NUTRIMENTUM ET CURAE

Nutr Cur 2023; 02: e134
DOIl: 10.57625/nec.2023.33

Botanicals in human nutrition:

focus on bioactive food-derived
compounds on gut microbiota in
gastrointestinal inflammatory diseases

Emanuele Rinninella'?, Giordana Galeazzi®, Elisa Gianferrari®, Sabrina Putzu?®, Pauline Raoul?,
Marco Cintoni'?, Francesca Bugli*®, Maria Cristina Mele'-?, Maura Di Vito*

'Centro di Ricerca in Nutrizione Umana, Universita Cattolica Del Sacro Cuore, Rome, Italy

2UOC di Nutrizione Clinica, Dipartimento di Scienze Mediche e Chirurgiche Endocrino-Metaboliche,
Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy

3Corso di Laurea in Dietistica, Universita Cattolica Del Sacro Cuore, Rome, Italy

*Dipartimento di Scienze Biotecnologiche di Base, Cliniche Intensivologiche e Perioperatorie,

Universita Cattolica del Sacro Cuore, Rome, Italy

> Dipartimento di Scienze di Laboratorio e Infettivologiche, Fondazione Policlinico Universitario

A. Gemelli IRCCS, Rome, Italy

Corresponding Author: Emanuele Rinninella; e-mail: emanuele.rinninella@unicatt.it

The interest of botanicals in human nutrition is
a growing and promising field. However, these
substances are still neglected or poorly understood in
clinical practice. Since they are metabolized by the gut
microbiota, the rationale for their effectiveness could
rely not only on their nutritional properties but also on
their prebiotic effects. By the way, an interesting field
of research is the gastrointestinal tract. We conducted
a literature review investigating the role of several
nutraceuticals in chronic gut inflammatory and irritable
diseases. We carry out a research on Pubmed — using
MeSH terms — on the role of nutraceuticals such
as Punica granatum (pomegranate), Ribes nigrum
(blackcurrant), Vaccinium  myrtillus  (blueberry),
Vaccinium macrocarpon (cranberry), Olea europea,
Aronia melanocarpa (chokeberry), and inulin. We found
preclinical and clinical studies confirming a striking
potential role of these nutraceuticals in reducing gut

NUTRIMENTUM ET CURAE

This work is licensed under a Creative Common Attribution-NonCommercial-ShareAlike 4.0 International License

inflammation in such conditions through gut eubiosis
restoration. However, their effects could not be easily
reached only by the food source assumption due to the
large food amount needed to reach their therapeutic
dosages. Thus, it appears useful to use the dry extract
of fruits (or plants) in food for special medical purposes
to ensure efficacy and long-term adherence to therapy.
Further studies on clinical practice are warranted to
confirm this preliminary evidence.
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Botanicals, also known as plant-derived substances, play
a significant role as nutraceuticals in human nutrition.
Nutraceuticals are bioactive compounds or substances
with potential health benefits beyond basic nutrition.
Botanical nutraceuticals have been used for centuries in
traditional medicine and are now gaining recognition for
their diverse health-promoting properties'.

The interest of botanicals in human nutrition is primarily
due to their nutritional content: indeed, many botanicals
are rich in essential nutrients such as vitamins, minerals,
and antioxidants. For example, fruits like berries and
citrus contain high levels of vitamin C, while leafy
greens like spinach and kale are excellent sources of
vitamins A and K. These nutrients play crucial roles
in maintaining overall health and preventing nutrient
deficiencies?.

Botanicals are also abundant sources of phytochemicals,
natural bioactive compounds found in plants.
Phytochemicals include various groups, such as
polyphenols, flavonoids, terpenes, alkaloids, and
carotenoids, among others. These compounds possess
antioxidant, anti-inflammatory, antimicrobial, and
immune-modulating  properties’>. Many botanicals
are known for their potent antioxidant and anti-
inflammatory effects, helping to mitigate chronic low-
grade inflammation, which is associated with several
health conditions. Antioxidants help neutralize harmful
free radicals, protecting cells from oxidative damage and
reducing the risk of chronic diseases such as cardiovascular
diseases, cancer, and neurodegenerative disorders®.
Botanicals often contribute to a well-balanced diet,
promoting overall health and well-being. For example,
certain botanicals, such as Zingiber officinalis
(ginger), Mentha piperita (peppermint), Aloe vera, and
Glycyrrhiza glabra (licorice), have been traditionally
used to support digestive health. These plants can
help alleviate symptoms of indigestion, bloating,
and nausea; some may even possess anti-ulcer and
gastroprotective properties®. Several other botanicals
have been studied for their potential cognitive-
enhancing effects: indeed, Ginkgo biloba is believed
to improve memory and cognitive function®; Curcuma
longa (turmeric) contains curcumin, which has shown
neuroprotective properties and may help with age-
related cognitive decline’. Leaves of Camellia sinensis,
in its unfermented form (green tea), contain catechins,
which have been associated with cardiovascular
health®. Some botanicals, like Panax ginseng and
Withania somnifera (ashwagandha), are believed to
have adaptogenic properties, helping the body cope
with stress and improve overall vitality®.

Many botanicals used as nutraceuticals have a long history
of traditional use in various cultures. Traditional medicine
systems, such as Ayurveda, Traditional Chinese Medicine,
and Native American healing practices, incorporate
botanicals as key components in promoting health and
treating various ailments. Modern research often validates
the traditional uses of these botanicals and sheds light on
their mechanisms of action'.

Recently, scientific research highlighted the role of
botanicals as gut microbiota modulators. Botanicals
can influence the composition and activity of the gut
microbiota, which in turn can impact human health.
Indeed, botanicals may have prebiotic properties,
modulating microbial diversity and abundance of gut
microbial species!!.

The intestinal microbiota is composed of over 100
trillion cells that have a beneficial role in maintaining
physiological homeostasis. Its dysregulation, known
as dysbiosis, reduces and alters the content of intestinal
bacteria and can modify intestinal permeability, triggering
inflammation'2. It is, therefore, a factor that can lead to
metabolic dysfunctions such as obesity, insulin resistance,
and the inflammatory process of the intestinal barrier.
Some botanical compounds possess antimicrobial
properties that can selectively target harmful bacteria while
preserving beneficial ones". On the other side, botanicals
may elicit the production of bioactive metabolites by the
gut microbiota: when digested by gut microbiota, certain
botanical compounds can be metabolized into bioactive
substances. These metabolites may have direct or indirect
effects on human health. For example, the microbial
metabolism of flavonoids found in fruits and vegetables
can generate metabolites with antioxidant and anti-
inflammatory properties'*. This could, in turn, increase
gut barrier function: the gut microbiota plays a crucial role
in maintaining the integrity of the gut barrier.

Some botanicals have been shown to enhance gut barrier
function by influencing the gut microbiota and reducing
gut inflammation®. Finally, botanicals may have indirect
effects on gut-brain axis. Emerging research suggests that
the gut microbiota can influence brain function and mental
health. Some botanicals, including polyphenol-rich foods
like green tea and berries, may positively impact the gut-
brain axis by modulating the gut microbiota composition
and function'®.

Nowadays, botanicals are available in various forms,
including capsules, tablets, extracts, teas, and powders.
Nutraceutical formulations provide standardized doses
of botanical extracts or active compounds, ensuring
consistent and reliable intake. These formulations are
often used to target specific health concerns, such as
immune support, cognitive function, joint health, and
energy enhancement.
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As the public interest in botanicals is growing, it is
fundamental for healthcare professionals to deeply
understand their role to integrate them in modern medicine.
This work aimed to outline the “state of the art” relating
to the use of botanicals in gut microbiota modulation
regarding gastrointestinal inflammatory disorders.

Materials and Methods

We focused on some of the most active botanicals on
gut health, such as Punica granatum, Ribes nigrum,
Vaccinium myrtillus, Vaccinium macrocarpon, Olea
europea, Aronia melanocarpa and inulin. Due to
their antioxidant and anti-inflammatory properties,
we investigated their role on inflammatory or irritable
gastrointestinal syndromes.

A bibliographic search was carried out in PUBMED
and MEDLINE. The search strategy did not consider
any time limit. Articles in English, Spanish, French,
or Italian have been considered. The following search
strategy was used: inflammatory bowel disease (IBD)
OR irritable bowel syndrome (IBS) AND microbiota
OR gut microbiota AND Punica granatum[mh OR
Ribes nigrum OR  Vaccinium myrtillusfmh] OR
Vaccinium macrocarpon OR Olea europealmh] OR
Aronia melanocarpa|mh] OR inulin[mh].

Additional studies were retrieved manually by
searching through the references of the articles selected
from the online search.

Results

We have reported the main characteristics and effects
of the aforementioned botanical compounds in Table 1.
Then, we analyzed their specific role in the following
paragraphs.

Punica granatum (pomegranate)

Punica granatum L. (PG) is a medicinal plant native
to the Mediterranean regions'’ belonging to the
genus Punica and the Lythraceae family. The plant is
cultivated all over the world, where it has been used
for generations to treat various diseases. Scientific
evidence shows that the beneficial properties attributed
to the consumption of pomegranate are useful for the
prevention of various conditions, such as obesity,
diabetes, and the improvement of the intestinal
microbiota'®.

The benefits of pomegranate are mainly attributed to
the presence of ellagitannins, particularly punicalagins
and ellagic acid: polyphenolic compounds whose
metabolism by the microbiota produces compounds
known as microbial or post-biotic metabolites with

recognized biological activity, including urolithins'®.
In turn, urolithins are metabolized in the large intestine
by intestinal bacteria. These metabolites have specific
effects on our bodies and may explain people’s different
responses to polyphenol consumption.

In a study conducted by Cortés-Martin et al'* in
patients affected by metabolic syndrome, it was found
that supplementing the diet with functional PG-based
foods can promote the growth of specific strains of the
gut microbiota that are closely related to the type of
therapy followed by the patient, suggesting that PG
metabolites may enforce drug effectiveness.

Arecent study in patients affected by IBS demonstrated
a significant beneficial effect on sleep quality and
intestinal symptoms after supplementation with 180mg/
day of ellagic acid®.

Another study by Li et al*' showed that consumption
of 1g of PG extract promotes urolithin production.
Authors highlighted PG’s positive influence on weight
and insulin resistance due to its ability to vary the
ratio of Firmicutes to Bacteroidetes, also increasing
Akkermansia abundance.

A study by Henning et al*> came to the same conclusion,
showing that microbial variation in the presence of
PG extract, due to its effect on microbial metabolism,
is essential for promoting the growth of beneficial
bacterial strains such as Akkermansia.

In a study based on the fermentation culture of stool
samples, it was shown that the addition of PG extract
increases the amount of both Bifidobacterium spp. and
Lactobacillus-Enterobacterium microbial —strains®.
Studies in rats have shown that the use of a PG
decoction (300 mg/kg), thus rich in polysaccharide
components and especially ellegitannins, can prevent
the development of colitis-related abdominal pain.

In conclusion, in patients affected by inflammatory
intestinal ~ conditions, the supplementation of
ellagitannins through a dry PG extract, could promote
the growth of beneficial probiotic strains for the
acquisition of a physiological state of well-being since,
through nutrition, it would be impossible to achieve the
necessary dose.

Ribes nigrum (blackcurrant)
Ribesnigrum(RN)L.,commonlyknownasblackcurrant,
is a plant belonging to the Grossulariaceae family,
native to Europe and Asian Russia. Anthocyanins
are the active ingredients of blackcurrant which is
characterized by a higher concentration than the other
species of currant.

Anthocyanins are polyphenols widely found in
fruits and vegetables that act as soluble pigments.
Although in nature exist over 600 anthocyanidins,
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Table 1. Botanical compounds and their main characteristics.

v Desulfovibrio
v Lachnospira
v Oscillospira
v Cellulomonas

Botanicals Nutritional Bioactive Known Microbiota Post-biotic Healthy Clinical areas of
contents (fruit) compounds mechanisms of modulation metabolites properties intervention
(mainly in dry action
extracts)
Punica Mainly Ellagitannins + ROS t Bifidobacterium Urolithins Anti- o Obesity
granatum carbohydrates (punicalgins, + NF-kB t Lactobacillus inflammatory  Diabetes
(pomegranate) (including fibers), ellagic acid) + Inflammatory t Enterobacterium - e Insulin-
Vitamin C, K, cytokines (IL-1§3, Akkermansia Influence resistance
Folate, IL-6, TNF-a) on weight e IBS
Potassium, t Anti- + Firmicutes/ and insulin
Calcium, inflammatory Bacteroidetes ratio resistance
Iron, Magnesium, cytokines (IL-10)
Phosphorus.
Ribes nigrum Mainly Anthocyanins and + COX-LOX t Bifidobacterium Phenolic Antioxidant e Diabetes
(blackcurrant) carbohydrates proanthocyanidins + NF-kB t Lactobacillus metabolites -- o Obesity
(including fibers), ¥ Inflammatory and Anti- e Cancer
Vitamin C, cytokines (IL-18, ¥ Bacteroides conjugated inflammatory ¢ IBD
Vitamin A, IL-6, TNF-a) ¥ Clostridia compounds --
Vitamin K, t Anti- Weight loss
Vitamin E, inflammatory --
Potassium, cytokines (IL-10) Glucose
Calcium, metabolism
Iron, Magnesium, improvement
Phosphorus
Vaccinium Mainly Anthocyanins, + ROS t Bifidobacterium Conjugated Anti- e IBD
myrtillus L. carbohydrates flavonols, tannins, + Intestinal t Lactobacillus phenolic inflammatory o Traveler’s
(blueberry) (including fibers), and resveratrol inflammation compounds, -- diarrhea
Vitamin C, (4 cytokine urolithins Intestinal
Vitamin, Vitamin secretion, and inflammation
K, apoptosis) improvement
Vitamin E, -
Potassium Neuroprotective
Calcium, Iron,
Magnesium,
Phosphorus
Vaccinium Mainly Proanthocyanidins, + COX-LOX 4 Growth of Phenolic Antioxidant o UTI
macrocarpon carbohydrates phenols, + NF-kB commensal bacteria | metabolites, -- e LUTS
(cranberry) (including fibers), anthocyanidins and | ¢ Inflammatory (including those of | polyphenol- Anti- ®IBS
Vitamin C, ellagitannins cytokines (IL-1B, | the Akkermansia derived inflammatory
Vitamin E, IL-6, TNF-a) genus metabolites, -
Vitamin K, 4+ Anti- SCFAs Prevention of
Potassium, inflammatory + Uropathogenic UTI
Calcium, Iron, cytokines (IL-10) | strains
Magnesium,
Phosphorus
Olea europea Monounsaturated Oleuropein, + ROS t Bifidobacterium Secoiridoids | Antioxidant ® Metabolic
(olives and fats (olives); less polyphenols, + LDL ¥ E. coli and other | and - syndrome
leaves) amount of flavonoids (leaves) ¥ Intestinal pathogenic bacteria | oleuropein Anti- e Intestinal
oleuropein, permeability + Firmicutes/ derivatives, inflammatory permeability
polyphenols, Bacteroidetes ratio phenolic - and
flavonoids metabolites Neuroprotective inflammation
Aronia Mainly Anthocyanins, + Inflammatory t Bacteroides Phenolic Anti- o Intestinal
melanocarpa carbohydrates Flavonoids, cytokines + Bifidobacterium compounds, inflammatory inflammation
(chokeberry) (including fibers), | Proanthocyanidin, + Intestinal + Blautia urolithins -- * IBD
Vitamin C, phenolic acids. barrier integrity t Faecalibacterium Antioxidant
Vitamin K, t Akkermansia
Vitamin E,
Potassium, V Prevotella
Calcium, Iron, Vv Megamonas
Magnesium, v Escherichia
Phosphorus v Shigella
Inulin Prebiotic fiber Prebiotic fiber + Gut mucus 4 Bifidobacterium SCFAs, Prebiotic o Intestinal
production + Lactobacillus gases (H, - permeability
+ Gut barrier + Atopobium and COzj, Gut mucosal and
integrity t Enterococcus Lactic acid inflammation inflammation
improvement e IBD

Abbreviations: 1BS, irritable bowel syndrome; COX, cyclooxygenase; LOX, lipoxygenase; IBD, inflammatory bowel disease; ROS, reactive oxygen species

SCFAs, short chain fatty acids; UTI, urinary tract infection; LUTS, lower urinary tract symptoms; LDL, low-density lipoprotein
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known as aglycones, as of now, only 17 of them have
been identified*®. Through biochemical reactions,
anthocyanidins produce anthocyanins, pigments that
have shown several beneficial properties for health.
Among them, the main ones have antioxidant and anti-
inflammatory properties, playing a major role in the
prevention of diseases such as diabetes, obesity, cancer,
and IBD?.

Anthocyanins also promote weight loss by reducing the
inflammatory state and increasing energy consumption.
Moreover, numerous in vivo and in vitro studies
support the beneficial effects of anthocyanidin’s
supplementation in different chronic inflammatory
diseases, including IBD*6-%8,

Current literature highlighted that most food
anthocyanins are not fully absorbed in the upper
intestine but reach the gut microbiota, where they are
metabolized and absorbed. This, in turn, promotes the
colonization of bacteria containing enzymes necessary
to break down anthocyanins®. In their study, Molan and
co-authors*® showed that dietary supplementation with
RN extract, a plant rich in anthocyanins, has several
benefits for the intestinal microbiota. Specifically, this
plant can both promote the growth of beneficial bacteria,
such as Bifidobacterium and Lactobacillus, and reduce
the level of other bacteria, such as Bacteroides and
Clostridia.

Polyphenols, including anthocyanins, can act as
prebiotics®’ by promoting the growth of health-
beneficial bacteria. At the same time, they can
also show antimicrobial effects against pathogenic
bacteria®?. The interaction between polyphenols and
gut microbiota is essential for their bioavailability
and activity, influencing also their effects on the host’s
health®. Esposito et al** showed that supplementation
with 1% of RN extract (with 32% of anthocyanins) in
a diet reduces body weight gain and improves glucose
metabolism in mice with intact gut microbiome.
RN also, enhance the bacteria’s effects such as the
prevention of inflammatory and tumor diseases, the
vitamin synthesis and the strengthening of the immune
system™.

All these findings suggest that food for special medical
purposes, based on RN, could promote the survival,
colonization, and activity of beneficial bacteria in the
gastrointestinal tract. The supplementation of berries
in food for special medical purposes is particularly
effective because it allows for a balanced and constant
intake of both polyphenols and fibers, which cannot be
casily guaranteed by separately eating different foods.

Vaccinium myrtillus L. (blueberry)

V. myrtillus (VM) L., is a dwarf shrub known as
blueberry and European blueberry. The shrub is native
to northern Europe and North America but has also been
reported in Asia®*. The blueberry fruit is blue/black,
spheroidal, and has a diameter of about 5-9 mm. Fruits
are commonly referred to as “superfoods” or “functional
foods”, due to the presence of many health-beneficial
compounds®®. These fruits contain sugars, vitamins,
and pectin, as well as a variety of healthy compounds,
including anthocyanins, flavonols, tannins, and
resveratrol*. Blueberries naturally contain high levels
of polyphenols, made up of 50-80% anthocyanins®’
and 10% tannins. /n vitro studies suggest that the use
of a dry blueberry extract reduces inflammatory gene
expression®®. Thus, the supplementation of dry extracts
of VM may be desirable as a complementary therapy
for inflammatory bowel diseases since it provides a
concentrated source of beneficial compounds and a
rapid release into the gastrointestinal tract’**’, Tannins
have anti-inflammatory, astringent, and neuroprotective
properties*!, with the ability to improve the symptoms
of Crohn’s disease* and traveler’s diarrhea®. Indeed,
phenols have shown anti-inflammatory properties,
being able to reduce intestinal inflammation in acute
and chronic colitis, with a consequent decrease in
histological scores, cytokine secretion, and apoptosis
in colon epithelial cells**.

Other studies demonstrated the benefits of blueberry
in the treatment of ulcerative colitis, a disease
characterized by an overabundance of neutrophils and
macrophages that can lead to the excessive production
of reactive oxygen species (ROS) in inflamed points*.
Blueberry extract has the ability to neutralize ROS*". In
patients with ulcerative colitis, integrating blueberries
into their diet has shown significant improvements in
symptoms and biological parameters, such as reduced
levels of fecal calprotectin®*“®. Literature reports that it
is necessary to ingest large quantities of blueberries to
experience health benefits. However, the treatment is
usually carried out for a short time due to the patient
refusing long-term therapies. These studies have
highlighted the need to use a dry extract instead of
dry blueberry fruits to ensure long-term adherence to
therapy for chronic states such as ulcerative colitis.
The intake of dry blueberry extract has been shown
to guarantee a rapid release of anthocyanins in the
gastrointestinal tract and improve disease activity in
patients with mild to moderate ulcerative colitis*. The
bioavailability of anthocyanins in the gastrointestinal
tract is affected by environmental conditions and
administration techniques. Recent studies highlighted
how encapsulation techniques modulate the release
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of anthocyanins to determine the double amount of
anthocyanins available after 150 minutes®.

In conclusion, blueberries are a fruit full of beneficial
compounds for human health and rich in anthocyanins,
which offer anti-inflammatory and antioxidant
properties. The administration of anthocyanins through
a dry blueberry extract is more feasible for patients
since it would be impossible to assimilate the correct
amount through nutrition. However, further clinical
studies are needed to assess the therapeutic effect of
integrating blueberries into the diet of patients with
inflammatory bowel conditions.

Vaccinium macrocarpon (cranberry)

Studies indicate a close association between IBS and
lower urinary tract symptoms (LUTS) in both men and
women'. Indeed, conditions such as IBS, or IBD in
general, may disrupt both the intestinal biome and the
brain-gut axis resulting in an increased incidence of
urinary tract infections™.

The biological mechanisms of the correlation between
IBS and LUTS?!"3 are not yet fully understood, but what
seems certain is the involvement of the inflammatory
state and alterations in the microbiota.

The V. macrocarpon (VM) Ait., also known as cranberry,
and its protoanthocyanidins (PACs) are traditionally
used in this context. It is mainly cultivated in various
parts of North America and Europe. Its composition
varies depending on the cultivar, climate, harvest time
and storage conditions.

Blueberries contain mainly glucose (58% to 65.9% of
monosaccharides), fructose, and a wide range of water-
soluble and fat-soluble vitamins. Other important
constituents are phenols, flavonoids, anthocyanidins
and ellagitannins, which play a key role in the treatment
of LUTS*. Whereas, its antioxidant properties are
mainly derived from its vitamin C, E and K content®’.
Recent studies have disproved the theory that
flavonoids such as PACs could be directly responsible
for the prevention of urinary tract infections: it has
been shown that PACs are only minimally absorbed
and metabolized, but are extensively catabolized by
the colonic microbiota to form various metabolites.
Studies have shown that the gut microbiota is essential
in regulating homeostasis®. It was therefore concluded
that cranberry flavonoids and phenolic acids possess
the ability to modulate the composition of the gut
microbiota by preventing dysbiosis through their
prebiotic action: they promote the growth of commensal
bacteria (including those of the Akkermansia genus®’)
and hinder that of uropathogenic strains.

Based on this evidence, dry cranberry extract titrated
in PACs can be considered in the context of a specific

diet and prevent LUTS, especially in conditions such as
IBS. Daily intake of dry cranberry extract also allows
for standardization of PACs amounts with a consequent
beneficial effect on the gut microbiota.

Olea europea

Olives, the fruits of Olea europea (OE) L., are
highly considered for their high nutritional value
derived from their high proportion of unsaturated
fatty acids, tocopherols, phytosterols, squalene,
and phenolic compounds. The last mentioned are
especially recognized for their ability to reduce free
radicals. The literature recognizes the essential role
of extra virgin olive oil (EVOO) intake in decreasing
oxidized low-density lipoprotein (LDL)** and markers
of inflammation, thereby improving endothelial
function®!. The FEuropean Safety Authority has
also released a health claim on the effectiveness of
the oil’s phenols (5 mg/day of active ingredient per
20 g of EVOO) in reducing the risk of developing
cardiovascular disease®.

The beneficial effects of olive oil intake are given by
its high content of the secoiridoid oleuropein, its main
phenolic compound. This element is mainly present
in unprocessed olive fruit and leaves, reaching up to
140mg/g of dry matter in young olives and 60-90 mg/g of
dry matter in leaves®**. However, recent studies pointed
out that its concentrations may fluctuate depending on
cultivar, production area, and production conditions®.
In 2020, Hermans et al demonstrated the beneficial
effects of dietary supplementation with OE dry extract
capsules titrated in oleuropein (50 mg/capsule) and
hydroxytyrosol (10 mg/capsule)®. Data shows that
this supplementation decreases the oxidative stress
responsible for the parameters monitored in metabolic
syndrome. In addition to their antioxidant function,
phenolic compounds can positively impact the
intestinal microbiota as through a prebiotic activity,
they stimulate greater intestinal bacterial biodiversity
by improving the Firmicutes/Bacteroidetes ratio,
the imbalance of which generates dysbiosis®. If, on
the one hand, the gut microbiota balance is essential
for maintaining overall health, on the other hand, its
imbalance causes increased intestinal permeability,
an increase in the circulation of lipopolysaccharides
(LPS), leading to endotoxemia.

LPS is an endotoxin present in gram-negative bacteria
related to the activation of the Toll-like receptor 4
(TLRA4). LPS regulates the secretion of pro-inflammatory
cytokines both local and into the bloodstream. This
variation may depend on dietary factors (such as
consumption of saturated fat) which stimulate TLR4
receptors, inducing endotoxemia and inflammation®’.
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The polyphenolic compound of OE has the ability to
affect the microbial balance both by enhancing probiotic
strains belonging to the Bifidobacterium genus, and by
inhibiting the growth of pathogenic bacteria such as .
coli and reducing intestinal permeability®’5.

Aronia melanocarpa (chokeberry)
Aroniamelanocarpa(AM, Michx.) Elliottis one ofthemost
functional berries, usually used in the preparation of juices
andjams. Itis relevant from an ethnopharmacological point
of view for the richness of biologically active molecules
— antioxidants and polyphenols- with pharmaceutical and
physiological effects.

According to a study conducted by Valcheva-
Kuzmanova et al, fruit juice from AM, administered to
rats with trinitrobenzene sulfonic-induced colitis for 14
days (three doses 2.5, 5, and 10 ml/kg), had an effect
comparable to sulfalazine treatment (400 mg/kg) by
improving local macroscopic and microscopic signs
of colitis and preventing the colon increase of reactive
substance concentrations (to thiobarbituric acid)®.
More recently, Li et al evaluated the effects of the
ethanolic extract in an intestinal disease model of
mice with Dextran Sulfate Sodium (DSS)-induced
inflammation. The extract was administered orally for 21
days. The results show that it exerts a prebiotic activity
able to reverse the effects of intestinal dysbiosis by
promoting the production of short-chain cecal fatty acids
effective in inhibiting the pro-inflammatory pathway
established in IBD. This activity has the secondary
effect of improving clinical symptoms and regulating
histopathological parameters, pro- and anti-inflammatory
cytokines and oxidative stress factors, as well as mRNA
and protein expression of transcription factors involved
in maintaining intestinal barrier integrity’.

To support prebiotic action, other literature data
indicate that dietary supplementation with fruits are
able to “suitably nourish” the microbiota by favoring
beneficial species belonging to the genera Bacteroides,
Prevotella, Akkermansia’ . Yu et al’™* showed in vitro
that anthocyanins from AM significantly increase the
relative richness of Bacteroides, promoting the growth
of Bifidobacterium, Blautia, Faecalibacterium, and
inhibiting the growth of Prevotella, Megamonas,
Escherichia/Shigella, etc. Liu et al”® demonstrated
that polyphenols are the nutritional components to
the gut microbiota. Finally, Valdez JC. and colleagues
demonstrated that AM also exerts its efficacy by
increasing barrier function and attenuating the
characteristic baseline reduction of transepithelial
electrical resistance observed in response to the
establishment of a pro-inflammatory framework in
Caco-2 cells’. Because of the above, consumption of

aronia berries, which are high in polyphenols, would be
desirable in the diet of an IBD patient.

However, AM is mainly used to produce juices, purees,
jams, jellies, wine and food coloring. The fruit is highly
valued for its supply of antioxidants, particularly
polyphenols, phenolic acids (neochlorogenic and
chlorogenic acids) and flavonoids (anthocyanins,
proanthocyanidins, flavanols and flavonols). The
presence of tannins in the berry outlines its astringent
characteristics, which makes it unsuitable for the
consumption of fresh fruit”’ in the diet of the IBD
patient, who presents a clinical picture characterized by
alternating frequentdiarrheaandprolongedconstipation.
In addition, evidence shows that polyphenol content is
subject to essential variations’®%, Tt has been estimated
that the optimal storage temperature for the product is
3°C, but after only six months of storage, the content of
total polyphenols decreases by 30%*'.

In conclusion, the limitations imposed by the shelf
life and the quality reproducibility factors drastically
invalidate the use of fresh food by making it difficult for
the IBD patient to take consistent and effective doses of
polyphenols. Therefore, introducing foods for special
medical purposes based on the dry extract of AM
titrated in polyphenols (specifically proanthocyanidins
belonging to the flavonoids class) makes it possible to
ensure quality food for the IBD patient.

Inulin

Inulin is a fructose-containing polymer that is part of
a class of compounds called fructans. Fructans (e.g.,
inulin, oligofructose) can be extracted from plants,
produced by hydrolysis of inulin, or enzymatically
synthesized from sucrose (e.g., fructooligosaccharide,
FOS). It was first isolated in 1804 from the roots of
Inula heleniumda and named inulin in 1817. Fructans
are found extensively in nature as reserve carbohydrates
in more than 30,000 plants, such as chicory, Jerusalem
artichoke, and dahlia. The Cichorium intybus (chicory
) or Jerusalem artichoke tubers are important sources
of inulin®® used for industrial production. Chain
length and molecular branching affect the quality and
functionality of inulin.

Scientific literature has highlighted the role of
prebiotics, such as inulin, in promoting gut flora
activity. Intake of inulin can improve calcium
absorption, lipid metabolism, constipation, and
intestinal barrier function®. In a recent review, Costa
et al* documented that ingestion of FOS and inulin in
children and adolescents can improve the absorption
of nutrients, such as minerals and vitamins, that may
be useful in the treatment or prophylaxis of certain
diseases. Indeed, it is known that the gut bacteria
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promoted by these prebiotics, in addition to short-chain
fatty acids, also produce vitamins (B3, B5, B6, B12,
biotin, tetrahydrofolate, and vitamin K) and promote
mineral absorption.

Inulin is a promising prebiotic useful in numerous
medical conditions, including IBD. The recommended
daily consumption of inulin generally does not exceed
25~35 g%, Inulin is generally recognized as safe and
can be easily taken, so it can be incorporated into the
diet of patients with IBD to regulate intestinal flora and
promote the growth of commensal bacteria. In fact,
bacteria promote saccharolysis of inulin in the large
intestine, which supports the growth of bifidobacteria
and lactobacilli.

In a recent review, Vinelli et al®® summarize trials
conducted by incorporating inulin into the diets of adults,
showing that the introduction of amounts of inulin between
7 and 22.4 g/day for several weeks modulates the gut
microbiota. In particular, an excellent bifidogenic effect
detected using several molecular investigation techniques
(16S rRNA gene amplicon sequencing, qPCR and FISH) is
reported. These changes involve, for example, an increase
in Atopobium and Lactobacillus-Enterococcus as well as
a decrease in Bacteroides-Prevotella. Supplementation of
7.5 g/day of inulin obtained from Agave spp*’ significantly
reduced the relative abundance of the sulfidogenic
pathobiont Desulfovibrio, along with Lachnobacterium
and Ruminococcus. Similarly, another study®, finds
a decrease in Lachnospira and Oscillospira, and a
significant increase of Nesterenkonia, Brevibacterium,
and Cellulomonas. Finally, supplementation of 20 g/
day of inulin from C. intybus increases total anaerobes
and Lactobacillus spp. and reduces enterobacteria,
along with ammonia levels®. Promoting the growth of
lactic acid-producing bacteria prevents the reproduction
of endogenous and/or exogenous microorganisms
underlying disease progression by showing a positive
effect on gut barrier function.

The use of inulin with its prebiotic activity reduces
mucosal inflammation in IBD subjects and in all subjects
with persistent gastrointestinal disorders®?. Inulin has a
neutral taste and can be used as a substitute for sucrose,
and it has a sweetness level of about 10 percent compared
to the latter®. This represents an advantage that makes
it suitable for all patients. Therefore, the introduction
of inulin in a food for special medical purposes could
overcome limitations in the intake of plant foods in IBD
patients. Moreover, if formulated with other extracts
titrated in polyphenols it may protect them in the gastric
passage until they reach the intestinal districts, where
they will exert their prebiotic actions”. For these reasons,
inulin extracted from plant sources is advantageous over
the intake of related foods.

This review provides evidence-based information
for the use of botanicals in human nutrition as key
modulators of the gut microbiota promoting gut
homeostasis. Several studies are conducted in vitro or
animal models due to a pathogenetic model; however,
there are also many human studies, both in healthy
volunteers and patients. Evidence suggests a rationale
to use such substances as contributors to inflammatory
and irritable bowel conditions in the clinical practice,
in a multimodal therapeutic approach.

Gut chronic inflammatory conditions are associated with
intestinal mucosa barrier dysfunction and a consequent
increase in permeability®>. This process originates from
the disruption of the mucosal cell tight junctions triggered
by oxidative stress, and inflammatory mediators such
as cytokines, and results in bacterial LPS translocation
across the intestinal barrier®***. Consequently, antigenic
determinants derived from food or intestinal bacteria
cause an intestinal immune response and tissue damage®.
It can be deduced that oxidative stress, which occurs
following the release of ROS by immune system cells,
plays a role in the pathogenesis. In this inflammatory
condition, the colon is infiltrated by neutrophils that
produce superoxide and other strong oxidants that can
accelerate disease progression®.

The scientific interest in botanicals as nutraceuticals
is a promising growing field. Researchers continue to
investigate their potential health benefits, mechanisms
of action, optimal dosages, and safety profiles.
Nowadays, numerous studies reported that biologically
active substances extracted from plants are effective
in the treatment of these pathologies by reducing
oxidative stress, controlling the levels of pro-
inflammatory cytokines or inflammatory mediators®”%,
and modulating the microbiota to promote the growth
of beneficial probiotics, related to good health, at the
expense of pathogenic ones.

However, their effectiveness cannot be easily
guaranteed by eating different foods separately for
the large amount needed to reach their daily effective
dosages. Thus, it appears useful to use dry extract of
fruits (or plants) in food for special medical purposes to
ensure efficacy and long-term adherence to therapy for
chronic states such as inflammatory conditions.
Further studies should assess their effectiveness in
humans through well-designed health and disease
approaches, aiming to determine the effective schedule
and periods of administration.
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