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Anthocyanins and human health: How gastric
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Abstract. This review aims to highlight some aspects regarding anthocyanins bioavailability. Although there is a considerable
variability in the values for the biokinetic parameters, anthocyanins appear to be rapidly absorbed and eliminated, reaching low
maximal concentrations in plasma and urine. Nevertheless, some works have reported a high content of intact anthocyanins
in plasma, possibly resulting from gastric absorption. So far, no anthocyanin metabolites have been detected in the stomach
and the possible mechanism of anthocyanin gastric absorption is still unknown. Some progress in this field is expected to be
obtained through studies involving a new human cell culture model of the gastric surface suitable for bioavailability screening
of nutraceuticals like anthocyanins and anthocyanin-derived pigments. The positive health effects associated with anthocyanin
consumption could derive from the contribution afforded by the stomach to intact anthocyanin absorption. Nonetheless, these
latter may be further metabolized to other bioactive forms.
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1. Introduction

2. Chemical features of anthocyanins

Anthocyanins are one of the most widespread families of natural pigments in the plant kingdom. Over the
years, the scientific community has been focusing on
these amazing molecules trying to understand anthocyanins and their properties. Many different chemical
structures from numerous natural sources have been
characterized and their physical-chemical properties
determined [1]; their benefits for human health are
unquestionable, and the applications of anthocyanins
as colorants or bioactives have been exploited by food,
pharmaceutical and cosmetic industries.

Anthocyanins are responsible for the unlimited
diversity of colours from orange and red through purple and blue hues of several fruits, vegetables and
plants. The most commonly known anthocyanins are
based on six anthocyanidins: cyanidin, delphinidin,
malvidin, pelargonidin, peonidin and petunidin (Fig. 1)
but there are almost 600 anthocyanins reported to be
isolated from plants [2]. These compounds differ in
the hydroxylation and methoxylation patterns of ring
B. Anthocyanins can be glycosylated in the 3-OH, 5OH and less commonly in the 7-OH position and, to a
lesser extent, in both positions 3-OH and 5-OH (3,5-Odiglycosides). The sugar moieties vary but are usually
a mono or disaccharide unit, frequently glucose, galactose, rhamnose, arabinose, rutinose or xylose [3]. The
sugar moiety may also be attached to aliphatic or aromatic acids.
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Fig. 1. General structure of the six anthocyanidins present in higher plants (flavylium form), R3 = OH. For the anthocyanins glycosylated in the
3-OH, R3 = sugar.

The physical-chemical properties of anthocyanins,
particularly their colour characteristics and stability are
unique. Anthocyanins are highly reactive molecules
and thus sensitive to degradation reactions. Several
factors such as oxygen, temperature, light, enzymes
and pH, affect anthocyanins chemistry and consequently their stability and colour. The degradation
of anthocyanins may occur during their extraction,
food processing and storage. Due to their high chemical reactivity, anthocyanins may also be ingested as
anthocyanin-derived pigments [4, 5]. Direct reactions
between anthocyanins and flavanols have already been
demonstrated in plant extracts and food matrices, especially in red wine where these compounds play an
important role in the colour [6–9].
A critical factor that is strictly related to the colour
displayed by anthocyanins is the fact that they occur
in five species under equilibrium in aqueous solution
depending on the pH: flavylium cation, carbinol base,
chalcone, quinonoidal base and anionic quinonoidal
base (Fig. 2) [10–13].
The complex chemistry of these compounds is a
critical point when considering their absorption in the
gastrointestinal (GI) tract. After consumption in their
red flavylium cation form, anthocyanins may undergo

some transformations in the oral cavity as a result of
the more alkaline pH, the physiological temperature,
the action of phase II enzymes and the action of the oral
microbiota [14, 15]. The consequent passage through
the gastric cavity may account for further changes
in the anthocyanin chemical forms. After intestinal
absorption, anthocyanins will be mainly in their colourless pseudobase form but may also occur as yellow
chalcone and blue quinoidal forms (Fig. 3).
3. Anthocyanin absorption and metabolism
The study of flavonoid bioavailability is a quite
challenging taste, that becomes even more complex when concerning anthocyanins, as a result
of their unique physical-chemistry [16]. According
to the reported data some hypothetic pathways of
anthocyanins absorption, distribution, metabolism and
excretion can be summarized (Fig. 4).
Generally, the scientific community considers that
anthocyanin intestinal absorption is around 1% of the
oral ingested amount [17]. However, additional factors may contribute to the proposed low anthocyanin
bioavailability such as high rates of cellular uptake,
metabolism and excretion [18].
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Fig. 2. Anthocyanins equilibrium in aqueous solution depending on pH [13]. R1 and R2 = H, OH or OCH3 .
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Fig. 3. Schematic representation of the molar fraction of anthocyanin according to the GI tract pH, determined according to [119].

Before reaching the intestinal border several binding events involving anthocyanins may occur, namely
interaction with food proteins or with salivary proteins and digestive enzymes [19–21]. A recent work
with healthy volunteers has shown that black raspberry
anthocyanins could be detected under their hydrolyzed
aglycone form in the oral cavity resulting from the
activity of ß-glycosidase derived both from bacteria
and oral epithelial cells [14]. In the same study, parent anthocyanins and cyanidin-3-glucoside microbiota
metabolite, protocatechuic acid, were detected in the
saliva. In addition, saliva samples were found to contain glucuronidated anthocyanin conjugates, consistent

with intracellular uptake and phase II conversion of
anthocyanins [14].
The oral transformations observed in this study have
to be analyzed with some caution as a result of the short
period of time that these compounds remain in the oral
cavity.
After ingestion, anthocyanins are readily detected in
plasma in their parent forms, which may suggest their
absorption through the gastric wall [22–25].
Although only native anthocyanins have been
detected in the stomach [26], the enzymatic machinery
(UDP-glucuronosyltransferase, sulfotransferase, and
catechol-O-methyl transferase) essential for antho-
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Fig. 4. Hypothetic pathways of anthocyanins absorption, distribution, metabolism and excretion according to the reported data.

cyanin conjugation is present in the gastric mucosa
[27–30]. Additionally, some in vitro studies have
shown that some flavonoids could be metabolized into
glucuronidated and sulphated metabolites by the gastric wall [31, 32].
Unabsorbed anthocyanins enter the more basic
conditions of the small intestine predominantly in
their carbinol pseudobase form (Fig. 3). Unlike other
flavonoids glycosides that are hydrolyzed, anthocyanin
glycosides are rapidly and efficiently absorbed in
the small intestine [33–35]. Anthocyanins may be
absorbed into the intestinal epithelial cells through
the glucose transporters such as glucose transporter
2 (GLUT2) [36] and possibly Na+ /glucose cotransporter 1 (SGLT1) [37]. One recent study indicated
that several anthocyanins may be actively transported
out of the intestine and endothelia, limiting their
bioavailability to the circulation [38]. The efflux of
at least some anthocyanins back into the lumen of the

small intestine is thought to involve members of the
adenosine triphosphate (ATP)-binding cassette (ABC)
family of transporters including multidrug resistance
protein (MRP) and P-glycoprotein (P-gp) [38].
Furthermore, anthocyanins have also been reported
to be quickly metabolized and to appear in the
circulation or into bile and urine as both intact
and metabolized forms (glucuronidated, sulphated or
methylated derivatives) [33, 34, 39–43].
Unabsorbed anthocyanins reach the colon where
they undergo substantial structural modifications. Previous studies have suggested that this is likely due
to the spontaneous degradation under physiological
conditions [44] or following microbial metabolism.
In fact, colonic microbiota hydrolyses glycosides into
aglycones and degrades them to simple phenolic acids
(Fig. 5).
According to Vitaglione and co-workers protocatechuic acid is the major human metabolite of
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Fig. 5. Catabolites of anthocyanins, adapted from [47].
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cyanidin-3-glucoside in humans, almost 73% of the
ingested anthocyanins [45]. This metabolite may result
from chemical degradation under the physiological
conditions of the systemic circulation or in the intestinal mucosa since it was detected in plasma 2 h
after orange juice ingestion. This metabolite is also
recovered in fecal samples, which suggests that the
gut extensively metabolizes anthocyanins [46]. The
metabolism of berry anthocyanins resulting in phenolic acids in humans was recently studied [47]. The main
anthocyanin metabolites detected were homovanilic
and vanilic acids.
In another study, blueberry anthocyanin absorption
and metabolism in rats was accomplished and the main
metabolite detected in urine was hippuric acid, which
may be produced in liver through a conjugation of
glycine with aromatic phenolic acids [48].
Since anthocyanin phenolic acids can be further
absorbed in colon [49] it is possible that they are additionally metabolized by hepatic cells [50]. This fact
makes the whole field even more complex and opens
an additional task to explore, the effect of phase II
metabolized catabolites. Furthermore some of these
conjugates were already detected, using caco-2 cell
model, namely protocatechuic acid and phloroglucinaldehyde conjugated with glucuronide and sulphate
[51].
Bearing all this, health benefits associated with
anthocyanin rich foods may also involve the contribution of a continuous release of native or metabolized
phenolic compounds into the bloodstream [49]. Since
microbial catabolites may be present at many sites of
the body in higher concentration than the parent compound, it has been proposed that at least a part of the
biological activities ascribed to anthocyanins are due
to their colonic catabolites [49].
Despite that, some authors have proved the capacity
of intact anthocyanins to reach several tissues/organs.
In a recent work, intact anthocyanins were detected
in liver, eyes, cortex, and cerebellum of pigs which
were fed with diets supplemented with blueberries for
4 weeks [52]. The results suggest that anthocyanins
can accumulate in tissues, including tissues beyond the
blood-brain barrier. Moreover, two recent works report
the capacity of dietary anthocyanins from grapes and
berries to reach the brain [26, 53].
In a more recent work, proportions of anthocyanin
derivatives (methylated anthocyanins and glucuronoconjugated derivatives) were identified in various
organs (bladder, prostate, testes, heart and adipose

tissue) in rats fed with a blackberry anthocyaninenriched diet [54]. In this study the bladder contained
the highest levels of anthocyanins, followed by
the prostate. Prostate, testes and heart contained
native cyanidin-3-glucoside and a small proportion of
cyanidin monoglucuronide. Cyanidin-3-glucoside and
methylated derivatives were also present in adipose tissue; this fact seems a little strange considering their
hydrophilicity.
Some of the human studies concerning anthocyanin
pharmacokinetics were recently reviewed [55]. The
overall analysis of the biokinetic parameters has facilitated some main assumptions in what anthocyanin
bioavailability is concerned. The most important one
is that although there is a considerable variability in
the values for the biokinetic parameters, anthocyanins
appear to be rapidly absorbed and eliminated, reaching
low maximal concentrations in plasma and urine.

4. Factors affecting anthocyanin bioavailability
Anthocyanins major route of entry is by oral ingestion, since they are consumed as part of a normal diet.
Several factors including variations in the dose, anthocyanin chemical composition in the different sources,
food or beverage matrix or processing, age and gender of the individuals can have a huge effect on the
bioavailability and metabolism of anthocyanins. In
addition, the analytical methodology employed in the
studies may indirectly influence the assessment of
anthocyanin bioavailability.
The physical-chemical characteristics of anthocyanins, such as the size of the molecule, its water
solubility or its pKa can dictate its ability to cross
a membrane. For example, due to their large size,
anthocyanins may imply other transport processes
rather than diffusion. Moreover, as a result of their
hydrophilicity, it is unlikely that anthocyanins could
cross membranes freely. Also, anthocyanins may display an ionic charge (positive or negative depending
on the tissue) so their absorption may involve other
process rather than a simple diffusion. In the acidic gastric environment, the red flavylium cation is the most
stable form. However, upon entering the basic environment of the upper small intestine, flavylium cation is
most likely changed to carbinol pseudobase which has
a limited absorption rate [56].
Anthocyanins can be structurally modified during food processing and storage, and also in vivo
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environments following ingestion. Several studies used
in vitro digestive systems to mimic the upper GI tract
and determined the potential bioactivity or metabolism
of anthocyanins [57, 58]. The GI tract itself can influence the absorption of anthocyanins. Factors such as
pH, the presence of food, digestive enzymes, bile acids,
microbiota, and the motility and permeability of the GI
tract may be determinant in the amount of compound
absorbed.
Gastric or intestinal motility and emptying time may
influence bioavailability since a higher contact time is
usually related with higher absorption.
Considering anthocyanins, food sources, matrices
and processing conditions are very important issues
that may influence the availability of the compounds.
In some cases anthocyanins must be liberated from
the food matrix (consumption of fruits), in other
examples, the effect of anthocyanin co-ingestion with
ethanol, cream and carbohydrates must be considered [59]. Ethanol seems to exert crucial effects on
anthocyanins intestinal bioavailability favoring their
transport across intestinal epithelia [36]. The ingestion of a non-alcoholic wine resulted in a decrease
on anthocyanin bioavailability in comparison with a
normal wine [60].
Interestingly, slowing the rate of gastric emptying
by co-administering phytic acid [61] or cream [62]
increased anthocyanin absorption, again showing that
the stomach is a significant site of absorption of these
pigments.
Another important factor affecting anthocyanins
bioavailability is their possible ingestion as pigments
(anthocyanin derivatives), especially when considering
wine consumption. Anthocyanin pyruvic-acid adducts
can rapidly reach rat plasma after oral administration of malvidin-3-glucoside-pyruvic acid adduct [63].
Also, flavanol-anthocyanin pigments were found to be
absorbed in the intestinal caco-2 cell model [64].
Based on the reported studies, a new field of interest
that is often overlooked arises: the anthocyanin absorption as anthocyanin-derived pigments, that could act as
“pro-anthocyanins” (delivered systems) or could have
their own biological impact in the organism.
Therefore, the overall anthocyanin bioavailability
should result from the contribution of the amount that
crosses all physiological barriers in all their possible
forms: native, degradation products, metabolites and
anthocyanin derivatives.
There are other additional factors such as age and
sex, metabolization, microbiota and protein-binding
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events that may yield variations in anthocyanin absorption between two different individuals.
Besides the different equilibrium forms depending on the pH and chemical instability [65], one
of the reasons for the complicated picture that has
emerged is that many feeds have involved berry or fruit
supplements containing several structurally diverse
anthocyanins. This makes the complex anthocyanin
content of plasma and urine exceedingly difficult, if not
impossible, to assess in terms of absorption, excretion
and potential phase I and phase II metabolism, especially when 3 -O-methylation can convert cyanidin
to peonidin, and delphinidin to petunidin, and 5 -Omethylation converts petunidin to malvidin. However,
only the first conversion was observed in vitro [66].
These particular features affect anthocyanins
absorption, biotransformation, bioavailability, distribution and, as a consequence, their bioactivity.

5. Gastric absorption of intact anthocyanins
Until the beginning of the twenty first century few
studies had been conducted aiming to understand the
fast kinetics of plasma appearance of anthocyanins [22,
24, 35, 67].
In 2003, Passamonti and co-workers performed an
in vivo experiment in rats that suggested the possible
involvement of the gastric barrier in the rapid detection
of anthocyanins in plasma [68]. Additionally, different
anthocyanin glycosides were quickly and efficiently
absorbed in the stomach (approximately 25%) and
rapidly excreted into bile as intact and metabolized
forms [39].
According to the same author, the stomach should
not be considered a metabolizing organ since no
metabolites were detected [26].
The detection of p-hydroxybenzoic acid in stomach
2 h after ingestion of pelargonidin, may contradicts this
assumption [69], although this result is not indicative
of anthocyanin transformation in the gastric cavity but
rather of the instability and degradation of the anthocyanidin. Similarly, a high proportion (about 20 %) of
red orange anthocyanins was absorbed from the stomach and again no anthocyanin metabolite was observed
in the stomach after 30 min of incubation [70].
The contribution of the gastric mucosa to the metabolization of anthocyanins has not yet been proved,
although this tissue possesses conjugative enzyme
activities (UDP-glucuronosyltransferase, sulfotrans-
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ferase, and catechol-O-methyl transferase) [27–30].
Furthermore, in vitro studies showed that some
flavonoids could be metabolized into glucuronidated
and sulphated metabolites by the gastric wall [31, 71].
Therefore, the absence of references on this matter may
result from analytical detection problems.
The earliest reference on anthocyanin absorption in
stomach is from 2007. In that work, the authors examined the gastric absorption of pelargonidin-3-glucoside
using rat models. Once more, a high proportion of
pelargonidin-3-glucoside was found to be rapidly
absorbed from the stomach (23%) [72].
All the above data reported the high gastric absorption of anthocyanins and their rapid detection in
plasma, although this needs further confirmation with
human volunteers.
There are also few references concerning the gastric absorption of other flavonoids. Quercetin, but not
quercetin 3-O-glucoside nor quercetin 3-O-rutinoside,
was found to be absorbed in rat stomach [73]. Similarly, the isoflavones genistein and daidzein, but not
their glucosides, were also found to be absorbed in
the rat stomach [71]. On the other hand some phenolic acids were also found to be absorbed at the gastric
epithelium [74–77].
The main conclusion common to all the authors is
the high content of anthocyanins absorbed in stomach, but the possible mechanism of anthocyanin gastric
absorption remains unknown. On this matter, the
bioavailability of cyanidin-3-glucoside in rats fed with
a red orange by gastric intubation was not significantly
affected by simultaneous ingestion of glucose [78].
This fact may suggest that the glucose transporters are
not involved in anthocyanin gastric absorption.
A recently published work reported the development of a biologically relevant in vitro model
of moderately differentiated adenocarcinoma stomach cells (MKN-28) to be used as a gastric barrier
model [79]. This model will allows a first in vitro
approach concerning anthocyanin gastric absorption
similar to what happens with caco-2 cell line intestinal barrier model. Preliminary studies with this model
indicate that the anthocyanins tested did not affected
3 H-glucose uptake in MKN-28 cell line [80], what
may also suggest that glucose transporters are not
involved in anthocyanin gastric absorption. Neverthless, a saturable transport for these compounds has
been proposed [79]. Other gastric transporter candidates may include glucose transporte 1 (GLUT1),
organic anion transporter (OAT2), sodium-coupled

monocarboxylate transportes (SMCT1 and SMCT2),
since the expression of these transporters has already
been detected in stomach tissue [81–83].
A minimal amount of anthocyanins would still be
present in the stomach after 4 h, although the interaction of anthocyanins with unidentified proteins in the
stomach tissue will reduce their quantitation as free
anthocyanins by HPLC [84]. Such binding may be
attributed to nonspecific binding or perhaps specific
binding to some protein transporter.
The organic anion carrier bilitranslocase is
expressed in the stomach [85, 86]. In vitro, its normal transport activity is competitively inhibited by
quinoidal forms of dietary anthocyanins, suggesting
that bilitranslocase could promote the facilitated diffusion of anthocyanins at the level of the gastric mucosa
[87]. Nevertheless, it should be noted that those in
vitro assays were conducted at pH 8.0, which is far
from the gastric pH conditions where no quinoidal
forms could be detected (Fig. 3). Therefore, bilitranslocase may be involved in anthocyanin quinoidal forms
absorption in the liver or other organs although is not
likely to be involved in their gastric absorption [88].
On the other hand, the administration of high amounts
of anthocyanins, far from diet levels, could induce saturation of this transport and contribute to the lower
anthocyanin bioavailability reported in those particular studies [39]. As it can be easily perceived, there
is too much ambiguous information on the literature
concerning anthocyanin gastric absorption.

6. Anthocyanin and/or their metabolites may
induce biological activity
Unlike all other flavonoids, gastric absorption of
anthocyanins enables the detection of anthocyanins
in their native forms in plasma after few minutes.
This feature would not be possible if the intestine
was the only absorption barrier, at least in a so high
percentage as referred above. The gastric absorption
recently described, addresses meaning to the protective
effect of native anthocyanins on age related degenerative diseases [89–93]. Before this recently discovery
the huge research conducted with native anthocyanins
was questionable and had almost no biological significance. Although some works verified that even low
plasma concentrations of anthocyanins appear sufficient to induce changes in signal transduction and gene
expression in vivo [94, 95].
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Once absorbed in their flavylium cation or hemiketal forms in the stomach, the native forms that reach
the systemic circulation could suffer chemical transformation to all other pH equilibrium forms and latter
be metabolized. The overall anthocyanin bioactivity should result from the contribution of the native
structure, degradation products, metabolites and anthocyanin derivatives (Fig. 6).
Considering the several reviews on anthocyanin biological activities, in this topic emphasis will be given
to the biological properties of phase II metabolites,
phenolic acids and anthocyanin derivatives.
Previously reported in vivo studies with animals
and humans have concluded that cyanidin-3-glycoside,

delphinidin-3-glycoside and petunidin-3-glycoside are
rapidly absorbed and metabolized extensively following oral consumption in humans and rats, to
3 -Me-Cy3glc, 4 -Me-Cy3glc, 4 -Me-Dp3glc and 4 Pt3glc, respectively [96–102].
Based on some of these in vivo studies, an enzymatic approach was conducted and pure standards of
methylated anthocyanins were obtained [66, 103]. The
antioxidant and antiproliferative activity against several cancer cell lines (MKN-28, Caco-2 and MCF-7)
and the normal human foreskin fibroblasts (HFF1) of these metabolites in comparison with native
anthocyanins was evaluated [103]. The methylated
metabolites were found to still retain significant radical
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scavenging activity and reducing activity, suggesting
that they could act as potential antioxidants, in vivo.
The conjugation with methyl groups decreased or did
not alter the antiproliferative effect of the original
anthocyanin. Neither the metabolites nor the native
forms were toxic against the normal human cell line.
The achievement of other purified anthocyanin conjugates (glucuronidated and glutathione aducts), not
commercially available, will also allow the study of
their biological properties [66]. In order to produce
higher amounts of metabolites a new chemical synthesis strategy was recently applied and developed to
obtain 4 -Me-Cy3glc [104].
Another important feature of anthocyanins is that
they have the possibility of being degraded chemically
or by the microflora (after enterohepatic recirculation),
reaching the blood circulation as cleavage products
[105]. Some considerations should also be given to
these cleavage products.
Among these catabolites are the phenolic acids that
include phenylpropionic, phenylacetic, benzoic acids
and m-hydroxyphenylpropionic acids (Fig. 5).
As it can be easily perceived, depending on the
anthocyanin chemical structure different phenolic
acids may be formed. It should also be highlighted
that some of these catabolites could result from the
breakdown of other flavonoids or could be ingested
as part of the diet. Since the daily intake of anthocyanins has been estimated to be much higher than that
of other polyphenols, the nutritional value of phenolic acids derived from their breakdown is increasingly
recognized. Moreover, gallic acid is one of the most
well-absorbed phenolic compounds [17]. Gallic acid
can exert a variety of biological effects by acting on
different molecular targets, that include: antioxidant
[106], anti-inflammatory [107], antiproliferative activity in different cancer cell lines [108] and may also
benefit diabetes patients by triggering the release of
insulin by the pancreatic cells [109].
As already referred, protocatechuic acid has been
reported as the main metabolite, after anthocyanin
consumption [110, 111]. A recent work confirmed
the degradation of Cy3glc to protocatechuic acid
after incubation with gut bacteria [112]. Protocatechuic acid possesses antioxidant, anti-inflammatory as
well as antihyperglycemic and neuroprotective activities. Furthermore, protocatechuic acid seems to have
chemopreventive potential because it inhibits the in
vitro chemical carcinogenesis and exerts pro-apoptotic
and antiproliferative effects in different tissues [113].

Caffeic and syringic acids have shown to decrease
proliferation in leukaemia and human breast cancer
cells, whereas no effect was observed in normal cells
(HUVEC) [114, 115]. The antiproliferative action on
human breast cancer cell growth was also observed for
sinapic and ferulic acid [115].
It should be noted that the phase II metabolites may
suffer enterohepatic recirculation and can further be
degraded and give rise to a new class of phenolic acid
that would include the ones methylated in the 4 position
and the ones conjugated in the different free OH groups
with sulphate or glucuronyl molecules [49].
Another important contribution to anthocyanin
biological activity is their possible absorption as pigments (as anthocyanin derivatives). The antioxidant
and antiproliferative activity of anthocyanin-derived
pigments is poor evaluated, although there are few references on this topic concerning anthocyanin pyruvic
acid adducts and vinylpyranoanthocyanin-catechins
[108, 116–118].

7. Conclusion
The interest in anthocyanins has been driven primarily by epidemiological studies that have suggested
that diets rich in these phytochemicals are beneficial
to human health.
As a result of the high gastric absorption, intact
anthocyanins or derived pigments could be responsible
for a significant proportion of the biological activity
derived from consumption of fruits, vegetables and
other plant derived products such as fruit drinks and
red wine. There is a real possibility that some dietary
anthocyanins or derived pigments contribute positively
to health and well-being according to the epidemiological studies already performed.
Nevertheless, the biological activity of absorbed
parent compounds, their metabolites and microbial
catabolites, and the potential synergy between them
could be the answer to the anthocyanin paradox bioactivity.
Some questions still lack an accurate answer: what
contributes to this huge gap on this field? Why is
anthocyanin intestinal absorption always considered
the most relevant? Why should colonic metabolites of
anthocyanins be the main source of their biological
activity? Why is it still not possible to define which
transport mechanism is responsible for anthocyanin
absorption in stomach?
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