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The notion of food as medicine can be traced back thousands of years, when the use of plants, herbs, and foods to

treat disease and restore health was commonplace. Today, it is well understood that diet interacts with human

physiology and health. Healthy dietary patterns that favour plant-based foods have been shown to offset the risk of

chronic disease. Furthermore, components of plant-based diets have been shown to influence human physiology

via effects on the gut microbiome. The innovation opportunity to design functional foods to support a resilient gut

microbiota with a view to safeguarding against wider pathologies associated with gut dysbiosis extends the concept

of functional foods into a new sphere. Bioactive food ingredients, through their interactions with the gut microbiota,

may contribute to microbiota resilience, thus supporting the body’s adaptive capacity.
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1. A Multi-Pronged Approach to the Design of Functional
Foods for Gut and Systemic Health

How, then, might functional food developers set about selecting ingredients with the highest probability of

influencing the functional parameters of gut and systemic health and shaping the microbiota towards a healthy

state? In recent history, the field of nutrition science evolved from focusing on how intakes of individual nutrients

impact the risk of disease, to examining dietary patterns and their influence on health. Global dietary guidelines

today also tend to emphasise the notion of varied and diverse diets, favouring fruits, vegetables, and wholegrains,

the consumption of which must be maintained over the life course.

Despite nutritional strategies to modulate the gut microbiota towards a resilient state being an emerging field of

study, it is theoretically possible to design food-based interventions that may act on functional parameters of gut

health along with shaping the gut microbiota towards a resilient, healthy state . Although product developers may

be well-equipped to select ingredients that pose the required technical properties for incorporation into their product

matrix, choosing the right bioactives that impact the gut microbiota and beyond can be challenging. Despite the

growing body of evidence supporting the relationship of specific functional ingredients with gut health, the field itself

is a complex one, as the gut holds a bidirectional relationship with other organs and systems in the body.

Consequently, different bioactive ingredients may act directly or indirectly on different gut outcomes, having local

effects or broader systemic effects. Developing an understanding of how certain bioactive components may act
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locally, or systemically, would help product developers to innovate in the gut health field. This could be particularly

useful for innovation purposes when new concepts are developed for testing with consumers.

2. The Functional Relevance of Microbiota

Accumulating evidence suggests that the gut microbiota plays a key role in the initiation and progression of

metabolic diseases . A transplantation of gut microbes from conventionally reared mice into germ-free mice

resulted in an increased accumulation of adipose tissue in the germ-free mice, despite controlling their food intake,

thus demonstrating that gut microbiota transplantation is capable of leading to an increased body fat content in

mouse models . Moreover, the intestinal microbial composition was shown to be different between obese and

lean individuals, with obese persons having a lower prevalence of Bacteroidota but a higher prevalence of Bacillota

. Compositional variation in the intestinal microbiota has also been observed when comparing faecal samples

from type 2 diabetes (T2D) patients versus healthy individuals . The T2D samples had a lower abundance of

bacteria from the genus Lactobacillus and higher abundance of Bifidobacterium. These studies illustrate the

significance of microbiota for potentially offsetting the risk of chronic disease.

Beyond specific diseases, evidence suggests that the gut microbiota significantly contributes to general well-being,

especially in later life. Research across various model organisms, as well as in humans, demonstrates the role of

the gut microbiome in well-being and longevity. Generally, as organisms age, the diversity of their gut microbiota

decreases and health-promoting bacteria decline, while opportunistic bacteria and overall microbial numbers

increase . Human studies also indicate age-related compositional changes in the microbiota, suggesting a

potential causal role in late-life health . Centenarians were shown to overcome those changes by maintaining gut

microbiota diversity and by increasing the prevalence of health-associated groups (e.g., Akkermansia and

Bifidobacterium) . These studies suggest that the gut microbiota shows compositional changes that correlate age

and disease, implying that interventions which target the gut microbiota have the potential to improve both health

span and lifespan.

3. What Is a “Healthy” Gut Microbiota? A Holistic Exploration
of Dysbiosis-Induced Pathogenesis

Substantial research is dedicated to defining a “healthy” gut microbiota and understanding its connection to host

physiological functions. However, the concept of a “healthy” gut microbiota remains complex and evolving within

scientific discourse, lacking a universally agreed-upon definition due to variations among individuals. Nevertheless,

certain characteristics associated with gut microbiota composition are often considered indicative of a potential

state of health. Under healthy conditions, the gut microbiota exhibits stability, resilience, and a symbiotic

relationship with the host . A “healthy” gut microbiota is generally characterised by a balanced and diverse

microbial community, essential for maintaining gut barrier integrity, nutrient metabolism, and immune system

modulation .
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In a state of homeostasis, the gut microbiota performs essential functions, such as aiding in the digestion of

complex carbohydrates, the extraction of nutrients from food, and the biosynthesis of bioactive molecules, including

vitamins, amino acids, lipids, or short-chain fatty acids . Moreover, the gut microbiota not only shields the host

from external pathogens by producing antimicrobial substances, but also contributes significantly to the

development of intestinal mucosa and the immune system . Dysbiosis can instigate disease processes through

multiple mechanisms. Disruption of the gut barrier, altered immune responses, and dysregulation of metabolic

pathways are among the key contributors .

But how might gut-confined microbes have such systemic effects on health? The gut microbiota can produce and

regulate signals that reach the circulation and modulate whole-organism physiology. These signals can be either

microbiota-derived or host-derived. Microbial signals can be structural components of bacteria or metabolites.

Structural components such as lipopolysaccharide (LPS), peptidoglycan, and flagellin are recognised by pattern-

recognition receptors on epithelial and immune cells and they are generally not diffused across the epithelial barrier

. It has been reported that LPS might reach the circulation via co-transport with chylomicrons, which was

suggested to have implications for inflammation and obesity . An altered composition of gut bacteria has also

been shown to catabolise tryptophan into the metabolite indole-3-aldehyde, which has been associated with

inflammatory bowel disease . Moreover, SCFAs, such as butyrate, propionate, and acetate, generated from the

saccharolytic fermentation of dietary fibre, can act as signalling molecules at distant body sites. For example,

acetate, produced from dietary fructose, is a source for supplying acetyl-CoA, which can then trigger hepatic de

novo lipogenesis . Thus, bacterially sourced molecules can systemically affect host health.

As well as containing bacteria that produce signals, the gut is the largest endocrine organ in the human body,

containing specialised hormone-producing enteroendocrine cells . In mice, SCFAs have been shown to activate

receptors on those cells, which then triggers the secretion of gut peptides such as glucagon-like peptide (GLP-1)

and peptide YY (PYY) . GLP-1 is known to regulate pancreatic function, insulin release, and appetite, while PYY

has been shown to increase energy harvest from the diet . Human studies have demonstrated that the

administration of fermentable fibres induces changes in the gut microbiome, which, when modulated by

fructooligosaccharides (FOS), is suggested to enhance satiety, reduce hunger, and elevate GLP-1 and PYY levels

. Thus, microbes that reside in our gut generate molecules that can influence host endocrine signalling, and this

may have consequences for wider systemic health.

References

1. Fassarella, M.; Blaak, E.E.; Penders, J.; Nauta, A.; Smidt, H.; Zoetendal, E.G. Gut microbiome
stability and resilience: Elucidating the response to perturbations in order to modulate gut health.
Gut 2021, 70, 595–605.

2. Jandhyala, S.M.; Talukdar, R.; Subramanyam, C.; Vuyyuru, H.; Sasikala, M.; Reddy, D.N. Role of
the normal gut microbiota. World J. Gastroenterol. WJG 2015, 21, 8787.

[3]

[11]

[12][13]

[14]

[15]

[16]

[17]

[18]

[19]

[20][21]

[22]



Functional Foods and Beverages with Promising Gut-Health-Related Outcomes | Encyclopedia.pub

https://encyclopedia.pub/entry/56390 4/5

3. Turnbaugh, P.J.; Ley, R.E.; Mahowald, M.A.; Magrini, V.; Mardis, E.R.; Gordon, J.I. An obesity-
associated gut microbiome with increased capacity for energy harvest. Nature 2006, 444, 1027–
1031.

4. Bäckhed, F.; Ding, H.; Wang, T.; Hooper, L.V.; Koh, G.Y.; Nagy, A.; Semenkovich, C.F.; Gordon,
J.I. The gut microbiota as an environmental factor that regulates fat storage. Proc. Natl. Acad. Sci.
USA 2004, 101, 15718–15723.

5. Turnbaugh, P.J.; Bäckhed, F.; Fulton, L.; Gordon, J.I. Diet-induced obesity is linked to marked but
reversible alterations in the mouse distal gut microbiome. Cell Host Microbe 2008, 3, 213–223.

6. Sedighi, M.; Razavi, S.; Navab-Moghadam, F.; Khamseh, M.E.; Alaei-Shahmiri, F.; Mehrtash, A.;
Amirmozafari, N. Comparison of gut microbiota in adult patients with type 2 diabetes and healthy
individuals. Microb. Pathog. 2017, 111, 362–369.

7. Kim, S.; Jazwinski, S.M. The Gut Microbiota and Healthy Aging: A Mini-Review. Gerontology
2018, 64, 513–520.

8. Odamaki, T.; Kato, K.; Sugahara, H.; Hashikura, N.; Takahashi, S.; Xiao, J.-z.; Abe, F.; Osawa, R.
Age-related changes in gut microbiota composition from newborn to centenarian: A cross-
sectional study. BMC Microbiol. 2016, 16, 90.

9. Biagi, E.; Rampelli, S.; Turroni, S.; Quercia, S.; Candela, M.; Brigidi, P. The gut microbiota of
centenarians: Signatures of longevity in the gut microbiota profile. Mech. Ageing Dev. 2017, 165,
180–184.

10. Consortium, H.M.P. Structure, function and diversity of the healthy human microbiome. Nature
2012, 486, 207–214.

11. Hou, K.; Wu, Z.X.; Chen, X.Y.; Wang, J.Q.; Zhang, D.; Xiao, C.; Zhu, D.; Koya, J.B.; Wei, L.; Li, J.;
et al. Microbiota in health and diseases. Signal Transduct. Target. Ther. 2022, 7, 135.

12. Omenetti, S.; Pizarro, T.T. The Treg/Th17 Axis: A Dynamic Balance Regulated by the Gut
Microbiome. Front. Immunol. 2015, 6, 639.

13. Cani, P.D.; Jordan, B.F. Gut microbiota-mediated inflammation in obesity: A link with
gastrointestinal cancer. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 671–682.

14. Schroeder, B.O.; Bäckhed, F. Signals from the gut microbiota to distant organs in physiology and
disease. Nat. Med. 2016, 22, 1079–1089.

15. Hersoug, L.G.; Møller, P.; Loft, S. Gut microbiota-derived lipopolysaccharide uptake and trafficking
to adipose tissue: Implications for inflammation and obesity. Obes. Rev. 2016, 17, 297–312.

16. Lamas, B.; Richard, M.L.; Leducq, V.; Pham, H.-P.; Michel, M.-L.; Da Costa, G.; Bridonneau, C.;
Jegou, S.; Hoffmann, T.W.; Natividad, J.M. CARD9 impacts colitis by altering gut microbiota
metabolism of tryptophan into aryl hydrocarbon receptor ligands. Nat. Med. 2016, 22, 598–605.



Functional Foods and Beverages with Promising Gut-Health-Related Outcomes | Encyclopedia.pub

https://encyclopedia.pub/entry/56390 5/5

17. Zhao, S.; Jang, C.; Liu, J.; Uehara, K.; Gilbert, M.; Izzo, L.; Zeng, X.; Trefely, S.; Fernandez, S.;
Carrer, A. Dietary fructose feeds hepatic lipogenesis via microbiota-derived acetate. Nature 2020,
579, 586–591.

18. Ahlman, H.; Nilsson, O. The gut as the largest endocrine organ in the body. Ann. Oncol. 2001, 12,
S63–S68.

19. Brooks, L.; Viardot, A.; Tsakmaki, A.; Stolarczyk, E.; Howard, J.K.; Cani, P.D.; Everard, A.; Sleeth,
M.L.; Psichas, A.; Anastasovskaj, J. Fermentable carbohydrate stimulates FFAR2-dependent
colonic PYY cell expansion to increase satiety. Mol. Metab. 2017, 6, 48–60.

20. Rastelli, M.; Cani, P.D.; Knauf, C. The gut microbiome influences host endocrine functions.
Endocr. Rev. 2019, 40, 1271–1284.

21. Steinert, R.E.; Feinle-Bisset, C.; Asarian, L.; Horowitz, M.; Beglinger, C.; Geary, N. Ghrelin, CCK,
GLP-1, and PYY(3-36): Secretory Controls and Physiological Roles in Eating and Glycemia in
Health, Obesity, and After RYGB. Physiol. Rev. 2017, 97, 411–463.

22. Parnell, J.A.; Reimer, R.A. Weight loss during oligofructose supplementation is associated with
decreased ghrelin and increased peptide YY in overweight and obese adults. Am. J. Clin. Nutr.
2009, 89, 1751–1759.

Retrieved from https://encyclopedia.pub/entry/history/show/126914


