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Abstract 

The burgeoning global obesity epidemic necessitates innovative therapeutic approaches, and 

postbiotics, bioactive compounds arising from microbial fermentation, have emerged as promising 

contenders in reshaping obesity management. This comprehensive review explores the multifaceted 

mechanisms by which postbiotics impact obesity, from modulating gut microbiota composition to 

influencing metabolic pathways and enhancing energy expenditure. The exploration of postbiotics is 

rooted in a deeper understanding of the gut–brain axis and bidirectional communication between gut 

microbiota and host physiology in history. Unraveling the intricate mechanisms reveals that postbiotics 

selectively inhibit undesirable bacteria and demonstrate remarkable modulation of the host’s immune 

response, neuropeptides involved in appetite regulation, and improvements in insulin sensitivity. The 

symphony of interactions underscores the potential of postbiotics to address the multifactorial nature 

of obesity, offering a nuanced and comprehensive strategy. Furthermore, the anti-inflammatory effects 

of postbiotics resonate throughout the host’s metabolic pathways, influencing immune modulation and 

improving insulin sensitivity. As clinical evidence supports the efficacy of postbiotics in weight 

management and improvements in metabolic parameters, considerations for personalized treatment 

approaches become imperative. Integrating postbiotics into obesity management strategies offers an 

additional layer of intervention, with healthcare professionals playing a pivotal role in promoting their 

adoption. Navigating future directions and challenges involves addressing gaps in knowledge, 

exploring synergies with other therapeutic approaches, and overcoming hurdles in translating 

postbiotic research into clinical practice. In conclusion, the potential of postbiotics in reshaping obesity 

treatment is substantial, offering a glimpse into a future where microbial-derived compounds play a 

pivotal role in promoting health and mitigating the global burden of obesity-related complications. 
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INTRODUCTION 

Historically, conventional approaches primarily focus on dietary modifications, physical activity, and 

pharmacological interventions. However, the intricate interplay between the gut microbiota and 

metabolic health has paved the way for innovative 

strategies like postbiotics. The journey from 

recognizing the gut microbiota’s significance to 

exploring specific microbial-derived compounds, 

like postbiotics, reflects a paradigm shift in obesity 

research and treatment. 

 

Understanding the complex interactions between 

the gut microbiota and host metabolism has become 

essential to comprehending the causes of metabolic 

diseases and obesity. Within this context, the 

concept of postbiotics, defined by the International 
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Scientific Association for Probiotics and Prebiotics (ISAPP) as non-viable microbial components or 

their metabolites conferring health benefits, has gained prominence [1]. The gut microbiota, 

predominantly situated in the large intestine, is primarily composed of five phyla, with Firmicutes (e.g., 

Bacillus spp.) and Bacteroidetes (Bacteroides spp.) representing approximately 90% of bacterial 

species. Actinobacteria (Bifidobacterium spp.), Proteobacteria (Escherichia, Helicobacter), and 

Verrucomicrobia (Akkermansia spp.) constitute other significant phyla in this microbial community [2]. 

Environmental, genetic, and epigenetic variables all contribute to the synthesis of postbiotics and 

metabolites in the complex link between gut microbiota composition and obesity propensity [3]. Beyond 

these factors, various processes, such as taste sensing, anaerobic resting metabolism, and 

thermogenesis, are likely to contribute to the intricate interplay between the microbiota and energy 

metabolism [4]. Subsequent investigations in both animal models and humans have consistently 

indicated an association between obesity, a reduction in Bacteroidetes, and an increase in Firmicutes 

[5]. However, it is noteworthy that certain human studies have reported an inverse ratio, challenging 

the notion that the Firmicutes-to-Bacteroidetes ratio serves as a definitive determinant of human obesity 

[5, 6]. Dietary factors have emerged as key influencers of this ratio, as evidenced by studies 

demonstrating that African children on a HFD exhibit a significant enrichment in Bacteroidetes and a 

reduction in Firmicutes compared to their European counterparts following a Western diet [7]. 

Prevotella and Xylanibacter (Bacteroidetes) appear most abundantly after this dietary change. On the 

other hand, in stool samples taken from obese and non-obese people, Duncan et al. [2] found no 

relationship between BMI or absolute weight loss and the relative populations of major intestinal 

microbe groups, including Bacteroidetes. 

 

This comprehensive review explores the multifaceted roles of postbiotics in mitigating obesity and 

associated metabolic dysregulations, drawing insights from a myriad of studies conducted in recent 

years. The postbiotics exploration in the realm of obesity treatment is against the backdrop of a global 

health challenge marked by escalating rates of obesity and associated complications. 

 

MECHANISMS OF ACTION 

Delving deeper into the mechanisms of postbiotics reveals a complex web of interactions influencing 

various facets of metabolic health (Table 1). The selective growth inhibition exhibited by certain 

postbiotics involves intricate signaling pathways that regulate the balance between beneficial and 

harmful bacteria. These signaling mechanisms are crucial for maintaining microbial diversity, a key 

determinant of metabolic resilience. Beyond live microbes, studies have elucidated the significant roles 

of postbiotics derived from cellular components. The anti-obesity benefits are largely attributed to LTA, 

exopolysaccharide, muramyl dipeptide, and S-layer proteins (SLPs) [8]. From their ability to reduce fat 

through insulin-like signaling pathways to their impact on systemic inflammation, adipogenesis, and 

insulin resistance, these cellular components shed light on the intricate mechanisms through which 

postbiotics modulate metabolic health [9]. 

 

Additionally, the anti-inflammatory effects of postbiotics extend beyond a general dampening of 

immune responses. They involve specific interactions with immune cells, cytokines, and cellular 

signaling pathways, influencing the delicate balance between pro-inflammatory and anti-inflammatory 

states in the gut environment. In the realm of hormonal regulation, the influence of postbiotics on 

appetite-related hormones goes beyond a simple modulation of ghrelin and leptin [10]. Recent research 

suggests that postbiotics may interact with specific receptors in the gut lining, influencing the release 

of neuropeptides that intricately regulate hunger and satiety [11]. Targeted therapies tackling behavioral 

components of obesity are based on this detailed understanding. Moreover, the enhancement of insulin 

sensitivity by postbiotics involves multifaceted effects on insulin signaling pathways, adipose tissue 

function, and systemic inflammation. These effects contribute to the prevention of insulin resistance 

positioning postbiotics as potential therapeutic agents in the complex landscape of metabolic disorders. 
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Table 1. The mechanism and sources of some postbiotics that are having significant effects against obesity. 

Postbiotic type Source Mechanism/role in anti-obesity References 

Short-Chain Fatty 
Acids (SCFAs) 

Microbial 
fermentation of 
dietary fibers 

Activate GPCRs, inhibit fat accumulation, regulate 
energy balance, stimulate the secretion of satiety 
hormones (PYY, GLP-1), prevent obesity by 
participating in various metabolic processes. 
 
Propionic acid shows positive effects on insulin 
sensitivity. 

[12, 53–58]. 

Exopolysaccharides 
(EPS) 

Lactobacillus 
strains (e.g., L. 
rhamnosus GG) 

Reduce adipocyte function via TLR2 signaling, lower 
triacylglycerol (TAG) levels without causing 
inflammation, decrease fat pads, lower liver and 

[59]. 

Synbiotics Combinations of 
probiotics and 
prebiotics 

Omega-3 fatty acids in combination with a group of live 
probiotics, such as Lactobacillus, Bifidobacterium, 
Lactococcus, and Propionibacterium, have been 
suggested to be an emerging strategy in the prevention 
of obesity because they reduce hepatic steatosis and lipid 
accumulation more than probiotic treatment 
independently. Serum triglyceride levels, total body 
weight, and fat tissue mass are all significantly reduced 
by this combination strategy. 

[4, 5, 21, 60–62]. 

Galacto- 
Oligosaccharides 
(GOS) 

Naturally 
occurring 
compounds 

Reduce fecal bile acid excretion and increase intestinal 
GLP1 expression to prevent the development of obesity 
and insulin resistance in mice. 

[15, 40, 63, 64]. 

Extracellular Vesicles 
(EVs) 

Derived from 
Akkermansia 
muciniphila 

Trigger a significant loss in body weight and fat content 
in high-fat-diet-fed mice. Inhibit obesity-promoting 
mechanisms, reduce adipose tissue accumulation, liver 
inflammation, and upregulate the expression of 
homeostasis and lipid metabolism genes. 

[4, 65–67]. 

LTA from 
Bifidobacterium 
animalis subsp. lactis 
BPL1 

Bifidobacterium 
animalis subsp. 
lactis BPL1 

Recognized as a novel lipid modulator. Reduce fat via the 
insulin-like signaling pathway (IGF-1). 
 
Shows fat-reducing effects in Caenorhabditis elegans. 

[68]. 

Para Probiotic LP28 
(from Pediococcus 
pentosaceus) 

Pediococcus 
pentosaceus 

In overweight patients, supplementation with heat-killed 
LP28 led to a significant decrease in body fat percentage, 
waist circumference, BMI, and body fat mass compared 
to placebo. 

[69]. 

Heat-Killed Bacterial 
Powder 

Lactobacillus 
amylovorus 
CP1563 

 In people with a BMI of 25–30 kg, heat-treated bacterial 
supplementation dramatically decreased visceral fat, 
body fat percentage, and whole-body fat. 

[70]. 

Cellular Components 
(SLP and EPS) 

Kefir LAB Serum triglyceride levels, body weight, and tissue fat 
weight increase were all substantially decreased when 
prebiotic grape seed flour was combined with postbiotics 
(SLP and EPS). altered signaling pathways and the 
composition of gut flora. 

[38, 71]. 

 
Modulation of Gut Microbiota Composition 

The modulation of gut microbiota composition by postbiotics involves a dynamic interplay between 
microbial communities and their response to the bioactive compounds produced during fermentation. 

Beyond the inhibition of pathogenic strains, promoting microbial diversity by postbiotics has far-
reaching implications for metabolic health. Recent studies have unveiled specific postbiotic compounds 
that act as prebiotics, selectively nourishing beneficial bacteria and fostering their growth. This 

discovery opens new avenues for targeted interventions, where postbiotics inhibit harmful microbes 
and actively promote the expansion of microbial species associated with metabolic benefits. The impact 
of postbiotics on nutrient availability extends to their role in shaping the fermentation process. 
Understanding the specific substrates that produce beneficial postbiotic compounds allows for 

formulating targeted dietary recommendations. 
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Moreover, the influence of postbiotics on the production of short chain fatty acids (SCFAs) involves 
intricate interactions with microbial enzymes and substrates. Recent research has unveiled the diversity 
in SCFA production based on the type of postbiotic compound present, emphasizing the need for a 

nuanced approach to leveraging the metabolic benefits of SCFAs for personalized interventions. Inulin 
showcased positive effects on obesity and glycemic dysregulations by modulating gut microbial 
composition [12–14]. Additionally, fucoidan polysaccharides, synbiotics, and omega-3 fatty acids with 
probiotics demonstrated promising results in preventing hepatic steatosis and lipid accumulation [15]. 

By boosting the quantity of Bacteroidetes and Proteobacteria, fucoidan polysaccharides have shown 
promise in improving gut microbial diversity. This enhancement includes elevated bile salt hydrolase 
activity in L. casei DM8121 and an upregulation in hepatic cholesterol 7-α hydroxylase expression [15]. 
Concomitantly, there is a decrease in the abundance of Actinobacteria and Firmicutes. The frontier of 

obesity prevention has expanded with the introduction of synbiotics, where omega-3 fatty acids, 
combined with a mixture of live probiotics containing Bifidobacterium, Lactobacillus, Lactococcus, 
and Propionibacterium, exhibit a more pronounced reduction in hepatic steatosis and lipid accumulation 

compared to probiotics [16–18]. 
 

Furthermore, oral supplementation with a combination of xylo-oligosaccharides and Bacillus 
licheniformis has shown superior efficacy in enhancing body weight gain and lipid metabolism in obese 

rats, accompanied by reduced abundances of Ruminococcaceae and Desulfovibrionaceae [12, 19]. In 
addition, co-administration of L. plantarum PMO 08 with chia seeds exhibits a synergistic anti-obesity 
effect in obese mice by promoting a more favorable intestinal environment for L. plantarum 
proliferation [20]. The potential of a probiotic-precipitated soluble polysaccharide emerges as a 

regulator of metabolic diseases by influencing the abundance of various bacteria, including 
Akkermansia, Bacteroidetes, Blautia, Bifidobacteria, Bifidobacterium, Collinsella, Christensenellaceae, 
Desulfovibrionaceae, Lachnospiraceae, Lactobacillus, Proteobacteria, Rikenellaceae, and Ruminococcaceae, 
while decreasing the abundances of Clostridiaceae, Firmicutes, Lactobacillaceae, and Yersinia [21]. 

The induction of SIRT1-AMPK-PPARα-CPR1α and IRS1-Akt-GLUT2 signaling pathways, a 
reduction in the mRNA expression of ACE, and increases in bile salt hydrolase activity, tetrathionate 
metabolism, and hepatic cholesterol 7-α hydroxylase expression associated with this alteration of 
intestinal bacteria composition [22]. 

 
Anti-Inflammatory Effects and Impact on Metabolic Pathways 

While acknowledged, the anti-inflammatory effects of postbiotics merit a deeper exploration into the 

intricacies of immune modulation. Recent studies have shed light on the specific immune cell 
populations influenced by postbiotics, revealing a targeted suppression of pro-inflammatory subsets 
while promoting the activity of anti-inflammatory cells. This refined understanding provides a basis for 
tailoring postbiotic interventions to individuals with specific immune profiles, potentially enhancing 

their anti-inflammatory impact. In the modulation of metabolic pathways, the influence of postbiotics 
on neuropeptides extends beyond traditional appetite-regulating hormones. Recent investigations have 
identified specific neuropeptide receptors that respond to postbiotic compounds, shedding light on the 
nuanced regulation of energy balance. Unraveling these specific mechanisms enhances our understanding 

of postbiotic actions and paves the way for targeted interventions in individuals with dysregulated 
neuropeptide signaling. The involvement of GPR41, a receptor intricately linked to SCFA effects, is 
critical in modulating metabolic processes, particularly Ucp1 expression in brown adipose tissue [23]. 
 

The postbiotic 10-oxo-12(Z)-octadecenoic acid (KetoA), derived from linoleic acid metabolism by 
gut lactic acid bacteria, exhibits promising effects in stimulating the sympathetic nervous system 
through TRPV1 activation [24, 25]. This activation enhances energy expenditure, highlighting KetoA’s 

potential in activating BAT function and inducing the browning of white adipose tissue. These findings 
shed light on the nuanced molecular pathways involving GPR41 and the therapeutic potential of 
postbiotics, like KetoA in modulating thermogenesis, energy expenditure, and adipose tissue function, 
presenting exciting prospects for combating obesity. Acetic acid administration in the distal colon has 

demonstrated increased fat oxidation and PYY concentration, suggesting a role in metabolic regulation 



 

Emerging Trends in Metabolites 

Volume 3, Issue 1 

ISSN: 3049-1509 

 

© STM Journals 2026. All Rights Reserved 15  
 

[26–30]. Furthermore, the administration of SCFA mixtures and the examination of para probiotic LP28 
have showcased their potential in enhancing fat oxidation, resting energy expenditure, and preventing 
lipid accumulation [31]. 

 
The studies elucidate the gender-specific glucose-lowering effects of muramyl dipeptide and its 

reliance on adipocyte Interferon Regulatory Factor 4 (IRF4) [32, 33]. Investigations indicate that 
adipocyte IRF4 plays a crucial role in mediating the blood glucose-lowering effects of MDP, 

specifically in male mice experiencing endotoxemia and obesity induced by a high-fat diet [32]. 
Despite the resistance of male mice with adipocyte-specific IRF4 deletion (AdipoIRF4fl/fl) to NOD2-
mediated glucose alterations during low-level endotoxemia and obesity, both wild-type (WTfl/fl) and 
AdipoIRF4fl/fl groups exhibited reduced expression of inflammatory markers following MDP 

treatment [33]. In a mouse model fed a high-fat diet (HFD), SLPs demonstrated therapeutic targeting 
of obesity and associated metabolic disturbances by ameliorating systemic inflammation, 
adipogenesis, and insulin resistance [34]. Recent research has shown that heat-killed L. plantarum, 

L. curvatus and several SLPs (SLPs, LPSLP, and LCSLP) generated from plants (kimchi) prevents 
the accumulation of lipids in 3T3-L1 cells [35]. The expression of adipogenic markers was 
significantly reduced by heat-killed Lactobacillus plantarum and SLPs, with SLP administration 
inducing apoptosis in 3T3-L1 cells [35–37]. 

 
Influencing Insulin Sensitivity 

The influence of postbiotics on insulin sensitivity involves intricate crosstalk between gut microbes, 
host tissues, and systemic inflammatory pathways. Recent research has elucidated the role of specific 

postbiotic compounds, such as butyrate, in directly influencing adipose tissue function. Research goes 
beyond the classical view of insulin sensitivity solely due to improved glucose uptake and highlights 
the broader metabolic effects of postbiotics on adipose tissue homeostasis. Moreover, recent clinical 
studies have utilized advanced imaging techniques to assess adipose tissue distribution and function in 

response to postbiotic interventions. The evolving understanding of postbiotic effects on lipid 
metabolism involves a deeper exploration of the intricate signaling pathways that regulate lipolysis and 
lipid storage. Recent findings suggest that postbiotics may modulate the expression of critical enzymes 
involved in these processes, providing a basis for targeted interventions to optimize lipid metabolism. 

Insights into the strain-specific effects of postbiotics on adipocyte metabolism have uncovered potential 
candidates for therapeutic interventions. 
 

B. longum PI10 and Ligilactobacillus salivarius PI2 strains can restrict adipocyte lipid accumulation 
[38]. By regulating lipopolysaccharide (LPS) synthesis and inflammation-related pathways, B. longum 
NK49 and L. plantarum NK3 exhibit a mitigation effect on obesity and osteoporosis [39]. These 
findings accentuate the strain-specific nuances in the anti-obesity repertoire of postbiotics. By 

increasing intestine glucagon-like peptide-1 (GLP-1) expression, galacto-oligosaccharides inhibited the 
development of obesity and insulin resistance in mice [40]. Likewise, by activating the TLR2-AMPK 
signaling pathway, postbiotics, like exopolysaccharides from L. plantarum L-14, suppressed adipocyte 
differentiation and controlled body weight increase [35]. Furthermore, by promoting extracellular 

signal-regulated kinase (ERK) activation, long-chain polyphosphate from L. brevis reduced intestinal 
inflammation and improved barrier integrity [41]. 
 

The muramyl dipeptide from bacterial cell walls mitigated obesity-induced insulin resistance by 

targeting NOD2 and IRF4 [32, 42, 43]. Galacto-oligosaccharides potentially impede the progression of 
obesity and insulin resistance in mice [40]. Insulin resistance is achieved by increasing intestinal GLP1 
expression while concurrently reducing fecal bile acid excretion [44, 45]. Postbiotics, such as the 

exopolysaccharide from L. plantarum L-14, inhibit the differentiation of immature cells into mature 
adipocytes [35]. They also contribute to controlling body weight gain and lipid profiles in mice by 
upregulating the TLR2-AMPK signaling pathway [35]. Interactions between certain postbiotics, like 
muropeptide and NOD2, have improved insulin sensitization and reduced inflammation, although the 

connection with NOD1 may exacerbate metabolic disorders [42, 43, 46–48]. 
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Regarding probiotics, oral administration of B. longum NK49 and L. plantarum NK3 enhances 
obesity and osteoporosis outcomes in mice [39]. Osteoporosis is achieved by promoting intestinal 

barrier integrity and modulating immune cells, reducing TNF-α expression. Additionally, the single 

administration of L. fermentum MCC2759 and MCC2760 proves beneficial for diabetic rats, with the 
MCC2760 strain exhibiting slightly superior improvements in intestinal barrier function and the 

expression of GLUT4, GLP1, and zonula occludens-1 (ZO-1) compared to the MCC2759 strain [45]. 

Postbiotics demonstrate the potential to regulate gut barrier status and improve metabolic diseases. In 
type 2 diabetes mellitus, intestinal barrier dysfunction has been linked with dysbiosis and chronic 

inflammation, with nucleotide-binding oligomerization domain-like receptors (NLRs) contributing to 

the inflammatory impairment [42, 46, 49–51]. A set of metabolites, including equol, 3-indole propionic 

acid, trimethylamine oxide, butyrate, acetate, and indole, has been identified for their impact on IL6 
and AKT1, suggesting promising postbiotic candidates and targets [52]. 

 

Production of SCFAs and Metabolic Benefits 
Exploring the production of SCFAs by postbiotics unveils a complex landscape where microbial 

diversity, substrate availability, and fermentation pathways intersect. Recent research has identified 

specific postbiotic formulations that lead to the preferential production of certain SCFAs, allowing for 
a more tailored approach to harnessing their metabolic benefits. Moreover, the downstream effects of 

SCFAs on host metabolism involve direct energy provision and modulation of host gene expression 

and cellular processes. Recent studies have delved into the specific genetic pathways influenced by 

SCFAs, shedding light on the potential for targeted interventions in individuals with specific genetic 
predispositions. 

 

Beyond their role as energy substrates, recent investigations have highlighted the immunomodulatory 
effects of SCFAs, particularly in the context of gut barrier function [5]. Understanding how SCFAs 

influence the gut mucosa and interact with immune cells provides insights into their broader impact on 

systemic inflammation and metabolic health. Moreover, the potential for postbiotic-derived SCFAs 

to cross the blood–brain barrier opens new avenues for exploring their effects on central appetite 
regulation and neural pathways involved in metabolic control [72]. Studies on the administration of 

acetic acid in the distal colon of obese patients demonstrated increased fat oxidation and PYY 

concentration, indicating its potential role in metabolic regulation [29, 73]. When SCFA mixtures were 
given to the distal colon of obese normoglycemic men, lipolysis decreased and fat oxidation, resting 

energy expenditure, and PYY increased [74]. Paraprobiotic LP28, derived from Pediococcus 

pentosaceus, demonstrated anti-obesity effects in overweight patients, highlighting the potential of 
postbiotics in weight management [69, 75]. Butyrate’s involvement in controlling weight, energy 

expenditure enhancement, and adipose tissue browning reinforces its potential as a therapeutic agent 

against diet-induced obesity. The intricate interplay of these SCFAs in various metabolic pathways 

presents a compelling target for combating adiposity and its associated complications. 
 

SCFAs act in several mechanisms, contributing to the development of obesity [76]: 

• They function as an additional energy source, equivalent to 10% of daily caloric intake, leading 

to increased fat deposition in the body. 

• They act as ligands for G-protein-coupled receptors (GPCRs) 41 and 43, regulating energy 
expenditure. 

• They influence the regulation of fasting-induced adipose factor (FIAF). 

• They play a role in de novo lipogenesis. 

• They contribute to the regulation of glucose homeostasis. 

• They impact leptin secretion via the free fatty acid receptor (FFAR) 3. 

• They modulate satiety response. 

 

The observed link between SCFAs and weight gain, reported in certain studies, is connected to the 
activity of GPCRs. SCFA is ligand for GPCRs41 and 43, which are expressed in adipocytes, 
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immunological cells, and intestinal epithelium. GPCR43, which is expressed more in the white adipose 
tissue of mice with diet-induced obesity, is an indicator that SCFAs can promote adipogenesis in 

adipose tissue [36]. Additionally, treatment with SCFAs in cells increased transcript levels of GPCR43 

and peroxisome proliferator-activated receptor γ (Pparg), and suppressing GPCR43 mRNA inhibited 
adipogenesis [37, 53]. SCFAs contribute to glucose and lipid homeostasis through GPCR43 and 

GPCR41 (also known as FFAR2/3), but the metabolic effects of different SCFAs vary. In the liver, 

propionate exhibits gluconeogenic properties, while acetate and butyrate are lipogenic, although human 
study results are inconsistent [25]. Changes in SCFA levels associated with obesity may indicate 

increased microbial amino acid catabolism. Modulating the gut microbiota with antibiotics has been 

shown to elevate plasma amino acid concentrations, potentially impacting adiposity by regulating the 

expression of FIAF an inhibitor of adipose lipoprotein lipase thus influencing energy extraction and 
partitioning. Moreover, SCFAs impact leptin secretion from adipocytes through a GPR41/43-dependent 

process, further substantiating their involvement in the satiety response. LPS can activate the NF-κB 

immune pathway in the bloodstream. In conjunction with CD14, a pro-inflammatory cytokine, LPS acts 
as a ligand for Toll-like receptor (TLR) 4 [77–81]. That implies that LPS translocation, primarily 

induced by high-fat diets, is associated with obesity-induced low-grade systemic inflammation. Recent 

human evidence has unveiled that the expression of polymorphic genes linked to obesity is contingent 
on microbiota exposure in primary human colonic epithelial cells [3, 50]. 
 

An correlation between an obesity-related taxon, genus Akkermansia, and a mutation close to the 
phospholipase D1 (PLD1) gene (rs4894707), which has previously been connected to BMI, was 
identified in a human genome-wide association analysis [24, 82]. In a comparable manner the human 

polymorphism rs878394, linked to lysophospholipase-like 1, a gene linked to body fat distribution and 
insulin sensitivity, is significantly correlated with the presence of Prevotella [83]. Reduced microbial 
diversity, Faecalibacterium prausnitzii abundance, and lower FFAR3 gene methylation levels were 
found in obese patients, indicating a link between higher BMI and lower FFAR3 gene methylation [84]. 

Similarly, variations in the Firmicutes:Bacteroidetes ratio and lactic acid bacteria proportions among 
obese subjects compared to normal-weight controls concomitant with lower methylation levels of TLR4 
and TLR2 [77]. 
 

The lyophilized L. casei IMVB-7280 demonstrated more substantial anti-obesity properties compared 
to other strains, while multi-strain combinations, particularly involving Acetobacter, Bifidobacterium, 
Lactobacillus, and Propionibacterium, were more effective in improving obesity-related markers than 
single-strain or lyophilized formulations [85, 86]. 

 
Enhanced Energy Expenditure 

The enhanced energy expenditure elicited by postbiotics involves a multifaceted interplay between 

microbial-derived compounds and host tissues. Recent research has identified specific postbiotic 
formulations that activate brown adipose tissue to a greater extent, offering potential strategy for 
optimizing thermogenesis and energy dissipation [4, 23, 87]. Understanding the specific receptors and 
signaling pathways involved in postbiotic-induced BAT activation allows for refining interventions 

tailored to individual responses. Moreover, recent studies have explored the broader effects of 
postbiotics on systemic metabolism beyond BAT activation. The metabolic benefits of postbiotics 
extend to improvements in mitochondrial function, insulin sensitivity, and overall energy balance. 
Unraveling the metabolic pathways influenced by postbiotics provides a foundation for targeted 

interventions in individuals with specific metabolic dysregulations. Gut-derived metabolites activate 
the transient receptor potential vanilloid 1 (TRPV1) ion channel in the gastrointestinal tract. This 
activation stimulates the sympathetic nervous system, enhancing energy expenditure by promoting 
brown adipose tissue function and inducing white adipose tissue browning. 

 
Compared to a placebo, infusions of SCFA mixtures into the colon significantly increased fat 

oxidation, resting energy expenditure, and PYY while decreasing lipolysis in tested patients [27]. 
Higashikawa et al. studied the para-probiotic LP28 (from P. pentosaceus) in overweight patients, 
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building on their findings about the anti-obesity effects of P. pentosaceus LP28 in diet-fed obese mice 
[88]. For 12 weeks, LP28 (live), a placebo, or heat-killed LP28 powder were administered orally to 
overweight persons (n = 62). When compared to a placebo, heat-killed LP28 supplementation 

substantially reduced body fat mass, body fat percentage, waist circumference, and BMI. In 200 people 
with a BMI of 25–30 kg/m², Nakamura et al. [70] investigated the effects of heat-inactivated and 
lyophilized bacterial powder (Lactobacillus amylovorus CP1563) on lipid metabolism over a 12-week 
period. The participants received a daily dose of 200 mg of bacterial powder as a water-based drink 

(500 mL). When compared to the placebo group, heat-treated bacterial supplementation drastically 
diminished visceral fat, body fat percentage, and whole-body fat. 
 

The gut microbiota’s Clostridium and Eubacterium convert bile acids in the intestine into secondary 

forms, like lithocholic acid and deoxycholic acid, which bind to the TGR5 receptor (a G-protein-
coupled receptor) and trigger the release of insulin and GLP-1, two incretin hormones that increase 
energy expenditure [89]. The gut microbiota produces long-chain fatty acids, such linoleic acid 

influence the lipid profile and cause obesity. The most prevalent in peripheral blood, acetic acid is 
essential to produce cholesterol, stimulates adipogenesis through the FFA2 receptor, and suppresses 
appetite through hypothalamic processes [38, 58, 90]. Fatty acid production is inhibited, and 
inflammation is decreased by propionic acid, the main precursor for hepatic gluconeogenesis, 

lipogenesis, and protein synthesis [25]. 
 

Interorgan effects on adipose tissue function, metabolism, inflammatory activities and lipid storage 
capacity are some of the postulated mechanisms that connect SCFA to insulin sensitivity and the onset 

of Type 2 Diabetes (T2DM) [91–97]. Acetate reduces food intake by increasing the expression of 
anorectic hormones in the hypothalamus such as GLP-1 and peptide tyrosine–tyrosine [36]. Acetate 
produced in the gut has been shown in mouse studies to enhance anorectic signaling in the arcuate 
nucleus through the glutamate–glutamine transcellular cycle [98]. Propionate reduces feed intake and 

weight gain in obese people by activating PYY and GLP-1 in the hindgut. Additionally, genes involved 
in lipid production are suppressed by propionate [26, 54]. Propionic acid prevents obesity by reducing 
food intake, improving insulin sensitivity, as well as increasing energy expenditure, according to 
numerous studies conducted on mice [54, 67]. 

 
Fat Absorption and Storage 

The influence of postbiotics on fat absorption and storage involves a nuanced modulation of 

lipogenesis and lipolysis. Recent investigations have identified specific postbiotic compounds that 
selectively target lipogenic pathways, providing insights into their potential for mitigating excessive fat 
production [99]. Understanding the specific enzymes and regulatory factors influenced by postbiotics 
in adipose tissue sheds light on their broader impact on lipid metabolism. Moreover, recent studies have 

explored the potential for postbiotics to modulate the release of adipokines, hormones secreted by 
adipose tissue that influence systemic metabolism [100, 101]. The effects of postbiotics on adipokine 
profiles offer additional layers of complexity to their influence on fat absorption and storage, 
emphasizing the need for a holistic understanding of their impact on adipose tissue function [102]. The 

study has shown the fat-reducing potential of LTA using the model organism C. elegans, known for 
lipids storage in hypodermic and intestinal cells [103]. LTA demonstrated a significant reduction in fat 
content at 50 to 0.1 µg/ml doses, with 10 µg/ml exhibiting the highest fat-reducing effect (26.2% 
reduction). Study demonstrated the fat-reducing properties of LTA derived from Bifidobacterium 

animalis subsp. lactis BPL1 using the nematode Caenorhabditis elegans as a preclinical model [103]. 
It has been found that LTA, a new lipid modulator, reduces fat storage via the insulin-like signaling 
pathway (IGF-1). Zhang et al. [104] reported that EPS from L. rhamnosus GG can diminish adipocyte 

function by engaging the TLR2 signaling. EPS lowered triacylglycerol levels without inducing 
inflammation in cells. Furthermore, EPS supplementation reduced fat pads, decreased liver and serum 
TAG levels, and suppressed inflammation in mice subjected to a HFD. By upregulating the AMP-
activated protein kinase (AMPK) signaling pathway and downregulating the production of adiponectin 

and adipogenesis markers, EPS prevented immature cells from differentiating into mature adipocytes, 
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as demonstrated in another investigation by Lee et al. By downregulating the expression of acetyl-CoA 
carboxylase, activated AMPK decreases fat buildup, prevents gluconeogenesis, and causes white 
adipose tissue browning. In addition, during the early stages of adipocyte development, EPS has shown 

an anti-adipogenic impact [35]. 
 

As postbiotics from kefir LAB, Seo et al. [105] examined the effect of cellular components, such as 
SLP and EPS, against HFD-induced obesity and gut microbial dysbiosis. The prebiotic grape seed flour 

was found to have an anti-obesity impact. Adipose tissue weight increase, body weight, and blood 
triglyceride levels were all considerably reduced after the combination of postbiotic and prebiotic 
treatment. Genes linked to adipogenesis, autophagy, acute-phase response, adipocyte differentiation, 
immune response, lipid metabolic process, inflammatory response, lysosomal program, and angiogenesis 

were downregulated in microarray analysis of epididymal adipose tissue, while anti-inflammatory genes 
were upregulated [74,106–108]. The combined therapy additionally contributed to Proteobacteria more 
prevalent. Notably, the frequency of SCFA-producing and obesogenic colon bacteria had a negative 

correlation with the expression of Akp13 that is linked to BMI and immune response [109]. 
 
In another study, Wistar rats fed HFD for nine weeks were given a postbiotic consisting of sonicated 

L. paracasei [60]. In terms of preventing weight gain and lowering blood triglycerides, total serum 

cholesterol, and total serum lipids, the postbiotic group responded similarly to rats given atorvastatin. 
In HFD-fed mice, A. muciniphila’s extracellular vesicles (EVs) caused a greater reduction in body 
weight and fat content than the bacterium species [110]. The effects of EVs from live and pasteurized 
A. muciniphila on obesity were investigated in further studies, that revealed inhibition of obesity-

promoting mechanisms by decreasing HFD-induced liver inflammation and adipose tissue accumulation 
and increasing the gene expression associated with homeostasis and lipid metabolism [33, 45, 111]. 
Microscopic analysis confirmed reduced fluorescence intensity in nematodes treated with LTA. The 
study investigated the involvement of the insulin-like signaling pathway, revealing that DAF-16 

mutation abolished LTA-mediated fat reduction [68]. The study also explored the role of the SKN-1 
transcription factor, indicating that LTA from BPL1 follows a distinct mechanism compared to LTA 
from L. paracasei [103]. Additionally, in a hyperglycemic model, LTA, BPL1, and HT-BPL1 
significantly reduced body fat content, suggesting their potential therapeutic and preventive applications 

in diabetes-related obesity; this marks the first demonstration of LTA’s efficacy as a postbiotic in an in 
vivo hyperglycemic model, emphasizing its multifaceted beneficial effects. 
 

CLINICAL EVIDENCE 
Recent clinical evidence supporting the potential of postbiotics in obesity management extends 

beyond traditional weight-related outcomes (Table 2). Recent studies have employed metagenomic 
analyses to explore the specific changes in microbial gene expression and functional pathways induced 

by postbiotic interventions, providing insights into the broader metabolic implications. In weight 
management, recent clinical trials have utilized advanced imaging techniques to assess changes in body 
composition, including fat mass distribution and adipose tissue characteristics. These sophisticated 
approaches enhance our understanding of the specific changes induced by postbiotics in different body 

compartments, allowing for a more nuanced interpretation of their effects on metabolic health. Clinical 
studies investigating postbiotics have revealed diverse and promising avenues for addressing obesity 
and metabolic disorders. Notably, the lyophilized L. casei IMVB-7280 exhibited superior anti-obesity 
properties to specific Bifidobacterium strains [86]. Multi-strain formulations, particularly those 

including Acetobacter, Bifidobacterium, Lactobacillus, and Propionibacterium, demonstrated enhanced 
efficacy in improving obesity-related parameters. In the realm of prebiotics, inulin showed positive in 
vivo outcomes, reducing obesity and influencing microbial ratios. Hepatic steatosis decreased 

significantly when omega-3 fatty acids were combined with live probiotics and synbiotics. Strain-
specific effects were observed, with B. longum PI10 and Ligilactobacillus salivarius PI2 inhibiting lipid 
accumulation, while L. plantarum NK3 and B. longum NK49 mitigated obesity and osteoporosis [39]. 
SCFAs administered in the distal colon or through para probiotics, like LP28, displayed metabolic 

benefits, increasing fat oxidation and resting energy expenditure. 
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Table 2. The list of some clinical studies of using postbiotics against obesity shows positive results. 

Study Participants Microbe/postbiotic Duration Results 

[112] 101 subjects (6–18 
years old) with 
obesity and insulin 
resistance 

Bifidobacterium breve BR03 
and B. breve B632 

8 weeks Lower waist circumference, BMI z-
score, fasting insulin, and ALT in 
probiotic group. Improved insulin 
sensitivity (QUICKI index). 

[102] 82 Chinese children 
with obesity 

Probiotic supplements with 
Lactobacillus salivarius, L. 
rhamnosus bv-77, or 
Bifidobacterium animalis 

12 weeks Greater reduction in BMI levels. 
Significant changes in blood lipid 
content, with notable differences in 
LDL and HDL. 

[113, 
114] 

Children with obesity 
and related 
comorbidities 

Postbiotics Ongoing Exploring efficacy in addressing 
obesity and related comorbidities. 

[88] Diet-fed obese mice Pediococcus pentosaceus LP28 – Anti-obesity effects on mice. 

[88] Overweight patients 
(n = 62) 

Pediococcus pentosaceus LP28 
(heat-killed) 

12 weeks Decrease in body fat percentage, waist 
circumference, BMI, and body fat 
mass compared to placebo. 

[70] 200 individuals with 
a BMI of 25– 30 
kg/m² 

Lactobacillus amylovorus 
CP1563 (heat-inactivated and 
lyophilized) 

12 weeks Reduced whole-body fat, body fat 
percentage, and visceral fat compared 
to placebo. 

 
These findings highlight postbiotics’ multifaceted potential in combating obesity and related metabolic 

disorders. Furthermore, recent investigations into the impact of postbiotics on metabolic parameters 

involve comprehensive assessments of insulin sensitivity and lipid profiles. Utilizing advanced 

biochemical assays and imaging technologies in studies offers a detailed understanding of the specific 
metabolic pathways influenced by postbiotics. Recent evidence also suggests potential interactions 

between postbiotics and gut hormones, providing insights into their effects on appetite regulation and 

energy balance. 
 

SAFETY AND TOLERABILITY 

Recent studies have employed advanced omics technologies to assess individual variations in gut 

microbiota composition and host responses to postbiotic interventions. This personalized approach 
enhances our understanding of factors influencing individual tolerability and responses. Comparing the 

safety profiles of postbiotics with other interventions requires a nuanced evaluation of specific 

formulations and their interactions with host tissues. The safety and toxicity profiles of postbiotics have 
been areas of considerable research. Numerous studies have explored the administration of postbiotics, 

such as heat-killed L. paracasei, demonstrating their ability to prevent a surge in body weight and 

reduce serum triglycerides and cholesterol in HFD-fed rats [82]. Furthermore, extracellular vesicles 
derived from A. muciniphila induced significant weight loss without adverse effects. Notably, without 

apparent reported harm, heat-killed LP28 (Pediococcus pentosaceus) intake drastically decreased body 

fat mass, waist circumference, BMI, and body fat percentage in overweight people [88]. The safety of 

SCFAs was evident in studies involving distal colonic dosing, where acetate, propionate, and butyrate 
administration led to increased fat oxidation and energy expenditure without adverse effects. 

Additionally, the use of SCFA mixtures in obese normoglycemic individuals resulted in improved 

metabolic parameters without reported safety concerns [115]. While specific investigations into safety 
and toxicity are crucial, the existing body of research suggests a generally favorable safety profile for 

postbiotics, paving the way for further exploration of their therapeutic potential. Recent studies have 

investigated the long-term safety of postbiotic interventions, offering valuable data on their sustained 
tolerability and effects on metabolic parameters over extended periods. Considerations for potential 

interactions involve a comprehensive analysis of the molecular pathways influenced by postbiotics and 

their implications for drug metabolism. Recent investigations into the pharmacokinetics of postbiotic 

compounds provide insights into their bioavailability and potential interactions with medications. This 
pharmacological perspective enhances our understanding of the safety considerations associated with 

postbiotic interventions, guiding healthcare professionals in making informed recommendations. 
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FUTURE DIRECTIONS AND CHALLENGES 
Addressing current gaps in knowledge involves pushing the boundaries of postbiotic research into 

unexplored territories. Recent initiatives have focused on unraveling how postbiotics influence gut 

microbiota composition, providing insights into their potential for targeted interventions. Advanced 
analytical techniques, including single-cell sequencing and multi-omics approaches, offer unprecedented 
resolution in understanding the intricate interactions between postbiotics and microbial communities. 
In exploring potential synergies with other therapeutic approaches, recent research has investigated the 

combined effects of postbiotics with dietary interventions, pharmaceutical agents, and exercise 
regimens. These multidimensional studies offer a holistic understanding of how postbiotics can 
complement existing strategies, providing a basis for integrated approaches to obesity management. 
Moreover, recent investigations have explored the potential for postbiotics to modulate the gut–brain 

axis, offering novel insights into their effects on neural pathways involved in appetite regulation and 
metabolic control [56]. Challenges in translating postbiotic research into clinical practice involve 
refining interventions based on scientific insights and addressing logistical and practical considerations. 

Recent studies have explored the stability of postbiotic formulations during storage and transportation, 
ensuring their viability for widespread use. Additionally, recent initiatives have focused on developing 
clear therapeutic guidelines for using postbiotics in clinical settings, offering practical recommendations 
for healthcare professionals. 

 
IMPLICATIONS FOR CLINICAL PRACTICE 

Integrating postbiotics into obesity management strategies involves a dynamic interplay between 
scientific evidence and practical considerations. Recent clinical practice guidelines have emphasized 

the potential role of postbiotics as adjuncts to traditional interventions, providing healthcare 
professionals with evidence-based recommendations [116]. Integrating microbiome profiling into 
clinical assessments offers a personalized approach to postbiotic interventions, tailoring 
recommendations based on individual gut microbiota composition [117]. Considering personalized 

treatment approaches requires a comprehensive understanding of the factors influencing individual 
responses to postbiotics. The emerging data on postbiotics present promising implications for clinical 
practices, particularly in metabolic disorders such as obesity and diabetes [118]. Clinical studies have 
demonstrated the efficacy of various postbiotics, including heat-killed LP28, extracellular vesicles from 

A. muciniphila, and SCFAs, in mitigating obesity-related parameters. For instance, supplementation 
with heat-killed LP28 significantly reduced body fat percentage, BMI, and waist circumference in 
overweight individuals. These findings suggest that incorporating postbiotics into clinical interventions 

could offer novel strategies for managing metabolic disorders and improving patient outcomes. As the 
understanding of postbiotics continues to evolve, their integration into clinical practices holds great 
potential for addressing the growing burden of metabolic diseases worldwide. These personalized 
strategies improve the preciseness of recommendations, enabling medical practitioners to customize 

interventions to comply with individual patient traits. The role of healthcare professionals in promoting 
postbiotic interventions involves disseminating accurate information and actively engaging in ongoing 
research initiatives. Recent efforts have focused on educating healthcare professionals about the 
potential benefits of postbiotics, dispelling misconceptions, and providing practical guidelines for 

incorporating postbiotics into routine clinical practice. Additionally, recent studies have investigated 
the role of healthcare professionals in monitoring patient responses to postbiotic interventions, offering 
insights into the dynamic nature of individual tolerability and effects. 
 

CONCLUSION 
In conclusion, exploring postbiotics in the context of obesity offers a nuanced and promising avenue 

for intervention. Key findings from the research indicate that postbiotics, as the metabolic byproducts 

of microbial fermentation, exert multifaceted effects on gut microbiota composition, inflammation, 
metabolic pathways, and weight regulation. Selective growth inhibition, modulation of immune 
response, and the production of SCFAs contribute to the beneficial impact of postbiotics on metabolic 
health. Clinical evidence supports their efficacy in weight management, improvements in metabolic 

parameters, and potential benefits for insulin sensitivity. These findings collectively suggest that 
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postbiotics hold promise as a complementary approach to traditional strategies in the comprehensive 
management of obesity. As we conclude, it is evident that the potential of postbiotics in obesity 
treatment extends beyond the modulation of gut microbiota. Postbiotics offer a unique and targeted 

intervention that addresses the intricate interplay between the microbiome, inflammation, and metabolic 
dysfunction. The ability of postbiotics to influence appetite regulation, enhance insulin sensitivity, and 
contribute to metabolic benefits underscores their versatility in addressing the multifaceted aspects of 
obesity. The evolving landscape of postbiotic research presents an exciting frontier for healthcare 

professionals, researchers, and individuals seeking innovative approaches to improve metabolic health. 
While challenges exist in translating research into clinical practice, the growing body of evidence and 
ongoing investigations provide optimism for integrating postbiotics into personalized obesity 
management strategies. The potential of postbiotics in reshaping our approach to obesity treatment is 

substantial, offering a glimpse into a future where microbial-derived compounds play a pivotal role in 
promoting health and mitigating the global burden of obesity-related complications. 
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