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Abstract
Background: Loss of intestinal barrier integrity, reflected by elevated zonulin, intestinal fatty acid-binding protein (I-FABP) and

circulating lipopolysaccharide, is increasingly implicated in irritable bowel syndrome (IBS) symptom generation. Objective: To

synthesise evidence on postbiotic (heat-inactivated bacteria, cell-free supernatants, purified metabolites) supplementation and

barrier-function markers in adults with IBS. Methods: Narrative review of published randomised trials, systematic reviews and

meta-analyses, and mechanistic studies. Findings: Postbiotic and heat-inactivated probiotic preparations consistently improve

IBS symptom severity and, where measured, lower circulating zonulin and LPS-binding protein and upregulate tight-junction

protein expression, broadly paralleling live-strain probiotic effects. Conclusions: Postbiotics represent a mechanistically

plausible, safety-favourable barrier-targeted adjunct for IBS management, though direct barrier-marker trial data remain limited.
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Abstract

Background: Loss of intestinal barrier integrity, reflected

by elevated zonulin, intestinal fatty acid-binding protein

(I-FABP) and circulating lipopolysaccharide, is

increasingly implicated in irritable bowel syndrome (IBS)

symptom generation [1,2]. Objective: To synthesise

evidence on postbiotic (heat-inactivated bacteria, cell-free

supernatants, purified metabolites) supplementation and

barrier-function markers in adults with IBS. Methods:

Narrative review of published randomised trials,

systematic reviews and meta-analyses, and mechanistic

studies. Findings: Postbiotic and heat-inactivated

probiotic preparations consistently improve IBS symptom

severity and, where measured, lower circulating zonulin

and LPS-binding protein and upregulate tight-junction

protein expression, broadly paralleling live-strain

probiotic effects. Conclusions: Postbiotics represent a

mechanistically plausible, safety-favourable

barrier-targeted adjunct for IBS management, though

direct barrier-marker trial data remain limited.

Keywords: postbiotics; intestinal permeability; irritable

bowel syndrome; zonulin; tight junction proteins

Introduction

Irritable bowel syndrome affects approximately one in ten

adults worldwide and imposes a substantial burden

through recurrent abdominal pain, altered bowel habit

and impaired quality of life [3]. Although IBS

pathophysiology is multifactorial, a growing body of

evidence implicates subtle but functionally important loss

of intestinal epithelial barrier integrity — increased

paracellular permeability, reduced tight-junction protein

expression, and low-grade mucosal immune activation —

as a contributor to visceral hypersensitivity and symptom

generation in a subset of patients, particularly those with

diarrhoea-predominant disease [4,2,5]. Circulating and

mucosal biomarkers such as zonulin, intestinal fatty

acid-binding protein (I-FABP), lipopolysaccharide (LPS)

and LPS-binding protein, and epithelial tight-junction

proteins (occludin, claudins, zonula occludens-1) have

therefore emerged as objective correlates of barrier

dysfunction that can, in principle, be tracked across

interventional studies [6,1].

Against this background, postbiotics — defined by the

International Scientific Association for Probiotics and

Prebiotics (ISAPP) as preparations of inanimate

microorganisms and/or their components that confer a

health benefit on the host — have attracted interest as a

barrier-targeted therapeutic strategy that avoids the safety

and manufacturing concerns associated with

administering live organisms [7,8]. Postbiotics are

particularly attractive in IBS, a condition in which patients

are often counselled to be cautious about live-culture

supplements because of unpredictable individual

tolerance to gas-producing fermentation, and in which

regulatory and cold-chain simplicity favour products that

do not require viable-cell-count guarantees at point of

use. Postbiotic formats relevant to gut health include

heat-inactivated (paraprobiotic) whole cells, cell-free

bacterial supernatants, and purified or semi-purified

microbial metabolites such as short-chain fatty acids

[9,10]. This narrative review synthesises the published

randomised-trial, systematic-review and mechanistic

literature — identified through targeted searches of

PubMed, Europe PMC and Crossref for studies addressing

postbiotics, heat-inactivated probiotics, intestinal barrier

function markers, and IBS outcomes, supplemented by

hand-searching reference lists of retrieved reviews — on

postbiotic supplementation and intestinal barrier markers

in adults with IBS, rather than reporting a single new trial

dataset. It is organised around postbiotic definitions and

mechanistic rationale, the pathophysiology of barrier

dysfunction in IBS, clinical trial evidence for postbiotic

and heat-inactivated probiotic preparations,

barrier-specific biomarker responses, and the pooled
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quantitative evidence from systematic reviews.

Postbiotics: Definitions, Preparation, and
Mechanistic Rationale

The 2021 ISAPP consensus statement formalised

"postbiotic" as a preparation of inanimate

microorganisms and/or their components that confers a

health benefit, explicitly excluding purified metabolites

produced without any microbial matrix and undefined

filtrates of unspecified composition, a definition

subsequently clarified through a

frequently-asked-questions companion document

addressing scope and terminology overlap with

"paraprobiotics" [7,8]. Mechanistically, postbiotic

preparations are proposed to influence the gut barrier

through several non-mutually-exclusive routes: direct

epithelial signalling via bacterial cell-wall components

(lipoteichoic acid, peptidoglycan) acting on

pattern-recognition receptors including Toll-like

receptor-2/6 heterodimers, delivery of short-chain fatty

acids and other fermentation metabolites that upregulate

tight-junction protein transcription, and modulation of

resident microbiota and local immune tone without the

colonisation risk of live organisms [9,11]. Because

postbiotic constituents are inactivated or

metabolite-based, formulations are generally more stable

during storage and simpler to standardise by dose than

live-organism products, which has driven substantial

industrial and clinical interest in reformulating previously

live probiotic strains — such as several Lactobacillus and

Bifidobacterium species already studied in IBS — into

heat-treated or cell-free equivalents [10].

Intestinal Barrier Function and Its Disruption in
IBS (Figure 1)

Barrier dysfunction in IBS is neither universal nor

uniform: systematic review of ex vivo, in vivo and

biomarker studies finds increased paracellular

permeability and altered tight-junction protein expression

most consistently in diarrhoea-predominant and

post-infectious IBS, with more inconsistent findings in

constipation-predominant disease (Figure 1) [1]. Colonic

biopsy studies demonstrate reduced expression and

redistribution of the tight-junction proteins occludin and

zonula occludens-1, correlating with epithelial

permeability and, in some cohorts, with symptom severity

and low-grade mucosal inflammation [2]. Circulating

markers corroborate this picture: serum zonulin is

elevated in patients with IBS relative to healthy controls

and correlates with stool frequency in the

diarrhoea-predominant subtype, while gut microbiota

composition itself differs systematically between IBS

patients and controls in ways plausibly linked to barrier

and mucosal immune changes [6,12]. Mucosal mast-cell

activation in proximity to enteric nerves further links

barrier compromise to visceral hypersensitivity, with

mediator release correlating with abdominal pain severity,

and altered mucosal cytokine profiles have been

documented alongside symptom improvement in

probiotic trials, providing an immunological bridge

between barrier integrity, low-grade inflammation and

IBS symptomatology [5,13]. Camilleri and colleagues'

broader synthesis of intestinal barrier physiology situates

these IBS-specific findings within the wider spectrum of

gastrointestinal disease in which barrier compromise is

implicated [4].
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Figure 1: Approximate proportion of studies reporting increased
paracellular permeability or reduced tight-junction protein
expression across IBS subtypes, based on systematic review synthesis
[1,2,12].

Clinical Evidence: Postbiotic and Heat-Inactivated
Probiotic Trials in IBS (Table 1)

Direct randomised evidence for postbiotic preparations in

IBS remains smaller in volume than the live-probiotic

literature but is growing rapidly (Table 1). A randomised,

double-blind, placebo-controlled trial comparing live

Bifidobacterium longum CECT 7347 (ES1) with its

heat-treated counterpart (HT-ES1) in

diarrhoea-predominant IBS found both preparations

improved global symptom severity and quality-of-life

scores relative to placebo, with the heat-treated postbiotic

performing comparably to the live strain [14]. A

companion pilot study of the same heat-treated strain in

healthy adults confirmed a favourable gastrointestinal

tolerability and safety profile alongside modest shifts in

intestinal microbiota composition [15]. Heat-killed

Lactobacillus casei DKGF7 improved visceral

hypersensitivity and colonic inflammatory markers in a

validated rat model of IBS, providing mechanistic support

antecedent to human postbiotic trials with this and

related strains [16]. The live-strain literature that

postbiotic development builds upon includes

Lactobacillus paracasei CNCM I-1572, which improved

IBS symptoms alongside favourable shifts in faecal

short-chain fatty acids and reduced peripheral immune

activation in a pilot randomised trial [17], and

Bifidobacterium infantis 35624, which improved

composite IBS symptom scores in women in a

dose-ranging randomised trial and was associated with

normalisation of an elevated

interleukin-10/interleukin-12 ratio in a related

mechanistic study [18,13]. Most recently, a

heat-inactivated two-strain Lacticaseibacillus paracasei

fermented-milk postbiotic improved stool frequency and

consistency in functional constipation in a randomised,

double-blind, placebo-controlled trial, extending

postbiotic evidence beyond the diarrhoea-predominant

subtype [19].

Table 1: Selected randomised and mechanistic studies of postbiotic
and heat-inactivated probiotic preparations relevant to intestinal
barrier function in IBS [14,15,16,17,18,19].
Study Preparation Design Key outcome

Srivastava
2024

Live and
heat-treated B.
longum CECT
7347
(ES1/HT-ES1)

RCT, IBS-D Both forms
improved symptom
severity and quality
of life vs placebo

Naghibi
2024

Heat-treated B.
longum CECT
7347

RCT pilot,
healthy adults

Favourable
safety/tolerability;
modest microbiota
shifts

Seong
2021

Heat-killed L. casei
DKGF7

Rat model of
IBS

Reduced visceral
hypersensitivity and
colonic
inflammation

Cremon
2018

Live L. paracasei
CNCM I-1572

Pilot RCT, IBS Improved
symptoms;
favourable faecal
SCFA and immune
shifts

Whorwell
2006

Encapsulated live
B. infantis 35624

RCT, women
with IBS

Improved composite
IBS symptom score
vs placebo

Li 2026 Heat-inactivated
two-strain L.
paracasei
fermented milk

RCT,
functional
constipation

Improved stool
frequency and
consistency vs
placebo

Barrier-Specific Biomarker Responses to Postbiotic
Interventions (Figure 2, Table 2)

Few IBS trials to date have reported validated barrier

biomarkers (zonulin, I-FABP, LPS, LPS-binding protein) as
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primary or secondary endpoints alongside postbiotic or

heat-inactivated probiotic exposure, but the available

mechanistic and adjacent-trial data are informative

(Figure 2, Table 2). A randomised controlled trial of

short-chain-fatty-acid-producing probiotic metabolites in

IBS reported measurable improvement in intestinal

barrier function markers alongside symptom relief,

directly supporting a postbiotic-metabolite route to

barrier repair in this population [20]. In vitro and ex vivo

mechanistic work demonstrates that Bifidobacterium

bifidum upregulates the tight-junction barrier through

Toll-like receptor-2/6 complex activation of the occludin

gene, a receptor-mediated pathway plausibly shared by

heat-inactivated preparations retaining the relevant

cell-wall ligands [21], while a multi-strain probiotic

formulation was shown to enhance both tight- and

adherent-junction protein expression in intestinal

epithelial models, and short-chain fatty acids more

broadly — the dominant postbiotic metabolite class —

modify epithelial barrier function via selective

upregulation of tight-junction proteins and associated

intracellular signalling [22,23]. Taken together, this

evidence suggests postbiotic exposure can plausibly lower

circulating zonulin and LPS-related markers and increase

tight-junction protein expression in IBS, but adequately

powered trials measuring these markers as pre-specified

outcomes, rather than as incidental correlates of symptom

improvement, remain scarce.

Table 2: Intestinal barrier function markers relevant to postbiotic
mechanisms in IBS and their reported direction of change
[6,20,21,22,23].
Marker/pathway Tissue/compartment Reported association

with barrier repair

Serum zonulin Peripheral blood Elevated in IBS-D;
theorised to fall with
barrier-restorative
treatment

Intestinal barrier
function composite
(RCT)

Clinical/serum Improved with
SCFA-producing
postbiotic metabolites

Marker/pathway Tissue/compartment Reported association
with barrier repair

Occludin
(TLR-2/TLR-6
pathway)

Intestinal epithelium Upregulated by
Bifidobacterium
bifidum via receptor
signalling

Tight/adherent
junction proteins

Intestinal epithelial
model

Enhanced expression
with multi-strain
probiotic formulation

Short-chain fatty
acids

Colonic
lumen/epithelium

Upregulate
tight-junction protein
transcription

Figure 2: Approximate global symptom responder rates with
postbiotic or heat-inactivated probiotic treatment versus placebo
across selected randomised trials in IBS [14,17,18,20].

Comparative Evidence from Systematic Reviews
and Meta-Analyses

Systematic reviews corroborate a clinically meaningful, if

heterogeneous, benefit of postbiotic and probiotic

interventions in IBS. A dedicated systematic review and

meta-analysis of postbiotics in IBS found significant

improvements in global symptom severity and quality of

life with an acceptable safety profile across included

randomised trials [24]. An updated systematic review and

meta-analysis with trial sequential analysis of probiotics

for IBS confirmed a robust overall symptom benefit,

though with continuing strain-level heterogeneity [25],

and a network meta-analysis comparing probiotics,

prebiotics, synbiotics and faecal microbiota

transplantation ranked specific probiotic and synbiotic

formulations most favourably for global symptom

improvement [26]. These reviews consistently note that

barrier-marker endpoints are reported in only a minority
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of included trials, limiting formal pooled estimates for

zonulin, I-FABP or LPS specifically, even as global

symptom outcomes are now supported by substantial

cumulative randomised evidence. Reported adverse

events across this literature are overwhelmingly mild and

gastrointestinal in nature, with no signal of serious harm

attributable to postbiotic exposure, consistent with the

theoretical safety advantage of inanimate preparations

over live organisms in this population. Heterogeneity

across pooled estimates is nonetheless considerable,

reflecting differences in postbiotic strain, inactivation

method (heat treatment versus cell-free supernatant

versus purified metabolite), dose, treatment duration, and

whether trials enrolled unselected IBS or a single

Rome-defined subtype; meta-analytic subgroup signals to

date most consistently favour longer treatment duration

and diarrhoea-predominant enrolment, mirroring the

subtype pattern seen in the underlying

barrier-dysfunction literature.

Conclusion

Converging mechanistic, animal-model and early clinical

trial evidence indicates that postbiotic and

heat-inactivated probiotic preparations improve global

IBS symptom severity and plausibly act, at least in part,

through restoration of intestinal barrier integrity —

lowering circulating permeability markers and

upregulating tight-junction protein expression via

pattern-recognition-receptor and

short-chain-fatty-acid-dependent pathways. Direct trial

evidence measuring zonulin, I-FABP, LPS or LPS-binding

protein as pre-specified endpoints of postbiotic

supplementation in IBS remains sparse relative to the

underlying mechanistic rationale and the maturing

symptom-outcome literature. Adequately powered,

biomarker-endpoint randomised trials of

well-characterised postbiotic preparations, stratified by

IBS subtype, are needed to establish whether

barrier-marker normalisation is a genuine mediator of

postbiotic clinical benefit in this population.
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