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Polyphenols are bioactive compounds occurring in plant foods, which are considered significant owing to their contribution to
human health and the prevention of chronic diseases. Phenolic compounds mainly depend on plant food structure and the
interaction with other food constituents, mostly proteins, lipids, and carbohydrates. *e interaction with the food matrices can
obstruct or enhance nutrient accessibility and availability and even impair others. Food digestion is a complex process where
ingested foods are converted to nutrients via mechanical and enzymatic alterations. *e absorption of nutrients predominantly
occurs in the small and large intestine, respectively. *e metabolised product, however, is the main bioactive component due to
their ability to enter the systemic circulation and reach the targeted organs. *ere is limited knowledge on the cellular uptake,
phenolic metabolite, and polyphenolic effect in the gastrointestinal ecosystem. *erefore, improved understanding of the bi-
ological properties and stages of dietary phenols is essential for the effective utilization of their therapeutic potentials. *is review
will explore, summarise, and collate current information on how polyphenols influence nutrient metabolism, bioavailability, and
the biotransformation stages.

1. Introduction

Digestion is an intricate process in which foods ingested are
further converted into nutrients through enzymatic and
mechanical adjustments, whereby nutrients are further
absorbed into the bloodstreams. Naturally, food fragmen-
tation occurs in the mouth and the stomach, whiles nutrients
and water absorption, as well as enzymatic digestion pre-
dominantly, occur in the large and small intestines [1]. Food
composition and antioxidant activity are of great importance
in our daily dietary ways owing to their contribution to
disease prevention, radical-scavenging [2], and anti-in-
flammatory activities [3]. Epidemiological research shows
that consumption of foods high in bioactive components
and antioxidant activities, including phytochemicals, vita-
mins, and mainly phenolic compounds, such as anthocyanin
and carotenoids, has positive merit on human health and

could reduce the chances of diseases such as cancer, Alz-
heimer’s, stroke, heart disease, diabetes, and age-related
functional decades [4]. *erefore, determination of the
phenolic metabolome in the human will not only aid reveal
the availability of specific phenolic molecules in the human
but also helps to be aware of the relationship between food
eaten today and the chances of obtaining certain chronic
diseases in the near future [5]. Chronic diseases, including
diabetes, cancer, and cardiovascular diseases, are related to
the inadequate consumption of plant food. Polyphenols are
derived from plants, which include fruits and vegetables,
legumes, and plant-based products such as coffee, chocolate,
tea, and other beverages. *erefore, it can be tagged as a
major constituent of daily human food. On average, the daily
consumption of polyphenol in our diet is 1 g [6, 7]. Growing
evidence and research on polyphenols prove that plant foods
play a higher role in the protection of human health and also
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influence several metabolic activities as well as decrease the
risk of cardiovascular diseases, among others [7, 8]. Is con-
cluded through several animal studies (in vivo) and in vitro
research that polyphenol exhibits oxidative, neuroprotective
and chemopreventive activities and anti-inflammatory
characteristics, leading to plant food’s health protection
properties. Hence, it remains vital and necessary to utilize the
health merits of these plant foods. In support of this, epi-
demiological education, the World Health Organization
(WHO), and several health organizations encourage the in-
take of more fruits, vegetables, fibre, and leguminous plants to
aid reducing disease risks [9–11]. To further understand the
effect of polyphenol on nutrient metabolism and degradation,
in vitro digestion models have extensively been used. Still, the
greater part of the works has excluded the colonic reactions
such as fermentation and others [12, 13].*is review explores,
summarises, and collates the current information on how
bioactive compounds (polyphenols) aids in nutrient meta-
bolism as well as its bioavailability.

2. Food Composition

2.1. Nutrients and Bioactive Compounds. Apart from the
primary known essential nutrients required to ensure that
the human body has all it takes for good health, i.e., for the
effective functioning of the central nervous and immune
system, as well as disease prevention, [14]. *ere are other
natural and synthetic compounds present in our daily diets
that as well interfere with food digestion, enzyme activities,
and the absorption of nutrients. *ey are termed anti-
nutrients and include the following: protease inhibitors,
amylase inhibitors, and lipase inhibitors. [15]. Bioactive
compounds are molecules that present therapeutic potential
with an influence on oxidative stress, metabolic disorders,
energy intake, and reducing proinflammatory state [4].
Recent studies acknowledge the need for nonnutrients
(bioactive), which are supposed to be of health benefits.
Bioactive compounds are regarded to be different from
nutrients because it is not essential for life compared with
macro- or micronutrients but have an effect on the body as a
whole or specific cells and tissues. It is believed that such
compounds from both animal and plant sources have a
positive impact on human health. *ese compounds include
non-pro-vitamin A carotenoids, polyphenols, peptides,
phytosterols, and fatty acids. Bioactive compounds act as
antioxidants and further provide the defence that prevents
disease spread and enhance body repairs [15–20].

2.2. Phenolic Profiles. Phenols can as well be called phe-
nolics, which are natural compounds occurring in plant
foods such as cereals, coffee, fruits, vegetables, and wine.
Chemically, polyphenols are class of aromatic compounds
characterised by hydroxyl groups attached to an aromatic
hydrocarbon group. *us, polyphenol is a term explaining
natural products having not less than double phenyl rings
bearing single or additional hydroxyl substituents, while
phenols are used in expressing a phenyl ring bearing single
or extra hydroxyl substituents (i.e., phenol is in amonomeric

formwhile polyphenols are in the polymeric form). Based on
their substituting groups and the number of phenolic rings,
polyphenols are categorised into nonflavonoids, phenolic
acids, and flavonoids. Generally, phenols have double or
more hydroxyl groups, which are the biologically active
substance that occurs in food plants mostly consumed by a
considerable number of people [21–24]. Polyphenols con-
stitute most subclasses of the active biological phytochem-
icals, including flavonoids (e.g., isoflavones and
anthocyanins), nonflavonoids (e.g., tannins, stilbenes, and
lignans) and phenolic acids (e.g., hydroxybenzoic acids and
hydroxycinnamic acids) [25]. Flavonoids are the most
studied phenolic groups, with over 9000 identified different
structures in nature. It forms a major heterogeneous sub-
group with a variety of compounds bearing similar diphenyl
propane skeleton (C6-C3-C6). Sequentially, it is further
subclassified due to their structural variation, including
proanthocyanins, dihydroflavonols, flavonols, flavan-3-ols
or flavanols, anthocyanidins, isoflavones, flavanones, and
flavones [26–28] Table 1 presents the classes of polyphenols
and chemical structures as well as their respective known
food sources and compounds [25, 29–32].

2.3. Bioavailability and Bioaccessibility of Bioactive Com-
pounds (Polyphenol) within the GI Tract (Gastrointestinal
Tract). Bioactive compounds with diverse chemical structures
affect bioavailability and biological properties, while the anti-
nutritional factor can as well decrease or inhibit digestion
enzymes [33]. *erefore, to get a detailed understanding of
absorption and metabolism of phenols within the GI tract, it is
better to consider the chemical structure of a phenol, since
different chemical structures affect their redox potential.
Comparably, polyphenols with double close hydroxyl groups
are better and have free radical scavenging ability to those with
a single hydroxyl group per [34]. Bioactive compounds can
alter metabolic processes and give out positive functions such
as inhibition of receptor activities, induction of enzymes, an-
tioxidant effect, and inhibition of gene expression [35]. *e
changes in bacterial microbiota in the gastrointestinal tract are
associated with metabolic disorders including, diabetes, obe-
sity, or nonalcoholic fatty liver disease [36]. *e in vitro test is
repeatedly used for the determination of almost all biological
activities, using polyphenol in their natural states, i.e., as it is in
food without any breakdown. However, polyphenols are ex-
tensively metabolised both in tissues and by the colonic mi-
croflora [6]. Bioavailability of polyphenols within the
gastrointestinal tract depends on the phenolic secondary mi-
crobial metabolites acting within the colons. *erefore, it is
vital to explore the metabolites as well as biological properties
and activities. A current finding reveals that there was a good
correlation between in vivo and in vitro bioavailability of the
same compound under the concentration-time curve. *ere-
fore, cocultures can be used to copycat absorption in an in vivo
test [13]. *e bioaccessibility of a polyphenol is solely de-
pendent on the bioavailability of the food matrix after suc-
cessful absorption into the bloodstream [37]. For that reason,
bioavailability can be defined as the proportion of bioactive
compounds that are successfully absorbed into the bloodstream
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Table 1: Detailed classification of natural polyphenols.

Classification of
polyphenols Subclasses and structure Food sources Compounds

Flavonoids

OCH3

OH

OH

OH O

OHO

Flavonols

Black tea,
onion,
wine,

walnuts,
apple,
shallots,
green tea,
blueberries,
almonds,
oranges,
chocolate,
spinach

Flavonols,
kaempferol,
quercetin,

isorhamnetin,
myricetin

OH
OH

O

OH O

HO

…

Flavones

Grain,
vegetable, oils,
celery, onion,
pepper, garlic,
parsley, herbs,
citrus, thyme

Apigenin,
luteolin,
wogonin,
tangeretin,
baicalein,
nobiletin

OH

OCH3

OH

O

O

HO

Flavanones

Tomatoes,
citrus fruits,
grapefruit

Naringenin,
hesperetin, hesperidin,

neohesperidin,
naringin,

rutinosides,
narirutin

OH
OH

OH

O

OH

HO

…

Flavan-3-ols

Black tea,
green tea,
red wine,
blueberries,
berries,
nuts,

apple with peel,
almonds,

dark chocolate,
cereals

Gallocatechin, catechin,
epicatechin,

epigallocatechi,
epiafzelechin,

ogallate

HO

OH

O

O

Isoflavones

Leguminous plants,
e.g., soybeans, and soy products, e.g., tofu

Naringenin,
genistein,
hesperetin,
naringin,
daidzein,

neohesperidin,
rutinosides,
glycitein,
narirutin,
hesperidin

OH
OH

OH

OCH3

OH

HO O

Anthocyanins

Black soybean,
onion, cabbage,
currants, beans,

potatoes,
grapes red wine,

berries,
pomegranate,
blue corn,
cherries,

oranges, rice

Pelargonidi,
cyanidin,

pelargonidi,
delphinidin,
malvidin,
peonidin,
petunidin
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for metabolic utilization [38]. However, bioaccessibility can as
well be defined as the fraction of bioactive compounds
released from the food matrix after digestion and becoming
available for intestinal absorption [39]. In this case, the
antioxidants will only be readily available for absorption
after successful digestion. Before absorption, the majority of
dietary polyphenols are metabolised by the colonic
microbiota, and a small proportion will be directly absorbed
in the upper gastrointestinal tract [40]. Hence, the microbial
metabolism is a prerequisite for absorption. Again, gut
bacteria can modulate polyphenols via several mechanical
means including demethylation, decarboxylation, hydro-
lysis, reduction, and ring-cleavage as well as modulate the
biological activities of a compound. Dietary polyphenols
systematically depend on the synergistic action that poly-
phenols may exert after entering circulation, endogenous
factors, and other dietary constituents [41, 42]. Several

factors interfere with the absorption and release of poly-
phenols, and the difficulty in nutrient absorption within the
intestine is due to the changes in the interaction of other
compounds, chemical nutrients from the food, suppressors
in the food composition, and overall metabolism. Several
studies aimed at defining the bioavailability after digestion,
since the effectiveness of all polyphenols or antioxidants in
vivo depends on the concentration of the food matrix as
well as both bioaccessibility and bioavailability [43–45].
Figure 1 presents a summary of the bioavailability and
bioaccessibility determination methods [46].

3. Role of Polyphenol in the
Gastrointestinal Tract

*e gastrointestinal tract (GIT) is the host for over one
thousand different microbial species, which include both

Table 1: Continued.

Classification of
polyphenols Subclasses and structure Food sources Compounds

Phenolic acids

OH

OH

O
HO

HO

Hydroxybenzoic 
acids

Green and black tea,
raspberries, strawberries,
pomegranate, mango,

blackberries, persimmon,
grapes, wine, mangoes, nuts

Gallic acid,
vanillic acids,

protocatechuic acid

OH

OH

O

HO

Hydroxycinnamic
acids 

Fruits (e.g., grapes, cherries, blueberries,
apple, and kiwis), coffee, cereals, vegetables,

red wine

Curcumin,
p-coumaric acid,

caffeic acid,
ferulic acid,
sinaptic acid

Nonflavonoids

OH

OH

HO

Stilbenes

Red wine, grape fruits

Resveratrol

OH

OH

HO

HO

H3CO OCH3

Lignans

Cereals,
flaxseed,
linseed,
algae,

pumpkin,
potato,

leguminous crops,
cereals,

vegetables, fruits

Syringaresinol,
ecoisolariciresinol,
Secoisolariciresinol,

matairesinol,
medioresinol,

sesamin,
pinoresinol,
lariciresinol

O

OH

Tannin

Leguminous plant, grape
Gallotannins (gallic acid), Ellagitannins
(ellagic acid, punicalin, and punicalagin)
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biotic and symbiotic bacterial species. At present, it is esti-
mated that 500–1000 species hinder the GIT from attaining
the highest concentration in the colon. Yet, out of these
bacterial species (e.g., Eubacterium, actinobacteria, Escher-
ichia coli, Proteobacteria, Lactobacillus, Bifidobacterium,
Bacteroidetes, Bacteroides, and Firmicutes), few are known to
aid in the phenolic metabolic activities [47, 48]. *ough the
modulation and formation of bioactive polyphenol-derived
metabolites, and the colonic microbiota might both merit the
host cells through nutrient processing, boosting of the im-
mune system, and gastrointestinal protection; the mechanism
is yet to be defined [49, 50]. *e natural process of digestion
begins in the mouth by chewing and emitting of bioactive
compounds from food substance. For successful bio-
accessibility of nutrients during gastrointestinal digestion, the
hydrolytic enzymes, gastric acids, the physicochemical
properties of the secretion act on the food bolus, resulting in
the stabilisation of the phenolic components as well as fa-
cilitating the release of compounds from the food matrix
[51, 52]. *e human body recognises the absorbed phenolic
components as a xenobiotic substance, and their absorption is
quite low compared with macro- and micronutrients and
thereby has to metabolise it to increase their bioavailability
rate. Its metabolism starts from the upper intestinal epithelia
and proceeds to the lower intestine, the liver, and then to the
peripheral tissues, which include adipose tissue and the
kidneys. To facilitate the excretion of urine, the hepatic en-
zymes convert the molecules by increasing or reducing hy-
droxyl groups (first phase) and inflecting them to other
molecules (second phase), thereby maximising their water
solubility. Cytochrome P450 monooxygenases are one of the
key enzyme systems that aid in metabolising xenobiotic
substances [53, 54].*e human gastrointestinal system begins
digestion with the simulation of gastric acids (pepsin-HCL),
followed by the breakdown of food macromolecules within
the small intestine with the aid of bile and pancreatic juice and
finally with dialysis [55]. Figure 2 presents the main mech-
anisms within the human digestive system [46].

3.1. Biotransformation Process of Polyphenol within the
Mouth, Stomach, Small Intestine, andColon. *ere is limited
knowledge concerning the cellular uptake of phenolic me-
tabolites in the gastrointestinal tract due to the complex
processes in their absorption [56]. *e route of phenolic
absorption can either be via the stomach and small intestine
or possibly absorbed by the colon after chemical modifi-
cation by the colonic microbiota. During the transformation
process, dietary polyphenols under conjugation and cata-
bolic reactions change and get absorbed into the blood-
stream and thereafter get excreted either in the urine or via
the bile. *e substrate or unabsorbed is passed out into
faeces [57]. Recent research shows that out of 100% total
polyphenolic intake, only 5–10% will be absorbed within the
small intestine (i.e., monomeric, dimeric structure, and
aglycones can be absorbed in the small intestine) and the
90–95% will be in the large intestine lumen together with
other conjugates excreted by the bile. *ey are then exposed
to the intestinal enzymes and gut microbiota. *erefore, the
colonic microbiota is in charge of further breaking down of
the polyphenolic structures into smaller molecules to aid
easy absorption [58, 59]. *e incorporation of polyphenol is
variable within the digestive tract. Phenolic concentration in
the food matrix does not affect the bioavailability rate but
relatively depends on the functional group present and the
chemical structure of the dietary polyphenols. Besides, they
may be other biologically active molecules present in the
body, which can as well influence the absorption and
metabolic rate as well as its rapid elimination to reach the
blood circulation and the targeted organs [60–62]. Naturally,
polyphenols in the human body are in glycoside, ester, and
polymeric forms that need to be hydrolysed to facilitate
rapid absorption by either gut microbiota or intestinal en-
zymes. With the aid of β-glucosidase during the oral cavity
salivation process, hydrolysation is likely to begin in the
mouth though not thoroughly researched. Once absorbed
into the small intestine, phenolic compounds with less
complex structures undergoes extensive phase I biotrans-
formation (oxidation, reduction, or hydrolysis) and converts
into water-soluble metabolite in the enterocytes before
reaching the liver. *e complex phenolic compounds not
absorbed in the small intestine reach the colon. Once in the
large intestine, glycosides are hydrolysed by the gut
microbiota resulting in the formation of aglycones through
opening the heterocycle. *is catabolic action decreases the
complex structure of the phenolic hydroxyl group into low-
molecular-weight phenolic metabolites that can be absorbed.
When absorbed, the molecules reach the liver via the he-
patocytes, where they are again subjected to phase II bio-
transformation process (conjugation) which includes
methylation, glucuronidation, and sulfation or sulfate de-
rivatives. *e conjugation stage enhances easy absorption
(hydrophobicity) of the molecules and aids in rapid elimi-
nation. *e metabolites then enter the systemic circulation
where they are distributed to the targeted organs or elimi-
nated in the urine [58, 63]. Figure 3 shows the metabolic route
for dietary polyphenol in the human gastrointestinal tract.

Cell culture (artificial gastrointestinal system) Intestinal perfusion in animal

In situIn vitro

In vivoEx vivo

Methodologies

Gastrointestinal organs Animal and human studies

Figure 1: Bioavailability and bioaccessibility determination
methods of bioactive compounds.
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3.2. Influence of Polyphenol on Gut Microbiota. Recent
studies show the connection between polyphenol and the
intestinal microbiota and how parallel rich phenolic-foods
can influence the activity and composition of themicrobiota.
Polyphenol intake improves the health effects of the gas-
trointestinal microbiota by activating the intestinal immune
function, SCFA (short-chain fatty acids) excretion, and
other physiological processes [32]. *ough the chemistry
and biotransformation process of polyphenols in the di-
gestive tract is well defined [64], little is known of the effect
polyphenol possesses on the gut’s ecosystem. Recent ad-
vances confirm that the rate of bacterial growth in the guts
ecosystem is influenced by the dose and structure of the
polyphenol in the diet as well as the bacteria’s species or
strain [65]. *e larger composition of bacteria is known to
produce high resistance to polyphenolic influence than
fewer bacteria composition due to the differences in cell
structures [66]. However, it is impossible to predict the
required dosage that will yield a beneficial or consequential
effect in vivo [57]. *e antibacterial effect is influenced by
several factors, including cell wall damaging [67], perme-
ability of cell wall [68], or production of H2O2 [69]. *e
microbiota colonizing the gastrointestinal tract of human is
mainly in charge of modulating the immune system [70] and

also contributes to the production of several vitamins in-
cluding vitamins K and B. It can as well contribute to a
negative health effect. Atypical microflora action can in-
fluence the growth of neoplasm in the gut due to mutagen
and carcinogen production (Bacteroides, E. coli, and faecalis)
[71]. In Frejnagel and Juskiewicz’s study [72] on the effect of
green tea, blue-berried honeysuckle and chokeberry’s phe-
nolic extract on rat caecal fermentation process were
assessed. *e outcome of the studies indicates that the
addition of the three-extract resulted in an increment in
weight of the gut wall as compared with the control animals.
However, only rat-fed diet supplemented with green tea
extract polyphenol yielded a significant (P< 0.05) increment
in gut-weight content. Also, the experiment showed a de-
crease in pH and concentration of ammonia in rat fed with
honeysuckle-supplemented polyphenolic extracts. But
Leverat et al. [73] used 1%Quebracho tannins to supplement
the diet of a rat, and it recorded an increase in the rat’s
digester pH. Two-way variance analysis confirmed there is a
dose-dependent decrement in comparison with the control
animals. On the contrary, honeysuckle extract in rat diets
elevated the enzyme activity of the caeca while chokeberry
extract in rat diets recorded a dose-dependent reduction in
all enzyme-tested activities. It was only green tea extract in

Stomach: mechanical and 
enzymatic processing of ingested 
bolus (pH 1–3, time: 15min–3h)

Conditions: HCL, pepsin, gastric, and
lipase

Small intestine: breaking down of 
macromolecules and nutrients 

absorption (Ph 6-7.5, time: 2–5h)
Conditions: bile, pancreatic juice, and

NaHCO3

Colon: microbial fermentation of 
undigested food and water 

reabsorption (pH5–7, 
time: 12–24h)

Conditions: microbiota

Mouth: chewing and mixing with 
saliva (pH 5–7, time:10s–2mins)

Salivary enzymes: amylase, lipase, 
and lingual

Figure 2: *e main mechanisms of the human digestive system.
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rat diets that resulted in a significant (P< 0.05) inhibition of
enzymatic activity. *e results indicated that supplemen-
tation of diets with phenolic extracts could physically and
biochemically affect caecal parameters in rats [72]. Also,
research by Smith et al. on bacterial mechanisms in over-
coming the inhibitory effect of dietary tannins reveals that
rats fed with tannin-rich diet had a significant increase in
Bacteroides groups with a decrease clostridium leptum
cluster [74]. *e research by Tzonuis et al. [75], on flavonol
monometer-induced changes to the human faecal micro-
flora, was also reviewed. *e study shows that (+) catechin
significantly inhibits the growth rate of Clostridium histo-
lyticum and improves the growth rate of E. coli andmembers
of the Clostridium coccoides-Eubacterium rectale group,
while the growth rate of Lactobacillus spp. and Bifido-
bacterium remains relatively unaltered. Varricchio et al. [76]
also analysed the influence of polyphenols from olive mill
wastewater on the intestine, alveolar macrophages, and
blood leukocytes of pigs. *ey found an increase in the
number of lamina propria and intraepithelial leukocytes
present in the treated animal’s gastrointestinal tracts in
contrast with the control group. Immunopositive cells were
foundmainly in the infiltrate leukocytes in the intraepithelial
leukocytes from the gastrointestinal tracts of the controls,
with zero amount of immunopositive cells present in the

treated animal. *e study carried out by Puupponen-Pimia
et al. [77], on the antimicrobial effect of phenolic com-
pounds from berries, reveals that lactic acid bacteria were
more resistant to polyphenol compounds except for myr-
icetin, which inhibited the growth rate of all lactic acid
bacteria with no effect on salmonella. *e extract exhibited a
growth-inhibiting effect on gram-negative bacteria. *e
results indicated that the synergistic action of polyphenols is
the cause of the inhibition. *is proves that gut microbiota
plays a significant role in both nutrient and polyphenols
metabolism and can as well influence their interactions.

3.3. Influence of Polyphenol on Nutrient Metabolism.
Polyphenols are biologically active compounds that solely
depend on plant foods structure and interactions with other
food constituents, mainly the macronutrients (proteins,
lipids, and carbohydrates). *is interaction with food ma-
trices can affect or enhance phenolic accessibility and
availability and even impair others [78]. A substantial
amount of dietary proteins, carbohydrates, and all fats are
absorbed before reaching the large intestine. Few human
types of research have explored the influence of polyphenols
on bacterial metabolism of macronutrients as they are highly
absorbed in the early stage of the gut, and modification

Dietary polyphenols

Portal
circulation

Systemic circulation

Tissue metabolism (receptor interactions)

Kidney (renal excretion) 

Urine

Colon
Microbial metabolism

Conjugation
(glucuronidation, 

methylation, sulfation, or 
sulfate derivatives)
dehydroxylation, 
deglycosylation, 
demethylation

Small intestine
Lumen

Phenolics
Deconjugation

(oxidation, reduction, or 
hydrolysis)

Hepatocyte
Phase II

metabolism

Liver
Phase I and II
metabolism

Biliary excretion

Unabsorbed polyphenols

Mouth
salivation

Faecal excretion

Enterocyte
Phase I and II
metabolism

Figure 3: Metabolic route for polyphenol in the human gastrointestinal tract.
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observed seems to reflect on the balance between these
digestible macronutrients [79].

3.3.1. Influence on Protein. *e influence of phenolic
compounds on the activities of protease and protein sub-
strate accessibility determines the digestibility of protein.
*ese are due to the binding of phenolic compounds onto
the endogenous protein, which includes the gastric and
intestinal mucus, digestive enzymes, and protein saliva.
which are the main factors influencing protein digestibility
and metabolism. It can as well hinder both the catalytic site
and the substrate-binding site, which will end up reducing
proteolytic activities. Phenolic compounds can influence
protein hydrolysis via the interaction with various protein
substrates and protease. *e binding activity of phenolic
compounds is linked with the binding affinity to enzymes
since enzymes are as well protein. *erefore, their molecular
size, structure, and composition of an amino acid are all
determined by the enzymatic affinity to polyphenols.
Generally, the bulkiness and structure of a phenol mainly
influence the structure of the protein by either stabilising or
loosening the structure, which, in a way, affects enzyme
activity [80]. *e protein type also affects microbiota
composition, which, on the other hand, influences phenolic
activities [81]. Data from human and animal studies on
phenolic and microbiota influence on dietary protein were
thoroughly reviewed. A result of studying the effect of di-
etary protein source on rat metabolic effect has been eval-
uated [81]. *e effect of 20% protein from casein, soy, and
fish was evaluated in rat diets for 16 weeks. *e authors
reported a difference in the caecal short-chain fatty acids
(SCFA); that is, the fish protein diet recorded an increase in
the total SCFA and lactic acid, which was twice that of soy
and casein protein diets. *e concentration of butyrate was
also greater in animals fed with soy diet in contrast with the
other two groups. Caecal indole concentration was twice
higher with the soy and fish diets as compared with casein
diets. Ammonia was higher in the fish diet compared with
other diets. Phenol and H2S were as well higher with fish and
soy diets against the casein diets. *e result from in vivo
studies with rats revealed that the digestion of whey proteins
could be obstructed by the reactions with some phenolic
compounds, mainly chlorogenic acids [82]. *e authors
focused on determining whether chlorogenic acid can in-
fluence the nutritional quality of β-lactoglobulin and protein
digestibility. *e results showed a decrease in nitrogen di-
gestibility on higher derivatization with chlorogenic acid, in
contrast with zero or lower derivatization at all. It was
concluded that good nutritional quality of whey proteins
could only be threatened at high-level derivatization with
chlorogenic acids. In addition to this, rat fed with soy protein
derivatives displayed an increase in urinary and faecal ni-
trogen and true nitrogen digestibility, and the total utili-
zation of protein was affected. *e protein digestibility-
corrected amino acid score (PDCAAS) for tryptophan, ly-
sine, and sulfur-containing amino acids were all decreased
[83]. *erefore, the reduction in protein digestibility as an
impact of covalent interaction or binding with polyphenol

plays a role in the decreasing of polyphenol released from
food matrices during digestion, thereby reducing bioavail-
ability. Also, the binding to protein phenolic compounds is
protected from adverse stomach condition [80].

3.3.2. Influence on Carbohydrates. Carbohydrate is made up
of amylose, which is a linear α-1,4-linked glucose polymer,
and a highly branched amylopectin consisting of a linear
α-1,4-linked glucose chain with α-1,6-linked branch chains.
Pancreatic and salivary α-amylases catalyse the endo-hy-
drolysis of α-1,4-glucosidic linkages releasing mainly
maltose, maltotriose, and related α-1,6-oligomers. In addi-
tion, the main enzymes responsible for the breakdown of
carbohydrates into glucose are α-amylase and α-glucosidase
[8]. *e metabolism of carbohydrates begins in the oral
cavity and continues in the pancreas and the small intestine.
Any disturbance in metabolism can yield health concerns,
including diabetes, obesity, and even dental caries [78]. *e
majority of carbohydrate ingested is entirely digested in the
small intestine; a small proportion escapes and reaches the
colon. *ey are known as resistant starch (RS), it is sub-
classified into four forms of starch, i.e., chemically modified
starch, physically inaccessible starch, retrograded starch, and
certain granular starch that are resistant to enzyme diges-
tion.*e RS not only does inhibit metabolism but can as well
provide the colonic microbiota with the largest single-source
dietary-derived energy [79]. Besides drugs, polyphenols can
as well aid in the inhibition of carbohydrate’s metabolic
enzyme activity. *e structure of polyphenol can be dis-
advantageous to enzymatic actions, especially via the hy-
droxylation process. *at is, during the carbon atom
hydroxylation process, at some point in rings, it can inhibit
enzymatic activities and the glycosylation of the hydroxyl
group can as well increase enzyme activities [78]. *ere have
been several in vivo and in vitro studies on the impact of
polyphenol on carbohydrates metabolism as well as glucose
homeostasis. A study indicated that phenolic extract from
chokeberry could serve as an effective α-glucosidase in-
hibitor, which will subsequently decrease the blood glucose
level and provide protection against diabetes. *erefore,
continuous consumption of chokeberry could aid in the
reduction of blood glucose in mild hypercholesterolemia
patients and as well decrease the levels of glycated hae-
moglobin of noninsulin-dependent diabetes patients
[84, 85]. Hence, phenolic compounds could act as a potential
antidiabetic agent. A series of animal experiments have
shown inhibition of polyphenols to α-amylase and α-glu-
cosidase activities. *e inhibitory phenols include catechins,
isoflavones, anthocyanins, flavonols, flavanones, flavones,
ellagitannins, and proanthocyanins [8]. *e study carried by
Adisakwattana et al. [86] analysed α-amylase, α-glucosidase,
and protein glycation inhibitory activities of edible plants. It
was observed that hypoglycaemic effects of tannins extracted
from grape seed could originate not only from the inhibition
of digestive enzymes but can as well be obtained from the
inhibition of the glycation process. Again, a human study
involving the consumption of coffee with a high carbohy-
drate or high-fat meal and nondairy creamier was observed
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to impede the absorption of gut microbiota catabolites
[87, 88]. A phenolic (resveratrol) rat experiment has been
suggested to increase glucose uptake through the en-
hancement of estrogenic receptor-α, which in turn promotes
Glut 4 expression via the AKT pathway and phosphatidyl
inositol-3 kinase (PI3K) [89]. Finally, Yamashita’s [90] study
on the comparison between low- and high-degree of po-
lymerization procyanidin and of antihyperglycemic activi-
ties was also reviewed. And, it was observed that
procyanidins with a high-degree polymerisation have a
strong influence on α-glucosidase inhibition as compared
with less polymerised ones. *erefore, an antihyperglycemic
impact on procyanidins with a small degree of polymerization
could be attributed to the stimulation of glucose uptake by
glucose transporter in the skeletal muscle. *ough phenolic
compounds can inhibit the performance of carbohydrate
digestive enzymes (α-glucosidase and α-amylase), yielding to
a delay in digestion, it can as well modulate glucose uptake
after consumption of carbohydrate-rich meals.

3.3.3. Influence on Lipids. Compared with other macro-
nutrients like protein-polyphenol interactions, lipids in-
teractions with polyphenol are not well known and have less
attention, with the exception of plant-derived oil, i.e., mainly
olive oil, which has recently gained attention owing to its
best source of oleic fatty acids as well as total monounsat-
urated fatty acids (MUFA) [78]. Polyphenol is a known
antioxidant soluble to water that moves through the portal
veins and lipids as well have less influence on the absorption
of hydrophilic molecules (polyphenols). Other authors
suggested that bioavailability and absorption of anthocya-
nins from the gastrointestinal might be hindered by the
presence of lipids, sugar, and carbohydrates in the whole
blueberry extract [91]. Mullen et al.’s [92] study on the
metabolism of strawberries with and without cream in
humans was reviewed. *e study confirmed a delay in di-
gestion of anthocyanins from strawberries when they were
consumed with cream, but its bioavailability was not altered.
*e study conducted on the effect of curcumin on adipo-
genesis in 3T3-L1 adipocytes and angiogenesis and obesity
in C57/BL mice was reviewed. It was observed via the ac-
tivation of AMPK (adenosine monophosphate-activated
protein kinase) that curcumin impeded the synthesis of
glycerol lipids by hindering the activity of (GPAT-1) glyc-
erol-3-phosphate acyl transferase-1, which in turn esterifies
fatty acids into glycerol to form triglycerides for storage [93].
Peng et al. as well affirmed in recent research that vitexin, i.e.,
a flavonoid glycoside (an apigenin-8-C-glucoside), activated
AMPKα, which is a key enzyme in controlling and reducing
fat accumulation [94–96]. Other animal and cell culture
studies revealed that the addition of a phenolic compound
(resveratrol) to rat isolated hepatocytes turns to hinder the
synthesis of triglycerides and fatty acid, i.e., through the
lowering effect of lipids. Again, it lowers adipogenesis in
human isolated adipocytes and as well encourages lipolytic
activity in adipocytes via the induction of cAMP [97]. Fi-
nally, a study that evaluated the effect of polyphenol-rich diet
on the composition postprandial lipoprotein in individuals

at high cardiometabolic risk was reviewed, and the study
revealed a decreased level of cholesterol and triglycerides.
*e authors concluded that polyphenol-rich diet reduces the
postprandial lipid content of very-low-density lipoproteins
(VLDL) and as well modifies the composition of low-density
lipoproteins (LDL) particles- which in turn became richer in
triglycerides and of which high-density lipoproteins (HDL)
became triglyceride poor [98]. *erefore, polyphenolic in-
teraction in the cell membranes can cause changes to the
lipid profile.

4. Conclusions

Polyphenols are biologically active compounds that are well-
thought-out as one of the essential antinutritional factors.
*e reviewed animal, human, and cell culture studies
present the influence of the interactions between polyphe-
nols and nutrients in the monogastric gastrointestinal tract
as well as their consequence after metabolism. *e inter-
actions can reflect on the metabolism and absorption of
interacting compounds, which depends on the food matrices
and its biotransformation by the component of the gas-
trointestinal microbiota. *ough the metabolism of poly-
phenol is considered to aid in the protection of other food
compounds and maintain the digestive health via the
stimulation and modulation of microbial balance, it can as
well impact the organoleptic properties of the food matrices
either positively or negatively depending on the phenolic
dosage. Again, the complexity of phenolic biotransformation
and the association between food matrices and the intestinal
microbiome is incompletely understood. *erefore, future
researches are essential to investigate the safety required
phenolic dosage and the catabolic reactions of polyphenols
and conduct a well-designed and controlled human trial, as
well as assess the microbial activities at all stages of bio-
transformation of polyphenol compounds and the impact on
human health in order to understand completely.
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Aguilar, “*e role of dietary fiber in the bioaccessibility and
bioavailability of fruit and vegetable antioxidants,” Journal of
Food Science, vol. 76, no. 1, pp. R6–R15, 2011.

[39] C. Manach, G. Williamson, C. Morand, A. Scalbert, and
C. Rémésy, “Bioavailability and bioefficacy of polyphenols in
humans. I. Review of 97 bioavailability studies,” 4e American
Journal of Clinical Nutrition, vol. 81, no. 1, pp. 230S–242S, 2005.

[40] M. V. Selma, J. C. Espín, and F. A. Tomás-Barberán, “In-
teraction between phenolics and gut microbiota: role in
human health,” Journal of Agricultural and Food Chemistry,
vol. 57, no. 15, pp. 6485–6501, 2009.

[41] M. A. Lila, “From beans to berries and beyond: teamwork
between plant chemicals for protection of optimal human
health,” Annals of the New York Academy of Sciences,
vol. 1114, no. 1, pp. 372–380, 2007.

[42] R. H. Liu, “Health benefits of fruit and vegetables are from
additive and synergistic combinations of phytochemicals,”
4e American Journal of Clinical Nutrition, vol. 78, no. 3,
pp. 517S–520S, 2003.
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[77] R. Puupponen-Pimiä, L. Nohynek, C. Meier et al., “Antimi-
crobial properties of phenolic compounds from berries,”
Journal of Applied Microbiology, vol. 90, no. 4, pp. 494–507,
2001.

[78] N. Kardum and M. Glibetic, “Polyphenols and their inter-
actions with other dietary compounds: implications for hu-
man health,” in Advances in Food and Nutrition Research,
pp. 103–144, Elsevier, Amsterdam, *e Netherlands, 2018.

[79] C. Shortt, O. Hasselwander, A. Meynier et al., “Systematic
review of the effects of the intestinal microbiota on selected
nutrients and non-nutrients,” European Journal of Nutrition,
vol. 57, no. 1, pp. 25–49, 2018.

[80] T. D. C. Velickovic and D. J. Stanic-Vucinic, “*e role of
dietary phenolic compounds in protein digestion and pro-
cessing technologies to improve their antinutritive proper-
ties,” Comprehensive Reviews in Food Science and Food Safety,
vol. 17, no. 1, pp. 82–103, 2018.

[81] C. An, T. Kuda, T. Yazaki, H. Takahashi, and B. Kimura,
“Caecal fermentation, putrefaction andmicrobiotas in rats fed
milk casein, soy protein or fish meal,” Applied Microbiology
and Biotechnology, vol. 98, no. 6, pp. 2779–2787, 2014.

[82] K. J. Petzke, S. Schuppe, S. Rohn, H. M. Rawel, and J. Kroll,
“Chlorogenic acid moderately decreases the quality of whey
proteins in rats,” Journal of Agricultural and Food Chemistry,
vol. 53, no. 9, pp. 3714–3720, 2005.

[83] S. Rohn, K. J. Petzke, H. M. Rawel, and J. Kroll, “Reactions of
chlorogenic acid and quercetin with a soy protein iso-
late—influence on the in vivo food protein quality in rats,”
Molecular Nutrition & Food Research, vol. 50, no. 8,
pp. 696–704, 2006.
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