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Abstract: Functional gastrointestinal disorders (FGIDs), such as irritable bowel syndrome, func-
tional constipation, and functional dyspepsia, have had a high prevalence over the past few years.
Recent evidence suggests that functional foods and bioactive compounds, such as probiotics and
phytochemicals, may have a positive effect in treating the symptoms of the above diseases. In this
systematic review study, 32 published studies were selected with the use of comprehensive scientific
databases, according to PRISMA guidelines, with emphasis on recent interventional studies that
reflect the effect of probiotics and selected phytochemicals on the improvement of FGID symptoms.
The bioactive compounds in the selected studies were administered to patients either in capsule
form or in enriched food products (yogurt, juice, etc.). According to the results, there is a correlation
between the consumption of probiotics and phytochemicals, such as polyphenols, and the relief of
symptoms in selected gastrointestinal disorders. Enriching foods that are regularly consumed by the
population, such as fruit juices, yogurt, and cheese, with ingredients that may have a positive effect
on gastrointestinal disorders, could be a possible novel goal for the management of these diseases.
However, further evidence is required for the role of probiotics and phytochemicals in FGIDs to be
fully understood.

Keywords: irritable bowel syndrome; functional dyspepsia; functional constipation; probiotics;
phytochemicals; functional foods

1. Introduction

Over the years, several scientific efforts were initiated to understand the relation-
ship between humans and microbial communities. Improvements in the throughput and
accuracy of the DNA sequencing of the genomes of microbial communities that are as-
sociated with human samples, complemented by analyses of transcriptomes, proteomes,
metabolomes, and immunomes, together with mechanistic experiments in model sys-
tems, have vastly improved our ability to understand the structure and function of the
microbiome in both diseased and healthy states of humans [1].

The microbiome is increasingly recognized as a critical component in human devel-
opment, health, and well-being. Research into the microbiome, the indigenous microbial
communities (microbiota), and the host environments that they inhabit, has changed clini-
cians’ ideas about microbes in human health and disease. Perhaps the most radical change
is the realization that most of the microbes that inhabit our bodies have a crucial role of
benefiting the entire host-microbe system [2]. The human microbiome contains an enor-
mous population of prokaryotes, viruses, and eukaryotes. Different microbial communities
occupy different habitats in the human body. We rely on these microbes to aid in nutrition,
to combat pathogens, and to modulate our immune systems [3].

The human gastrointestinal tract hosts more than 100 trillion bacteria and archaea,
which together make up the gut microbiota. The human gut microbiota co-evolved with
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humans to achieve a symbiotic relationship, leading to physiological homeostasis [4].
Generally, the intestinal microbiome is dominated by members of the following divisions:
Bacteroidetes and Firmicutes [5]. However, the intestinal microbiome probably varies in
different periods of human life, as it is a dynamic system that can be affected by several
genetic and environmental factors. Among the environmental factors, dietary habits
play a key role in the modulation of gut microbiota composition. A particular diet may
promote the growth of specific bacterial strains, driving hosts to a consequent alteration of
fermentative metabolism, with a direct effect on intestinal pH, which can be responsible for
the development of pathogenic flora [6].

Mounting evidence has highlighted the prominent influence of the gut mutualistic
bacterial communities on human health. Microbial colonization occurs alongside immune
system development and plays a role in intestinal physiology [7]. Disruption of the symbio-
sis between the human body and its microbiome may be unfavorable and associated with
the development of the diverse diseases, known as functional gastrointestinal disorders
(FGIDs). FGIDs share definable clinical features but have no characteristic morphology or
biomarkers that enable diagnosis. Diagnosis of an FGID requires identifying symptoms-
based criteria and excluding other specific conditions that have similar clinical presenta-
tions, by physical examination, laboratory studies, and imaging [8]. FGID pathophysiology
is, therefore, complex. It involves bidirectional dysregulation of gut-brain interaction (via
the gut-brain axis), as well as microbial dysbiosis within the gut, altered mucosal immune
function, visceral hypersensitivity, and abnormal gastrointestinal motility [9].

Dietary patterns may have a role in the treatment of FGIDs. Dietary components
also play a beneficial role beyond basic nutrition, leading to the development of the
functional food concept and nutraceuticals [10]. Probiotics and phytochemicals are two
of the most well-characterized dietary bioactive compounds. The beneficial effects of
probiotics mainly rely on their influence on gut microbiota composition and their ability to
generate fermentation products (short-chain fatty acids, enterolactone, etc.) with diverse
biological roles. Phytochemicals are bioactive non-nutrient plant compounds, which have
raised interest because of their potential effects as antioxidants, anti-estrogenics, anti-
inflammatories, immunomodulators, and anti-carcinogenics. However, the bioavailability
and effects of phytochemicals depend greatly on their transformation by the components
of gut microbiota [11].

According to the World Health Organization’s definition, probiotics are the living bac-
teria that confer health benefits on a host when administered in adequate amounts [12,13].
Some commonly used probiotics today are gram-positive species, such as the Lactobacillus
and Bifidobacterium, as well as some gram-negative, most notably Escherichia coli Nissle
1917 [12]. The health-promoting benefits of probiotics include preventing the coloniza-
tion or curbing the growth of pathogenic bacteria, enhancing epithelial barrier functions,
stimulating the host immune response, and modulating the inflammatory gene expression
in the gut [14]. Many of these microorganisms are part of the normal human gut flora,
where they live in a symbiotic relationship. The potential for probiotics to modulate the gut
microbiome, and thus to correct dysbiosis, support the use of probiotics in the treatment of
gastrointestinal (GI) conditions [15,16].

Phytochemicals are biologically active, naturally occurring chemical compounds found
in plants, which provide health benefits for humans as medicinal ingredients and nutri-
ents [17]. Recently, it has been clearly shown that they also have roles in the protection of
human health when their dietary intake is significant [18]. It is easy to incorporate phyto-
chemicals into the daily diet, as they are abundant in foods such as fruits, vegetables, nuts,
and whole grains [19]. The exact classification of phytochemicals has not yet been deter-
mined, because of their diverse forms and structures. Classically, phytochemicals have been
classified as primary or secondary metabolites, depending on their role in plant metabolism.
As primary metabolites, phytochemicals can be common sugars, amino acids, proteins,
purines and pyrimidines of nucleic acids, chlorophylls, etc. As secondary metabolites, they
can be considered as plant chemicals, including alkaloids, terpenes, flavonoids, lignans,
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plant steroids, curcumins, saponins, phenolics, and glucosides [20]. Phytochemicals that are
considered to be secondary metabolites, are non-nutritive bioactive chemical compounds
produced by plants. They are called non-nutritive because they are synthesized by plants,
only in specific ways, and not by way of energy metabolism, catabolic metabolism, or
anabolic metabolism [21,22].

Polyphenols are a diverse class of plant secondary metabolites, often associated with
the color, taste, and defense mechanisms of fruit and vegetables. The gut microbiota plays a
critical role in transforming dietary polyphenols into absorbable biologically active species,
acting on the estimated 95% of dietary polyphenols that reach the colon [23]. In turn,
polyphenols modulate gut microbiota beyond the “prebiotic-like” effect, promoting the
growth of beneficial microorganisms such as Akkermansia spp. and Faecalibacterium spp.
Given the relevance of polyphenols/gut microbiota interactions in health, different gut
microbial ecologies can lead to various health effects after polyphenol intake [24].

The present systematic review intends to critically investigate in depth the recent
scientific evidence and to present any potential link between diet and functional gastroin-
testinal disorders. In addition, this review explores the possible efficacy of probiotics and
phytochemicals in FGIDs treatment. A further understanding of the interaction between
probiotics and gut microbiota is of high importance in order for nutritional policies and
nutritional education to be enhanced.

2. Results

Recent studies have investigated the effect of probiotic and phytochemical consump-
tion on human health. These bioactive compounds seem to play an important role in
the regulation of gut microbiota and, more specifically, in regard to the Bacteroidetes and
Firmicute concentration ratio. Therefore, patients with FGIDs, including irritable bowel
syndrome, functional dyspepsia, and functional constipation, can benefit from the con-
sumption of these bioactive compounds to treat and reduce their symptoms (Figure 1).

Probiotics including Lactobacillus Phytochemicals including
spp., Bifidobacterium spp., terpenes, flavonoids, lignans,
Escherichia coli spp. curcumins, phenolics, qlucosides

Gut microbiome modulation

Balanced Firmicutes/Bacteroidetes ratio

|

Limitation of symptoms of FGDIs like
Irritable Bowel Syndrome, Functional Dyspepsia,
Functional Constipation

e

Improving patients”
quality of life

Figure 1. The effect of probiotics and phytochemicals on functional gastrointestinal disorders (FGIDs).
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2.1. Irritable Bowel Syndrome (IBS)

Irritable Bowel Syndrome (IBS) is a common gastrointestinal condition characterized
by chronic or recurrent abdominal pain associated with altered bowel habits. Despite
the high prevalence of IBS, which is currently estimated at 5-20% of the population [25],
the exact pathophysiology of IBS is not clear [26]. According to the updated Rome III
criteria, IBS is a clinical diagnosis and presents as one of the three predominant subtypes:
(1) IBS with constipation (IBS-C); (2) IBS with diarrhea (IBS-D); and (3) mixed IBS (IBS-M)
Former ROME definitions referred to IBS-M as alternating IBS (IBS-A). Across these IBS
subtypes, the presentation of symptoms may vary among patients and change over time.
Patients report that the most distressing symptoms are abdominal pain, straining, myalgias,
urgency, bloating, and feelings of serious illness [27]. Treatments that target alterations
in gut microbiota may be beneficial for patients with IBS [28]. Effective pharmacological
therapies for IBS exist, but the duration of most treatment trials is less than 6 months, and
so the long-term efficacy of these therapies is unclear [29,30].

Dietary habits and bioactive compounds of several foods may have a positive effect
on the composition of human gut microbiota. A class of bioactive compounds that are
associated with the treatment of intestinal diseases are probiotics. In particular, probiotics
are possible therapeutic factors associated with modification of the gut microbiome for
the alleviation of IBS symptoms [31]. As presented in Table 1, numerous studies aimed to
investigate the association between probiotics consumption and irritable bowel syndrome.

Table 1. Studies that summarize the efficacy of probiotics in treating irritable bowel syndrome.

Study Sample/ . . . Summary of Study
Study Type Duration Participants Diagnosis of IBS Protocol Results Reference
Probiotics
combination or
Clinician’s opinion, or single strains of
meeting specific Lactobacillus,
. L L Bifidobacterium,
Systematic . Adults/both dlagpostlc criteria .PIIOblOth.S were Fscherichia
review and 23 randomized le and (Manning, Kruis score, administered in the form ¢ [32]
. trolled trials e an or Rome 1, I1, or I1I) f le orincluded in ~ Saccharomyces, or ;
meta-analysis controtied trials female Y ’ otacapsue of mctuted in Streptococcus
supplemented by functional foods P
negative investigations ! .
where trials deemed [mprovement in
this necessary global symptoms,
abdominal pain,
bloating, and
flatulence scores
Probiotics
combination or
Cl'miciap’s opini.o'n, or single strains of
meeting Spe'leIF Lactobacillus,
. dlagpostlc cr}terla Probiotics were Bifidobacterium,
Sys.tematlc 37+Randomized Adults/both  (Manning, Kruis score, administered in the form Escherichia,
review and ; male and Rome I, TI, or ITI), of a capsule or included in  Saccharomyces, or [33]
meta-analvsis controlled trials femal 1 ted b .
y! emale supplemented by functional foods Streptococcus
negative investigations 1

where trials deemed

Improvement in
this necessary

global symptoms
and abdominal
pain
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Table 1. Cont.

Study Type

Study Sample/

Duration Participants

Diagnosis of IBS

Protocol

Summary of
Results

Study
Reference

Systematic
review and
meta-analysis

Adults/both
male and
female

15 randomized
controlled trials

Rome II, Rome III, and
International
Classification of Health
Problems in Primary
Care and World
Organization of Family
Doctors criteria

Probiotics were
administered in the form
of a capsule

Probiotics
combination or
single strains of

Lactobacillus
plantarum,
Escherichia coli
1
Improvement in
global symptoms
and abdominal
pain, bloating,
flatulence scores
and stability of
intestinal
microbiota

[34]

Systematic
review and
meta-analysis

Adults/both
male and
female

5 randomized
controlled trials

Rome I, II, or Rome III
criteria

Probiotics were
administered in the form
of a capsule

Comparison of
the efficacy of the
single probiotic
Bifidobacterium
infantis 35624 to a
probiotic blend
1l
Composite
probiotics
containing B.
infantis had
significantly
reduced
abdominal pain
and bloat-
ing/distention in
patients

[35]

Systematic
review

Adults/both
male and
female

11 randomized
controlled trials

Rome IIT or Rome IV
criteria

Probiotics were
administered in the form
of a capsule, tablet, liquid

or power mixed water

Probiotics
combination or
single strains
1l
Improvement in
global symptoms

[36]

Randomized
placebo-
controlled
study

Adults/both
male and
female

251 adults/12
weeks

Rome III

Probiotics were
administered in the form
of a capsule

Single strains of
Lactobacillus
paracasei HA-196
and
Bifidobacterium
longum R0175
examined
separately

L. paracasei and B.
longum has a
beneficial impact
on GI symptom
severity

[37]

2.1.1. Efficacy of Probiotics in Irritable Bowel Syndrome

A systematic review and meta-analysis of random clinical trials examined 23 ran-
domized controlled trials to understand whether probiotics are effective therapies for IBS
global symptoms. According to the inclusion criteria of the study, the duration of therapy
was at least 7 days and the diagnosis of IBS was based on either a physician’s opinion
or symptoms-based diagnostic criteria, supplemented by the results of investigations to
exclude organic disease. Subjects were required to be followed up for at least one week.
Nineteen trials used a combination of probiotics, eight trials used Lactobacillus, three trials
used Bifidobacterium, two trials used E. coli, one trial used Streptococcus, one trial used
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Saccharomyces, and one trial used either Lactobacillus or Bifidobacterium. In the majority
of the trials, probiotics were administered in the form of a capsule. In others, beverages
enriched with probiotic strains were used. Specifically, several studies used rose hip drink,
fruit drink, malted drink, fermented milk, or a milk- based drink. According to the results,
probiotics had beneficial effects on global IBS symptoms (abdominal pain, bloating, and
flatulence), or exclusively on abdominal pain, so they could be characterized as effective
treatments for IBS. However the, individual species and strains that are the most beneficial
remain unclear [32].

Results from a second meta-analysis were in accordance with the above analysis. This
second systematic review and meta-analysis demonstrated that combinations of probiotics,
or specific species and strains of probiotics, appear to have beneficial effects in IBS in terms
of their effects on global IBS symptoms and abdominal pain. Specifically, the seven-strain
combination of three Bifidobacterium, three Lactobacillus, and one Streptococcus were asso-
ciated with significant improvements in global symptoms. Among individual probiotics,
Lactobacillus plantarum, Escherichia coli, and Streptococcus faecium also had beneficial effects
on global symptoms. The probiotics in the included studies were administered in the form
of a drug.

Moreover, in this meta-analysis, randomized placebo-controlled trials examining the
effect of at least 7 days of probiotics in adult patients (over the age of 16 years) with IBS
were eligible for inclusion. The diagnosis of IBS, based on either a physician’s opinion or
symptoms-based diagnostic criteria, were supplemented by the results of investigations to
exclude organic disease, where the studies deemed this necessary. Subjects were required
to be followed up for at least 1 week [33].

Another interesting meta-analysis based on 15 independent studies came to similar
conclusions. The fifteen selected trials included the use of the criteria of Rome II, Rome
111, the International Classification of Health Problems in Primary Care, and the World
Organization of Family Doctors. The quality score of the included trials were assessed
and reported according to Jadad quality scoring and all trials had high quality, with scores
ranging from 3 to 5. A total of 1793 patients with diarrhea-predominant IBS (D-IBS),
constipation-predominant IBS (C-IBS), and alternative IBS (A-IBS) were included. The
probiotics in the included studies were administered in the form of a drug. According to the
results, probiotics reduced the pain and symptoms of IBS disease. As in the above studies,
there were results that reflected improvement in global symptoms, or exclusively in bloating
or flatulence or the stability of intestinal microbiota. Moreover, the results demonstrated
the beneficial effects of probiotics for IBS patients, in relation to pain assessment analyses
that showed that probiotics significantly reduced pain severity after 8 weeks and 10 weeks
of administration. However, the reduction rate was rather higher at week 8 than week 10,
suggesting reduced effectiveness with the long-term consumption of probiotics [34].

Another meta-analysis compared the efficacy of a single probiotic, Bifidobacterium
infantis 35624, to the efficacy of a probiotic blend in patients with irritable bowel syndrome.
This study included randomized controlled trials that used the Rome criteria I, II, or III
for the diagnosis of IBS, and engaged adult participants. Moreover, the subjects had to be
followed up for more than 1 week. The probiotics in the included studies were administered
in the form of a drug and the duration of the studies was 4 weeks or 8 weeks. According to
the results, treatment with the single probiotic B. infantis did not impact abdominal pain,
bloating/distention, or bowel habit satisfaction among IBS patients. However, patients
who received composite probiotics containing B. infantis experienced significantly reduced
abdominal pain and bloating/distention. These data led to the conclusion that composite
probiotics containing B. infantis might be an effective therapeutic option for IBS patients,
significantly alleviating the symptoms of IBS without significant adverse effects [35].

Another systematic review accorded with the above results. The search identified
35 studies, of which 11 met the inclusion criteria and were included in the systematic
review. Patients were both males and females, except for one study that examined only
female participants. According to the inclusion criteria, studies had to be double- or triple-
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blinded and the diagnosis of IBS was based on the Rome III or Rome IV criteria. The
probiotics in the included studies were given in the form of a drug and the examining
period ranged from 60 days to 16 weeks. According to the results, seven studies (63.6%)
reported that supplementation with probiotics for IBS patients, compared to a placebo,
significantly improved symptoms, while the remaining four studies (36.4%) did not report
any significant improvement in symptoms after probiotic supplementation. Of note, three
of the trials evaluated the effect of a monostrain supplement, while the remaining eight trials
used a multistrain probiotic. Overall, the beneficial effects were more distinct in the trials
using multistrain supplements, with an intervention of 8 weeks or more, suggesting that
multistrain probiotics supplemented over a period of time have the potential to improve
IBS symptoms [36].

Finally, a randomized, placebo-controlled study focused on the efficacy of the strains
Lactobacillus paracasei HA-196 and Bifidobacterium longum R0175 in alleviating the symptoms
of irritable bowel syndrome. This study included a 2-week run-in period, during which
regular bowel habits were reported, and an 8-week intervention period, consisting of a
total of four clinic visits. Participants were aged 18 years or older and were IBS-diagnosed
according to the Rome III criteria. The probiotics in the included studies were administered
in the form of a capsule. Each probiotic capsule contained 10 x 10° colony forming units
(CFU) of either freeze-dried B. longum or L. paracasei, with potato starch and magnesium
stearate as excipients. The placebo contained only potato starch and magnesium stearate.
Both L. paracasei and B. longum supplementation improved the subjects’ quality of life in
terms of emotional well-being and social functioning. In conclusion, L. paracasei and B.
longum may reduce the severity of GI symptoms and improve the psychological well-being
of individuals with certain IBS subtypes [37].

2.1.2. Efficacy of Phytochemicals in Treating Irritable Bowel Syndrome

A meta-analysis of collected data from twenty-three randomized controlled trials
examined the efficacy and safety of biophenol-rich nutraceuticals in adults with irritable
bowel syndrome. Participants in the selected studies were human adults aged >18 years
with IBS. The types of studies were parallel, or crossover randomized controlled trials
(RCTs) and the studies were included if the participants in the intervention group were
treated with an orally consumed biophenol-rich nutraceutical with no coadministration
of any test product or therapy beyond standard care for more than 1-week. In most of the
studies, biophenol-rich nutraceuticals were administered in the form of a capsule. Other
studies used aloe vera gel, natural mastiha tablets, fresh juice, or blended essential oils. The
studies lasted from 2 to 12 weeks. According to the results, biophenol-rich nutraceuticals
may be an effective and safe adjuvant treatment for the management of IBS, with higher
certainty of evidence for peppermint oil [38], as further discussed below.

A meta-analysis that specifically examined the efficacy and safety of peppermint oil in
patients with IBS was in accordance with the above results. Randomized placebo-controlled
trials with a minimum treatment duration of 2 weeks were included in this meta-analysis.
Patients had to be IBS-diagnosed according to the criteria of Rome I or II. Specifically,
nine studies that evaluated 726 patients were identified and peppermint oil was found
to be significantly superior to the placebo for global improvement of IBS symptoms and
improvement of abdominal pain. Although peppermint oil patients were significantly
more likely to experience an adverse event, such events were mild and transient in nature.
The most reported adverse event was heartburn. It is concluded that peppermint oil is a
safe and effective short-term treatment for IBS [39].

2.2. Functional Dyspepsia (FD)

Functional dyspepsia is one of the most prevalent functional gastrointestinal disorders.
Functional dyspepsia comprises three subtypes with presumed different pathophysiologies
and etiologies: postprandial distress syndrome (PDS), epigastric pain syndrome (EPS), and
a subtype with overlapping PDS and EPS features [40]. Functional dyspepsia affects up
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to 16% of otherwise healthy individuals in the general population. The pathophysiology
remains incompletely understood, but it is probably related to disordered communication
between the gut and the brain, leading to motility disturbances, visceral hypersensitivity,
and alterations in gastrointestinal microbiota, mucosal and immune function, and CNS
processing. A genetic predisposition is probable but less evident than in other functional
gastrointestinal disorders, such as irritable bowel syndrome (IBS) [41].

Eating behaviors, irregular meal patterns, and moderate-to-fast eating rates are sig-
nificantly associated with functional dyspepsia [42]. Many patients recognize meals as
the main triggering factor; thus, dietary manipulations often represent the first-line man-
agement strategy in this cohort of patients. Nonetheless, little quality evidence has been
produced regarding the relationship between specific foods and/or macronutrients and
the onset of FD symptoms, resulting in non-standardized nutritional approaches. As a
result, most dietary advices are empirical and often lead to exclusion diets [43]. The role
of probiotics and phytochemicals in the management of FD is currently unclear, due to
the small number of RCTs available to assess the efficacy and safety of those bioactive
compounds in patients with FD. However, the role of probiotics and phytochemicals is
suggested as a way of treatment, due to the positive effect they may have on gut microbiota.

2.2.1. Efficacy of Probiotics in Functional Dyspepsia

Clinical trials have been implemented to study the efficacy of probiotics in functional
dyspepsia (Table 2). A recent single-centered study, with a randomized, double-blind,
placebo-controlled, and parallel-group design with open-label extension, showed that
Bacillus coagulans MY01 and Bacillus subtilis MY02 spore-forming probiotics were efficacious
and safe in the treatment of functional dyspepsia. In this exploratory study, scientists
showed the efficacy and safety of capsules with B coagulans MYO01 and B subtilis MY02
spore-forming probiotics in patients with functional dyspepsia, compared with a placebo,
consumed twice a day for 8 weeks. Specifically, reduced PDS scores were noted for patients
with functional dyspepsia, using probiotics versus a placebo. The effects of probiotics
on PDS and EPS symptoms were corroborated for the key individual symptoms of the
daily diary, compared with a placebo. Moreover, spore-forming probiotics reduced the
proportion of positive glycocholic acid breath tests in patients with functional dyspepsia
who were on proton-pump inhibitors, suggesting a reduction of small intestinal bacterial
overgrowth. Finally, treatment with spore-forming probiotics was well tolerated. Despite
the high prevalence of functional dyspepsia, participants experienced potentially beneficial
immune and microbial changes, which could provide insights into possible underlying
mechanisms as future predictors or treatment targets [44].

A meta-analysis study examined data for 400 patients with functional dyspepsia
who participated to clinical trials. The probiotic group had an improvement in functional
dyspepsia symptoms compared to the placebo group. As was stated in the first study,
probiotics seemed to be effective treatments for FD. However, the individual species and
strains that are most beneficial remained unclear [45].

Moreover, a pilot study was conducted in order to examine the role of probiotics in the
treatment of functional dyspepsia. It was a small-scale preliminary study that lasted 7 days.
Eight subjects with functional dyspepsia were examined. According to the protocol, the
participants had to include in their diets extra-virgin oil, enriched with probiotics. Despite
the short period of consumption of the enriched olive oil, a significant improvement in
dyspeptic symptoms was observed in subjects receiving it [46].
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Table 2. Studies that summarize the efficacy of probiotics in treating functional dyspepsia.

Study Sample/ . . . Study
Study Type Duration Participants Diagnosis of FD Protocol Summary of Results Reference
Spore-forming probiotics
Bacillus coagulans MY01
. - d Bacill btilis MY02
Randomged, 68 patients/8 Adults/both PI'Ob'IO't o8 waTe - as ti[;tlr[rs\srbllt fz)istwo
double-blind, p . male and Rome IV criteria administered in subtvpes of functional [44]
placebo- weeks female the form of a y% .
controlled capsule yspepsia
trial +
Beneficial immune and
microbial changes as
potential treatment targets
Probiotics combination or
Physician’s opinion or single strains of
Systematic . Adults/both _ symptom-based Probiotics were Silcchubrorr% ces,
review and 5 Randomized diagnostic criteria, with administered in actobacillus, 15
C lled Trial: male and i Bifidobacterium, Escherichia [45]
meta- ontrolled Trials female a negative upper GI the form of a l"
analysis endoscopy excluding an capsule coit
organic cause of
dyspepsia Probiotics seemed to be
effective treatments for FD
Extra-virgin oil enriched
Adults/both Probiotics were with probiotics included
male and administered via to patients’ diet
Pilot study 8 patients/7 days female Rome III criteria extra-virgin oil 1 [46]
enriched with Significant improvement

of dyspeptic symptoms
was observed in subjects
receiving

probiotics

2.2.2. Efficacy of Phytochemicals in Treating Functional Dyspepsia

Several studies aimed to investigate the association between phytochemicals consump-
tion and functional dyspepsia. The latter pilot study also examined the role of probiotics in
the treatment of functional dyspepsia using extra-virgin oil enriched with antioxidants. In
this case, the results were encouraging. However larger studies could better elucidate the
role of antioxidants in treating functional dyspepsia [46].

Another randomized, double-blind, and placebo-controlled study examined the ef-
ficacy of the natural antioxidant astaxanthin in the treatment of functional dyspepsia in
patients with or without Helicobacter pylori infection. Patients with functional dyspepsia
were divided into three groups, with 44 individuals in each group (placebo, 16 mg, or 40
mg astaxanthin, respectively). In general, no curative effect of astaxanthin was found in
functional dyspepsia patients. A significantly greater reduction of reflux symptoms was
detected in patients treated with the highest dose of the natural antioxidant astaxanthin.
The response was more pronounced in H. pylori-infected patients [47].

2.3. Functional Constipation (FC)

Constipation is a heterogeneous, polysymptomatic, multifactorial disease that has
several subtypes, such as acute or transient constipation, slow-transit constipation, and
functional constipation [48]. Functional constipation (FC) is a very common disorder in
children and adults, for which the resolution of symptoms with the currently available
therapies is difficult to achieve. The symptoms of the disease vary, but mainly comprise a
group of functional disorders that present difficulties in defecation. These disorders include
infrequent bowel movements or seemingly incomplete evacuation, hard or lumpy stools,
excessive straining, sensation of incomplete evacuation or blockage, and, in some instances,
the use of manual maneuvers to facilitate evacuation. In recent years, attention has focused
on the use of probiotics, which have proven to be effective in the management of various
gastrointestinal disorders [49].
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2.3.1. Efficacy of Probiotics in Treating Functional Constipation

Table 3 summarizes the recent data from clinical trials on the effect of probiotics

in treating functional constipation. A randomized clinical trial studied the efficacy of
Lactobacillus paracasei-enriched artichokes in the treatment of patients with functional
constipation. Twenty constipated patients participated in the study and each patient was
required to consume 180 g per day of ordinary artichokes, or artichokes enriched with
Lactobacillus paracasei IMPC 2.1, for 15 days (daily dose of 2 x 100 CFU). This trial showed
a positive effect on symptoms in constipated patients after an intake of probiotic-enriched
artichokes [50].

Table 3. Studies that summarize the efficacy of probiotics in treating functional constipation.

Study Type

Study Sample/
Duration

Participants

Diagnosis of FC

Protocol

Summary of Results

Study
Reference

Randomized
controlled trial

20 patients/15
days

Adults/both male
and female

Rome criteria IIT
for constipation

and constipation
scoring system

(CSS)

180 g probiotic-
enriched
artichokes

Efficacy of Lactobacillus
paracasei-enriched
artichokes in the
treatment of patients
with functional
constipation
1
Positive effect on
symptoms in
constipated patients
after intake of
probiotic-enriched
artichokes

[50]

Randomized
controlled trial

180 patients/4
weeks

Adults/both male
and female

Rome IV criteria

26 gr chocolate
enriched with
probiotics

Chocolate enriched with
probiotics Streptococcus
thermophilus and
Lactobacillus plantarum

Probiotics significantly
ameliorated stool
consistency in patients
with chronic
constipation

[51]

Randomized
controlled trial

94 patients/4
weeks

Adults 18-65
y/both male and
female

Rome III

Probiotics were
administered in
the form of a
capsule

Clinical efficacy of a
multi-strain probiotic
product consisting of

Lactobacillus acidophilus,
Bifidobacterium animalis,
Bifidobacterium longum
and Bifidobacterium
bifidum

Normalization of stool
frequency and
consistency, with most
participants achieving a
normalized profile after
1 week

[52]

Systematic review
and meta-analysis

14 Randomized
controlled
trials/1182
patients

Adults/both male
and female

Clinical
symptoms, a
physician’s
opinion, or the
Rome I, II, or III
criteria

Probiotics were
administered in
tablet, powder,
capsule, softgel,
or fortified food
forms

Probiotics combination
or single strains
1l
Probiotics improved
whole gut transit time,
stool frequency, and
stool consistency, with
subgroup analysis
indicating beneficial
effects of B. lactis in
particular

[53]
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A study in a larger population took place some years later and agreed with the above
results. In this randomized, double-blind, placebo-controlled study, the participants were
180 patients aged 18 to 75, who were required to consume chocolate enriched with probiotics
(3.0 x 108 CFU/g Streptococcus thermophilus MG510 and 1.0 x 10% CFU/g Lactobacillus
plantarum LRCC5193) or a placebo, daily for 4 weeks, and who were followed up for a 4-
week washout period without intervention. According to the results, probiotics significantly
ameliorated stool consistency in patients with chronic constipation. Moreover, the beneficial
effect of L. plantarum on stool consistency remained after the probiotic supplementation
was discontinued [51].

Another randomized controlled trial investigated the clinical efficacy of a multi-strain
probiotic product on bowel habits and on the microbial profile in participants with func-
tional constipation. The participants received a placebo or the probiotic product (1.5 x
10'° CFU/day), consisting of Lactobacillus acidophilus DDS-1, Bifidobacterium animalis subsp.
lactis UABla-12, Bifidobacterium longum UABI-14 and Bifidobacterium bifidum UABb-10 over
4 weeks. According to the results, the probiotic helped to modulate bowel function earlier
than the placebo. Specifically, a normalization of stool frequency and consistency was
observed, with most participants achieving a normalized profile after 1 week. However, no
significant differences were observed in symptomology [52].

A meta-analysis of randomized controlled trials that examined the effect of probiotics
on functional constipation in adults was in accordance with the above results. That study
examined 14 records (1182 patients), and the participants were adult populations with
functional chronic constipation as defined by clinical symptoms, a physician’s opinion,
or the Rome I, II, or III criteria. Probiotics were administered in tablet, powder, capsule,
softgel, or fortified food forms and the examining period ranged from 14 days to 8 weeks.
According to the results, the probiotics significantly reduced whole gut transit time and
increased stool frequency, and this was significant for Bifidobacterium lactis but not for
Lactobacillus casei Shirota. Moreover, the probiotics improved stool consistency, and this
was significant for Bifidobacterium lactis but not for L. casei Shirota [53].

Finally, several studies that used a probiotic blend or individual probiotic strains
did not indicate a difference in symptomology or stool consistency between those who
consumed the above probiotics and the controls. After a post hoc analysis, all studies
showed improved patient outcomes after specific periods of probiotic consumption [54-56].

2.3.2. Efficacy of Phytochemicals in Treating Functional Constipation

A randomized controlled trial examined how the polyphenol-rich mango (Mangifera
indica L.) ameliorates functional constipation symptoms in adults, beyond the equivalent
amount of fiber. The 4-week consumption of mango fruit (300 g), or the equivalent amount
of fiber, was investigated in otherwise healthy human volunteers with chronic constipation,
who were randomly assigned to either group. Blood and fecal samples and digestive
wellness questionnaires were collected at the beginning and end of the study. As presented
in Table 4, the results showed that mango consumption significantly improved constipation
status (stool frequency, consistency, and shape) and increased gastrin levels and fecal con-
centrations of short chain fatty acid (valeric acid), while lowering endotoxin and interleukin
6 concentrations in plasma [57].

Unfortunately, no additional studies have been found that examine the role of polyphe-
nols or phytochemicals in treating functional constipation, and that meet the inclusion
criteria.
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Table 4. Studies that summarize the efficacy of phytochemicals in treating irritable bowel syndrome,

functional dyspepsia, and functional constipation.

Study Type Sh;‘)il}l’rigrgfle/ Participants FGID Protocol Summary of Results ReS;t;SlZce
Biophenol-rich
Phytochemicals nutraceuticals may be
Adults/ were an effective and safe
Systematic review 23 RCTs/ both male and IBS administered in adjuvant treatment for [38]
and meta-analysis 2-5 weeks female the form of a the management of IBS; g
capsule, tablet or with higher certainty of
powder evidence for
peppermint oil for IBS.
IBS/
Ad Rome I or Rome Peppermint oil Improvement in global
. . ults/ - .
Systematic review 9 RCTs/ both male and II criteria or was administered symptoms and [39]
and meta-analysis 726 patients female clinical symptoms in the form of a abdominal pain of
with the exclusion ~ capsule or tablet patients with IBS.
of organic disease
A significant
improvement of
dyspeptic symptoms
. was observed in
Phytochemicals subjects receiving the
were foxi ; ;
Pilot 8 patients/ b ﬁdullts/ d FD/ administered via ant10x1daréti:tn riched oil [46]
study 7 days ot f;nmaaleean Rome III criteria extra-virgin oil ’
enriched with Normalization of stool
antioxidants frequency and
consistency, with most
participants achieving a
normalized profile after
1 week
Reduction of reflux
. Males and symptoms was detected
doﬁ;ﬁghﬂﬁ :lej;l d females 16 me. or 40 m in patients treated with
! 132 patients/ (non-lactating FD/ ) the highest dose of
placebo- 12 K d R 11 eriteri astaxanthin in the hin while th [47]
controlled weeks an ome II criteria form of a capsule astaxanthin while the
stud non-pregnant) response was more
y aged 18-70 years pronounced in H.
pylori-infected patients.
Mango consumption
improved constipation
status (stool frequency,
consistency, and shape)
and increased gastrin
Randomized 48 participants/ Al;i ults 18-65 yo/ 300 gr of mango levels a.nd fecal
. oth male and Self-reported g concentrations of short [57]
control trial 4 weeks female fruit daily

chain fatty acid (valeric
acid), while lowering
endotoxin and
interleukin
concentrations in
plasma

3. Discussion

According to the above revised human studies, the present review clarifies the cor-

relation between diet and gastrointestinal malfunctions and, in particular, the possible
beneficial effects that bioactive compounds, such as probiotics and phytochemicals, may
have in the treatment of functional gastrointestinal disorders. Specifically, the present
study, summarizing the recent literature, provides significant information and identifies
microorganisms whose synergy can lead to the effective control of FGIDs. In addition,
cases of foods enriched with phytochemicals are equally helpful in leading to conclusions
about the association of bioactive compounds with gastrointestinal diseases.
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It has become increasingly evident in recent years that gut microbiome and the brain
communicate in a bidirectional manner, with each possibly affecting the other’s func-
tions [58]. FGIDs are thought to result from the interaction of altered gut physiology and
psychological factors via the gut-brain axis, where brain and gut symptoms reciprocally
influence each other’s expression [59]. Complex mechanisms underlying the disturbances
in the bidirectional communication between the gastrointestinal tract and the brain have a
vital role in pathogenesis and are key to our understanding of the disease phenomenon [60].
In order to understand these complex disorders, scientific data was collected with emphasis
on clinical trials. However, more and larger scale human studies are required to identify
the possible therapeutic targets of FGIDs. This systematic review study examined the
possible treatment of FGIDs through enriched foods or supplements high in probiotics or
phytochemical compounds, without underlying molecular mechanisms that may have a
role in the pathogenesis of functional gastrointestinal disorders.

Irritable bowel syndrome is directly related to gut microbiota and studies have shown
differences in the composition of gut microbiota when comparing IBS patients with healthy
control subjects [61-63]. Moreover, some studies confirmed that IBS is associated with
a decrease in the stability and biodiversity of gut microbiota [64,65]. For these reasons,
methods of treatment focus on the effect and differentiation of the intestinal microbiota.
One proposed method is fecal microbiota transplantation, which has the goals of reducing
IBS symptoms 3 months after FMT, reducing the dysbiosis index, and changing the in-
testinal bacterial profile [66]. Other well-known methods are dietary education with a low
fermentable oligosaccharide, disaccharide, and polyol (FODMAP) diet [67] and increasing
physical activity in order to improve GI symptoms in IBS [68]. Treatment of IBS with
enriched functional foods has not been more widely established, but is a method that seems
to be effective. As shown in the above studies, combinations of probiotic strains have been
shown to be quite effective in reducing symptoms. The main strains that have been studied,
either individually or in synergy, are Lactobacillus, Bifidobacterium, Escherichia, Saccharomyces,
and Streptococcus.

Polyphenols may also have a therapeutic benefit in treating irritable bowel syndrome.
They might be applicable in preventing IBS and improving IBS symptoms, mainly through
suppressing the inflammatory signaling pathways, which nowadays are known as a novel
platform for IBS management [69]. The data from clinical trials are very limited; hence,
many large-scale clinical trials, such as epidemiological studies, should be performed to
confirm the gastroprotective activity of polyphenols and their metabolites before making
recommendations.

Functional dyspepsia, consisting of epigastric pain syndrome and postprandial distress
syndrome, is a prevalent functional gastrointestinal disorder. Currently, only limited
treatment options are available and conflicting results have been reported in regard to
efficacy [70]. According to the recent American College of Gastroenterology (ACG) and
Canadian Association of Gastroenterology (CAG) guidelines for dyspepsia, patients with
Helicobacter pylori (H. pylori) need to eradicate dyspepsia as a first treatment option [71].
On the other hand, prokinetic agents, as therapy for FD, showed significant efficacy in
several clinical trials performed either in Japan or Europe [72]. Recent topics also propose
acupuncture [73], electrical stimulation [74], gastric peroral endoscopic myotomy [75-77],
and meal and lifestyle modification [78,79], as non-pharmacological treatments.

From the bibliographic data, it follows that combination of pharmacological and non-
pharmacological treatment options are anticipated for functional dyspepsia. Consequently,
non-pharmacological treatment options are increasingly being explored. In this context,
several studies have demonstrated differences in the commensal bacterial community
between patients with FD and healthy control subjects, while other studies have shown that
intestinal dysbiosis might be associated with the severity of the disease’s symptoms [80].
According to several randomized controlled trials, probiotics and antioxidants may have
a beneficial effect in reducing the severity of symptoms and improving the intestinal
microbiota in patients with functional dyspepsia. A larger number of studies, and mainly
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clinical studies based on enriched foods and not on dietary supplements, is necessary.
The aim of further studies will be to obtain safe data about the use of dietary probiotics,
antioxidants, or broader phytochemicals in functional foods, in order to treat functional
dyspepsia in a non-pharmacological way.

Constipation is a common functional problem of the digestive system and may occur
secondary to diet, drugs, endocrine diseases, metabolic diseases, neurological diseases,
psychiatric disorders, or gastrointestinal obstruction. When there is no secondary cause,
constipation is diagnosed as functional constipation. The first steps that should be taken
to relieve symptoms are diet and lifestyle modifications; if those steps are unsuccessful,
laxative therapy should be initiated [81]. Recent research into intestinal diseases and gut
microbiota has gradually revealed a connection between constipation and the disturbance of
intestinal flora, providing a theoretical basis for microbial treatment for chronic constipation.
Microbial treatment mainly includes probiotic preparations such as probiotics, prebiotics,
symbiotics, and fecal microbiota transplantation (FMT) [82]. The efficacy of probiotics in
improving clinical symptoms, improving stool frequency and consistency, and altering
fecal microbiota was investigated in many clinical trials with patients with functional
constipation. Selected strains of Lactobacillus and Bifidobacterium have been studied in
enriched foods and it has been shown that they are able to ameliorate constipation-related
symptoms. Scientific data on the association between polyphenols or phytochemicals and
functional dyspepsia are still limited. However, there is evidence of a positive effect of
polyphenols on the constipation status of patients.

Adherence to a healthy diet, such as the Mediterranean diet, may be beneficial for
microbial gut composition, with a possible preventive effect on the pathophysiology of gas-
trointestinal diseases [78]. In addition, the development of functional foods enriched with
bioactive compounds, such as probiotics and phytochemicals, could be a novel approach
that may contribute, as part of a balanced diet, to the improvement of biochemical indices
that correlate with chronic diseases [79].

4. Methods

The following databases were searched: MEDLINE (PubMed), ScienceDirect, and
Google Scholar. Combinations of specific keywords, such as “irritable bowel syndrome” or
“functional dyspepsia” or “functional constipation”, and “probiotics” or “phytochemicals”,
were used. This review was performed in accordance to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) [83].

The final revised selection of the articles was performed by specific inclusion cri-
teria, including (a) recent articles published mainly in the last decade, (b) articles that
presented human clinical trials and epidemiological studies (observational, cross-sectional,
and cohort), meta-analyses and analytical studies, and (c) studies that aimed to evaluate
diet-based interventions and to profile the fecal microbiome of each study sample. Human
studies with non-reliable study designs or inaccurate findings were excluded from the
present systematic review, so that valid research data were cited.

As presented in Figure 2, from an initial total of 1080 studies that were retrieved, 167
were selected. Finally, 32 articles were used for the revision process, according to the above
inclusion criteria.
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Studies identified in literature
search (n = 1080)

Excluded (tittle and abstract
confirmed not appropriate)
(n=913)

Studies retrieved for
evaluation (n=167)

Excluded (n = 135) because:
* Not extractable data
reported = 2
* Not the intervention of
interest = 41
e Dual publication = 15
o No full-text access = 4
e Not human studies = 35
l * Not adult participants = 38
Eligible studies
(n=32)
IBS =15
FD=7
FC=10

Figure 2. Flow diagram of studies evaluated in the review.

5. Conclusions

It is clear from the above literature review that the relationship between probiotics
and phytochemicals and gut microbiota and the treatment of gastrointestinal disorders is of
great interest. The data show a correlation between the consumption of the above bioactive
compounds and the relief of symptoms in selected gastrointestinal disorders. Although
there are numerous studies on the effect of probiotics and phytochemicals on FGIDs, the
mechanisms of action of these bioactive compounds are not yet known. There is a lack of
knowledge about the potential synergy of bioactive compounds aimed at preventing or
treating gastrointestinal disorders. More specialized studies on the mechanisms of action
would be very helpful for future innovations in the field of food science. Moreover, most
studies examined the use of a capsule containing the above compounds, while studies
examining enriched foods are limited. Clinical studies examining the role of foods enriched
with probiotics and phytochemicals in the treatment of gastrointestinal disorders present a
future challenge. Enriching foods that are regularly consumed, such as fruit juices, yogurt,
and cheese, with different strains of probiotics and different sources of phytochemicals
that may have a positive effect on gut microbiota and on gastrointestinal disorders, could
be a new goal. The above innovations need to be supported by a number of clinical and
epidemiological studies in order to draw valid and safe conclusions about the role of
functional foods in the treatment of gastrointestinal disorders.
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