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Abstract:

Polyphenols are the most prominent natural antioxidants found numerously in nature. They are secondary metabolites recognized for having high
health benefits for consumers, even if the exploitation of these remarkable natural compounds is still a challenge. Moreover, there is a dilemma
over the nutritional value of polyphenols. Hence, this paper seeks to review the classification, sources, anti-browning effect, antioxidant activity,
nutritional property and anti-disease effect of polyphenols for better understanding the issues which need to be addressed in the valorization of
these natural compounds.
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1. INTRODUCTION

Phenolic  compounds  (polyphenols)  are  secondary
metabolites  synthetized  in  plants  and  possess  one  or  more
phenolic  rings  with  (one or  more)  attached hydroxyl  groups.
Depending on the strength of phenolic rings, they are classified
into  several  groups,  including  phenolic  acids,  flavonoids,
stilbenes and lignans [1, 2]. Polyphenols are naturally found in
fruits [3, 4], vegetables [5], nuts [6], coffee [7], tea [8, 9], seeds
and their agro-industrial by-products [10, 11].

Generally, more than half of the phenolic compounds have
antibacterial,  antifungal,  anti-inflammatory  and  anti-tumor
properties  [12].  Even  though  these  food  components  are  not
vital for the metabolism of the body, they improve the overall
health of consumers by enhancing their physiological activity
[2].  For  this  reason,  studies  on  the  secondary  metabolites  of
plants have grown exponentially over the past years, and these
compounds  are  considered  potent  substances  for  improving
human  health  [13].  Furthermore,  phenolic  compounds  act  as
natural antioxidants that enhance the nutritional value of food
by retarding oxidative degradation of lipids. Therefore, adding
phenolic compounds to food products extends their shelf life
by  increasing  oxidative  stability  [14].  In  this  regard,
antioxidants  are  well-known  food  additives  included
excessively  in  food  products  to  maintain  their  initial  quality
[15]. Nevertheless, it is proved that synthetic antioxidants have
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several adverse effects on consumers’ healthiness due to their
biological  activities  and  their  potential  role  in  promoting
serious  diseases  like  cancer  [16].  On  the  basis  of  these
considerations,  the  employment  of  natural  antioxidants  as  a
substitute could be advantageous in reducing these drawbacks
[17].  To  date,  numerous  studies  have  identified  phenolic
compounds  as  nutritional  sources  with  high  health  benefits
used  in  manufacturing  functional  foods  [18].  According  to
scientific literature, functional foods, compared to conventional
foods, are defined as products with additional health benefits
[19]. Currently, the usage of food ingredients with the aim of
increasing  the  nutritional  value  and  quality  of  food  products
has  become  an  intriguing  method  for  attracting  consumers'
attention.  Indeed,  adding  bioactive  compounds  to  food
improves both the nutritional value and antioxidant capacity of
food products [20] and could establish a link between food and
health [21].

Therefore,  it  is  necessary  to  study  phenolic  compounds
explicitly from the perspective of nutrition and food science for
better understanding the issues which need to be addressed for
opening  a  new  window  in  the  valorization  of  these  natural
compounds.

2. CLASSIFICATION OF PHENOLIC COMPOUNDS

Polyphenols commonly have a C6-C3-C6 skeleton and are
over 8000 types of chemical compounds with diverse structures
and properties. Based on these considerations, polyphenols are
split  into  different  categories.  For  instance,  they  could  be
divided into two main groups: flavonoid compounds and non-

https://openbiotechnologyjournal.com
http://crossmark.crossref.org/dialog/?doi=10.2174/1874070702115010164&domain=pdf
mailto:anna.lante@unipd.it
mailto:reprints@benthamscience.net
http://dx.doi.org/10.2174/1874070702115010164


Nutritional Properties of Polyphenols The Open Biotechnology Journal, 2021, Volume 15   165

flavonoid compounds [22 - 24]. Furthermore, in another type
of classification (Fig. 1), depending on the phenolic rings and
constituent elements connecting rings, phenolic compounds are
divided  into  several  groups,  including  flavonoids,  phenolic
acids, stilbenes, and lignans [25].

Phenolic acids form a large group of phenolic compounds
comprised  of  hydroxycinnamic  and  hydroxybenzoic.  The
position and number of hydroxyl groups on the aromatic ring
and  the  separate  carbon  skeleton  are  the  reasons  for  the
division  of  phenolic  acids  into  these  two  groups  [26].
Hydroxybenzoic acids include gallic acid, protocatechuic acid,
hydroxybenzoic  acid  or  gallotannin  and  ellagitannin.
Nevertheless,  simple  esters  with  hydroxycarboxylic  acids  or
glucose  are  usually  made  by  hydroxycinnamic  acids.  In
general,  hydroxycinnamic acids have conjugated forms, such
as hydroxyl esters. The free form of phenolic acids is a product
of  plant  extraction.  There  are  two  aromatic  rings  in  the
flavonoid structure connected by a heterocyclic ring that differs
in the degree of oxidation. This heterocyclic ring gives rise to
various subtypes of flavonoids [27]. Flavanols are comprised
of  catechin,  epicatechin,  gallocatechin  and  epigallocatechin.

Moreover,  kaempferol  and  quercetin  are  among  the  most
pervasive flavonols [28]. The chemical structure of stilbenes is
based  on  the  main  structure  of  C6–C2–C6,  which  has  two
aromatic rings connected by an ethylene bridge. Resveratrol is
the most known stilbene [29].

3. SOURCES OF PHENOLIC COMPOUNDS

Foods contain a complex mixture of phenolic compounds
[30].  It  is  reported  that  fruits  and  beverages  are  their  main
sources. While legumes and vegetables are the other sources of
phenolic  compounds,  they  own  a  lower  amount  of  them.
Among all the antioxidants, phenolic compounds are the most
abundant  types  existing  in  the  human  diet,  and  their  daily
intake is more than the others (up to 1 g) [14]. Many factors
affect the concentration of phenolic compounds. These factors
usually  include  environmental  factors,  such as  soil,  sunlight,
rainfall, various farming methods, plant varieties, tree fruiting,
as  well  as  biochemical  factors,  such  as  degree  of  ripening,
storage  and  cooking  methods  [31].  Table  1  provides
information  about  the  Total  Phenolic  Content  (TPC)  in
different  food  sources.

Fig. (1). Classification of phenolic compounds based on the phenolic rings and their connecting elements.

Table 1. TPC and predominant polyphenols in different food sources.

Food Source Predominant Polyphenols TPC (mg GAE /100
g) References

Grape pomace powder Epicatechin, catechin 3886 ± 522 [10]

Plum fruit caffeoylquinic acids, feruloylquinic acid, p-coumaroylquinic acids, methyl
caffeoylquinates 440 ± 272 [32, 33]

Strawberry fruit quercetin, kaempferol, cyanidin, pelargonidin, and ellagic acid 238 ± 86 [32, 34]
Mango fruit chlorogenic, gallic, protocatechuic and vanillic acid 60 ± 26 [32, 35]

Pomegranate Epigallocatechin gallate, Epigallocatechin, Chlorogenic acid, ρ-
hydroxybenzoic acid ~145 [36]

Doge rose Epigallocatechin, Chlorogenic acid, ρ-hydroxybenzoic acid, Epicatechin
gallate, Ellagic acid ~916 [36]
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Food Source Predominant Polyphenols TPC (mg GAE /100
g) References

Burdock root chlorogenic acids, caffeic acid, quinic acid, caffeoylquinic acids 1213±34 [37]
Ziziphus jujubа Mill.
(Rhamnaceae) fruits Chlorogenic acid, Caffeic acid, Rosmarinic acid ~2100 [38]

Apple Procyanidin B2, Chlorogenic acid, (−)-Epicatechin 1222 ± 87 [39]
Ginger powder 6-gingerol 4099 ± 70 [40]

Turmeric powder Curcumin 6676 ± 100 [40]
Green tea Catechin ~140 [8]

Apple powder Chlorogenic acid ~435 [41]
Non-alcoholic beer Kaempferol, quercetin, tyrosol ~1017 [42, 43]

4. NUTRITIONAL PROPERTIES

Generally, consumers need a wide variety of nutrients to
have  a  standard  health  quality.  A  well-balanced  diet  should
supply  the  essential  nutrients  for  the  diverse  physiological
groups of people. In order to give dietary recommendations and
suggest  a  healthy  intake,  nutrient  details  are  required  [44].
Within  a  healthy  eating  plan,  consumption  of  approximately
0.6  g  of  phenolic  compounds  per  day  is  recommended  [45].
According  to  scientific  data,  the  average  daily  amount  of
phenolic  compounds  consumed  by  individuals  is  ~1  g  per
person.  Typically,  personal  taste  and  pattern  of  eating  in
various countries impact the consumption of foods containing
phenolic compounds and their dietary intake [14].

The  high  nutritional  value  of  phenolic  compounds  is  a
result  of  their  antioxidant  properties.  In  other  words,  the
antioxidant  activity  of  these  compounds  reduces  the  risk  of
chronic  disorders,  namely  cancer  and  heart  disorder.  In
addition to the benefits stemming from the antioxidant activity
of phenolic compounds, their biological activity induces other
advantageous  mechanisms  such  as  the  prevention  of  non-
infectious ailments  (e.g.  diabetes  and obesity)  [14].  Phenolic
compounds also have protective effects against the invasion of
pathogens and UV radiation [46]. For instance, Shiraz thyme
(Zataria  multiflora),  owing  to  its  phenolic  compounds,  has
antimicrobial effects.  Carvacrol,  thymol, and eugenol are the
main phenolic compounds of Shiraz thyme [47]. Based on the
recent  studies,  the  health-beneficial  effects  of  phenolic
compounds  of  natural  foods  are  affected  by  environmental
factors such as humidity and temperature of growing areas and
culinary  preparation  techniques  [48,  49].  In  addition,  these
biologically active substances pass through the digestive tract,
which  affects  the  composition  and  content  of  phenolic
substances,  as  reported  in  fruit  juices  by  Mihailova  et  al.
(2021)  [50].

However,  it  should  be  considered  that,  in  spite  of  the
merits of polyphenols, they have some adverse effects at high
concentrations.  Indeed,  polyphenols  depending  on  their
concentration, could be either antioxidant (in doses present in
most foods) [51] or pro-oxidants (in pharmaceutical doses or in
the presence of metal ions) [52]. Dietary supplements owning
excessive concentrations of polyphenols are more responsible
than  polyphenol-rich  foods  for  the  adverse  effects  resulting
from  polyphenols  in  consumers.  For  instance,  it  has  been

reported  that  the  excessive  consumption of  tea-based dietary
supplements (approximately 10–29 mg per kg per day) causes
liver injury (hepatotoxicity) [53 - 55]. In addition, caffeic acid
at  concentrations  higher  than  2%  may  raise  the  risk  of  iron
deficiency in consumers and has undesirable interactions with
synthetic  medicines  [56,  57].  Furthermore,  high  doses  of
ferulic acid cause some ailments such as headache,  abortion,
and hyperactivity in children [58].

5. ANTIOXIDANT ACTIVITY

It  has  been  proven  that  antioxidants  are  one  of  the  most
important compounds suggested as a solution when it comes to
food oxidation. These compounds are added to foods because
of  their  ability  to  inhibit  the  activity  of  free  radicals.  Free
radicals are known as carcinogenic compounds and cause many
cardiovascular diseases [59]. Reactive Oxygen Species (ROS),
including hydrogen peroxide, hydroxyl radicals and superoxide
anions  etc.,  are  radicals  that  entail  more  than  one  unpaired
electron in the outer orbit or highly reactive non-radicals. They
may cause damage to the protective mechanisms of the cells
and  destroy  the  structure  of  DNA,  proteins  and  lipids  in
biological  systems  [14].  The  human  body  needs  endogenous
and exogenous antioxidants to minimize the effects of ROS. In
this  respect,  phenolic  compounds  indicating  antioxidant
activity  are  highly  crucial  in  human  health  [60].

The  level  of  antioxidant  activity  of  different  phenolic
compounds varies according to their chemical structure [61].
The antioxidant  property of  phenolic compounds stems from
their hydroxyl groups and conjugated aromatic system, and it
depends on the ability of phenolic compounds to give electrons
to  trap  free  radicals  by  forming  stable  phenoxyl  compounds
[62].  In  general,  the  positive  effect  of  phenolic  cofactors
increases  the  antioxidant  capacity  and  performance  in  food
products  [63].  In  cases  where  the  concentration  of  phenolic
compounds  is  high,  due  to  the  increase  in  the  number  of
hydroxyl groups in the reaction medium and the probability of
hydrogen  donation  to  free  radicals,  the  radical  scavenging
ability is noticeable [64]. The radical scavenging ability largely
depends on the position and number of  hydroxyl  groups and
the  molecular  weight  of  phenolic  compounds.  In  phenolic
compounds with lower molecular weight, hydroxyl groups are
more readily available. Therefore, it should be noted that the
type and quality of phenolic compounds are more responsible
for the amount of antioxidant activity than their quantity [42].
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Table 2. Anti-disease effects of different phenolic compounds or polyphenols-rich food sources.

Disease Phenolic Compound / Polyphenols-Rich
Food Source Used as Remedy Results References

Diabetes Extract of olive leaves (containing
oleuropein)

Increase in antioxidant activity. Reduction in liver insulin receptor
substrate 1, insulin receptor A, HDL, superoxide dismutase, glutathione,

and catalase.
[81]

Obesity Curcumin Reduction in mean weight, body mass index (BMI), and waist
circumference [82]

Hyperlipidemia Ferulic acid Reduction of total cholesterol, LDL, triglyceride, and oxidative stress [83]

Hypertension (–)-epicatechin Reduction of blood pressure and superoxide production in the aorta
persisted for two weeks after the treatment [84]

Atherosclerosis Yak-Kong soybean (containing coumestrol
and proanthocyanidins)

Reduction in adhesion of THP-1 to LPS-stimulated human umbilical
vascular endothelial cells [85]

Thrombosis Blueberry extract (rich in different phenolic
compounds)

Improvement in depressive symptoms and lipid profiles, and reduction in
gastrointestinal infection [86]

Inflammatory berries or fermented berries beverages
(containing high ellagic acid)

Reduction in TNF-α, IL-1β, and iNOS expressions and modulation of the
levels of inflammatory markers. [87]

Alzheimer Satureja cuneifolia plant (with high TPC) Increase in the inhabitation of acetylcholinesterase and
butyrylcholinesterase enzymes. [88]

Phenolic compounds could contribute to the prevention of
the  oxidation  process  or  biological  oxidative  damage.  For
instance,  epicatechin  has  previously  been  identified  as  a
substance reducing the rancidity of fish oil [65]. Grape pomace
powder  has  high  concentrations  of  phenolic  compounds
(especially  epicatechin),  and  due  to  its  high  antioxidant
activity,  it  can  be  used  in  delaying  the  oxidation  of  corn  oil
[10].  In  addition,  the  use  of  dried  grape  pomace,  which
preserves  its  phenolic  content  and  antioxidant  activity  for  a
long time, is convenient from the practical point of view within
the  functional  foods  industry  as  a  nutraceutical  or  natural
antioxidant  ingredient  [66].

Furthermore, 6-gingerol and curcumin were detected in the
powders  of  ginger  and  turmeric  rhizomes.  Adding  these
powders to soybean oil  improved its  antioxidant activity and
oxidative stability, resulting in health benefits to the consumers
[67].  Moreover,  Tinello  and  Lante  (2020),  in  another  study,
proved that ginger and turmeric powders derived from freeze-
dried  rhizomes  have  a  great  antioxidant  activity  because  of
their high phenolic yields [40].

6. ANTI-DISEASE EFFECT

The  imbalance  between  antioxidants  and  the
concentrations of reactive oxygen species exposes the human
body to oxidative stress, resulting in various disorders [68]. As
shown in Table 2, natural phenolic compounds have beneficial
effects on the prevention of many ailments, including obesity,
diabetes,  hypertension,  hyperlipidemia,  atherosclerosis,
thrombosis and Alzheimer's. Consumption of foods containing
a  high  concentration  of  phenolic  compounds  leads  to  the
reduction of cardiovascular diseases [69].  These compounds,
without  having  adverse  effects,  seem  to  be  prominent  for
managing glucose intolerance and oxidative stress in diabetic
people  [70].  The  higher  intake  of  tea  (black  or  green)  than
other  polyphenol-rich  foodstuffs  lessens  the  risk  of  type  2
diabetes and stroke [71, 72]. Luteolin and quercetin, which are
two  representatives  of  phenolic  compounds,  have  an
ameliorative impact on diabetes [73, 74]. Quercetin ceases the
progress of hypertension caused by diabetes and improves the

excessive contractile reactions of the aorta. There are many in
vivo and in vitro studies proving the cardioprotective functions
of  quercetin  [75].  Some of  the  phenolic  compounds,  such as
ferulic  acid,  ρ-coumaric  acid,  m-coumaric  acid  and
hydroxyhippuric  acid,  amplify  the  sensitivity  of  insulin  and
decline  the  rate,  digestion,  and  absorption  of  sugar  [76].  In
addition, some commonly consumed phenolic compounds such
as  resveratrol,  curcumin  and  catechins,  particularly
epigallocatechin gallates, originated from green tea, influence
obesity and obesity-related inflammation [77].

It  is  reported  that  in  people  consuming  high  amounts  of
flavonoid-rich foods, the risk of stroke is little [78]. It has been
suggested  that  the  extract  of  Bael  (Aegle  marmelos)  flower
inhibits the oxidized LDL cholesterol, which raises the chance
of heart attack or stroke [79]. Moreover, proanthocyanidins, as
phenolic  compounds  mostly  found  in  grape  seeds,  inhibit
oxidized  LDL  cholesterol  in  human  plasma.  According  to
literature,  these  compounds  protect  the  eye  tissues  from
oxidative  stress  through  improving  antioxidant  enzymes  and
diminishing prooxidant numbers. Thus, it could be claimed that
proanthocyanidins act as a shield against eye disease [80 - 88].

7. ANTI-BROWNING EFFECT

Browning can be either enzymatic or non-enzymatic. There
are  plenty  of  anti-browning  procedures,  namely  thermal
processes,  non-thermal  technologies  and  the  addition  of
synthetic  additives  like  sulphites  and  organic  acids  [89,  90].
However,  new  anti-browning  approaches  consider  replacing
these  traditional  methods  with  adding  natural  compounds
extracted  from plants  [36],  agricultural  by-products  [91]  and
wastes [39, 40, 92, 93].

7.1. Enzymatic Browning

Generally, Polyphenol Oxidase (PPO) enzyme is the main
responsible  for  the  enzymatic  browning.  This  enzyme  is  a
copper-containing oxidoreductase catalyzing the oxidation of
phenolic  compounds  and  consequently  leads  to  the
deterioration  of  antioxidants  and  colour  change  of  herbal
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foodstuffs  during  the  processing  [94].  Yuniarti  et  al.  (2018)
identified  several  phenolic  inhibitors  of  PPO,  including
kaempferol, quercetin, and cyanidin in onion [95]. In addition,
catechins, constituting a vast majority of TPC found in tea, act
as a PPO competitive inhibitor because of their similarity to the
substrate of PPO. Klimczak et al., (2017) reported that green
tea extract inhibits the activity of PPO by an average of 75% in
cloudy apple juice [96].

According to a research conducted by Zocca et al., (2011),
dog rose fruit, known for its high quantity of ascorbic acid and
phenolic  compounds  has  anti-PPO  activity  due  to  its  p-
hydroxybenzoic  acid  content  [36].  In  another  research,
phenolic  compounds  altogether  with  high  vitamin  C  content
were found to be the reason for antioxidant properties in chili
pepper,  which  inhibit  the  formation  of  undesired  brown
pigment [97]. Also, some of the phenolic compounds can act as
a chelating agent [14].

7.2. Non-Enzymatic Browning

Non-enzymatic  Maillard  reaction  is  another  type  of
browning.  The  occurrence  of  this  reaction  between  the
carbonyl groups of reducing sugars and free amino groups in
lipids, proteins or nucleic acids ends up in the generation of an
adduct named Advanced Glycation End-products (AGEs) [98].
Compared  to  other  carbohydrates,  fructose  can  readily  form
more  intense  fluorescent  AGEs with  basic  amino  acids  [99].
The generation of AGEs results in the pathogenic mechanism
of structural tissue damage, oxidative stress and inflammation,
which arises debilitating diabetes, cataracts, atherosclerosis and
Alzheimer  [100  -  103].  Furthermore,  the  aggregation  of  this
compound  may  give  rise  to  Chronic  Kidney  Disease  (CKD)
[98].  AGE  inhibitors  are  chelators  and  antioxidants  at
concentrations  commonly  found  in  food  [104].  Phenolic
compounds, due to their free radical scavenging activity, have
a protective capability against the development of AGEs [98].

The buildup of AGEs readily occurs in the side chains of
lysine,  histidine  and  arginine  on  proteins.  Since  phenolic
compounds  are  more  reactive  than  these  amino  acids,  they
impede  the  development  of  AGEs  by  contesting  with  these
amino  acids.  Glyoxal  and  methylglyoxal,  as  dicarbonyl
compounds  resulted  from  the  second  stage  of  Maillard
reaction,  are  two  main  reactive  precursors  of  AGEs  in  the
human  body.  In  some  cases,  phenolic  compounds  trap  more
methylglyoxal  compared  with  aminoguanidine,  which  is  a
typical  inhibition agent of glycation process.  The reaction of
the  phenolic  acid  and  glyoxal  forms  mono  and  di  glyoxal
adducts, which are the major mechanisms of preventing AGEs
development.  Indeed,  the  free  radical  scavenging  ability  of
phenolic compounds is associated with their inhibitory effect
on  the  development  of  AGEs.  Furthermore,  the  phenolic
compounds  diminish  the  glyoxal  level  by  inhibiting  the
oxidation  of  lipids  [98].

So far, antiglycation activity has been reported for several
phenolic  compounds.  For  instance,  Intagliata  et  al.,  (2021)
successfully used esterified resveratrol with Trolox (a water-
soluble analogue of vitamin E) to counteract free radicals, thus
inhibiting  the  glycation  process  and  also  reducing  oxidative
mechanisms  [105].  Błaszczak  et  al.,  (2020)  studied  the

protective effects of the extracts of several species of tomato
against  AGEs.  They  concluded  that  the  purified  extracts  of
Black  Prince  tomatoes  were  the  most  potent  inhibitors  of
AGEs.  The  inhibitory  effect  of  the  analyzed  tomato  fraction
could  be  attributed  to  its  rutin  content,  which  is  a  phenolic
compound  [106].  Aailim  et  al.,  (2019)  investigated  the
antiglycation  effect  of  rice  bran  extract,  which  is  a  major
source  of  phenolic  compounds,  including  ferulic  acid,  ρ-
coumaric acid, chlorogenic acid, syringic acid and caffeic acid.
Their  results  proved  that  the  formation  of  fructose-AGEs
fluorescence was inhibited by the extract more effectively than
aminoguanidine,  which  is  a  standard  antiglycation  agent.
Ferulic  acid  and  ρ-coumaric  acid  were  the  most  dominant
polyphenols in the extract. They showed an inhibitory effect on
AGEs depending on their concentration [99]. The Rhizome of
the Cimicifuga heracleifolia plant has an inhibitory effect on
AGEs due to the presence of cinnamic acid and its by-products,
such as ferulic acid and isoferulic acid [107]. Ferulic acid has
antiglycation activity that mostly inhibits the advanced phase
of  glycation  [108],  and  isoferulic  acid  prevents  the
development of fluorescent and non-fluorescent AGEs (CML)
[109]. Caffeic acid and chlorogenic acid are potent glycation
inhibitors [110]. According to recent studies, caffeic acid has
more  antiglycation  activity  than  aminoguanidine  [111].
Epicatechin, ρ-coumaric acid, and gallic acid decrease protein
carbonyl, thiol oxidation and fluorescence AGEs development
[112].

8.  IMPACT  OF  PROCESSING  ON  PHENOLIC
CONTENT

The bioavailability and bioactivity of phenolic compounds
may be influenced by post-harvest and processing methods. In
other  words,  unit  operations  and  food  processing  methods
could  impact  the  TPC  and  individual  phenolic  compounds
considerably.  There  are  many  factors  influencing  phenolic
compounds  during  food  processing,  including  temperature,
pressure,  etc.  It  is  clear  that  the  degradation  of  phenolic
compounds  in  food  products  leads  to  a  decrease  in  their
nutritional value because the reduction of TPC gives rise to a
reduction  in  antioxidant  activity  [87].  Since  the  major
concentration  of  phenolic  compounds  usually  exists  in  the
outer  parts  of  vegetables  and  fruits,  the  skinning/peeling
process  can  considerably  diminish  the  TPC.  Moreover,  the
skinning/peeling  process  causes  an  increase  in  enzymatic
browning  by  breaking  the  plant  cell  structure  because  the
breakdown of cell structure boosts the interaction between PPO
and  phenolic  compounds,  which  leads  to  colour  change  and
deterioration  of  antioxidants  [90  -  93,  113].  The  skin  of
potatoes contains approximately 190 mg chlorogenic acid/kg.
As a result of peeling, a noticeable amount of phenolic acids
reduces in French fries [114].

The thermal process has a substantial effect on the content
of  phenolic  compounds.  The  amount  of  the  initial  quercetin
content  in  tomatoes  and  onions  decreased  by  three-quarters
after  the  boiling  process  and  two-thirds  after  cooking  in  a
microwave oven and less than a third after frying [114]. The
epimerization of catechins present in green tea increases as a
result of extraction using boiling or heating, and consequently,
a lower amount of bioactive compounds remains in green tea
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[115].  Non-thermal  processes  also  can  affect  the  amount  of
phenolic  compounds.  For  instance,  cold  plasma  as  a  novel
technology increased the TPC in blueberry juice.  The reason
for this is the breakdown of covalent bonds and cell membrane
by  chemically  reactive  species,  charged  particles,  and  UV
photons created from Cold Plasma, which induces the release
of  phenolic  compounds  [116].  On  the  other  hand,  the
degradation of PPO enzyme, which uses phenolic compounds
as  a  substrate  in  enzymatic  browning,  could  have  a  direct
impact on maintaining phenolic compounds [117]. Overall, this
is obvious that the concentration of phenolic compounds has a
direct  effect  on  its  availability,  antioxidant  activity  and
nutritional  value.  Therefore,  it  is  important  to  assess  and
compare  the  best  processing  conditions  for  maintaining  the
TPC and the antioxidant activity of food because the nutritional
quality of food products diminishes by utilizing processes that
decrease  the  content  of  phenolic  compounds.  In  addition,  it
must be kept in mind that these biologically active substances
pass through the digestive tract, which affects the composition
and  content  of  phenolic  substances,  and  therefore  their
bioavailability  [50].

CONCLUSION

Generally,  phenolic  compounds  have  remarkable
nutritional properties due to their antiglycation capacity, anti-
browning  effect,  and  their  crucial  role  in  the  prevention  of
diverse  disorders,  such  as  obesity,  diabetes,  hypertension,
hyperlipidemia, atherosclerosis and cancer. In addition, these
compounds have a noticeable amount of antioxidant activity,
which  is  advantageous  in  food  products  for  controlling  lipid
oxidation and increasing their health benefits. Therefore, owing
to these extraordinary properties of phenolic compounds, the
development  of  research  in  this  field  for  evaluating  the
nutritional characteristics of these natural compounds not only
can ensure the health of consumers to a certain extent but also
can  identify  new  sources  of  these  compounds  for  the
production  of  novel  functional  foods.
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