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Abstract:

Background: Postbiotics are bioactive compounds derived from inactivated probiotic microorganisms that show potential
for preventing and treating inflammatory diseases. This review aimed to evaluate the evidence on their therapeutic effects
in inflammatory conditions. Methods: A search of PubMed, Scopus, and Web of Science databases from 2014 to 2024
identified 39 eligible studies. Article selection was conducted using the Rayyan platform, risk of bias was assessed with
the Cochrane ROB 2 tool, and results were visualized with ROBVIS. Bibliometric networks were constructed using
VOSviewer. Due to data heterogeneity, a meta-analysis was not performed; therefore, results were described and presented
graphically. Results: The most commonly used microorganisms belonged to the Lactobacillaceae and Bifidobacteriaceae
families, with heat inactivation as the predominant method. Postbiotics exert multifaceted anti-inflammatory effects by
modulating cytokine expression, influencing immune cell signaling pathways, and strengthening epithelial barrier integrity.
They regulate immune mechanisms such as the Th1/Th2 and Treg/Th17 balance, indicating their potential in treating
inflammatory bowel diseases, autoimmune diseases, and metabolic syndrome. However, the heterogeneity of studies, their
limitations, and risk of bias require cautious interpretation. Conclusions: Future research should focus on standardizing
posthiotic preparations, conducting long- term clinical trials, and analyzing synergistic effects of different strains.
Postbiotics offer a promising approach to managing inflammation, with potential applications in functional foods and
nutraceuticals.

Key Words: posthiotics; probiotics; non-live bacteria; inflammatory diseases; dysbiosis; gut microbiome; anti-
inflammatory effects

Introduction

Postbiotics are a novel category of bioactive compounds derived from
probiotic microorganisms that offer potential health benefits without the
need for live microbes to be present. The International Scientific
Association for Probiotics and Prebiotics (ISAPP) defines postbiotics as
“preparations of inanimate microorganisms and/or their components that
confer a health benefit on the host” [1]. This definition distinguishes
postbiotics from probiotics and prebiotics, emphasising their microbial
origin and non-viable nature. Postbiotics encompass various components,
including microbial metabolites, cell wall fragments, short-chain fatty
acids (SCFAs), extracellular polysaccharides, peptides, and other cellular
components [2,3] These compounds can modulate immune responses,

enhance gut barrier function, and alter microbial ecology [4-6].The
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growing scientific interest in postbiotics has led to numerous preclinical
and clinical studies investigating their potential therapeutic effects in
various health contexts. Emerging evidence suggests that postbiotics may
have beneficial effects on gastrointestinal diseases, metabolic diseases,
atopic conditions, and even neuropsychiatric conditions by modulating
the gut-brain axis [7-10]. One of the main mechanisms of action of
postbiotics is their significant anti-inflammatory activity, which is
attributed to the various components and bioactive fractions present in
postbiotics [11]. A growing number of laboratory and clinical studies
have suggested that chronic inflammation can lead to permanent damage
to healthy organs, tissues, and cells, thereby increasing the risk of many
common and fatal diseases. Because it plays a key role in the development
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and progression of various diseases, the development of effective

prevention methods may provide promising support for anti-
inflammatory therapies [12]. However, the current body of literature
remains fragmented, with diverse formulations, target conditions, and
outcome measures. This diversity limits the ability to draw clear
conclusions regarding their efficacy and clinical relevance. Despite the
growing research in this field, there is a lack of comprehensive systematic
reviews synthesising the current evidence on postbiotic formulations and
their therapeutic outcomes in chronic inflammatory conditions. Both in
vitro and in vivo studies indicate that postbiotics are a promising approach
for the prevention of inflammatory diseases by exerting a range of
bioactivities, including antioxidant and immunomodulatory activities,
modulation of the gastrointestinal microbiota, and enhancement of
epithelial barrier function. However, the basic signalling pathways
involved in their action remain incompletely understood and require
further research [13]. This gap highlights the need for a structured
overview of the field, identification of knowledge gaps, and guidance for
future research and clinical applications of postbiotics to prevent and
support the treatment of inflammatory conditions [14,15].The potential
advantages of posthiotics over traditional probiotics include enhanced
stability, standardisation, and safety. Unlike live probiotics, postbiotics
are generally less affected by factors such as temperature, pH, or storage
conditions. However, these factors can still influence the stability of
certain biomolecules, such as LPS, depending on the specific range.
Higher stability of postbiotics allows for easier incorporation into various
food products and supplements, potentially expanding their applications
in the food and pharmaceutical industries. Additionally, the use of non-
viable microbial components may reduce the risk of adverse effects
associated with the administration of live microorganisms, particularly in
immunocompromised individuals or those with a compromised gut
barrier function [16].Research on the mechanisms of action of postbiotics
has revealed multiple pathways through which these compounds exert
beneficial effects. For instance, certain postbiotic components have been
shown to interact with pattern recognition receptors on immune cells,
modulate inflammatory responses, and enhance innate immunity. Short-
chain fatty acids, a common class of posthiotics, have been demonstrated
to influence gene expression, metabolism, and cell function through
various mechanisms, including histone deacetylase inhibition and G-
protein—coupled receptor activation. Furthermore, some postbiotics have
been found to exhibit antimicrobial properties, potentially contributing to
the maintenance of a balanced gut microbiota and protection against
pathogenic microorganisms [17].The diversity of postbiotic formulations
and their potential applications presents both opportunities and challenges
for researchers and clinicians. Although the range of bioactive
compounds allows for targeted interventions in various health conditions,
it also necessitates careful characterisation and standardisation of
postbiotic preparations. Future research should focus on elucidating the
specific bioactive components responsible for the observed health
benefits, optimising dosing regimens, and investigating the potential
synergistic effects of different postbiotic compounds. In the context of
inflammation, research on the effects of postbiotics on the modulation of
the inflammatory response is of particular importance. Elucidating the
specific mechanisms of their action on the immune response at the cellular
and molecular levels may contribute to the development of more effective
and safer treatments for inflammatory diseases [18]. Therefore, this
systematic review was conducted to evaluate and synthesise the current
evidence on postbiotic formulations and their therapeutic effects in human
and animal models of inflammation. The objective was to identify
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common patterns in formulation strategies, classify reported clinical or
physiological outcomes, and critically assess the evidence quality.
Through this approach, we seek to provide a structured overview of the
field, highlight existing knowledge gaps, and inform future research
directions and clinical applications of postbiotics in the context of
supporting anti- inflammatory therapies in the body.

2.Materials And Methods:
2.1.Protocol

The systematic review protocol was established based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Protocols
(PRISMA) statement [19]. To identify key research areas on probiotics,
postbiotics, and gut microbiota, keyword co- occurrence analysis was
conducted using VOSviewer (version 1.6.20) tool [20].

2.2.Eligibility Criteria:

To be eligible for inclusion, the studies had to include information on the
use of postbiotics (formulation and supplementation) in human and
animal models. These studies also had to contain information on the use
of inactivated microorganisms for the treatment of different
inflammation-related diseases in the body and their mechanisms of action.
Studies on live microorganisms, in vitro research, reviews, and those
published only as abstracts were excluded.

2.3.Sources Of Information and Search Strategy:

Systematic literature searches were performed using the following
electronic bibliography databases: PubMed, Scopus, and Web of Science,
from 2014 to December 2024, without language restrictions on English.
The literature search was based on keywords defined by the authors of
this study. The selected search algorithm was as follows:
((((((Postbiotics)) OR (Postbiotic formulations)) OR (Postbiotic
supplementation)) AND (((bacteria treatment) OR (microorganisms)) OR
(formulation))) AND  ((dysfunction) OR  (diseases))) AND
(((((therapeutic effects) OR (clinical trials)) OR (health)) OR (treatment))
OR (therapy)) NOT (review). The search algorithm was tailored
according to the structure of each database. One researcher downloaded
the Research Information Systems (RIS) file generated by each database
and uploaded it to the VOSviewer software tool, which enabled the
construction and visualisation of bibliometric networks. The Research
Information Systems (RIS) file generated by each database was also
uploaded to the Rayyan® web application for systematic reviews [21].

2.4.Selection Process:

The selection of articles for inclusion in the review was conducted in two
stages using Rayyan®, which allows reviewers to blind the selection
process. In the first stage, titles and abstracts were analysed based on the
inclusion criteria. In the second stage, full-text arti- cles were assessed to
confirm their eligibility. At both stages, each article was inde- pendently
reviewed by three researchers. In cases of disagreement, the study was
reas- sessed and resolved through discussion.

2.5.Data Extraction:

Three authors independently extracted data from each included study
using the Ray- yan® platform. The extracted data included the first
author, year of publication, and meth- odological details, such as the type
of study conducted, population (species, age, sex, and sample size), type
of disease studied, intervention (species or strain of microorganisms,
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method of inactivation, postbiotic formulation, dosage, and duration of

administration), and outcomes (method of application and mechanisms of
action of postbiotics in different diseases).

2.6.Risk Of Bias in Individual Studies:

The risk assessment for each study was conducted independently by three
authors using the Cochrane Risk of Bias Tool (ROB 2) [22]. The ROBVIS
tool was also used to visualise risk assessments [23]. As required by ROB
2, the following parameters were in- dependently assessed: (1) risk due to
the randomisation process; (2) risk due to deviations from the intended
interventions; (3) risk due to missing outcome data; (4) risk due to the
measurement of the outcome; and (5) risk due to the selection of the
reported result. Tool ROB 2 was used to analyse the overall risk of bias,
represented as high risk in red, risk uncertainty in yellow, and low risk in
green. Any differences in bias assessment were re- solved through
discussions among the three authors until an agreement was reached.

2.7.Data Synthesis:

Meta-analysis was not possible due to the heterogeneity of the included
studies, which was due to several factors. First, the review included both
human and animal stud- ies. Second, the studies included both single-
strain and multi-strain postbiotic prepara- tions. Third, the formulation of
postbiotics and the forms of administration were diverse. Furthermore,
the methods used to assess the therapeutic potential of postbiotics varied
between studies. The duration of the intervention also varied greatly, from
a few days to a year. Therefore, the results were presented in the form of
structured graphs divided into groups (type of study, disease, single-strain
postbiotic preparations, multi-strain postbi- otic preparations, inactivation
method, formulation, and method of administration). All data within
groups were summed and presented as percentages.

3.Results:

Copy rights@ Kinga Zdybel,
3.1.Summary of Studies:

To ascertain the predominant research domains in the literature
concerning probiot- ics, postbiotics, and gut microbiota, a co-occurrence
analysis of keywords was performed using VOSviewer software. This
analysis encompassed the terms present in the titles and abstracts of the
publications selected for review. The findings are shown in Figure 1. The
resulting map revealed four distinct thematic clusters, illustrating the
interdisciplinary nature of the study area. The red cluster is centred on
clinical research involving humans. Dominant terms, such as humans,
gastrointestinal microbiome, microbiota, probiotics, fe- males, and males,
indicate a broad interest in the impact of gut microbes on human health,
including sex differences and intervention designs (e.g., the double-blind
method). The blue cluster encompasses inflammatory and immune-
related topics of research. The pres- ence of terms such as inflammatory
bowel disease, colitis, oxidative stress, and inflamma- tion confirms the
significance of preclinical research in analysing the mechanisms of action
of probiotics and postbiotics in the context of gastrointestinal pathology.
The green cluster represents the domain of animal experiments. The
frequent co-occurrence of terms such as animals, mice, gut microbiota,
postbiotics, and dietary supplements indicates the use of animal models
to assess the function and efficacy of microbiological interventions. The
yellow cluster focused on the biotechnological aspects of formulations
and active ingredi- ents. Terms such as Lactobacillus plantarum,
cytokines, lipopolysaccharides, and obesity reflect the interest in specific
bacterial strains, their metabolites, and their effects on meta- bolic and
immunological parameters of obesity. Many studies on probiotics,
postbiotics, inflammation, and the gastrointestinal microbiome have
confirmed the centrality of these issues in the current scientific discourse.
The density of connections and overlapping clus- ters suggests an intense
integration of clinical, experimental, and technological perspectives.

Figure 1: Co-occurrence networks of all 38 keywords that appeared at least 7 times. The keyword networks are coloured according to the four clusters
generated, which indicate inter-relationships. Publication selection for this systematic

Review was conducted in accordance with the PRISMA guidelines. A
total of 283 bibliographic records were identified in 3 databases: PubMed
(n = 153), Scopus (n = 80), and Web of Science (n = 50). After the
removal of 74 duplicate records, 209 unique items were screened. An
analysis of the titles and abstracts led to the exclusion of 145 publications,
resulting in 64 full-text articles being evaluated for eligibility. Of these,
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25 studies were excluded from further analysis for the following reasons:
lack of information on the inactivation method used (n = 13), lack of
information on the microorganisms used (n = 5), unavailable full text of
publication (n = 5), other med- ical diseases (n = 1), and studies that were
in vitro experiments (n = 1). Ultimately, 39 stud- ies met the eligibility
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criteria and were included in the review. The details of the selection

process are shown in the PRISMA diagram (Figure 2).
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Figure 2. PRISMA flow diagram summarising the article selection process and reasons for exclusion: reason 1—lack of information on inactivation
method (n = 13); reason 2—lack of information on the microorganisms used (n = 5); reason 3—not available full text of publication; reason 4—other
medical diseases (n = 1); reason 5—studies that are in vitro experiments (n = 1). PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analysis.The following summary presents the data extracted from Table 1, which delineates the characteristics of the studies included in this
systematic review, with a particular focus on the type of microbiota-based interventions, administration routes, microbial strains used, and clinical

contexts.

Figure 2. PRISMA flow diagram summarising the article selection
process and reasons for exclusion: reason 1—Ilack of information on
inactivation method (n = 13); reason 2—Iack of information on the
microorganisms used (n = 5); reason 3—not available full text of
publication; reason 4—other medical diseases (n = 1); reason 5—studies
that are in vitro experiments (n = 1). PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-Analysis. The following summary
presents the data extracted from Table 1, which delineates the
characteristics of the studies included in this systematic review, with a
particular focus on the type of microbiota-based interventions,
administration routes, microbial strains used, and clinical contexts.
Among the 39 studies analysed, experimental design was predominant
(74.4%), with a significant proportion of randomised trials (23.1%),
indicating a relatively high method- ological standard in the field of
microbiota-targeted interventions (Figure 3A). The inter- ventions
addressed a broad spectrum of clinical conditions associated with
inflammatory responses (N = 41), most frequently gastrointestinal
diseases (46.3%), followed by meta- bolic and endocrine diseases
(14.6%), liver and kidney diseases (9.8%), and infectious, der-
matological, oral, neurological, and musculoskeletal conditions (Figure
3B). In the subset of single-strain interventions (N = 68), the most
frequently used genera included Lactica- seibacillus, Lactiplantibacillus,
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and Limosilactobacillus, belonging to the family Lactobacillaceae
(67.6%). The second and third most frequently used bacteria were from
the Bifidobacteri- aceae (19.6%) and Akkermansiaceae (4.4%) families,
respectively. The most common indi- vidual strains were L. plantarum, L.
casei, B. animalis, and S. thermophilus (Figure 3C). Multi- strain
formulations typically contained three to eight strains, most frequently
combining L. casei, L. plantarum, B. animalis, B. longum, and L. reuteri,
reflecting a preference for well- characterized strains from the
Lactobacillaceae and Bifidobacteriaceae families due to their established
safety profiles and immunomodulatory potential (Figure 3D). Regarding
in- activation methods, heat-killing was the most frequently employed
technique (84.6%), in- cluding sterilisation, pasteurisation, and
tyndallization, whereas other methods such as freeze-thawing,
ultracentrifugation, spray-drying, enzyme treatment, and UV radiation
were rarely used (2.6% each) (Figure 3E). Suspensions were the most
commonly used de- livery form (66.7%), followed by fluids and capsules
(7.7% each), with pills, gels, lozenges, and advanced carriers, such as
pectin-zein beads, appearing in isolated cases (Figure 3F). Oral
administration was the predominant route of administration (61.5%), with
additional studies employing oral (23.1%) or intragastric gavage (5.1%).
Alternative administration routes, such as intranasal, vaginal, ocular, or
topical, were reported infrequently (2.6% each), indicating the primary
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intestinal target of posthiotic interventions, while also high- lighting the

emerging interest in systemic or localised extraintestinal effects (Figure
3G).

Figure 4. illustrates the research methodologies employed by the authors
in the pub- lications analysed from 2019 to 2024. The figure presents a
heat map where each rectan- gle s colour corresponds to a specific
analytical or molecular method, and the vertical axis lists the authors
names organised by the year of publication. Among the techniques used,
ELISA emerged as the most frequently employed method, appearing in
24 publications, underscoring its significance in quantifying cytokines
and other immune biomarkers in studies on microbiota, probiotics, and
postbiotics. Other prevalent methods included 16S rDNA sequencing,
featured in 11 publications, which is extensively used to examine gut
microbiota composition, and Western blotting, featured in 11
publications, primarily for detecting signalling proteins linked to
inflammation or immune response. RT-qPCR and qPCR were used in four
studies to assess gene expression and the presence of bacterial genetic
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material. The remaining methods appeared sporadically in only one or
two pub- lications and encompassed highly specialised techniques, such
as LC-MS/MS, UPLC-Q- TOF-MS, metagenomic sequencing, SMRT
sequencing, microbiome assays, and spectro- photometry. This diversity
of methods reflects a broad spectrum of research approaches, ranging
from classical immunological analyses to advanced omics techniques,
including metabolomics, metagenomics, and transcriptomics. A notable
increase in unique tech- niques was observed in 2023-2024 publications,
indicating escalating research complexity and advancing methodological
specialisation. Integrated analytical approaches that com- bine molecular
methods with metabolite profiling and next-generation sequencing are be-
coming increasingly prevalent. The analysis of research methodologies
revealed a pre- dominance of techniques related to immunology and
microbiota analysis, such as ELISA and 16S rDNA, while also expanding
the methodological spectrum toward advanced molecular and omics
analyses. This trend suggests a growing need for multilevel analyses of
the intricate interactions between probiotics, microbiota, and host
responses.
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Figure 3. Characteristics of postbiotics used in research on inflammatory disease: (A) Study design,(B) type of disease, (C) single-strain postbiotics,
(D) multiple-strain postbiotics, (E) method of inac- tivation, (F) forms of postbiotics formulation, (G) postbiotics applications method.
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Figure 4: The heat map illustrates the research methodologies used by the authors in the publica- tions analysed between 2019 and 2024. The values
on the X axis indicate the number of publications in which the method was used. [24—62]

3.2.Risk of Bias: allocation concealment methods. Most studies had an overall risk of bias
owing to deviations from the intended intervention. All studies had a low
risk of bias regarding missing outcome data. In contrast, only 16 studies
had a low risk of bias for outcome measures. For most studies, the risk of
reporting bias was unclear.

The risk of bias in the included studies, shown in Figure 5, indicates that
the overall risk of bias was a concern. Not all studies described the
generation of random sequences in detail, and 26 reported correct
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4.Discussion:

The findings of this systematic review offer a comprehensive examination
of the cur- rent understanding of the formulation of postbiotics and their
application in the treatment and prevention of inflammation. Postbiotics
are considered safer than probiotics because they do not require the

presence of live microorganisms to exert beneficial effects on health.
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Therefore, the risk of interaction between inactivated microorganisms and
host microbiota is eliminated [63]. Studies have highlighted the
increasing interest in the therapeutic potential of postbiotics as a safe and
stable alternative to probiotics, especially in vulnerable populations, such
as individuals with  compromised intestinal  barriers or
immunosuppression [1,16]. Research indicates that postbiotics can
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effectively modulate the immune response, demonstrating anti-

inflammatory, immunomodulatory, and protective effects on intesti- nal
epithelial integrity [11,13]. The composition of posthiotic preparations is
contingent on the bacterial strain, method of inactivation, and processing
technique employed. The most frequently utilised bacteria belong to the
genera Lactobacillus (e.g.,, L. plantarum and L. casei) and
Bifidobacterium (e.g., B. animalis), whereas Gram-negative bacteria,
such as Akkermansia muciniphila, are employed less frequently [64,65].
Strain selection determines the composition of the bioactive components.
Preparations derived from Gram-positive bacteria, such as Lactobacillus
and Bifidobacterium, are rich in metabolites such as SCFAs, peptides, and
EPS, which contribute to their anti-inflammatory and immunomodulatory
properties. Conversely, postbiotics derived from Gram-negative bacteria,
although used less frequently, contain bioactive membrane components
(e.g., LPS) that exhibit immuno- regulatory activity [17]. The presence of
a variety of active substances in the cellular composition of postbiot- ics
makes the selection of an appropriate microbial inactivation method,
tailored to the specific strain, a key aspect to maintain the integrity and
biological activity of these com- ponents. The predominance of heat
inactivation as the primary processing technique, uti- lised in 84.6% of
the cases analysed, indicates its practicality and scalability in postbiotic
production. However, alternative methods, including UV radiation,
enzymatic lysis, and freeze-drying, warrant further exploration to
determine their effects on the preservation of biological activity [66].
Research has elucidated that the mechanisms through which postbiotics
exert their effects include the suppression of pro-inflammatory cytokine
expression (IL-6 and TNF- o), activation of pattern recognition receptors
(PRRs) such as TLR2 and TLR4, modifica- tion of signalling pathways
including NF-xB, MAPK, and NLRP3, and enhancement of intestinal
barrier function via the expression of tight junction proteins [4,67]. In
certain contexts, postbiotics have been observed to influence the
Treg/Th17 balance, which is of particular significance in the management
of inflammatory bowel disease. This modula- tion of immune responses
supports epithelial integrity and mitigates immune-mediated damage to
the gut. Conversely, numerous studies have demonstrated that postbiotics
ex- ert anti-inflammatory effects by inhibiting signalling pathways [68].
Postbiotics, such as sodium butyrate, have shown promise in glycaemic
control by improving islet morphol- ogy and downregulating the NF-xB—
mediated inflammatory signalling pathway in strep- tozotocin-induced
T1D mice. This indicates that postbiotics can attenuate inflammation by
suppressing key pro-inflammatory signalling [69]. Postbiotics have been
shown to sig- nificantly modulate the composition of gut microbiota.
Postbiotic interventions have re- sulted in an enriched composition of
beneficial gut bacteria, including B. animalis, L. sali- varius, and A.
muciniphila. These bacteria contribute to gut barrier integrity and immune
homeostasis, indirectly supporting intestinal epithelial protection [16,64].
Closely related to this effect of postbiotics is protection against gut
dysbiosis and leaky gut. By restoring microbiota balance and inhibiting
pathogenic bacterial growth, postbiotics help prevent dysbiosis-induced
damage to the intestinal mucosa, reducing endotoxin (LPS) transloca- tion
and systemic inflammation, which exacerbates T1D [69]. It has also been
demon- strated that postbiotics containing microbial metabolites, such as
SCFAs, can influence the balance of the Th1/Th2 immune response,
which is crucial in the context of allergies and autoimmune diseases [63].
Other components of postbiotic preparations with proven ben- eficial
effects include bacterial enzymes, tryptophan derivatives such as
melatonin, fer- mentation products such as lactic acid and isocaproic acid,
and secondary metabolites e.g., colipterins from E. coli and thioredoxins
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from S. boulardii), which have demonstrated immunomodulatory
properties that contribute to beneficial effects against IBD, both in vitro
and in vivo [70]. Similarly, beneficial effects have been observed for EPS
secreted by probiotic strains, such as Lactobacillus helveticus and L.
rhamnosus, which ameliorate gut inflammation by enhancing antioxidant
defences and supporting barrier integrity [71,72]. Finally, several low-
molecular-weight components of postbiotic formulations also exhibit
antioxidant properties by reducing reactive oxygen species (ROS) and
enhancing the ac- tivity of antioxidant enzymes, including superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx).
This activity mitigates oxidative stress, which exacerbates inflammation
and epithelial damage [73]. Although most evidence supporting the thera-
peutic efficacy of postbiotics is derived from gastrointestinal studies,
beneficial effects have also been observed in metabolic, dermatological,
and neurological diseases [5]. The overall risk of bias found in the
included studies raises doubts about the reliabil- ity of the results
presented. Although all studies showed a low risk of bias related to miss-
ing outcome data, other domains showed significant methodological
shortcomings. The process of random sequence generation was not
consistently reported, and only 26 studies provided clear information on
allocation concealment. The majority of studies showed some concern or
high risk for deviations from the intended interventions, which may have
affected the internal validity of the results. In addition, only 16 studies
reported a low risk of bias in outcome measurement, and the risk of
selective reporting remained unclear in many cases. These issues suggest
that although some methodological aspects were ade- quately addressed,
caution should be exercised when interpreting results.This systematic
review has several limitations. First, the significant heterogeneity among
the included studies—particularly regarding postbiotic formulations,
inactivation methods, types of inflammatory conditions, and outcome
measures—Ilimits the generali- zability of the findings and precludes the
possibility of conducting a meta-analysis. The diversity in study designs,
intervention protocols, and analytical techniques (e.g., ELISA, 16S
rRNA, gPCR, and omics approaches) poses challenges for directly
comparing results, leading to variability and inconsistent conclusions.
Additionally, methodological differ- ences, such as the lack of
standardisation in sample preparation, sequencing methods, and
extraction techniques (e.g., centrifugation, ultrafiltration,
chromatography, and mass spectrometry), further impede comparability
across studies. A significant limitation is that the included studies
involved many different inflammatory pathologies with different or- igins
and mechanisms of action. Inflammation, which is a response of the
immune system to a variety of harmful agents, such as pathogens,
damaged cells, or toxins, can take dif- ferent forms. This
pathophysiological heterogeneity may cause variability in the response to
postbiotics and introduce potential bias into the results of the review. The
different mechanisms and severity of inflammation in individual
conditions make it difficult to di- rectly compare therapeutic effects and
to interpret the data at an overall level. Second, most of the included
studies were preclinical or animal-based, which re- stricts the
applicability of findings to human health outcomes. The limited number
of clin- ical trials, along with small sample sizes and short intervention
periods, weakens the strength of the evidence and limits the ability to
draw robust, evidence-based recommen- dations. Third, many studies did
not clearly report randomisation procedures or allocation concealment,
increasing the risk of bias. Despite the use of rigorous selection criteria,
these reporting deficiencies raise concerns about internal validity. Finally,
publication bias may be present, as studies with positive outcomes are
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more likely to be published, potentially leading to an overestimation of

the therapeutic potential of postbiotics. Therefore, well-designed, large-
scale randomised controlled trials with long-term follow-up and
standardised methodologies are urgently needed to validate the efficacy
and safety of postbiotic interventions in chronic inflammatory conditions.
Based on the data obtained, posthbiotics should be regarded as promising
adjunctive therapy components and potential functional food
components. Their stability, safety, and capacity for precise formulation
render them particularly valuable nutraceutical products. Future efforts
should focus on developing standards for determining the content of
active components, standardising inactivation methods, and conducting
long-term, multicentre clinical trials. Additionally, it is recommended to
analyse the synergistic effects of differ- ent strains and integrate clinical
studies with metagenomic and metabolomic data to en- hance the
understanding of the interactions between postbiotics, microbiota, and the
host immune system. It is particularly important to consider the individual
characteristics of the microbiome and the inflammatory state of the patient
to facilitate the creation of per- sonalised postbiotic therapies. The
implementation of such approaches may contribute not only to improving
the health of patients with chronic inflammatory conditions but also to the
development of effective preventive strategies for health and nutrition
policies. In contemporary nutrition and dietetics, postbiotics are emerging
as pivotal compo- nents of the next generation of functional ingredients.
Their primary advantage over pro- biotics is the elimination of risks
associated with live microorganisms, which is particu- larly significant
for individuals with dysbiosis, autoimmune diseases, or compromised
immune systems [1]. Posthiotics are increasingly being considered for
integration into standard dietary interventions and as adjuncts in the
pharmacotherapy of inflammatory and metabolic diseases. Owing to their
chemical stability and resilience to varying storage conditions, postbiotics
can be seamlessly incorporated into diverse food matrices, ranging from
fermented dairy products to capsules and powder formulations. This
characteristic also enhances their commercial appeal compared to
probiotics, which necessitate the via- bility of microorganisms until
consumption. From a biotechnological standpoint, postbi- otics present
novel opportunities for optimising fermentation processes and designing
bi- oactive ingredients through metabolic engineering. Notable examples
include formula- tions aimed at producing specific metabolites, such as
butyrate, propionate, and bioactive peptides, which possess anti-
inflammatory, antitumour, and neuroprotective properties[13,17].
However, despite their great application potential, the implementation of
postbiotics in clinical and dietary practices poses several normative and
technological challenges. Currently, there is a lack of clear regulatory
guidelines specifying the safety, efficacy, and labelling requirements for
postbiotic products. Therefore, interdisciplinary cooperation among
microbiologists, biotechnologists, nutritionists, and regulators is required
to create standards to ensure the quality and efficacy of formulations
available on the market. In the near future, it will be important to develop
translational research that combines mo- lecular analyses with clinical
observations to better understand the relationship between postbiotic
ingredients, microbiota, and host response.

5.Conclusions:

This systematic review provides compelling evidence supporting the
potential of postbiotics as safe and effective agents for the prevention and
treatment of inflammation- related diseases. The absence of live
microorganisms in posthiotic formulations eliminates the risk of adverse
host-microbiota interactions, making them particularly suitable for
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vulnerable populations, such as immunocompromised individuals. This
review aimed to identify patterns in formulation strategies, classify
reported outcomes, and assess the quality of evidence. The most
frequently used microorganisms belong to the Lactobacil- laceae and
Bifidobacteriaceae families. The results of this review indicate that the
formulation of postbiotic preparations plays a critical role in determining
their therapeutic potential for the management of chronic inflammation.
Key factors influencing the efficacy of post- biotics include the selection
of microbial strains, methods of inactivation, and processing conditions
applied.Based on the reviewed studies, thermal inactivation emerged as
the most commonly employed technique, likely because of its operational
simplicity and scalability. Nonethe- less, given the susceptibility of
cellular components to thermal degradation and the im- portance of
preserving their biological activity, alternative inactivation methods
(although less frequently utilized) should also be considered, as they were
reported in several of the analysed publications.Therapeutically,
postbiotics exert multifaceted anti-inflammatory effects by modu- lating
cytokine expression, influencing immune cell signalling pathways, and
reinforcing epithelial barrier integrity. Their ability to regulate key
immune mechanisms, such as Th1/Th2 and Treg/Th17 balance, makes
them promising candidates for adjunctive treat- ment of chronic
inflammatory conditions, including inflammatory bowel disease, meta-
bolic syndrome, and autoimmune diseases. These findings underscore the
importance of strain-specific and process-tailored formulation strategies
to maximise the therapeutic ef- ficacy of postbiotics in clinical
settings.However, many studies have methodological limitations, and the
overall risk of bias is concerning. Future research should focus on
standardising postbiotic preparations, con- ducting long-term clinical
trials, and analysing the synergistic effects of different strains.
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