
Citation: Fesseha, H Yilma, T, E Mekonnen. Postbiotics and their role in healthy life. J Life Sci Biomed, 2022; 12(4): 64-76. DOI: 
https://dx.doi.org/10.54203/jlsb.2022.8 

64 

2022 SCIENCELINE  

Journal of Life Science and Biomedicine 
Volume 12, Issue 4: 64-76; July 25, 2022       

ISSN 2251-9939  

 
 

Postbiotics and their role in healthy life 
 

Haben FESSEHA1 , Tadelech YILMA2 , and Endale MEKONNEN 1  
 
1
School of Veterinary Medicine, Wolaita Sodo University, Wolaita Sodo, Ethiopia 

2
College of Veterinary Sciences, Mekelle University, Mekelle, Ethiopia 

Corresponding author’s Email: tseyon.h@gmail.com 

 

ABSTRACT 

Introduction. Postbiotics refer to soluble factors (products or metabolic byproducts), 

secreted by live bacteria, or released after bacterial lysis, such as enzymes, peptides, teichoic 

acids, peptidoglycan-derived muropeptides, polysaccharides, cell surface proteins, and 

organic acids. These postbiotics have drawn attention because of their clear chemical 

structure, long shelf life, safety dose parameters, and the content of various signaling 

molecules which may have anti-inflammatory, immunomodulatory, anti-obesogenic, 

antihypertensive, hypo-cholesterolemic, anti-proliferative, and antioxidant activities. These 

properties suggest that postbiotics may contribute, to the improvement of host health by 

improving specific physiological functions, even though the exact mechanisms have not 

been entirely elucidated. It has been recognized that several mechanisms mediating the 

health benefits of beneficial bacterial cells do require viability. However, new terms such as 

para-probiotic or postbiotic have emerged to denote that non-viable microbial cells, 

microbial fractions, or cell lysates might also offer physiological benefits to the host by 

providing additional bioactivity. Aim. This review provides an overview of the postbiotic 

concept, evidence of their health benefits, and possible signaling pathways involved in their 

protective effects, as well as perspectives for applications in foods and pharmaceuticals.  
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INTRODUCTION 

Postbiotics are functional bioactive compounds, generated in a matrix during fermentation, which may be used 

to promote health. The term postbiotics can be regarded as an umbrella term for all synonyms and related 

terms of these microbial fermentation components [1]. Postbiotics are soluble factors secreted by living bacteria 

or released after bacterial lysis. Currently, the application of postbiotic in pharmaceutical products, commercial 

food-based products, and terrestrial agriculture has been reviewed [2]. 

Several studies have provided plausible evidence of several mechanisms on the extraction of probiotics 

and underlying health-promoting effects including modification of the gut microbiota, competitive adherence 

to mucosa and epithelium, improvement of epithelial lining barrier function, and modulation of the immune 

system [3, 4]. It is important to note that such mechanisms are dependent on the viability status of bacteria [5]. 

However, recent evidence suggests that bacterial viability is not necessary to attain the health-promoting 

effects, as not all mechanisms nor clinical benefits are directly related to viable bacteria [2].  

New terms such as Para-probiotic and postbiotic have emerged which imply that bacterial viability is not 

an essential requirement for health benefits, providing a potential opportunity in the field of functional foods. 

Para-probiotics, also known as “nonviable probiotics, “inactivated probiotics” or “ghost probiotics”, refer to 

inactivated (non-viable) microbial cells, which, when administered in sufficient amounts, confer benefits to 

consumers [6, 7].  

Even though the mechanisms implicated in the health beneficial effects of postbiotics are not fully 

elucidated, scientific data have provided evidence that postbiotics possess different functional properties 

including, but not limited to, antimicrobial, antioxidant, and immunomodulatory. These properties can 

positively affect the microbiota homeostasis and/or the host metabolic and signaling pathways, thus affecting 

specific physiological, immunological, neuro-hormone biological, regulatory, and metabolic reactions [8, 9]. 
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Currently, there is a vast available literature addressing the fundamentals, therapeutic and technological 

aspects of viable “good” bacteria. Most of this literature has focused on whole cells (alive or heat-killed cells) or 

their membrane/cell wall components [10-13], and little attention has been paid to the intracellular soluble 

fraction (so-called postbiotics). Although the importance of postbiotics has relatively been overlooked, scientific 

evidence of their beneficial health effects is progressively increasing [14-18] even though their precise 

composition and underlying mechanisms are still under investigation. To the best of our knowledge, there are 

only a few reports summarizing findings on postbiotics, mainly focusing on those from different Lactobacillus 

species [7, 9, 19-21]. 

Hence, this review contributes with new and novel information regarding other bacterial species and 

yeast reported as a source of postbiotics, in vitro bioactive properties, in vivo health effects, and potential 

mechanisms involved in different bioactivities. Additionally, promising analytical tools useful for the detection, 

identification, and quantification of postbiotics, as well as current trends in food and pharmaceutical 

applications, will be addressed. 

 

What are postbiotics and how do they benefit? 
Postbiotics are the “waste” of probiotics and are defined as “non-viable bacterial products or metabolic 

products from microorganisms that have biological activity in the host. Postbiotics are also found in any food 

which has been fermented by live bacteria such as kefir, sauerkraut, tempeh, yogurt, and certain pickles [22]. 

The word “postbiotics” is currently used to refer to bioactive compounds, which did not fit the traditional 

definitions of probiotics, prebiotics, and para-probiotics. Therefore, the definition for postbiotics can be 

expanded to (a) bioactive soluble factors (products or metabolic byproducts) produced by food-grade micro-

organisms during the growth and fermentation in complex microbiological culture (in this case named cell-free 

supernatant (CFS), food, or gut, which exert some benefits to the food or host, (b) cell compounds, and (c) 

substances produced by the action of microorganism on food ingredients [23].  

The term postbiotics, also known as either metabiotic, biogenic, or simply metabolites/CFS (cell-free 

supernatants); refers to soluble factors (products or metabolic byproducts) secreted by live bacteria or released 

after bacterial lysis. These byproducts offer physiological benefits to the host by providing additional bioactivity 

[7, 19, 20]. Such soluble factors have been collected from several bacteria strains; examples include short-chain 

fatty acids (SCFAs), enzymes, peptides, teichoic acids, peptidoglycan-derived muropeptides, endo- and exo-

polysaccharides, cell surface proteins, vitamins, plasmalogens, and organic acids [7, 20, 24]. 

The various postbiotic molecules include metabolic byproducts of live probiotic bacteria such as cell-free 

supernatant, vitamins, organic acids, short-chain fatty acids, secreted proteins/peptides, bacteriocins, 

neurotransmitters, secreted biosurfactants, amino acids, flavonoids derived postbiotics (desaminotyrosine, 

equol daidzein, daidzein, norathyriol), terpenoids derived postbiotics (genipin, paeoniflorin, paeoni lactone 

glycosides, paeonimetabolin I, II, III), phenolic-derived postbiotics (equol, urolithins, valero-lactones, 

enterolactone, enterodiol, 8-prenylnaringenin), etc [25].  

Since the specific action of postbiotics relies on definite dosage levels, most studies have failed to fix a 

specific dose of postbiotics/para-probiotics to ensure the beneficial effects like probiotics at 109 viable cells. To 

investigate the effectiveness of postbiotics, currently, there have been a handful of comparative studies 

conducted at the in vitro and in vivo levels, and such studies suggest the similar potentialities of postbiotics 

over the probiotics and live bacteria in terms of demonstrating various health benefits and exert several 

pharmacodynamic features on the host including [26-28] i. No risk of bacterial translocation from the gut lumen 

to blood among vulnerable and immunocompromised subjects, ii. No chances of acquisition and transfer of 

antibiotic resistance genes, iii. More natural to extract, standardize, transport, and store, iv. Loss of viability by 

cell lysis can produce further beneficial effects, v. Enhanced interaction of every released molecule from the 

disrupted cells with the epithelial cells more directly [25]. 

In recent years, a considerable number of studies using in vitro (e.g., diverse cell lines) and in vivo (e.g., 

obese and hypertensive rats) models have been used to assess the potential bioactivity and/or health effects of 

various postbiotics, including intracellular metabolites and cell wall components, either as isolated structures 

or mixtures, such as extracts or suspensions [29]. In the majority of cases, postbiotics are derived from 

Lactobacillus and Bifidobacterium strains; however, Streptococcus and Faecalibacterium species have also been 

reported as a source of postbiotics [7, 20]. 

It has been proven that supplementation with postbiotics reduces blood pressure which confers the 

antihypertensive capacity to these compounds. The mechanism of this protective effect on the endothelial 
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function has not been elucidated; however, this could be due to changes in the gut microbiota and its metabolic 

by-products; the restoration of the gut barrier function; and the effects on endotoxemia, inflammation, and 

renal sympathetic nerve activity [29]. 

Studies show that the intestinal microbiota also impacts a wide range of functions in the gastrointestinal 

tract including the development of the immune system, defense against pathogens, and inflammation [30]. 

Postbiotics have also been described as pathogenic bacteria inhibitors against pathogens such as Listeria 

monocytogenes L-MS, Salmonella enterica S-1000, Escherichia coli E-30, and vancomycin-resistant Enterococci 

when using cell-free supernatants culture obtained from L. plantarum RG11, RG14, RI11, UL4, TL1, and RS5 

strains [16]. 

According to other works, SCFAs produced by gut microbiota act as signaling molecules improving 

regulation of lipid metabolism, glucose homeostasis, and insulin sensitivity, through the activation of receptors 

such as G protein-coupled receptors (GPRs), thus contributing to the regulation of energy balance while 

maintaining metabolic homeostasis [31]. 

Moreover, several in vitro studies have shown that heat-treated Bifidobacterium cells induce cellular 

immune and anti-inflammatory responses by inhibiting IL-8 secretion in intestinal epithelial cells obtained 

from patients with UC [32, 33]. It was suggested that these effects in UC patient-derived cells are induced by 

released microbial soluble anti-inflammatory factors that inhibit IL-8 secretion in intestinal epithelial cells. This 

was not caused by one single factor [32]. Furthermore, it is hypothesized that postbiotic compounds from 

Lactobacilli spp. can exert immunomodulation activity by increasing levels of Th1-associated cytokines and 

reducing Th2-associated cytokines [34]. 

Mouse experiments with fermented infant formula containing postbiotics derived from Bifidobacterium 

breve C50 and Streptococcus thermophilus 065 have demonstrated prolonged dendritic cell survival and 

maturation, and induced high IL-10 production through TLR-2, suggesting immune regulatory functions. 

Moreover, postbiotics from these strains have been shown to improve the epithelial barrier function and 

stimulate Th1 response in mouse models highlighting the involvement of postbiotic components in host 

immune function [35, 36]. Another study using mouse models showed that metabolic products of fermented 

infant formula by Lactobacillus paracasei CBA L74 could act via the inhibition of immune cell inflammation and 

protect the host from pathobionts and enteric pathogens and have protective effects against colitis [37]. 

 

 
Figure 1. Some postbiotics and their potential local and systemic positive effects in the host [2]. 
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DISCUSSION  

 

The role of postbiotics on immune health  

The interactions of the host with the microbiota are complex, numerous, and bidirectional. The gut 

microbiota is supposed to significantly regulate the development and function of the innate and adaptive 

immune system [38]. Intestinal commensals secrete antimicrobial peptides, compete for the nutrients and the 

habitat site thereby aiding in the state of homeostasis [39]. The gut microbiota and immune homeostasis seem 

to have a back-and-forth relationship and are also a field of great interest and intense research investigation in 

the field of infectious diseases. Also, gut microbiota-derived signals are known to tune the immune cells for pro 

and anti-inflammatory responses thereby affecting the susceptibility to various diseases [40]. 

The immune gut homeostasis is orchestrated by the fine-tuning of the regulatory balance of pro-

inflammatory responses such as Th17 versus inflammatory regulatory T cells (Tregs) that are ultimately 

controlled by the commensal microorganisms [41]. In circumventing a response to pathogenic infections like 

coronavirus, a healthy gut microbiome essentially could be pivotal in maintaining an optimal immune system to 

prevent an array of excessive immune reactions that eventually become detrimental to lungs and vital organ 

systems. In such circumstances, it becomes imperative to have a balanced immune response wherein an over-

reactive one or an under reactive one can equally be consequential to aggravate clinical complications like 

pneumonia and ARDS in a viral disease like Covid-19 [42]. 

Postbiotics play a vital role in the maturation of the immune system, affect barrier tightness, and the 

intestinal ecosystem, and indirectly shape the structure of the microbiota. As such, postbiotics may be useful in 

treating or preventing many disease entities, including those for which effective causal therapy has not yet 

been found (e.g., Alzheimer’s disease, inflammatory bowel disease, or multiple sclerosis) [43]. 

The molecular mechanisms underlying the effects of postbiotics seem to be mediated through an 

interaction between the host and microbial products. This in turn can trigger the host immune system, and 

thereby trigger e.g., anti-inflammatory responses [44]. The possible mechanism of immunomodulation by 

postbiotics in humans could be derived from an in vitro experiment showing the innate response of 

macrophages to non-viable Lactobacillus casei cells. A suspension with heat-killed bacterial cells increased the 

expression of pro-inflammatory cytokines and enhanced the transcription of Toll-like receptors (TLR-2, TLR-3, 

TLR-4, and TLR-9) [45]. 

For people with conditions that result in immunodeficiency (immune system deficiency or weakness) or 

infants, probiotics may not be tolerable or safe. Postbiotic compounds, however, are much more tolerable and 

may reduce problematic inflammation. One study examined the role of probiotics and postbiotics in treating 

Necrotizing enterocolitis, one of the leading causes of death in newborns, and one of the most common 

gastrointestinal emergencies. While more studies need to be carried out, it was found that postbiotics, together 

with prebiotics, are potential alternatives, or complements to, probiotics [1, 46]. 

The gut microbiota plays a key role in health through its protective, trophic, and metabolic actions. While 

the microbes get a habitat and nourishment from the host, these microbes in turn help the host by regulating 

various host physiological functions, including dietary digestion, and imparting protective immunity against 

pathogens. Alterations of gut microbiota sometimes collectively called “gut dysbiosis” be associated with 

various diseases and disorders like IBD [47], type 2 diabetes [48], depression [49], cardiovascular disease [50]. 

As for the gut microbiota, there are pieces of evidence now that suggest the presence of distinct 

microorganisms in the lung [51]. In the gut, Bacteroidetes and Firmicutes are predominant while Bacteroidetes, 

Firmicutes, and Proteobacteria preponderate in the lung [52]. Interestingly, the gut microbiota has been shown 

to affect pulmonary health through a vital cross-talk between the gut microbiota and the lungs which are 

referred to as the “gut-lung axis” [53]. The gut-lung axis is supposed to be bidirectional, meaning the 

endotoxins, microbial metabolites can impact the lung through blood and when inflammation occurs in the 

lung, it can affect the gut microbiota as well [54]. 

 

Classes of postbiotics and their characteristics 

The human gut microbiota consists of 1014 resident microorganisms which include bacteria, archaea, 

viruses, and fungi [55]. Primarily, the gut bacteria in healthy individuals is dominated by four phyla 

Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes [56]. The colon harbors an extremely high density 

of bacteria in the families Bacteroidaceae, Prevotellaceae, Rikenellaceae, Lachnospiraceae, and Ruminococcaceae 

[57].  



Citation: Fesseha, H Yilma, T, E Mekonnen. Postbiotics and their role in healthy life. J Life Sci Biomed, 2022; 12(4): 64-76. DOI: 
https://dx.doi.org/10.54203/jlsb.2022.8 

68 

Gut bacteria depend fully on their host to provide the necessary nutrients that may promote microbiota 

growth. However, bacteria produce small molecular weight metabolites during their lifecycle; these compounds 

play a key role in regulating self-growth, development, reproduction, encourage the growth of other beneficial 

organisms, cell to cell communication, and protection against stress factors [52, 58, 59]. 

In general, the postbiotics can be differentiated either by their elemental composition, i.e., lipids (e.g. 

butyrate, propionate, dimethyl acetyl-derived plasmalogen), proteins (e.g. lactocepin, p40 molecule), 

carbohydrates (e.g. galactose-rich polysaccharides, and teichoic acids), vitamins/co-factors (e.g., B-group 

vitamins), organic acids (e.g., propionic and 3-phenyl lactic acid) and complexes molecules such as 

peptidoglycan-derived muropeptides, lipoteichoic acids [7, 20], or by their physiological functions which include 

immunomodulation, anti-inflammatory, hypocholesterolemic, anti-obesogenic, anti-hypertensive, anti-

proliferative, and antioxidant effects [18, 60, 61]. 

The most and currently available classes of postbiotics are cell-free supernatants, Exopolysaccharides, 

Enzymes, Cell Wall Fragments, Short-Chain Fatty Acids, Bacterial Lysates, and Metabolites Produced by Gut 

Microbiota [43]. 

 

Cell-free supernatants 

Cell-free supernatants containing biologically active metabolites secreted by bacteria and yeast into the 

surrounding liquid can be obtained directly from cell cultures. After an incubation period, the microbes are 

centrifuged and then removed. Finally, the resulting mixture is filtered to ensure sterility [43]. 

Supernatants produced from cultures of different microorganisms show differing activities. Lactobacillus 

acidophilus and Lactobacillus casei supernatants have anti-inflammatory and antioxidant effects on intestinal 

epithelial cells, macrophages, and neutrophils by reducing the secretion of the pro-inflammatory tumor 

necrosis factor α (TNF-α) cytokine and increasing the secretion of the anti-inflammatory cytokine interleukin 10 

(IL-10) [62]. Meanwhile, supernatants derived from L. casei and Lactobacillus rhamnosus GG cultures can prevent 

the invasion of colon cancer cells [63]. As cell-free supernatants can reduce oxidative stress in vivo and provide 

direct antitumor activity, they may be clinically useful in the prevention of cancer [64]. 

 

Exopolysaccharides 

During their growth, microorganisms produce biopolymers with different chemical properties. These 

biopolymers can be released outside the bacterial cell wall, forming a heterogeneous group of substances called 

exopolysaccharides (EPSs). EPSs are currently used in the food industry as stabilizing, emulsifying, and water-

binding agents [46]. Nonetheless, the use of EPSs in pharmaceutical products and functional foods has attracted 

recent interest. EPSs may modulate the immune response by interacting with dendritic cells (DCs) and 

macrophages and enhancing the proliferation of T and NK lymphocytes [65].  

 

Enzymes 

Microorganisms have evolved defense mechanisms against the harmful effects of reactive oxygen species 

(ROS), which can damage lipids, proteins, carbohydrates, and nucleic acids. In particular, antioxidant enzymes, 

such as glutathione peroxidase (GPx), peroxide dismutase (SOD), catalase, and NADH-oxidase, play key roles in 

combating ROS. Indeed, two strains of L. fermentum were found to have a high content of GPx [66] and were 

later documented to possess potent antioxidant properties in vitro [67]. Antioxidant properties of postbiotics 

derived from Lactobacillus plantarum were demonstrated in the study conducted by Izuddin et al. [68]. 

 

Cell Wall Fragments 

Many components of the bacterial cell wall are immunogenic (i.e., elicit a specific immune response), 

including bacterial lipoteichoic acid (LTA). LTA is found in the cell walls of Gram-positive bacteria and can be 

spontaneously released into the environment [69]. Although LTA has been shown to exhibit 

immunostimulatory effects [70], data on its activity are ambiguous. Some reports indicate that LTA reduces IL-

12 production and induces the production of cytokines with immunoregulatory activity [71]. In contrast, others 

have shown LTA does not alleviate inflammatory processes and causes damage to tissues in the intestine [72]. 

The use of LTA in dermatological diseases is slightly less controversial. This data suggests LTA may be 

useful for treating a wide range of skin infections. The topical application of LTA enhances non-specific defense 

mechanisms, leading to the release of anti-infectious peptides, including human β-defensin and cathelicidin [73]. 
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Short-chain fatty acids 

Short-chain fatty acids (SCFAs) are a product of the fermentation of plant polysaccharides by intestinal 

microbiota. Well-known SCFAs include acetic, propionic, and butyric acids, which can form the corresponding 

fatty acid salts (i.e., acetate, propionate, and butyrate). Butyrate is one of the most important energy sources for 

enterocytes, as it helps to renew the intestinal epithelium and can also modulate gene expression by 

incompetently inhibiting histone deacetylases. Butyrate also shows immunosuppressive effects [74].  

 

Bacterial lysates 

Bacterial lysates (BLs) are obtained by the chemical or mechanical degradation of Gram-positive and 

Gram-negative bacteria commonly found in the environment. Their clinical use is based on the concept of the 

gut-lung axis, i.e., the functional connection between the immune system of the intestine and the respiratory 

system [75]. In particular, studies have shown that orally administered lyophilized BLs reach the Peyer’s patches 

in the small intestine, where they stimulate DCs, and subsequently activate T and B lymphocytes. Mature 

lymphocytes then migrate to the mucous membrane of the respiratory tract and initially stimulate the innate 

immune system and promoting IgA secretion [76]. Indeed, the safety of BLs use has been confirmed during 

many clinical studies on various diseases, including recurrent upper respiratory tract infections in children [77]. 

A causal relationship between a decrease in the incidence of infections in highly developed countries and 

an increase in allergic diseases has been proposed, potentially due to the so-called hygiene hypothesis. 

Therefore, using BLs, which mimic the presence of bacteria, to stimulate the immune system, is an attractive 

option in the case of insufficient exposure to microorganisms. Indeed, a 2018 meta-analysis including over 4800 

children showed a significantly lower incidence of respiratory infections in those receiving a commercially 

available BL preparation compared to the control group [78]. 

 

Metabolites produced by gut microbiota 

The gut microbiota produces an array of molecules, including vitamins, phenolic-derived metabolites, and 

aromatic amino acids. Due to high bioavailability, antioxidative features, and signaling properties, these 

substances are considered to be important contributors to host-microbiome crosstalk. It has been 

demonstrated that in situ-produced bacterial foliate can be absorbed in the colon and incorporated into the 

host’s tissues. Folate plays an important role in DNA synthesis, reparation, and methylation, and is also 

considered an antioxidative agent. Therefore, intestinal-produced folate may exert systemic function. Citizens 

of countries with mandatory folate food fortification were reported to have a lower risk of stroke compared to 

the controls [79]. 

In general, postbiotics possess several attractive properties such as clear chemical structures, safety dose 

parameters, and longer shelf life (up to 5 years, when used as an ingredient for foods and beverages or as 

nutritional supplements) that are greatly sought out [80, 81]. In addition, research performed by Shenderov [9] 

revealed that postbiotics have favorable absorption, metabolism, distribution, and excretion abilities, which 

could indicate a high capacity to signal different organs and tissues in the host thus eliciting several biological 

responses [2]. 

 

Methods used to obtain and identify postbiotics 

In general, postbiotics have been obtained by using cell disruption techniques, which include heat [17, 82], 

and enzymatic treatments [83], solvent extraction [84], as well as sonication [52, 61, 67, 85-90]. Besides, 

additional extraction and clean-up steps such as centrifugation, dialysis, freeze-dried and column purification 

have been used to assist in obtaining procedures [60, 86, 91]. (MALDI-TOF) mass spectrometry has been 

employed to identify LTA produced by L. plantarum K8 (KCTC10887BP) [84], and HPLC and proton nuclear 

magnetic resonance spectroscopy (1H-NMR) was used to identify and characterize polysaccharide-glycopeptide 

complexes of Lactobacillus casei YIT9018 [60]. 

Additionally, chromatography coupled with tandem mass spectrometry and Fourier transform ion 

cyclotron resonance mass spectrometry with direct infusion has been used to identify and characterize 

metabolites (e.g. fatty acids, glycerolipids, purines, sphingolipids, oligosaccharides) in biological samples [92]. 

Despite that all these techniques could be used to detect, identify and quantify postbiotics, more research 

about extraction protocols and analytical tools are necessary to allow the discovery and characterization of 

novel postbiotics, but also to understand the mechanisms of action and the signaling pathway modulation 

schemes. 
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The concept of postbiotics conceals either metabolites or fragments of microorganisms that confer a beneficial 

effect to the host. The structural heterogeneity of postbiotics implies the abundance of possible techniques used 

for postbiotics aquastion. Lysis of bacteria cells may be achieved by chemical and mechanical techniques. These 

methods include enzyme extraction, solvent extraction, sonication, and heat. Extraction, cinematography, and 

dialysis are used to isolate and identify desired molecules.  

 

   
Figure 2. Methods of acquisition of postbiotics. SCFA (short-chain fatty acids) [43]. 

 

 

Postbiotics and gut health: an emerging field of research 

All parts of the human body such as the skin, oral cavity gastrointestinal cavity, and vaginal cavity are 

inhabited by trillions of microbes [93, 94]. At birth, the human gut is sterile but colonized immediately after 

birth [95]. The pioneer microbe that” infest” the gut makes permanent adaptations and determines the 

physiological, immune, metabolic, and behavioral development and also influences future disease susceptibility 

[96]. 

Prenatal maternal exposure influences postnatal microbial colonization [93] and this plays a pivotal role in 

gut-associated lymphoid tissue (GALT) development [97], specific aspects of immune system development [98, 

99], and the integrity of the mucosal barrier [98]. Therefore, the development of the gut microbiota in the early 

stages of life may be linked to future disease protection and/or susceptibility. 

Increased understanding of the role of the gut microbiota in health has highlighted the benefits of pre-and 

probiotics, and now, postbiotics are emerging as a further source of support for the development of a strong 

and stable immune system. Produced by a natural fermentation process, postbiotics have been shown to benefit 

the adaptive and innate immune systems and improve gut barrier function. A healthy gut microbiota 

composition is essential for optimal immune system development and function in infants and has the potential 

to lower the risk of disease in infancy and beyond [1, 11]. 

Diet plays an important role in shaping the composition of the gut microbiota thereby influencing the 

host’s health status. Various diet forms are found to influence the specific compositional patterns of the gut 

microbiota like the different composition of the microbiota with animal fat and protein-based diet serves us 

vegetable-based diets has been reported [100]. 

Gut microbes are capable of producing a vast range of products, the generation of which can be dependent 

on many factors, including nutrient availability and the luminal environment, particularly pH [101]. A more in-

depth review of gut microbial products can be found elsewhere [102]. Microbial products can be taken up by GI 

tissues, potentially reach circulation and other tissues, and be excreted in urine or breath. Fermentation of fiber 

and protein by large bowel bacteria results in some of the most [103]. 
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Postbiotics have been shown to support healthy gut microbiota. Regarding immune function, postbiotics 

have also been shown to improve the ability to fight infection by increasing the antibody response to pathogens, 

as well as directly influencing gut barrier function and intestinal immunity [15, 104]. 

 

Postbiotics Applications as Infectious Disease Control Agent 

Some postbiotics can have direct antimicrobial effects by sealing the intestinal barrier, competitively 

binding to receptors required by some pathogenic bacteria, changing the expression of host genes, or 

modulating the local environment [105]. Indeed, combining postbiotics and probiotics effectively prevented 

rotavirus-associated diarrhea in a preclinical model [106]. 

Different postbiotics in aquaculture play a vital and prominent role in disease control agents. Peptides and 

exopolysaccharides have antimicrobial properties against bacterial pathogens. Then, short-chain fatty acids 

have both antimicrobial activities against bacterial pathogens and immunostimulating effects on the aquatic 

organism. Vitamins, peptidoglycan, and lipopolysaccharide are reported as immunostimulants. Finally, cell 

surface proteins and teichoic acid can act as a vaccine. Infectious disease is a serious issue in aquaculture 

development [107].  

Postbiotics such as SCFAs, peptides, exopolysaccharides, vitamins, peptidoglycan, lipopolysaccharides, cell 

surface proteins, and teichoic acids are potential alternative disease control agents in aquaculture. The action 

mechanism of postbiotics and their role in improving host health and fighting against pathogens are not yet 

clearly defined. However, two mechanisms might explain how postbiotics can stimulate and modulate the 

host’s immunological response, involving both elicit immune and acquired host response. The initial response is 

related to the innate immune system, and it consists of a series of pattern recognition receptors able to 

associate with microorganisms. Two of these pattern recognition receptors involved in the host response to 

postbiotics are the nucleotide-binding and oligomerization domain (NOD)-like receptors (NLRs) and the toll-like 

receptors (TLRs) [104].  

 

 

 

Figure 3. Potential mechanisms of action of postbiotics. (a) Modulation of the host’s immune response. (b) 

Acting on the pathogen. TLRs= the toll-like receptors; NOD= the nucleotide-binding and oligomerization 

domain (NOD)-like receptors (NLRs)  [104].  
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CONCLUSION 
 

Postbiotics comprise metabolites and/or cell-wall components, secreted by live bacteria or released after 

bacterial lysis, with demonstrated beneficial activities in the host. Postbiotics may induce anti-inflammatory, 

immunomodulatory, anti-obesogenic, anti-hypertensive, hypo-cholesterolemic, anti-proliferative, and 

antioxidant activities. These properties suggest that postbiotics may contribute to the improvement of host 

health by providing specific physiological effects, even though the exact mechanisms have not been fully 

elucidated. 

Additional efforts are necessary to allow the discovery and characterization of new postbiotics; which may 

contribute to the understanding of the signaling pathway modulation. Novel research will allow the generation 

of detailed information to ensure stability during the manufacturing processes of postbiotic products and their 

efficacy. Special attention should be paid to the development of uniform and stringently defined culture 

procedures to eliminate possible variability of postbiotics production since uncontrolled environmental factors 

can well change metabolism and undergo unexpected transient variability. Besides, well-designed randomized 

placebo-controlled human/clinical intervention trials along with metabolomics studies must be conducted 

looking to support health claims of postbiotics supplementation.  

The use of metabolites or fragments derived from microorganisms (i.e., “postbiotics”) is an attractive 

therapeutic and preventive strategy in modern medicine. According to current data, such post biotics have 

pleiotropic effects, including immune-modulatory, anti-inflammatory, antioxidant, and anti-cancer properties. 

Some of these properties are even in clinical use. The boundary between probiotics and postbiotics is blurred in 

some trials, as their impact on the results is often not evaluated separately. We expect further research into the 

biological activities of these metabolites will unveil novel uses for postbiotics in medicine and beyond. 
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