplemented diet exhibited more exploratory and active 
behaviors in the morning, as well as less resting in con-
tact with other individuals. When challenged, the animals 
showed less activity in the afternoon, with a decrease in 
positive contact and exploration.

Pereira et al. (2024) investigated the effects of probiotic 
supplementation, a combination of Lactobacillus acidophi-
lus, Lactobacillus bulgaricus, Lactobacillus plantarum, 
Lactobacillus rhamnosus, Bifidobacterium bifidum, Entero-
coccus faecium, and Streptococcus thermophilus in the 
diets of sows, from the beginning of gestation to the end of 
lactation. In the sows, stereotypical and postural behaviors 
and human-animal interaction were evaluated, while in the 
piglets, behaviors were analyzed using the back test. The 
results showed that the sows that received supplemented 
diets had better interaction with the handler, as evidenced 
by a lower aversion to human presence. These sows also 
remained standing longer and lying down less time com-
pared to the control group, suggesting a higher level of 
activity and less apathy. Regarding the offspring, piglets 
from sows that received the supplemented diet vocalized 
earlier and for a shorter duration during the back test.

L-glutamine

Two studies evaluated the effects of including L-glutamine 
in the diet of piglets. Johnson and Lay (2017) investigated 
the effects of post-weaning transport under heat stress on 
piglets fed antibiotics (A), no antibiotics (NA), or diets 
supplemented with L-glutamine (GLU). Weaned piglets 
were monitored daily by scan sampling, allowing the iden-
tification of behaviors indicative of disease. The animals in 
the NA group showed increased resting time and reduced 
standing time in the two days following transport. Initially, 
on days 1 and 2, both GLU and A groups exhibited similar 
standing and lying behaviors. However, differences emerged 
in the medium term. On day 7, pigs in the GLU group lay 
down significantly more than those in group A.
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Parois et al. (2020) investigated the relationship between 
gut microbiota and behavioral responses related to fear and 
anxiety, as well as assessing the potential of L-glutamine 
to mitigate the negative effects of stress. New object tests 
were conducted, considering interaction latency, explora-
tion time, and the occurrence of withdrawal movements 
(sudden, lateral, or backward movements that occur while 
the piglet’s head is oriented toward the object) in piglets 
in the nursery, growth, and finishing phases. L-glutamine 
supplementation occurred during the first 14 days, with 
behavioral assessments performed on days 17, 47, 85, and 
111 of the experiment. On D17, control piglets showed a 
tendency to avoid the object less than those receiving sup-
plementation. On D47, no significant effects were reported. 
On D85, animals that received L-glutamine supplementa-
tion or antibiotics spent more time exploring the object, 
and on D111, they showed lower latency to first contact.

Phytogenics

Two studies evaluated the use of phytogenics in piglet diets. 
Celina et al. (2025) evaluated the effects of Moringa oleifera 
leaf meal (MOLM) supplementation in the diet of weaned 
piglets. Behavior was evaluated through continuous obser-
vations 24 h a day for the first seven days and, on day 14, 
with hourly evaluations for 5 min, observing the variables 
eating, drinking, lying down, biting, and “belly nosing”. 
The authors found a reduction in belly nosing behavior in 
the group that received MOLM supplementation compared 
to the negative control group.

Pastorelli et al. (2022) investigated the effects of includ-
ing Passiflora incarnata extract in the diet of weaned 
piglets. Behavior was continuously monitored using 
all-occurrence sampling over four consecutive three-
day periods (days 7–9, 13–15, 20–22, and 25–27), with 
observations made from 9 am to 12 pm. Aggressive inter-
actions (fighting or displacement, with or without physi-
cal contact) and exploratory interactions (sniffing, biting, 
and chewing elements of the pen, companions, tails, and 
ears) were evaluated. In addition, the novel object test was 
applied on three occasions, at nine-day intervals (days 10, 
19, and 28), recording the frequency of immobility (ani-
mal standing still with head raised and ears alert), mild 
interaction (superficial exploration, such as sniffing), and 
intense interaction (active exploration, such as sniffing, 
chewing, or pushing).

The results indicated aggressive behaviors in the control 
group compared to the group that received the diet supple-
mented with P. incarnata, as well as greater interaction with 
environmental enrichment and a lower incidence of tail and 
ear biting.

Assessment of risk of bias

The risk of bias assessment was conducted considering five 
main domains: bias due to the randomization process (D1), 
deviations from the intended interventions (D2), missing 
outcome data (D3), measurement of the outcome (D4), and 
selection of the reported result (D5). The analysis of the 
seven included studies is reported in Fig. 2.

Fig. 2  Risk of bias assessment 
by domain (RoB 2 Tool) in the 
included studies
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Among the 7 included studies, all had a low risk of bias 
in domain D4. Domains D1 and D3 had the highest propor-
tion of studies with a low risk of bias (57.14%). On the other 
hand, domain D2 had a higher proportion of studies with 
some concerns, with five of them being classified this way. 
Regarding domain D5, six out of seven studies had a low 
risk of bias, and one had a high risk.

Overall, one study was classified as having a high risk of 
bias, and six studies (85.7%) raised some concerns, such as 
lack of clear description of the randomization process (ani-
mals reported as merely “distributed” among treatments), 
non-blinded administration of the interventions, and potential 
deviations from the intended protocol. Additional concerns 
included unexplained and differential loss of animals between 
groups and limited transparency in reporting. In some cases, 
inconsistencies were observed between the narrative descrip-
tion of removals or deaths and the number of animals effec-
tively included in specific behavioral analyses. These results 
indicate a predominance of methodological limitations among 
the analyzed studies, particularly regarding deviations from 
the intended intervention and outcome assessment procedures.

Limitations

The absence of standardized ethograms and validated behav-
ioral tests limits the comparability and external validity of the 
findings. A primary limitation of this review is the scarcity 
of studies for specific production phases, while the majority 
of the selected studies focused on the nursery phase, there 
is a significant lack of research regarding the growing and 
finishing phases and, especially, the reproductive phase 
(sows), which featured only a single study, which restricts a 
comprehensive and stage-specific interpretation of behavioral 
responses. Furthermore, substantial methodological hetero-
geneity was observed across studies, including differences in 
observation methods (e.g., scan sampling versus continuous 
recording), animal age and production stage, sanitary chal-
lenge models (studies involving challenged animals versus 
non-challenge conditions), as well as differences in the dura-
tion and timing of supplementation protocols (some studies 
applying supplementation throughout the entire experimental 
period and others restricting it to specific phases of the trial.). 
The use of diverse, non-equivalent behavioral tests and vary-
ing additive combinations further complicates direct com-
parisons. Consequently, a meta-analysis was not feasible due 
to this heterogeneity and the lack of sufficiently comparable 
quantitative data. While a risk-of-bias assessment was per-
formed, the inconsistency among studies may have increased 
the potential for interpretative bias. To mitigate these limita-
tions, comparative analyses were restricted to studies investi-
gating the same additive category whenever possible.

Discussion

Organic acids

Organic acid supplementation compensates for low HCl 
secretion in weaned piglets, reducing gastric pH and acti-
vating pepsin for efficient protein hydrolysis. This acidity 
control optimizes digestibility and establishes a biological 
barrier against pathogens, preventing unwanted fermen-
tation in the large intestine and the occurrence of post-
weaning diarrhea (Suiryanrayna and Ramana 2015). The 
acidic gastric environment favors beneficial microbiota 
(e.g., Lactobacilli), which inhibits pathogens like E. coli 
through competitive exclusion and lactic acid production. 
Furthermore, non-ionized organic acids exert direct bacte-
ricidal action by penetrating and collapsing the physiology 
of sensitive microorganisms (e.g., Clostridia), preserving 
microbiota balance and intestinal integrity (Suiryanrayna 
and Ramana 2015). The inclusion of acidifiers in the diet 
promotes significant morphological improvements in the 
intestinal mucosa, with an increase in villus height in the 
duodenum, jejunum, and ileum (Rathnayake et al. 2021; 
Wang et al. 2025).

The integrity of the intestinal barrier prevents the trans-
location of endotoxins (e.g., LPS) that can trigger neuro-
inflammation and anomalous behaviors, such as states 
of anxiety and depression. Beneficial microbiota, such as 
Lactobacillus, modulate this axis through the production of 
Short-Chain Fatty Acids (SCFAs), which cross the blood-
brain barrier to exert neuroprotective effects and regulate 
the synthesis of serotonin—an essential neurotransmitter in 
controlling aggressiveness. Low concentrations of SCFAs 
are correlated with behavioral deviations, such as tail biting, 
highlighting the impact of gut health on the social welfare of 
swine (Jian et al. 2025).

In the study of López-Colom et al. (2023), the observed 
higher frequency of time spent lying down is a strategy 
often observed for maintaining body temperature (Jian et 
al. 2025). Visiting the feeder area less often and spending 
more time under the heat source were attributed to water 
loss caused by diarrhea and the consequent need to maintain 
homeothermy. These findings can suggest that infected ani-
mals exhibit a typical disease behavior pattern characterized 
by lethargy, increased resting time, and decreased interest in 
feeding (Nordgreen et al. 2020).

The differences regardless of behavioral changes result-
ing from differences in diet in the study of López-Colom et 
al. (2023), the behavioral differences may be related to the 
interaction between the promotion of intestinal integrity, the 
inflammatory response, and the microbiota-gut-brain axis 
(Kraimi et al. 2019). Despite the potential of organic acids 
to promote antimicrobial action and mitigate inflammatory 



1 3

Page 9 of 13    435 Veterinary Research Communications          (2026) 50:435 

processes (Yoon et al. 2018), the behavioral effects observed 
were not significant to confirm their effectiveness as a func-
tional additive in this experimental condition. Thus, the 
findings indicate that, although promising, organic acids 
require further studies to validate their beneficial effect on 
the behavior and welfare of piglets subjected to sanitary 
challenges.

Probiotics

The use of probiotics in swine diets plays a fundamental 
role in modulating gastrointestinal homeostasis, primarily 
acting on the regulation of the composition and activity of 
the endogenous microbiota. These beneficial strains, such 
as Lactobacillus and Bifidobacterium, promote the competi-
tive exclusion of pathogens (e.g., E. coli and Salmonella) 
and strengthen the integrity of the epithelial barrier through 
the regulation of tight junction proteins (Ding et al. 2021).

The presence of pathogens can lead to negative behavioral 
changes (e.g., prostration and reduced appetite in cases of Sal-
monella), and probiotics with beneficial actions can reverse 
these conditions and increase exploratory behavior. In addition 
to structural support, probiotics and their metabolites, such as 
butyrate, mitigate oxidative stress and exert an immunomodu-
latory effect by interacting with the gut-associated lymphoid tis-
sue (GALT). This interaction stimulates the immune response, 
balancing the production of pro- and anti-inflammatory cyto-
kines and stimulating the proliferation of T and B lymphocytes, 
resulting in greater immunological resilience and protection of 
the intestinal mucosa (Ding et al. 2021).

Probiotic supplementation enhances stress resilience and 
mitigates anomalous behaviors, such as tail biting, by mod-
ulating the MGBA. In intensive production systems, the 
stabilization of the commensal microbiota regulates neuro-
endocrine pathways, improving swine welfare through the 
MGBA (Zhao and Ren 2025).

The results by Barba-Vidal et al. (2017) can indicate a 
beneficial effect of probiotics in reducing stress and promot-
ing welfare, possibly through the microbiota-intestine-brain 
axis. Such effects are mainly attributed to their mechanisms 
of action, including the competitive exclusion of pathogen 
adhesion to the gastrointestinal epithelium, the biosynthe-
sis of potent antimicrobial compounds, participation in the 
immunomodulation of host defenses, and the reinforcement 
of intestinal barrier integrity (Anee et al. 2021).

With the challenge, the animals showed a sickness behav-
ior, and the occurrence of diseases in pigs can cause signifi-
cant changes in the behavior and mental state of the animals, 
such as an increase in the frequency of lying down behavior 
(Jian et al. 2025). The results obtained showed an associa-
tion between the presence of infection and the expression 
of behaviors that are typical of ill individuals, which are 

characterized by lower physical activity, reduced positive 
social interactions, and decreased exploration of the envi-
ronment. These findings corroborate the results presented 
by López-Colom et al. (2023).

In this present study, probiotic supplementation pro-
moted improvements in behavioral parameters both before 
and after the bacterial challenge, indicating its beneficial 
effect throughout the critical weaning period and during 
infection. These behavioral improvements may be partially 
explained by the ability of probiotics to modulate the micro-
biota–gut–brain axis, influencing the intestinal production 
of neuroactive compounds such as GABA, dopamine, and 
serotonin, which play a central role in regulating behavior 
and cognition (Ansari et al. 2023).

The results presented by Pereira et al. (2024) are in line 
with a previous study, which indicates that sows subjected 
to less stressful conditions tend to exhibit a higher frequency 
of standing behavior (Zhang et al. 2022). Furthermore, con-
sidering that fear in pigs is directly related to physiological 
responses to stress (Scott et al. 2009), the lower aversion to 
human presence observed can be interpreted as an indica-
tor of reduced fear, consequently reflecting an improvement 
in animal welfare. The results regarding the offspring can 
indicate lower reactivity and possible greater adaptation to 
handling, which may reflect a lower propensity for stress, 
since low vocalization frequency is considered a positive 
indicator of animal welfare (Jian et al. 2025).

These findings reinforce the hypothesis of transgenera-
tional or long-term beneficial effects of probiotic supple-
mentation on stress resilience. Thus, it is observed that 
improving maternal well-being can have an indirect posi-
tive impact on the behavior and adaptive capacity of piglets, 
highlighting the importance of a gestational and lactational 
environment that promotes well-being, with implications 
for the management and health of neonates, especially in the 
face of challenges such as weaning and subsequent infec-
tions (Pereira et al. 2024).

The results found in both articles highlight the potential 
of probiotics to modulate the behavior and welfare in pigs 
at different production phases, bringing benefits with their 
use and can be considered as an efficient alternative to AGP.

L-glutamine

L-glutamine is the most abundant free amino acid in the 
body and acts as a crucial functional amino acid with various 
metabolic, structural and regulatory roles (Ji et al. 2019). It 
acts as the primary oxidative fuel for enterocytes and lym-
phocytes, being metabolized in the gastrointestinal tract 
to support renewing cells (Wang et al. 2015). Glutamine 
is also crucial for regulating cellular redox status by con-
tributing to glutathione production, thereby protecting cells 
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from oxidative stress. Its cytoprotective effects include the 
inhibition of apoptosis and the induction of heat shock pro-
teins, reducing cellular damage and inflammation (Curi et 
al. 2005). Dietary glutamine supplementation helps reverse 
these effects by restoring intestinal morphology, increasing 
villus height, and reducing crypt depth (Alloui et al. 2013; 
Hanczakowska and Niwińska 2013). Furthermore, gluta-
mine positively modulates the gut microbiota by promot-
ing beneficial bacteria and reducing pathogenic populations 
(Alloui et al. 2013). As a result, glutamine supplementation 
reduces the incidence of post-weaning diarrhea, improves 
feed efficiency, increases feed intake, and enhances average 
daily gain, helping piglets overcome weaning stress (Alloui 
et al. 2013; Cabrera et al. 2013; Ji et al. 2019).

The results from the study of Johnson and Lay (2017) 
with the animals in the NA group showing increase in rest-
ing time and reduction of standing time suggests compro-
mised welfare and manifestation of disease behaviors, as 
described by López-Colom et al. (2023) and Barba-Vidal et 
al. (2017). The change in behavior with the pigs in the GLU 
group laying down significantly more suggests that gluta-
mine may have contributed to a more effective recovery, 
allowing for a longer period of rest.

In summary, although the initial effects of glutamine and 
antibiotics were similar, they generated different behav-
ioral responses in piglets in the medium term, highlight-
ing the role of glutamine in modulating recovery and also 
as a potential of L-glutamine as a functional alternative to 
the use of AGP. L-glutamine has beneficial effects on the 
immune system, anti-inflammatory properties (Fan et al. 
2023), and contributes to maintaining the integrity of the 
gastrointestinal tract (EFSA 2009), which may contribute 
with the results observed.

The results from the study of Parois et al. (2020) indi-
cate that L-glutamine promoted behavioral responses com-
parable to those of the antibiotic, suggesting its potential 
as an alternative additive to modulate behavioral responses 
to stressors, reinforcing its applicability as a functional 
substitute for conventional antimicrobials. Corroborat-
ing these results, one study observed a tendency toward 
reduced aggressive behavior in piglets that received a diet 
supplemented with L-glutamine compared to the group that 
received antibiotics (Duttlinger et al. 2019).

This paper reinforces the role of L-glutamine as an alter-
native to antibiotics, emphasizing that animal behavior can 
be modulated in stressful situations, such as weaning, trans-
port, or pathogen challenges. Therefore, it can be concluded 
that L-glutamine showed similar results to antibiotics in 
the studies by Johnson and Lay (2017) and Parois et al. 
(2020), as demonstrated by a positive behavioral result such 
as increased standing time and decreased lying behavior. 
These results can indicate a lower expression of behaviors 

associated with stress, as well as greater interest and inter-
action with new stimuli, reflecting greater curiosity and 
exploratory motivation. This ability to explore and engage 
with the environment is considered a positive indicator of 
welfare, since healthy animals tend to show interest in their 
surroundings (Golden and Dilger 2024).

Phytogenics

Phytogenic additives are natural bioactive compounds that 
possess antimicrobial, antioxidant, and immunomodulatory 
properties (Nantapo and Marume 2025). Phytogenics, par-
ticularly essential oils, interact with and alter the structure 
and permeability of bacterial cell membranes, leading to 
leakage of cellular contents and ultimately microbial death, 
being especially effective against Gram-positive bacteria 
(Brenes and Roura 2010; Yang et al. 2015).

At the cellular level, they inhibit the nuclear factor 
kappa B (NF-κB) signaling pathway, which is responsible 
for the inflammatory response and the production of pro-
inflammatory cytokines such as TNF-α and IL-6, while 
activating the protective Nrf2 pathway. This increases the 
expression of endogenous antioxidant enzymes, thereby 
protecting the intestinal epithelium from oxidative stress 
(Abdelli et al. 2021; Madesh et al. 2025). In addition to 
strengthening host immune defenses by increasing the 
concentrations of key immunoglobulins, such as serum 
IgG and secretory IgA in the intestinal mucosa, dietary 
supplementation with phytogenics promotes an increase 
in villus height and a reduction in intestinal crypt depth. 
This significantly expands the contact surface area and 
enhances the nutrient absorption capacity of the intestine 
(Nantapo and Marume 2025). As a key clinical outcome, a 
reduction in both the incidence and severity of diarrhea is 
observed (Madesh et al. 2025).

In the study of Celina et al. (2025), the reduction in belly 
nosing, a behavior often associated with frustration and 
stress (Widowski et al. 2008), in the group that received 
MOLM supplementation, indicates that this supplementa-
tion may help relieve post-weaning stress. These results 
corroborate with literature about the properties of Moringa 
oleifera, which contains bioactive compounds such as fla-
vonoids and polyphenols that have been shown to have anx-
iolytic properties, which could help reduce stress-related 
behaviors (Noubissi et al. 2022).

According to the study of Pastorelli et al. (2022), the 
literature shows that P. incarnata has antioxidant and 
anti-inflammatory properties (Kim et al. 2017) and calm-
ing effects (Pastorelli et al. 2020). Thus, the reduction in 
aggression and abnormal behaviors, such as tail and ear bit-
ing, observed in the supplemented group corroborates the 
potential anxiolytic effect of the extract in weaned piglets.
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Both studies used different additives and employed 
distinct methodological approaches for behavioral 
assessment, which naturally poses challenges for direct 
comparison of their results. However, both studies sug-
gest improvements in animal welfare: supplementation 
with MOLM was associated with a reduction in belly 
nosing, while Passiflora incarnata led to less aggression 
and greater environmental exploration. These findings 
reinforce the potential of bioactive compounds present 
in phytogenics as behavior modulators, with possible 
anxiolytic effects. However, limitations of these studies 
include the short duration of interventions and the lack 
of direct comparisons between different phytogenics, 
which restricts the generalization of conclusions about 
their effects.

Conclusions

The analysis of the seven selected studies reveals that feed addi-
tives, such as probiotics, L-glutamine, and phytogenic com-
pounds, can possibly modulate the behavior of pigs subjected 
to various stressors, including weaning, transport, sanitary chal-
lenges, and heat stress, especially during critical phases like the 
nursery and reproduction. Among the main effects observed are 
reduced reactivity to maternal stress, greater exploration and 
activity, improved human-animal interaction, more time spent 
standing, a reduction in abnormal behaviors (e.g., “belly nos-
ing”), and decreased aggressiveness. However, the methodolog-
ical heterogeneity among the studies limits a direct comparison 
of results, highlighting the need for standardized ethological 
protocols. Also, the scarcity of studies highlights an important 
research gap in the evaluation of behavioral outcomes of nutri-
tional interventions in pigs. Thus, it is recommended that future 
investigations prioritize the development and validation of con-
sistent behavioral methods, with clearly defined ethograms and 
detailed observation and recording protocols. Also, incorporat-
ing behavioral outcomes into nutritional research may substan-
tially improve the assessment of animal welfare and guide the 
development of sustainable feeding strategies in antibiotic-free 
swine production systems.
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