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ABSTRACT

Polyphenols are the secondary metabolites of plants and has an important role in human nutrition
as the leading antioxidants. According to the carbon number-based classification of polyphenols,
resveratrol is a natural polyphenol in the stilbene group with antioxidant and anticarcinogenic ef-
fects. Its beneficial effects on cardiovascular diseases have also been reported. It was first identi-
fied in 1940 and has recently gained importance especially in medicine and pharmacy. Researchers
have carried out various studies on resveratrol and its time-honored use in traditional eastern med-
icine has been reported. Resveratrol is a food ingredient that has the potential to be used in the
treatment of various diseases, but also has antiviral effects. The study focuses on resveratrol’s
physical and chemical properties, effects on health, antiviral effects and use in foods as a functional
component.
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Introduction

When facing a stress factor, plants synthesize a type of sec-
ondary metabolite with low molecular weight called phytoa-
lexin as a defense mechanism. Trans-resveratrol is a polyphe-
nolic phytoalexin from the stilbene group (Fremont, 1999).
Polyphenols are secondary metabolites of plants and the most
common antioxidants in human nutrition (Bravo,1998; Emir-
dag, 2014). Resveratrol is in the stilbene group according to
the carbon number-based classification of polyphenols (;
Athar et al., 2007). It is a natural polyphenol with reported
antimicrobial, antioxidant and anticarcinogenic effects in ad-
dition to its beneficial effect on cardiovascular diseases; it
joins the structure of various plants, is formed by the bonding
of two aromatic rings with the methylene bond, contains three
hydroxyl groups and can be found both in cis and trans con-
figurations (Athar et al., 2007; Tokusoglu et al., 2005). It was
first identified in 1940 in the roots of white hellebore and
then, was found in the roots of Polygonum cuspidatum, also
known as Kojo-kon in Japan. It was identified in the leaf ep-
idermis and pericarp of grape berries in 1976 (Shishodia and
Aggarwal, 2006). The study focuses on resveratrol’s physical
and chemical properties, effects on health, antiviral effects
and use in foods as a functional component.

The Physical and Chemical Properties of
Resveratrol

Many beneficial components such as antioxidants and phe-
nolic substances in the structure of foods have biological reg-
ulatory roles, protective and nutritional properties in our
body. During the metabolism of nutrients in our body, free
radicals and other reactive oxygen species (ROS), also called
toxins, are released. Free radicals are chemical structures con-
taining one or more unpaired electrons in their outer orbitals.
These structures lead to oxidation in our body, resulting in
diseases and aging. Antioxidants neutralize free radicals by
maintaining their own electrons in order to reduce the formed
ROS and maintain their stability (Lobo et al., 2010). Antiox-
idants are secondary metabolites that can be produced spon-
taneously in the body or can be taken from the outside, usu-
ally through plants or synthetic drugs. Antioxidants help pre-
vent or treat diseases as well as increase body resistance by
reducing the effects of free radicals or altering their structure.
Antioxidant activity, which is a measure of how much of the
free radicals can be inactivated by antioxidants, can therefore
be defined as free radical capture capacity (Kumarasamy et
al., 2007).

Antioxidants are used to increase body resistance and protect
human health, as well as to extend the shelf life of nutrients.
Synthetic antioxidants are mainly used to extend the shelf life
of nutrients in industrial processes. Today, BHA and BHT are

used as synthetic antioxidants in many countries. Daily intake
is reported by both Joint FAO/WHO Expert Committee on
Food Additives (JECFA) and Commission of the European
Communities as 0.5 mg/kg for BHA (EFSA, 2011) and
JECFA allocated an ADI of 0-0.3 mg/kg bw/day for BHT
(EFSA, 2012). Meanwhile, it has also been reported that the
amount of consumption of antioxidants may be higher than
specified and may cause liver and carcinogenic effects
(Fremont, 1999). Synthetic forms of antioxidants are not pre-
ferred due to their toxic potential and interest in phenolic
compounds with natural antioxidant properties increases day
by day.

Polyphenols are the secondary metabolites of plants and has
an important role in human nutrition as the leading antioxi-
dants. According to the carbon number-based classification
of polyphenols, resveratrol formed by connecting two aro-
matic rings with methylene bond; containing 3 hydroxy
groups, available in cis and trans configurations is a natural
polyphenol in the stilbene group. Resveratrol, which is found
in the structure of many plant species, has been reported to
have antimicrobial, antioxidant, anticarcinogenic effects and
cardiovascular diseases decreasing effect (Tokusoglu et al.,
2005; Lobo et al., 2010). Table 1 shows the chemical and
physical properties of resveratrol.

Table 1. Physical and chemical properties of resveratrol
(Haneke, 2002)

Molecular Formula | C4H;203

Structural Formula | HO-&#

OH

Systematic Name 5-[(E)-2-(4-hidroxyphenyl)-ethenyl]

benzene-1,3-diol

Other Names Trans-resveratrol
Trans-3,5,4’-trihydrozystilbene
3,4’,5-stilbenetriol
(E)-5- (p-hydroxy styryl) resorcinol
3,5,4"-trihydroxy-cis-stilbene
3,5,4'-trihydroxy-trans-stilbene

Molecular Weight | 228.25 g/mol

Boiling Point 253 -255C

Physical Structure | White — Solid

Solubility Easily dissolves in water, methanol

and acetone.
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Resveratrol is available in cis and trans isomers or glycolyzed
form. It is mostly in glycolyzed (3-O-D-glucoside) form in
plants. Glycolysis protects resveratrol from oxidative degra-
dation (Athar et al., 2007). Glycolyzed resveratrol is very sta-
ble and water-soluble, easily and highly absorbed from the
gastrointestinal tract. After absorption, it is metabolized in the
liver to trans-resveratrol-3-O-glucuronite and trans resvera-
trol- 3-O-sulphate (Signorelli and Ghidoni, 2005). In vivo
studies have shown that in healthy people, resveratrol is me-
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tabolized to the 3 and 4'-O-sulfate and 3-O-glucuronide con-
jugates less than 2 hours after consumption (Sing et al.,
2015).

Resveratrol is formed by the combination of 3 molecules of
CoA and 1 molecule of 4-cuamoryl CoA. Here, it is important
that the enzyme needed for the synthesis of resveratrol is not
normally active and activated when the plant is faced with a
stress factor (Soleas et al., 1997). Figure 1 shows the biosyn-
thesis of resveratrol.
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Figure 1. Resveratrol biosynthesis from phenylalanine (Becker et al. 2003, Huang et al.

2007)
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The Sources of Resveratrol

Resveratrol is a secondary metabolite synthesized as a de-
fense compound against various external factors and found
most abundantly in the product obtained by the drying of the
roots of Polygonum cuspidatum (Konjo-Kon or Itadori tea), a
plant traditionally used in Japan and China (Nonomura et al.,
1963; Savouret and Quesne, 2002). Vastano et al. (2000) re-
ported that Polygonum cuspidatum consist 2960-3770 ppm
resveratrol. Chen et al. (2013) mentioned that the root con-
tains a much higher level of resveratrol than the stem and leaf,
and it is accumulated in its highest level in October. Prince
Edward Island, Canada-grown knotweed contains similar
levels of resveratrol and polydatin compared to Chinese sam-
ples collected in the month of October.

In studies on resveratrol and its derivative stilbene com-
pounds, mainly grape and grape products (Concenco et al.,
2019). Mnari et al. (2016) reported that resveratrol contents
of Tunisian raisins varieties in range of 0.02-0.12 mg/g dry
weight. Lyons et al (2003) indicated that wild blueberry and
bilberries might serve as another dietary source of resveratrol.
Shrikanta et al. (2015) stated that some of the less consumed
fruits such as mulberry, jamun and jackfruit are rich in
resveratrol and can be processed by processing into func-
tional drinks. Values of resveratrol in European plum (Prunus
domestica) cultivars detected average 1.0 png/1g (Sebasti‘a et
al., 2012).

In addition, resveratrol has been identified in black chocolate
and cocoa liquor and hops used in beer making (Athar et al.,
2007). Salvador et al. (2018) observed the highest contents of
trans-resveratrol in alkalized cocoa powder and natural cocoa
powder (13.53 pg/kg and 11.40 pg/kg) respectively.

Some studies have shown that resveratrol glucoside was the
major form available in most vegetable and the content of
resveratrol forms in different varieties and regions were dif-
ferent (Peng et al., 2005), also the content varying with sea-
sonal, geographical, and environmental factors (Kurita et al.,
2013). Some of specific vegetable foods such as celery (orig-
inated in West China, 783.29 ng/100g), red radish (North
China, 194.4 ng/100g), Coprinus comatus (Midland China,
573.74 ng/100g) have been reported to be important sources
of resveratrol (Peng et al., 2005). Sebastia et al. (2017) an-
nounced that trans-resveratrol contents varied from 20
ng/100g (tomato and strawberry) to 300 pg/100g in dates
(Phoenix dactylifera L.).

Some of the wild and ornamental plant species, edible mush-
rooms have also been reported to be an important source of
resveratrol. Average trans-resveratrol amounts have been de-
termined 1.07 pg/g and 0.7960 pg/g in Solanum americanum

ripe fruit pulp and peel, respectively (Vagula et al., 2016).
Akyliz et al. (2012) detected resveratrol in some edible mush-
room samples in the range of 0.25-0.75 pg/g.

Alkan (2007) pointed out that grape skins, which are rich in
resveratrol amount, which are separated as waste during the
production of molasses, can be evaluated in this direction.
Silva et al. (2014) studied guava and Surinam cherry byprod-
uct and concluded that the content of resveratrol in the by-
products 25.67 mg/100g and 112.51 mg/100g dry basis, re-
spectively. The researchers underlined the nutraceutical po-
tential and future application in the food industry of the agri-
food byproducts (Silva et al., 2014; Annunziata et al., 2018).

The Effects of Resveratrol on Health

Free radicals are chemical structures that contain one or
more unpaired electrons in their outer orbitals. Although the
reactive chemical compounds are formed in organisms due
to oxidation and reduction reactions, they can also be
formed due to external factors such as radiation, UV lights,
air pollution, and combustion products of fossil fuels, some
insecticides, pesticides, viruses, infections and drugs. In the
case where they are not eliminated in an organism, free radi-
cals cause pathological disorders and aging. Antioxidants re-
duces the effects of free radicals in the body and foods
and/or alter their structures so that the oxidation reactions
are significantly inhibited or delayed (Shahidi and Ambigai-
palan, 2015).

Various studies have emphasized the cardiovascular protec-
tive, antithrombotic, antioxidant, anti-inflammatory, blood
sugar reducing and anticancer activities of resveratrol. It nat-
urally has two different isomeric forms and its trans form has
been reported to be more important and stable and, thus, more
widely used in studies. Trans-resveratrol has different biolog-
ical properties and has been reported to have stronger antiox-
idant and cardioprotective effects (Gliemann et al., 2016).
Preventing the cancer development in organisms may be pos-
sible with sufficient levels of optimized analogs of the
resveratrol molecule and increased stability and bioavailabil-
ity in organisms (Kiskova et al., 2020).

Recent studies have shown that resveratrol had protective ef-
fects against neurodegenerative diseases such as Alzheimer’s
disease and obesity in addition to its effectiveness in the treat-
ment of osteoporosis in postmenopausal women with low
breast cancer risk (KursSvietiené et al., 2016). Resveratrol in-
hibited lipid peroxidase in linoleic acid emulsion at a higher
rate (89.1%) when compared with synthetic antioxidants at
the same concentration (Giilgin, 2010). Its antiaging effect
and enhancing effect on insulin sensitivity, the enzymatic ac-
tivity of the sirtuin gene (SIRT 1-7) and mitochondria number
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were associated with its antioxidant activity (Kindir and
Giiveng, 2010).

The current literature suggests that resveratrol prevents can-
cer through various mechanisms including anti-proliferative,
anti-inflammatory and anti-angiogenesis mechanisms by ini-
tiating apoptosis (Singh et al., 2015). Apoptosis induction is
the key mechanism in the inhibition of the formation of many
tumors. Resveratrol induces p53-mediated apoptosis in can-
cer cells, including prostate cancer, colon cancer and breast
cancer (Yu et al., 2012).

Resveratrol may inhibit enzymatic activity in another mech-
anism through which resveratrol is believed to inhibit the de-
velopment of cancer cells. Cyclooxygenase and decarbox-
ylase are included in the cancer-causing enzyme groups. Ep-
idemiological studies have shown that long-term cyclooxy-
genase inhibition reduced the development of various cancer
types and cancer caused by the enzyme was prevented with
the deletion of the cyclooxygenase-II (COX2)-coding gene
(Yuetal., 2012). Its effect on tumor formation stems from its
inhibitory effect on the antimutagens and free radicals in an-
imal models and antioxidant properties. The inhibition of
COX-1 reduces tumor progression and resveratrol have been
reported to substantially inhibit the COX-1 enzyme (Savouret
and Quesne, 2002).

Although French people consume fat and cholesterol-rich
foods, they are 40% less likely to develop cardiovascular dis-
eases than the rest of Europe. This is associated with the con-
sumption of resveratrol in red wine and referred to as the
“French Paradox” (Kopp, 1998; Yu et al., 2012). Plaque for-
mation in veins leads to thrombosis and consequently embo-
lism. The main cause of cardiovascular diseases is embolism.
Atherosclerosis is a result of the impairment of the reactions
between the normal cell elements of the artery-related wall
and blood. Atherosclerosis can be prevented by consuming
anti-atherogenic foods. As a polyphenol, resveratrol has a
good protective effect on different parts of atherosclerosis
(Das and Da, 2007). The protective mechanism of resveratrol
against cardiovascular diseases was suggested to operate by
blocking the thrombocyte aggregation and reducing choles-
terol through its anti-inflammatory effects (Keskin et al.,
2009).

Alzheimer’s disease (AD) is not only a growing health issue
but also a social and economic load. AD occurs due to the
accumulation of B- amyloid plaques on the nerve cells in
brain and its cause is still not known. Its severity increases
over years and currently, there is not a cure for AD (Granzatto
and Zatta, 2014). Of the affected individuals, 15% are in the
65-74 age group and 44% are in the 75-84 age group. Aging

Review Article

and genetic disposition are classically considered the una-
voidable risk factors for AD. On the other hand, environmen-
tal factors, insulin resistance, obesity and metabolic syn-
dromes are avoidable risk factors for AD. Factors such as reg-
ular physical activity, Mediterranean diet (fruits, vegetables,
hazelnut, beans, olive oil, etc.), calorie restriction and main-
taining the ideal body weight (or intermittent fasting), reduc-
ing smoking, controlling diseases such as diabetes, hyperten-
sion, and lifelong learning can delay or prevent aging-related
cognitive decline (Sawda et al., 2017). Preclinical studies
support the potential role of resveratrol in the treatment and
prevention of neurodegenerative diseases such as Hunting-
ton’s disease, Parkinson disease and AD (Sun et al., 2010).
Resveratrol can protect against neurodegenerative diseases
by eliminating reactive oxygen species (ROS), hydrogen per-
oxide and free radicals, NO, A and other intra- and extracel-
lular toxins through the SIRT1 activation mechanism (Graff
etal., 2013).

Resveratrol is a food ingredient that has the potential to be
used in the treatment of various diseases, but also displays
antimicrobial activity against a surprisingly wide range of
bacterial, viral and fungal species (Vestergaard and Ingmer,
2019). In 1976, one of the first studies showing the antiviral
activity of polyphenols was carried out and it was found that
especially the grape juice phenolic components separated by
a membrane filtration showed a preventive activity against
the poliovirus (Annunziata et al., 2018).

It has been stated that in combating many drugs-resistant vi-
ruses (HSV-1, HSV-2 etc.) natural food-derived matrices
such as grape pulp rich in resveratrol and other polyphenols,
which have no side-effect, can be evaluated (Annunziata et
al., 2018).

Antiviral mechanisms and effects of resveratrol have been re-
ported to be widely investigated in such as influenza virus,
herpes simplex virus, respiratory syncytial virus, human im-
munodeficiency virus (HIV), hepatitis C virus and multiple
sclerosis (MS). Most of these studies have announced that the
progression of the disease and recession of the viral infections
after administration of resveratrol (except to MS and hepatitis
C). Antiviral mechanisms of resveratrol arise through inhibi-
tion of viral protein synthesis, inhibition of various transcrip-
tion and signaling pathways, and inhibition of viral associated
gene expressions (Annunziata et al., 2018).

Mohd et al. (2019) suggested that resveratrol exhibited direct
virucidal activity against Zika virus (ZIKV) and possessed
anti-ZIKV replication properties, highlighting the need for
further exploration of resveratrol as a potential antiviral mol-
ecule against ZIKV infection.
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Eighty-Six percent of the genetic sequence of SARS-CoV is
the same as SARS-CoV-2, the virus responsible for the global
pandemic caused by infectious disease COVID-19 (Chan et
al., 2020). The angiotensin converting enzyme-2 (ACE2) cel-
lular receptor is responsible for the pathogenesis of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
thus affecting the entrance and clearance of the virus (Zhu et
al., 2020). Overall, ACE2 activity is protective against
SARS-CoV pathogenesis. Recent research suggests that the
nutrients in our daily diet may affect the expression and func-
tion of the ACE2 gene, and resveratrol has the potential to
contribute to ACE2 activity. Therefore, adding resveratrol to
the diet can help reduce the harmful effects of high-fat diets
on ACE2 gene expression. It has also been suggested to be
used in regulating diet strategies in order to reduce disease
severity in COVID-19 pandemic (Horne and Vohl, 2020).

The bioavailability of resveratrol after ingestion, the potential
of dietary or direct intake in humans and animals, in the treat-
ment of viral infections should be explored in more detail.

The Use of Resveratrol as a Functional
Component in Foods

In order to increase product functionality, studies in which
resveratrol is added to the food matrix are not common.
Resveratrol is found small quantities in the diet; any protec-
tive effect of this molecule is unlikely at normal nutritional
intakes (Manach et al., 2004). Therefore, a detailed investi-
gation of the effects of resveratrol on humans and determina-
tion of how the resveratrol concentration especially in foods
and beverages that are biologically related to resveratrol can
be increased are needed (Pastor et al., 2019). It has been re-
ported that encapsulation of resveratrol, which has a higher
solubility in food-grade oils, can be used to improve its water-
dispersibility, chemical stability, and bioavailability, thus it
can be incorporate resveratrol into aqueous based products
that have lower fat and calorie contents, such as some bever-
ages, yogurts, sauces, dressings, and desserts. (Davidov-
Pardo and McClements, 2014).

Acar (2011) investigated the effects of the interaction be-
tween resveratrol and milk proteins on the Maillard reaction
and found that around percentage 80 of resveratrol cross-
linked with milk proteins, but the concentration of resveratrol
did not have a significant effect on the Maillard reaction.

Emirdag (2014) investigated the effects of the interaction be-
tween resveratrol and milk proteins on the textural properties
and water-holding capacity of yogurt, which are among im-
portant parameters in yogurt production. To determine the in-
teraction of resveratrol with milk proteins and how the inter-
action occurs, resveratrol was analyzed with RP-HPLC and

the results showed that around 85% of resveratrol interacted
with milk proteins.

In a pilot study investigating the addition of resveratrol in-
stead of sulphur dioxide, an antioxidant, during wine produc-
tion, Pastor et al. (2015) reported that the addition of two dif-
ferent concentrations of resveratrol (150 mg/L and 300 mg/L)
did not have any negative effect on the organoleptic and sen-
sory properties of the products. Researchers have also sug-
gested that the negative effects of sulphur dioxide on health
can be prevented with the addition of resveratrol.

In their study on the production of a functional yogurt that is
suitable for the consumption of all age groups, Tiirkoglu
(2019) added 25mg/100g, 50mg/100g, 75mg/100g and
100mg/g resveratrol to the set-type traditional yogurts pro-
duced with Lactobacillus bulgaricus + Streptococcus ther-
mophilus and probiotic yogurts containing Lb. bulgaricus +
S. thermophilus: Lb. acidophilus (1:1). The results of the
study revealed that, considering all parameters in terms of the
physicochemical and microbiological properties and sensory
scores at the end of day 28, 50mg/100g resveratrol-added tra-
ditional and probiotic yogurts were new functional products
suitable for consumption.

Yu et al. (2020), investigated potential of resveratrol in miti-
gating advanced glycation end-products formed in baked
milk and baked yogurt and the results of the research pro-
vided a promising strategy for inhibiting the AGEs formed in
baked milk and baked yogurt with the addition of a proper
concentration of resveratrol.

In the future, the number of studies investigating the enrich-
ment of products frequently consumed in the daily diet with
the addition of resveratrol may increase.

Conclusions

As a natural polyphenol, resveratrol has various biochemical
and physiological effects such as anti-inflammatory, antioxi-
dative, antiproliferative and chemopreventive effects. Recent
studies have shown its positive effects especially on cardio-
vascular diseases, cancer, type 2 diabetes and neurological
disorders. In addition, studies reported that resveratrol has
shown a high antiviral potential in both human and animal
viral infections. The bioavailability of resveratrol after inges-
tion, the potential of dietary or direct intake in humans and
animals, in the treatment of viral infections should be ex-
plored in more detail. It appears that more than the amount
naturally found in food is needed to provide the expected ben-
efits from resveratrol. Moreover, variety, region, seasonal,
geographical, and environmental conditions have affected
resveratrol contents of food. For this reason, it is often not
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possible to consume adequate resveratrol in the diet. Agricul-
tural food waste and byproducts should be investigated in
terms of resveratrol potential. As our understanding of the
positive effects of resveratrol on health grows, the antioxidant
will continue to be the subject of many scientific studies.
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