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Abstract 

Current health interventions, including dietary supplements, deliver bioactive compounds and 

ingredients to target various areas of human welfare, such as support for brain health, metabolic 

effects, energy function, and women's health. Gut wellbeing, including those that target the gut 

microbiome, is categorized as a separate domain. However, research has highlighted that the gut 

microbiome is a metabolically active organ, deeply interconnected in almost all areas of host health, 

not an isolated target. Thus, there is a need for solutions to intentionally design dual-targeting of both 

host cells and the gut microbiome, allowing for enhanced function and long-term effects. Based on 

this gap, we propose a new category within biotic solutions, termed co-biotics. Co-biotics is therefore 

“a substrate comprising of bioactive molecular compounds that, when delivered to permit both host metabolism 

and microbial accessibility, simultaneously modulate biological processes in both the host and its resident 

microbiota, to confer targeted health benefits". This paper will outline examples, as well as delivery 

requirements for co-biotic ingredients, which collectively allow for framing of these next-generation 

host-microbiome health solutions. 
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Introduction 

Many health interventions, such as pharmaceuticals, supplements, functional foods, and 

nutritional strategies, aim to deliver bioactive compounds that exert discernible effects on human 

physiology. These interventions typically influence health domains (e.g. metabolic regulation, 

reproductive health, neurocognitive function), and the gastrointestinal tract is mostly regarded as a 

conduit for absorption, not a complementary axis by which to drive positive outcomes across each of 

these domains. On the contrary, the gut microbiome represents a metabolically active organ system 

and acts as an essential metabolic interface through which systemic physiological processes are 

coordinated to enhance health outcomes, including via their microbial products. 

The co-evolutionary relationship between animals and their gut microbiota spans millions of 

years, resulting in obligate metabolic interdependencies. The human host has adapted to rely on 

microbes to support multiple biological functions across various host physiologies, with 
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perturbations negatively impacting various areas of health and disease [1,2]. Some gut microbial 

species also show signatures of co-diversification and symbiotic specialization with the host and 

display limited survivability outside the human host [3]. Furthermore, the gut microbiome 

participates in multi-directional communication with extra-intestinal organs including via what has 

been termed the gut-organ axes [4], though it is not a linear connection and preferably should be 

designated gut-organ system. 

Collectively, research has highlighted the gut microbiome’s role as an integrative regulator of 

host homeostasis, and a clear foundational target to enhance physiological function. 

Microbiome 

Foundation of the Gut-Organ Axes 

The average human body contains roughly 30 trillion human cells and 38 trillion bacterial cells, 

with the vast majority of the latter residing in the colon, where pH, transit time, and substrate 

availability are favorable [5]. For decades, we have understood the importance of the gut microbiome 

in regulating our gut and digestive health, with direct impacts on local and systemic immune health 

[6]. However, evolving research has made it clear that the gut microbiome does not solely impact gut 

health - it is pivotal to many distinct areas of human health through direct and indirect mechanisms. 

Though we question the use of the term ‘axis’, for the purpose of this article, we will accept this 

microbial-host network being called the "gut-organ axis" [4] and from that, these axes are bi- or multi-

directional pathways between the gut and non-gut organ systems, and communicate via neural, 

endocrine, immune, humoral, and metabolic pathways. 

Amongst the gut-organ axes, the gut-brain axis is well studied, and an important regulator of 

several aspects of brain health, including cognition, mood, stress, anxiety, as well as developmental 

and neurodegenerative diseases [7,8]. Direct and indirect signaling are responsible for many gut-

brain axis communications. For instance, short chain fatty acids (SCFA) produced by the gut 

microbiome have been shown preclinically to act on the vagus nerve to directly impact behavior 

[9,10]. In addition, a number of microbes are able to synthesize neurotransmitters (e.g. GABA, 

cortisol, dopamine) and modulate the regulation of both microbial- and/or host-derived 

neurotransmitters such as serotonin [11–14]. With the role of gut microbes being evident in brain 

health, probiotics targeting the gut-brain axis have been clinically-studied [15–18]. 

Another example of the gut-organ axis that is an emerging area of interest is the gut-skin axis. 

The association of dysbiotic gut microbiota with numerous inflammatory skin conditions has been 

well established; diseases such as atopic dermatitis, psoriasis, and acne are linked to dysbiosis, gut 

barrier disruptions, and its direct modification of the immune system and immune response [19,20]. 

Clinical studies using specific orally administered probiotic strains as well as prebiotics have shown 

improvement in various skin conditions via this gut-skin axis [21–23]. As research into the gut-skin 

axis continues to expand, several consumer products are following suit with the growth of "beauty 

from within" categories that are now ubiquitous on shelves. 

The gut-organ axis is ever-expanding, and now includes the gut-lung axis, gut-heart axis, gut-

liver axis, gut-hormone axis, gut-bladder axis, gut-hair follicle axis, and even the gut-eye axis [24–

30]. While research in some of these areas is still preliminary, the large repertoire highlights that 

almost every aspect of human health is indeed tied to the health of the gut microbiome, and continued 

research will inevitably uncover more links and direct mechanisms of these interactions. 

Modern Microbiome Disruption & Associated Human Health 

The human microbiome, despite being a master of rapid adaptation, is vulnerable to stresses of 

modern living, with profound implications for systemic health. Multiple convergent factors, 

including dietary, pharmacological, and environmental, can destabilize gut microbial communities 

and diminish their capacity to support host physiology [31–34]. For example, intensive agricultural 

practices, soil nutrient depletion, and the widespread consumption of ultra-processed foods have 
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collectively reduced the micronutrient density of the human diet [35]. These changes are believed to 

lower the likelihood of adequate micronutrient availability and increase preferential absorption in 

the small intestine, leaving limited quantities available to the colonic microbiota. 

In parallel, exogenous agents such as pharmaceuticals (e.g. broad-spectrum antibiotics), food 

additives (e.g. emulsifiers) and agricultural pesticides, may directly perturb or deplete gut microbial 

populations [36–39]. Beyond xenobiotic exposures, lifestyle-associated factors including chronic 

psychological stress, insufficient or dysregulated sleep, age, and low levels of physical activity have 

each been shown to negatively modulate microbiome structure and function [40–42]. Taken together, 

various aspects of modern lifestyles can expose one to dysbiosis and gut microbial disruption. 

As such, given the central role of the gut microbiome in regulating host physiology through 

multiple gut-organ axes, these disruptions represent a critical bottleneck to achieving optimal health 

outcomes. Interventions that target host physiology in isolation, without concomitant support for the 

microbiome, are therefore unlikely to realize their full therapeutic or preventive potential. Existing 

supplementation strategies that focus solely on the host often overlook the essential contributions of 

the microbiome in determining nutrient bioavailability, metabolic signaling, inflammatory status, 

and immune regulation. Without addressing the microbial ecosystem, most existing interventions 

provide only partial or transient benefits, as their efficacy is constrained by an impaired or unstable 

gut community. In therapeutics, the role of the microbiome in drug efficacy is an area of intense 

research, and the bidirectional influence of drugs and microbiome is being uncovered [33,43]. Due to 

strong links between the gut microbiome and therapeutic outcomes, precision medicine based on the 

patient's gut microbiome, or co-administration of probiotics are areas currently being explored 

[44,45]. Overall, there is a need for health solutions that are intentionally designed to support both 

host and microbial systems in tandem, thereby enhancing resilience, optimizing function, and 

unlocking the full potential of biotic supplementations. 

Landscape of Biotic Innovation 

Biotics are generally regarded as living or once-living components that support human health, 

through the lens of the microbiome [46,47]. There are several types of biotics currently defined and 

well-recognized by the scientific community including Probiotics, Prebiotics, Synbiotics, and 

Postbiotics. However, there is often conflation among biotic innovations. 

• Probiotics are defined as "Live microorganisms that, when administered in adequate amounts, confer 

a health benefit on the host." [48]. Supplements that use probiotic ingredients for a health benefit 

must be formulated at a clinically relevant dose, with well-documented strains, delivered to 

ensure the appropriate viability of the strains at the end of shelf life. The majority of probiotics 

are intended for the intestinal tract, supporting gut and digestive health, with a few 

documented to have systemic effects working along the gut-organ axes. Of note, fermented 

foods are not probiotics and they have a separate definition [49]. 

• Prebiotics are defined as "A substrate that is selectively utilized by host microorganisms conferring a 

health benefit." [50]. While prebiotics are commonly believed to be only fiber, this is not the case 

as prebiotic substances can be non-fiber, such as polyphenols, and certain types of 

oligosaccharides that are selectively metabolized. As with probiotics, prebiotics should be 

formulated at clinically studied doses for its intended effects. Unfortunately, the terms 

prebiotic and probiotic are widely misused, leading to incorrect perceptions that foods like 

onions, cereals, or garlic are prebiotic (without defining the compound, its amount and the 

dosage needed to confer a health benefit), and that for example any Lactobacillus or 

Bifidobacterium strain is a probiotic (without performing appropriate clinical studies to prove 

the strain's efficacy and competitiveness). 
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• Synbiotics are defined as "A mixture comprising of live microorganisms and substrate(s) selectively 

utilized by host microorganisms that confers a health benefit on the host." [51]. Synbiotics may be 

complementary, where the prebiotic ingredients are not targeting the co-administered 

probiotic strains, or synergistic, where the prebiotics are selectively utilized by the co-

administered probiotic. The benefit of synbiotics, especially synergistic synbiotics, is that it 

promotes the survival of the bacterial strain that feeds on the prebiotic substrate in the host, 

and the health benefits of both ingredients may be amplified. 

• Lastly, postbiotics are defined as "A preparation of inanimate microorganisms and/or their 

components that confers a health benefit on the host." [52]. Recently, the International Probiotic 

Association (IPA) led a global effort to standardize the commercial definition of postbiotics, 

and further classified postbiotics into four distinct subcategories: (1) complex non-viable 

microbial preparations (CX; inactive microbial cells/fractions in unpurified culture medium), 

(2) intact non-viable microbial cells (IC; inactive whole microbial cells, separated from culture 

medium), (3) fragmented microbial cells (FC; fragmented microbial cells, separated from 

culture medium), and (4) microbial metabolic products (MM; metabolic products of microbial 

cells within their unpurified or partially purified culture medium) [53]. The global acceptance 

of the definition and these four subcategories remains to be achieved. While purified microbial 

metabolites have been purposely excluded by both ISAPP and IPA in their published 

definitions of postbiotics, many believe that they are also important considerations in this 

category. Nevertheless, postbiotics provide manufacturing benefits over probiotics since they 

do not contain viable microbial cells. However, they must still be clinically validated and show 

health benefits on the intended host. Interestingly, postbiotics do not have to be derived from a 

clinically validated probiotic strain, so long as the postbiotic preparation has a proven health 

benefit. 

The four biotic categories listed above are either seeding or feeding the microbiome, or in the 

case of postbiotics, are derived from the microbes to provide health benefits. In essence, these 

interventions are highly targeted and specific in function; either supplying the carbon-containing 

energetic substrates for microbial metabolism, introducing specific microbes into the host 

microbiome, or administering inactivated bacterial cells/fragments or metabolic end products to 

confer a clear benefit. In simplified terms, biotic supplements directly support the microbiome (and 

indirectly/consequently, the host) while non-biotic supplements directly support the human host. 

This current construct fails to provide a definition for a class of compounds that can be directly 

utilized by - and supports the function of - both microbes and human cells simultaneously. To resolve 

this gap in supplement health solutions, we propose a new category within biotics termed co-biotics. 

As will be presented below, the term co-biotics recognizes that microbial and host systems are 

not independent entities but operate within a shared biochemical and physiological continuum, 

thereby expanding the scope of microbiome-directed interventions and offering a unifying 

framework for supporting health in living species. 

Co-Biotics 

A New Category of Biotics 

The term co-biotic was used in a 2014 case study of a patient with gastrointestinal dysbiosis. The 

term was not defined, and the product comprised prebiotic inulin, an antioxidant blueberry pomace 

extract, and an oat preparation of purified beta-glucan, and was designed to restore gut dysbiosis 

[54]. Companies have also used co-biotic as a brand, some containing yeast, others having 
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multivitamins or probiotics, plus dietary compounds such as sugar or starch along with artificial 

colour and preservatives. 

In order to bring some order to the field, we propose that co-biotics be defined as “A substrate 

comprising of bioactive molecular compounds that, when delivered to permit both host metabolism 

and microbial accessibility, simultaneously modulate biological processes in both the host and its 

resident microbiota, to confer targeted health benefits" (Table 1, Figure 1). 

Table 1. The Biotic Categories. 

Biotic Category Definition Examples 

Probiotic 

Live microorganisms that, when 

administered in adequate 

amounts, confer a health benefit 

on the host [45]. 

● Bifidobacterium 

longum BB536 

● Lacticaseibacillus 

rhamnosus GG 

● Saccharomyces 

boulardii CNCM I-754 

Prebiotic 

A substrate that is selectively 

utilized by host microorganisms 

conferring a health benefit [47]. 

● Inulin and fructo-

oligosaccharide 

● human milk 

oligosaccharide 

● galacto-

oligosaccharide 

Synbiotic 

A mixture comprising of live 

microorganisms and substrate(s) 

selectively utilized by host 

microorganisms that confers a 

health benefit on the host [48]. 

● Any combination of 

prebiotics + probiotics. Can 

act in synergy or 

complementary  

Postbiotic 

A preparation of inanimate 

microorganisms and/or their 

components that confers a health 

benefit on the host [49]. 

● Lactococcus lactis 

plasma 

● Lactobacillus paracasei 

MCC1849 

Co-biotic 

A substrate comprising of 

bioactive molecular compounds 

that, when delivered to permit 

both host absorption and 

microbial accessibility, 

simultaneously modulate 

biological processes in both the 

host and its resident microbiota, 

to confer a targeted health benefit 

● Ginseng 

● select vitamins and 

cofactors 

● quercetin 

● resveratrol 
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Figure 1. Categories of microbiome-directed interventions, spanning probiotics, prebiotics, synbiotics, 

postbiotics, and co-biotics. 

A co-biotic does not include living microbes. Co-biotic ingredients can include vitamins, 

minerals, and other compounds that are known to act on both human and microbial processes. This 

is distinct from prebiotics, where the host health outcome is a direct result of the targeted microbial 

changes; the host effect in co-biotics does not necessarily require microbiome modulation or 

metabolism as a precursor step, and may be a distinct benefit from the microbial target. Co-biotic 

ingredients target health functions that are co-regulated by these processes, such as nutrient 

absorption and energy production. Careful selection of co-biotic ingredients in a product therefore 

allows for comprehensive support of whole-body health compared to traditional host-only 

interventions. This recognizes the importance of the microbiome and its interaction with ingested 

compounds. 

Co-biotics at the product-level must be formulated with an ingredient that is a co-biotic, and 

importantly, be delivered in a way that ensures access by both host and microbiome cells. The 

product should support one or more specific health benefits in a targeted way. 

Co-Biotic Examples 

Co-biotic ingredients can be derived from various sources, but do not include microorganisms 

(i.e. probiotics). One example of a co-biotic ingredient is ginseng; such as Panax quinquefolius 

(American ginseng) or Panax ginseng (Asian ginseng) (Figure 2). American and Asian ginseng has 

been clinically proven to provide various host benefits in brain health, particularly cognitive 

functions related to working memory and attention, as well as certain aspects of mood [55–58]. 

Mechanistically, ginsenosides, the primary active component of ginseng, have been shown to directly 

affect neurotransmission in host cells, regulate neuronal ion channels, and provide neuroprotective 

effects through antioxidant and anti-inflammatory abilities [59–61]. Ginsenosides' interaction with 

the gut microbiota is also well established. Gut microbes are capable of bioconverting primary 

ginsenosides into more bioavailable and bioactive secondary forms of ginsenosides for host benefit 

[62]. In addition, ginseng administration has been shown both preclinically and clinically to 

significantly upregulate beneficial microbes such as Bifidobacterium and Lactobacillus species and 

increase production of beneficial microbial metabolites such as SCFA [55,63]. 
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Figure 2. Bi-directional interactions between ginseng, the gut microbiome, and the host. Ginsenosides can act 

directly on the host to positively impact cognition and mood. Ginsenosides are also metabolized by gut microbes 

into secondary ginsenosides and SCFAs which further influence host health. 

Additional examples of co-biotic ingredients are quercetin, a flavonoid found in many fruits and 

vegetables, and resveratrol, a polyphenol that is abundant in the skin and seeds of grapes and select 

berries. Quercetin supplementation has been shown to directly contribute to a diverse range of host 

benefits, including for the cardiovascular, immune, and muscular systems. For instance, human 

studies have shown that quercetin supplementation can reduce blood pressure, inflammation, and 

increase muscle strength [64–66]. Mechanistically, quercetin has shown direct anti-inflammatory 

effects by inhibition of inflammatory cytokine production in host cells and exerts its antioxidant 

properties by directly regulating and upregulating host glutathione, heme-oxygenase-1, and 

superoxide dismutase-1 levels [67,68]. Quercetin has a direct impact on the flavonoid-degrading 

bacteria of the gut microbiome, such as Eubacterium ramulus and Clostridium orbiscindens. One study 

found that healthy adults consuming a flavonoid-free diet displayed decreased total fecal bacteria, 

including a 40-75% decrease in E. ramulus. Supplementation with quercetin increased total bacterial 

counts, including E. ramulus to levels higher than baseline [69]. Notably, E. ramulus is a beneficial 

microbe known to produce the important SCFA butyrate (which help colonocyte integrity), and work 

cooperatively with other health-promoting microbes in the gut [70]. C. orbiscindens has been shown 

to convert quercetin to metabolites such as 3,4-dihydroxyphenylacetic acid, and while its clinical 

significance has yet to be established, C. orbiscindens is prevalent in the population and likely 

significantly contributes to gut microbial metabolism of quercetin [71]. 

Resveratrol has been clinically shown to have a variety of health benefits in areas of metabolic, 

cardiovascular, and immune systems [72–74]. Specifically, resveratrol reduces insulin resistance and 

inflammatory biomarkers and increases endothelial functions. Mechanistically, resveratrol acts on 

host cells by activating SIRT1, a deacetylase that is a master regulator in various cellular processes. 

Resveratrol-dependent SIRT1 activation has been shown to increase mitochondrial function and 

turnover, protect against cellular oxidative stress, and inhibit inflammatory responses [75–77]. 

Resveratrol can be directly metabolized by certain gut microbes, and several metabolic outputs such 

as lunularin, 3,4-dihydroxy-trans-stilbene, and resveratroloside, have been identified and 

demonstrated to have beneficial impacts on gut health [78–81]. Furthermore, preclinical studies have 

shown that resveratrol supplementation can enrich beneficial microbes such as Lactobacillus and 

Bifidobacterium species, while potentially decreasing trimethylamine (TMA)-producing microbes 

(associated with cardiovascular disease) by remodeling the gut microbiome [82,83]. 
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Vitamins, minerals, and co-factors such as some B vitamins, may act as co-biotic ingredients. The 

human health benefits of these essential B vitamins have been long established, and their impact on 

energy metabolism, skin, vision, cardiac function, and nervous system are well substantiated [84,85]. 

B vitamins are also essential and play a vital role in microbial physiology and ecology. Many bacteria 

are able to biosynthesize B vitamins, including thiamin (vitamin B1), riboflavin (vitamin B2), niacin 

(vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin B7), folate 

(vitamin B9), and cobalamin (vitamin B12) [86]. These vitamins are not only involved in several 

microbial processes, but the presence of auxotrophs can create competition and affect the overall 

microbial diversity and ecology. How oral vitamin supplementation impacts the gut microbiome is 

only recently being better understood; research suggests both direct effects on microbial composition 

as well as indirect effects via alteration of the host physiology (e.g. to the intestinal lumen) can impact 

resident microbes [87]. Microbiome-targeted vitamins, including B1 and B2, can increase microbial 

diversity, enrich for beneficial taxa, and promote the production of SCFA [87–91]. 

Analysis of the gut microbiome in human diseases is shedding light into the deep connectivity 

of microbes and the host. For instance, a meta-analysis of Parkinson's disease (PD) across 5 countries 

identified a decrease in SCFA-producing species, such as Faecalibacterium prausnitzii, as well as a 

decrease in fecal microbial riboflavin (vitamin B2) biosynthetic genes in PD patients [92]. In addition, 

the decrease in these genes correlated with decreases in fecal SCFA. While the SCFA-producing 

species are also riboflavin producers, the lack of microbiota-accessible riboflavin is believed to have 

a negative impact on the overall gut microbiome, reducing total SCFA production, which can 

subsequently lead to increased intestinal permeability. Increased intestinal permeability has been 

proposed as a signature of PD that may aggravate PD pathology via the gut-brain axis [93]. 

Interestingly, a preclinical study showed that supplementation of colon-targeted microencapsulated 

riboflavin increases SCFA-producers, as well as SCFA production [89]. 

Together, these examples illustrate how co-biotic ingredients extend beyond host-only 

interventions by simultaneously nourishing microbial ecosystems and supporting systemic health, 

underscoring their potential as a more comprehensive framework for health solutions. 

Delivery Mechanisms 

Ensuring Microbiome Delivery 

An important component of a co-biotic is that it must not only be absorbed by the host but must 

also be accessible by the gut microbiome, which in highest abundance resides in the colon. Active 

ingredients delivered via food matrices, in contrast to traditional supplements, have very different 

absorption profiles and bioavailability. For instance, food matrices may provide synergistic or carrier-

like effects for certain active components of food that are lacking in supplement forms [94]. Food 

matrices may also contain absorption inhibitors not present in supplement formats [95]. For certain 

fast-absorbing actives, their delivery in traditional supplement forms has indirectly ignored distal 

segments of the microbiome, by not allowing the colonic microbes access to these active compounds 

due to their faster absorption in the upper GI tract. While the distal small intestine does indeed house 

a large number of microbes, the vast majority of the gut microbiota are strict anaerobes that reside in 

the colon [96,97]. Co-biotics that target these taxa should ensure availability in the colon. 

Additional parameters such as processing techniques (e.g. spray drying), excipients, and other 

active ingredients all impact bioavailability, which influences ingredient availability for both the host 

and microbiome. While some compounds, likely polyphenols, saponins, and tannins, are able to 

reach the colon without special delivery mechanisms due to their poor bioavailability, other 

compounds, like essential vitamins, will be readily and quickly absorbed in the small intestine, 

preventing utilization by colonic microbes [98–100]. In order to ensure efficient delivery to the colonic 

microbiome if the colon is an essential target, the co-biotic ingredient's absorption profile should be 

considered. In cases where ingredients are absorbed or degraded prior to reaching the colon, 

appropriate targeted delivery systems may be required for the ingredient to function as a co-biotic. 
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Several colon-targeted oral delivery systems including modified capsules, microencapsulation 

with various polymers, and synthesis of ingredients into prodrugs, can be utilized for co-biotic 

formulations. A popular form of a modified capsular delivery system is the dual capsule system 

consisting of an inner and outer capsule, where the inner capsule ingredients exhibit a delayed release 

profile; modifications of the capsule composition can further alter the release profile to have a more 

specific targeted effect on the colonic environment (Figure 3). For single layer capsules, enteric 

coating can provide targeted delivery of ingredients into the colonic space. One of the more popular 

enteric coatings for drug delivery are polymethacrylate-based copolymers, which is also available for 

dietary supplement applications [101]. Vitamins delivered in these types of copolymers have 

successfully been shown to induce microbiome and microbiome-related changes correlating with a 

healthy ecosystem [90]. 

 

Figure 3. Example of dual-capsule delivery technology for targeted delivery to the host and the colonic 

microbiome. 

Probiotics are commonly microencapsulated to ensure delivery of viable cells to the colonic 

space, and several companies have developed microencapsulation technologies [102]. 

Microencapsulation generally utilizes polysaccharides such as sodium alginate, lipid polymers, or 

other natural polymers like shellac, and delays release of the ingredients to the colon, allowing for 

targeted microbiome effects [103–106]. Microencapsulation is an effective way to deliver co-biotic 

ingredients to the distal small intestine or the colon. 

Prodrugs are inactive or partially inactive forms of an active ingredient, that are designed to 

undergo biotransformation to release the active ingredient at a specific site in the GI tract [107,108]. 

Prodrug systems can be designed for targeted colonic delivery. Tributyrin is a prodrug of butyrate, 

with the butyric acid esterified to a glycerol backbone. Butyrate chains are released from the glycerol 

backbone through intestinal lipases. In preclinical studies, tributyrin has been shown to have better 

colonic delivery of butyrate than traditional butyrate salts [109]. Ultimately, effectiveness of a co-

biotic depends both on the selection of the active ingredient and on ensuring its delivery to the 

targeted segment of the microbiome, whether it be the small intestine of the colon. 

Conclusions 

As the scientific understanding of human health advances, so too must the frameworks through 

which interventions are conceptualized. Co-biotics represent an emerging paradigm that explicitly 

accounts for the bidirectional and interdependent relationship between the human host and its 
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microbiome. This construct moves beyond single-domain targeting to acknowledge that sustained 

health outcomes require engagement of shared biochemical and/or physiological processes across 

host and microbial systems. Current and future research efforts will continue to characterize precise 

mechanisms of action by which compounds exert co-biotic effects, as well as to identify additional 

agents capable of modulating these dual pathways. Parallel innovation in delivery systems will also 

be essential to ensure that such interventions achieve appropriate localization, both at sites of host 

absorption and within the relevant niches of the gastrointestinal microbiome. Collectively, these 

developments hold the potential to vastly expand the scope of nutritional and therapeutic strategies, 

as well as their health promoting capacity, establishing co-biotics as a unifying framework for next-

generation microbiome-host interventions. 
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