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ABSTRACT

Background. Nutrition is the science of food, nutrients, their effects, interactions, and balance in the con-
text of human health and disease. Nutraceuticals provide the body with energy substrates, which are converted
in the body’s cells into important metabolites used in physiological and biochemical processes. Diet plays an
important role in shaping the qualitative and quantitative composition of the human gut microbiome.

Aim. To analyze the interaction between diet and the gut microbiome, and to investigate the role of specific
nutrients in the development and progression of chronic intestinal diseases.

Materials and Methods. The study was carried out using the bibliosemantic method and system analysis.
For analysis, the sources of 2012-2026 were selected. from scientometric databases PubMed, Scopus, Scien-
ceDirect, EMBASE, Medline, Cochrane Library and Google Scholar. The study was carried out as a private
initiative of the authors without grant support and state registration of the topic.

Research Ethics. For the analysis, only those sources were selected, the authors of which adhered to mod-
ern bioethical norms when performing their research.

Results. Fermentation of dietary fiber by the colonic gut microbiota produces short-chain fatty acids, which
provide [60-70]% of the energy needs of colonocytes, maintain intestinal barrier integrity, and modulate cell
proliferation. Polysaccharide deficiency leads to destruction of the mucus layer, erosions, and "leaky gut" syn-
drome. High consumption of fruit, vegetables, legumes and potatoes reduces the risk of Crohn's disease (ad-
justed Hazard Ratio (aHR) = 0.44) but does not affect ulcerative colitis; excessive potato consumption in-
creases the risk of ulcerative colitis (aHR=1.51). Insoluble dietary fiber may provoke abdominal pain, diarrhea
and flatulence, whereas soluble fiber stimulates Lactobacillus sp. and Bifidobacteria sp. Legumes, in particular
Phaseolus vulgaris Navy bean, due to their content of lysine, iron, phosphatidylserine, apigenin and coumaric
acid, reduce oxidative stress, inflammation and the risk of colorectal adenoma recurrence.

Conclusions. The interaction between diet and the microbiome through fermentation of dietary fiber is a
key mechanism for maintaining intestinal homeostasis. Different dietary components have a differentiated
effect on the risk and course of Crohn's disease and ulcerative colitis. Unbalanced nutrition causes dysbiosis,
increased intestinal barrier permeability and chronic inflammation, which justifies the need for personalized
dietary approaches.
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Introduction disease; as well as the processes by which the

In the modern world, one of the key compo-
nents of public health care is nutriology. Accord-
ing to the World Health Organization, nutriology
is the science of nutrition, nutrients and substances
contained in food nutrients; their action, interac-
tion and balance in relation to human health and
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body digests, absorbs, transports, uses and excre-
tes metabolic end products [1].

Nutrients provide the body with energy sub-
strates, which are converted in the body's cells into
important metabolites used in physiological and
biochemical processes [2]. The quality of nutrition
plays an important role in the development and
course of chronic non-communicable diseases, in-
cluding cardiovascular diseases [3; 4], diabetes
[5], obesity [6], intestinal inflammatory processes,
and some types of cancer [7]. These diseases share
common risk factors, one of which is improper or
unbalanced diet [8]. Non-communicable diseases
are associated not only with diet and lifestyle but
also with age-related characteristics and biological
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aging processes [9], manifested by increased oxi-
dative stress, mitochondrial dysfunction, cell aging
[10-12], changes in neuroendocrine signaling and
activity of certain enzymes. Some experimental
studies have demonstrated a modulating effect of
dietary therapy on diseases caused by metabolic
disorders [13].

Currently, individual approaches in personal-
ized diet are being considered, focusing on genetic
characteristics related to certain foods [14], on the
state of the gut microbiome and the processes of
digestion in the gastrointestinal tract [15; 16], and
on the immune system'’s response to food agents
[17]. Current research indicates that food prefer-
ences are closely linked to the development and
severity of diseases. These findings highlight the
importance of developing nutritional programs to
resolve or alleviate the course of many diseases
[18].

Thus, diet plays an important role in shaping
the qualitative and quantitative composition of the
human gut microbiome [19; 20]. In the current sci-
entific literature, there is growing interest in the
influence of various diets on the state of the mi-
crobiome, as well as on the improvement of intes-
tinal condition in inflammation, ulcerative colitis
and Crohn's disease [19; 21].

The aim of the study was to analyze of the in-
teraction between diet and the gut microbiome,
and to investigate the role of specific nutrients in
the development and progression of chronic intes-
tinal diseases.

Materials and Methods

The study was conducted using the bibliose-
mantic method and systemic analysis. Sources
from 2012-2026 indexed in the scientometric da-
tabases PubMed, Scopus, ScienceDirect, EMBASE,
Medline, Cochrane Library and Google Scholar
were selected for analysis using the keywords:
diet, gut microbiome, inflammatory bowel disea-
se, irritable bowel syndrome, dietary fiber, short-
chain fatty acids, intestinal barrier, dysbiosis,
nutraceuticals, chronic intestinal inflammation,
personalized nutrition, microbiota-targeted diet.
The selection of sources was carried out in two
stages: primary screening by titles and abstracts
(including experimental studies, clinical trials and
reviews) followed by full-text analysis. Exclusion
criteria were abstracts, case reports, and topic-ir-
relevant publications

Research Ethics

This work is a review of literary sources that
are publicly available. No patients were involved
in the study, which does not require additional ap-

proval from an ethics committee. Only those sour-
ces whose authors adhered to modern bioethical
standards when conducting their research were se-
lected for analysis.

Results

In the gastrointestinal tract, the processes of di-
gestion and absorption of nutrients take place.
Clinical trials and epidemiological studies con-
firm the influence of specific dietary components,
such as probiotics, polyphenols, omega-3 fatty ac-
ids, and vitamins, on the growth and composition
of the gut microbiota, which generates various bi-
ochemical metabolites that positively or negati-
vely affect the mucous membrane of the intestinal
epithelium [22; 23]. Regular consumption of pro-
biotics helps strengthen the intestinal barrier and
reduces the risk of inflammatory bowel diseases.
Polyphenols and omega-3 fatty acids have an anti-
inflammatory effect, lower the level of cholesterol
of low-density lipoproteins, improve insulin sen-
sitivity and reduce oxidative stress [22]. In a heal-
thy intestine, about 5% of primary bile acids un-
dergo bacterial biotransformation, and the compo-
sition of the bile acid pool is closely related to the
structure of the microbial community. Disturb-
ance of this interaction is observed in Crohn's dis-
ease, ulcerative colitis and metabolic syndrome
[23].

The contents of the intestinal lumen do not
penetrate into the bloodstream due to the presence
of epithelial cells. Seven types of epithelial cells
are known, represented by enterocytes, goblet
cells, Paneth cells, microfold cells, enteroendo-
crine cells, cup cells and tuft cells, which form
both the biological barrier (represented by the gut
microbiota) and the mechanical barrier (repre-
sented by the intestinal epithelium itself) of the
body [24]. Epithelial Cells of the Intestine (ECI)
are the first to respond to changes in the composi-
tion of the microbiota in non-infectious inflamma-
tory bowel diseases. As a result of disruption of
the intestinal barrier, destruction of tight intercel-
lular protein contacts and translocation of micro-
bial products, the type of metabolism in ECI
changes [25]. The epithelial layer is part of the in-
nate immunity, recognizing pathogenic microor-
ganisms, and is also a source of mucin, antimicro-
bial peptides, cytokines and chemokines [26].

The inner mucous layer of the large intestine is
constantly renewed under physiological condi-
tions. However, under certain conditions, in re-
sponse to factors that cause destruction or increa-
sed permeability of the intestinal mucous layer,
bacteria reach the epithelial cells and cause inflam-
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matory reactions, which are a common mecha-
nism in all experimental models and in patients
with non-infectious intestinal diseases [27].

In a healthy intestine, there is a balance be-
tween commensal microbiota and the mucous
layer. Polysaccharides serve as the main source of
nutrition for the microbiota, allowing the preser-
vation of mucin-degrading bacteria and maintain-
ing homeostasis. A diet with a reduced amount of
polysaccharides leads to a loss of part of the bac-
teria's nutritional potential. The latter begin to
break down the mucus layer (mucin) on the intes-
tinal surface, using it as an alternative source of
carbohydrates. The consequence of these events
may be the appearance of erosions [28; 29] and the
formation of a condition known as "leaky gut"
[30]. Okada T. et al. (2013) [31] showed that a high
level of lactate produced by Lactobacillus murinus
in the large intestine of mice that were initially
starved and then switched to standard feeding ac-
celerates the renewal of colonic epithelial cells
(increased proliferation of enterocytes), however,
these cells exhibited increased sensitivity to car-
cinogens, specifically the formation of a larger
number of aberrant crypts. In the large intestine,
during fermentation of fiber by the gut microbiota,
Short-Chain Fatty Acids (SCFAS) (acetic, propi-
onic and butyric acids) are formed. Other short-
chain fatty acids, such as valerate, caproate and
isovalerate, are produced in negligible amounts
[32]. The total concentration of SCFAs in the pro-
ximal large intestine is [70-140] mM, and the mo-
lar ratio of acetate, propionate and butyrate is ap-
proximately 60:20:20 [6; 16; 32]. These fatty acids
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are used not only as an energy source (they pro-
vide [60-70]% of the energy needs of colonocytes
[32]), but also as modulators of the physiological
function of enteric epithelial cells and immune cells
[33]. For example, butyrate promotes cell prolifera-
tion and acts as an inducer of the cell cycle of ECI
[34].

Dietary fiber — a complex of biopolymers that
form the walls of plant cells — can be divided into
dietary fiber that is partially fermented by bacte-
ria, non-fermented dietary fiber, and dietary fiber
that is completely fermented by bacteria [35; 36].
The World Health Organization recommends con-
suming up to 5 servings of vegetables and fruit per
day, which amounts to 400 g (of which [3-4] ser-
vings of vegetables, corresponding to [240-320] g,
and [1-2] servings of fruit, corresponding to [80—
160] g). This ensures normal body functioning and
reduces the risks and progression of diseases [37].
However, for However, people with irritable bo-
wel syndrome are advised to reduce their servings
to 3, because vegetables and fruit can cause various
symptom complexes [38], depending on the type
and amount of dietary fiber in the diet.

Meyer A. et al. (2026) [39] in a prospective study
involving 341,519 individuals (the median follow-
up period was 13.4 years) assessed the risks of de-
veloping Crohn's Disease (CD) and Ulcerative Coli-
tis (UC) depending on the consumption of fruit, ve-
getables, legumes and potatoes (Fig.). It was found
that high consumption of the combined group of
these products was associated with a reduced risk
of CD (Adjusted Risk Ratio (ARR) = 0.44; 95%
Confidence Interval (CI) [0.26+0.76]; p<0.01),
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Data from 341,519 participants with inflammatory bowel disease.
Average follow-up: 13.5 years.

Fig. Dietary composition and the risk of developing inflammatory bowel disease [39].
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but did not affect the risk of UC. At the same time,
high consumption of potatoes was associated with
an increased risk of UC (ARR=1.51; 95% ClI
[1.05+2.17]; p<0.01). In particular, consumption
of apples or pears; bananas; mushrooms; onions or
garlic reduced the risk of CD.

In the current scientific literature, there are
conflicting data regarding the role of insoluble di-
etary fiber. Some authors point to a positive effect,
as it promotes water binding, increased stool vol-
ume and intestinal peristalsis. Other authors be-
lieve that the consumption of dietary fiber may
worsen the condition in people with inflammatory
bowel diseases and may cause abdominal pain, di-
arrhea, flatulence [40]. As for soluble fiber, it can
directly or indirectly affect the microbiota, stimu-
lating the colonization of Lactobacillus sp. and
Bifidobacteria sp. [41].

It is known that in people with intestinal dis-
eases, some cereal products can provoke or exac-
erbate the disease. Although cereal products are
energy substrates, patients with inflammatory pro-
cesses and irritable bowel are often advised to ex-
clude foods rich in gluten from their diet, as it
causes intestinal discomfort and may affect the
course of the disease [42]. According to the na-
tional recommendations of various countries re-
garding the nutrition of patients with sensitive
bowels, products based on wheat flour and other
grain products containing insoluble dietary fiber
should be excluded from the diet [43].

Legumes are one of the controversial inclu-
sions in the diet of patients with inflammatory
bowel diseases. It is known that common bean
(Phaseolus vulgaris) contains phenolic com-
pounds, dietary fiber, starch and proteins. Under
the action of the gut microbiota, fermentation of
legume components occurs and the formation of
biologically active substances, SCFAs, which im-
prove the condition of the intestine [44]. Phenolic
compounds formed during fermentation can mod-
ulate the integrity of the intestinal mucosa and re-
duce oxidative stress, improving the condition in
inflammatory bowel diseases, including ulcerative
colitis. According to current literature, legumes of
the Phaseolus vulgaris type, Navy bean, differ
from other types in their high content of lysine,
iron, phosphatidylserine, apigenin, coumaric acid,
which is of certain importance for the gut micro-
biome [45]. Studies adding Navy bean to a high-
fat diet showed an improvement in the inflamma-
tory state of the intestine and a reduction in the
degree of obesity. Clinical studies prove that bean
consumption improves the state of the cardio-

vascular system [46] and reduces the risk of col-
orectal adenoma recurrence [47].

Discussion

The presented literature review confirms that
diet is one of the main factors shaping the quanti-
tative and qualitative composition of the gut mi-
crobiota, which, in turn, plays a decisive role in
maintaining the homeostasis of the intestinal mu-
cosa. The key mechanism linking dietary habits
and the functioning of the gut microbiota is the
fermentation of dietary fiber with the formation of
SCFAs —acetate, propionate and butyrate [32; 33].
Butyrate, in particular, acts not only as the main
energy substrate for colonocytes (providing [60—
70]% of their energy needs), but also as a powerful
modulator of proliferation and inflammation [32;
34]. Reduced consumption of polysaccharides
leads to depletion of the nutritional potential of
bacteria, forcing them to destroy the intestinal mu-
cus layer, contributing to the appearance of ero-
sions and the formation of leaky gut syndrome
[28-30]. This creates a basis for chronic inflam-
mation, especially in patients with Inflammatory
Bowel Diseases (IBD).

At the same time, there are conflicting data in
the current scientific literature regarding the role
of insoluble dietary fiber. Although they promote
water binding, increased stool volume and en-
hanced peristalsis, in patients with IBD their ex-
cessive consumption may provoke abdominal
pain, diarrhea and flatulence [40]. This indicates
the need for an individual approach to dietary pre-
scription depending on the activity and phase of
the disease.

Great interest is raised by the results of the
large prospective study by Meyer A. et al. (2026)
[39], which clearly demonstrated the differenti-
ated effect of individual groups of plant foods on
the risk of developing Crohn's Disease (CD) and
Ulcerative Colitis (UC). High consumption of
fruits, vegetables, legumes and potatoes in combi-
nation was associated with a reduced risk of CD
(ARR=0.44), but did not affect UC. In contrast,
excessive potato consumption was associated with
an increased risk of UC (ARR=1.51). These data
indicate the need not only for personalized, but
also for nosology-specific dietary recommenda-
tions for patients with different forms of 1BD.

Legumes deserve special attention, particularly
the common bean (Phaseolus vulgaris) of the
Navy bean type. The rich composition of these
legumes (lysine, iron, phosphatidylserine, apige-
nin, coumaric acid) determines their protective ef-
fect on the intestinal mucosa, reduction of oxi-
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dative stress and improvement of metabolic pa-
rameters [44; 45]. Experimental studies have
shown that adding Navy beans to a high-fat diet
reduces the severity of inflammation and obesity,
and clinical data indicate a reduced risk of colo-
rectal adenoma recurrence and improvement of
the cardiovascular system [46; 47]. However,
most of these data have been obtained from animal
models or individual cohorts, which requires con-
firmation in randomized clinical trials.

An important aspect that lacks a clear answer
is the role of gluten and cereal products in patients
with IBD and irritable bowel syndrome. Although
many national guidelines recommend excluding
products made from wheat flour and other grains
containing insoluble fiber [43], the evidence base
regarding the appropriateness of a gluten-free diet
in IBD remains limited and controversial. This is-
sue requires further study, especially considering
the possibility of cross-reactions and individual
sensitivity.

The limitations of this review are, firstly, the
heterogeneity of the designs of the included stu-
dies — from experimental animal studies to large co-
hort studies. Secondly, most dietary interventions
were not standardized in terms of composition,
duration and cooking methods. Thirdly, possible
publication bias (the tendency to publish positive
results) could have affected the generalizations.
Finally, many studies did not take into account the
genetic polymorphism of patients, which modu-
lates their metabolic response to food nutrients.

Conclusions

1. The interaction between diet and the gut mi-
crobiome is realized through the fermentation of
dietary fiber with the formation of short-chain
fatty acids, which provide the energy needs of co-
lonocytes ([60—70]%), modulate cell proliferation
and maintain the integrity of the intestinal barrier.
A deficiency of polysaccharides in the diet leads
to depletion of the microbiota, destruction of the
mucus layer, the appearance of erosions and "lea-
ky gut" syndrome.

2. Different components of the diet have vary-
ing effects on the risk of developing and the course
of inflammatory bowel diseases. High consump-
tion of fruits, vegetables, legumes and potatoes
is associated with a reduced risk of Crohn's disease,
while excessive potato consumption increases the
risk of ulcerative colitis. Insoluble dietary fi-
ber may worsen the condition of patients (abdo-
minal pain, diarrhea, flatulence), whereas soluble
fiber stimulates the colonization of Lactobacil-
lus sp. and Bifidobacteria sp.

3. Legumes, in particular Phaseolus vulgaris of
the Navy bean type, due to their content of lysine,
iron, phosphatidylserine, apigenin and coumaric
acid, exhibit a protective effect on the intestinal
mucosa, reduce oxidative stress and inflammation,
and also lower the risk of colorectal adenoma re-
currence.

4. Disruption of the diet-microbiome interac-
tion caused by unbalanced nutrition leads to
dysbiosis, increased intestinal barrier permeability
and activation of chronic inflammation, which is a
common pathogenetic mechanism in Crohn's di-
sease, ulcerative colitis and irritable bowel syn-
drome. Personalized dietary approaches that take
into account genetic characteristics, microbiome
composition and disease stage are a promising di-
rection for reducing the frequency of relapses and
the risk of developing these pathologies.

Prospects for Further Research

Despite significant progress in understanding
the diet-microbiome-chronic intestinal disease in-
teraction, a number of key issues remain unre-
solved. Promising directions for further research
include the development of individualized dietary
approaches that take into account the patient’s ge-
netic characteristics, microbiome composition,
nutritional status and disease phase, as well as the
conduct of long-term randomized controlled trials.
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