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The Evolution of Prebiotics into
Functional Synbiotics

Polyphenols are phytonutrients that can display selective effects on microbe
growth and may be broken down and metabolized by the gut microbiota to form
highly bioactive metabolites. This review article proposes plant polyphenols as
second-generation, non-carbohydrate prebiotic substances that may be
strategically paired with probiotics for synergistic health benefits.

Prebiotics are of central importance in nourishing the body’s microbiota, and are typically
comprised of fermentable carbohydrates like oligosaccharides or polyols. However, prebiotics
like these can serve as growth substrates for pathogens (certain strains of Clostridia or E. coli,
for example) as well as beneficial species, and some carbohydrate prebiotics are associated
with gastrointestinal discomfort. In addition, prebiotics can show considerable variability in their
overall effects on gut microbiome composition, with inconsistent clinical results.

In addressing the activities of prebiotics and probiotics, the authors consider the totality of
interactions between a host organism and those comprising the host’s microbiota: the
combined, interdependent, symbiotic living unit known as the “holobiont.” The human gut
microbiome encompasses dynamic environmental, biochemical, and health variables that
influence both host and microbiota, including caloric and non-caloric nutrition, metabolic
function, epigenetic repatterning, regulation of cell signaling, interactive elaboration of novel
metabolites by both host and microbiota, immune and stress responses, and the combined
prebiotic and antimicrobial effects of a host’s diet, among others.

In recent studies, certain polyphenols have been evaluated as second-generation prebiotics that
differentially impact friendly flora and pathogens and possess unique functional profiles.
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Strategic combinations of particular polyphenols and probiotics may be termed ‘synbiotics’ that
favorably alter gut microbiome composition in a synergistic manner.

According to the authors:

“Polyphenols can inhibit the growth of undesirable pathogenic bacteria while
simultaneously enabling space and opportunity for the proliferation of
probiotic bacteria and thereby altering the diversity and composition of gut
microbiota.

Furthermore, because phenols are highly bioactive compounds, their usage as
prebiotic agents would provide an opportunity for additional health benefits to
the host that may not be directly related to gut microbiome modulation.”

Review Summary

New concepts and research results highlighted in this review include the following:

● Synbiotic polyphenols are defined by three essential qualities: 1) the ability to effectively
inhibit proliferation of pathogenic microbes while allowing or even enhancing that of
probiotic and commensal species; 2) having distinct beneficial influences on cell function
and signaling interactions; and 3) in combination with probiotics, showing distinct
beneficial influences on microbiome composition and human physiology.

● Specific polyphenolics that have displayed differential growth effects on beneficial versus
pathogenic microbes include compounds from black tea, green tea, red wine, and cocoa,
as well as quercetin, epigallocatechin gallate (EGCG), gallic acid, vanillic acid, ferulic
acid, and other organic acids.

● In one preclinical investigation, phenolic metabolites of polyphenols inhibited the
misfolding of proteins associated with dementia, while in another, metabolites of rutin
and quercetin inhibited platelet aggregation more efficiently than the parent compounds.

● Synbiotic synergy between polyphenols and probiotics has been discovered for EGCG
plus Lactobacillus fermentum on immune measures in aged animals, wine polyphenols
and lactic acid bacteria on metabolic parameters in obese animals, cranberry
polyphenols and probiotics on the invasiveness of pathogenic E. coli, and EGCG plus L.
plantarum on liver function in an animal model of chronic alcohol toxicity. Other synbiotic
combinations are currently under study for potential effects on biological aging
processes, inflammation, mood, dementia, and infection.

It is interesting to note that both intestinal absorption and fecal excretion of many polyphenols
are relatively low; in effect, polyphenols appear to act mainly as substrates for gut microbiome
biotransformation. The authors stress that while some polyphenols have microbiome-modulating
properties akin to those of carbohydrate prebiotics, these polyphenols do so without providing
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metabolically disadvantageous carbohydrates that may also nourish potentially harmful
microbial species.

NUTRITION CONCLUSION

Probiotics, prebiotics, and polyphenolic phytonutrients are all revered for gut
microbiome and health benefits. New research is discovering that polyphenols
can interact in complex ways with the gut microbiome and with probiotic
species to release unique metabolites that possess heightened bioactivity.
Strategic pairing of probiotics and polyphenols for targeted conditions is an
emerging avenue of personalized intervention.
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