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Grapes are a rich source of bioactive molecules including phenolic acids, flavonoids, anthocyanins, stilbenes, and
lipids. These are the compounds which contribute to the health benefits of grape and grape-derived products.
They possess antioxidant, antimicrobial, anti-inflammatory, and anti-carcinogenic activities and have wide ap-
plications in food and nutraceutical industries. Use of grape extracts rich in these bioactive compounds are linked
to reduced incidence of cardiovascular disease and its major risk factors including hypertension (high blood
pressure); a clinical condition associated with high mortality worldwide. Therefore, considerable attention has
been given to grape-based products to alleviate and treat hypertension. The aim of this review is to summarize

the bioactive compounds of grapes, composition changes in different grape extracts and the potential benefits in

reducing hypertension.

1. Introduction

Maintaining health and disease prevention are major goals driving
today’s consumer food choices, and there is an ever increasing demand
for “healthier” or “functional foods”. By definition, functional foods are
“foods or part of foods” that provide medicinal or health benefits beyond
basic nutritional requirements (Adefegha, 2018; Gul et al., 2016). In this
regard, lifestyle changes, specifically improvement of dietary habits,
have been suggested to favorably modify many disease risk factors and
positively impact the development of disease. This notion is consistent
with the modern concept of food which has expanded beyond its
traditional role in basic nutrition and satiety, to include the prevention
and treatment of disease (Adefegha, 2018; Gul et al.,, 2016). The
continuing demand for “functional foods” is sending processors in search
of edible crops with bioactive compounds that impart health benefits.
For example, fruits that have significant amount of bioactive compounds
possess antioxidant, antimicrobial, anti-inflammatory, and anti-
tumorigenic activities (Ono et al., 2020). Indeed, fruits such as berries
and grapes provide significant health benefits because of their high
vitamin, mineral, lipid, fiber content, in addition to phenolic compounds
which are the predominant phytochemicals present in these fruits
(Gnanavinthan, 2013).

Use of grapes (Vitis species) is known to date back to Neolithic times
(McGovern et al., 2017). Greek philosophers believed in the healing
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powers of whole grapes and products derived from grapes (Wang et al.,
2014). The global grape production was about 23.38 million metric tons
during the marketing year 2019/2020 (Shahbandeh, 2020). China leads
the world table grape production followed by India and Turkey ranking
2nd and 3rd according to USDA Foreign Agricultural Service Report
(Fig. 1). The cultivation of grapes all over the world vary based on
cultivation suitability, disease resistance, color, taste, texture and hav-
ing seeds or seedless (Santos et al., 2020). There are currently between
8000 and 10,000 cultivars of V. vinifera grapes in the world that are of
commercial significance for wine, raisin, and table grape production
(McGovern et al., 2017).

Cardiovascular diseases have increased recently due to changes in
life style, smoking, lack of physical activity and other factors (Caligiuri
& Pierce, 2017). Hypertension is one of the major risk factors for
developing cardiovascular disease and premature death in humans
worldwide (Mills et al., 2020). The World Health Organization reported
that in 2015 one in four men and one in five women were afflicted by
hypertension globally (Haskell et al., 2017). More than a billion people
(1.13 billion) are living with hypertension worldwide, and it is one of
the major risk factors responsible for developing cardiovascular disease
(https://www.who.int/news-room/fact-sheets/detail/hypertension).
Despite the success of anti-hypertensive medications, hypertension and
its complications remain as one of the major burdens both on the health
and on the economy, thus, there is a critical need to discover novel
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strategies. A recent meta-analysis which reviewed the impact of different
antihypertensive strategies in human clinical trials summarized that the
use of functional foods and dietary supplements could be as effective as
anti-hypertensive medications (Caligiuri & Pierce, 2017).

Grapes are a rich source of bioactive compounds, however the
accumulation of these compounds in grapes is affected by different
factors including the variety, maturity, post- harvest storage, environ-
mental factors such as location, light conditions, temperature, nutrition,
water, micro-organisms and viticulture practices (Chen et al., 2020;
Colombo et al., 2020; Perestrelo et al., 2012; Yang et al., 2020). The
main phenolic compounds in grape berries are hydroxycinnamic acids,
stilbenes, flavonoids including anthocyanins and proanthocyanidins
(Gouot et al., 2019). Quercetin which is a flavonoid and resveratrol
which belongs to stilbene group are potent antioxidants, and have been
suggested to have a role in protecting against cardiovascular diseases
(Raj et al., 2015). Condensed tannins named as proanthocyanadins were
also reported to have cholesterol-lowering propertiesand reducing blood
pressure (Kumar et al., 2018). Grapes are also rich in phytosterols and
fatty acids (Gornas et al., 2019; Ruggiero et al., 2013) which may
partially inhibit the intestinal absorption of both dietary and biliary
endogenously produced cholesterol, lowering their circulating levels
and exerting anti-atherogenic and cardio-protective effects (Garavaglia
et al., 2016).

In this review, we will restrict the information included to the effects
of grape bioactives in only one area of health - i.e. hypertension,
commonly termed as high blood pressure. Given the value of the phy-
tochemicals and fatty acids in grapes, we summarize the bioactive
molecules in grapes, composition changes in different grape extracts and
their associated potential benefits in hypertension.

2. Bioactive molecules of grapes

Phenolic acids, flavonoids, anthocyanins, proanthocyanadines and
stilbenes are considered major bioactive compounds in grapes and their
products contributing to the human health (Nassiri-Asl & Hosseinzadeh,
2016; Yang & Xiao, 2013). Various bioactive phenolic compound ex-
tracts in grapes are summarised in Table 1 and Fig. 2. Most of the
phenolic compounds, such as anthocyanins, flavonols, hydroxycinnamic
acid derivatives, and proanthocyanidins are concentrated in the skin of
the berry with minimum amount of resveratrol in the seeds (Rebello
et al., 2013). In addition, flavan-3-ols and proanthocyanidins contents
are predominant in the seeds, while the flesh contains only trace
amounts of anthocyanins and other phenolics.

2.1. Phenolic acids

Phenolic acids can be subdivided into hydroxybenzoic (C6-C1) and
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hydroxycinnamic acids (C6-C3) and their derivatives (Kumar et al.,
2018; Table 1). These acids are found in plants and food as conjugates
and rarely found in free forms. Caffeic acid, chlorogenic acid, coumaric
acid, sinapic acid, and ferulic acid are the major hydroxycinnamic acids,
while syringic acid, gallic acid, gentisic acid, ellagic acid, protocatechuic
acid and vanillic acid are the most significant hydroxybenzoic acids
found in grapes (Colombo et al., 2020; Eyduran et al., 2015; Lutterodt
et al., 2011). These compounds can exist in skin, pulp or seeds with the
highest abundance in the skins (Hornedo-Ortega et al., 2021). The
quantities of total hydroxycinnamic or hydroxybenzoic acids in grape
skins vary based on cultivar and origin (Hornedo-Ortega et al., 2021).
These phenolic acids can be found in free or conjugated forms with
sugars, anthocyanins or condensed tannins through methylation,
glycosylation and acylation processes (Kumar & Goel, 2019). In white
grape varieties, hydroxycinnamic acids are esterified with tartaric acid
forming diverse derivatives (Hornedo-Ortega et al., 2021). Phenolic
acids are used as co-pigment agents because they form stable pigments
in red wine. In addition they contribute to the astringency and bitterness
characteristics of wine (Hornedo-Ortega et al., 2021). It has been re-
ported that concentration and reconstitution process of grapes resulted
in significant losses of phenolic acids such as trans-caftaric acid,
chlorogenic-acid, gallic-acid, caffeic-acid, p-coumaric-acid and syringic-
acid compounds with unchanged antioxidant capacity (Dutra et al.,
2021).

2.2. Flavonoids

Flavonoids are generic secondary metabolites derived from the
phenylpropanoid pathway (Fig. 3), which starts with the phenylalanine
amino acid. The entry enzyme in this pathway is phenylalanine
ammonia lyase (PAL), the first step in the phenylpropanoids pathway
that converts phenylalanine into 4-coumaryl-CoA and subsequently to
tetrahydroxychalcone, from which flavonols are synthesized (Flamini
et al., 2013). Flavonoids have the common C6-C3-C6 backbone structure
and are divided into subfamilies including flavonols, anthocyanins,
flavan-ols and their derivative proanthocyanidins (Gouot et al., 2019).
They are important secondary metabolites that have roles in protecting
plants against biotic and abiotic stresses (Petrussa et al., 2013). Flavo-
noids are concentrated in the outer epidermal layer of the berry skin as
they are involved in the protection against UV light. Their concentration
differs with the developmental stages, where the highest concentration
occurs after few weeks from veraison, then steady state concentration
during early fruit development, followed by a decrease in their level
with the increase in the berry size (Downey et al., 2003).

2.2.1. Proanthocyanidins
Proanthocyanidins are composed of oligomers and polymers of
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Fig. 1. Production of top global table grape producers from 2010 to 2019 (source: USDA Foreign Agricultural Service Report).
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Table 1

Extraction and analysis of bioactives in grapes.
Compounds identified Derivative Matrix Method of extraction Method of analysis Reference
Hydroxybenzoic acids Seed flours NA HPLC Lutterodt et al.

1. Gallic acid
Methyl gallate

2. Ellagic acid Protocatechuic aldehyde

3. Protocatechuic acid

4. Vanillic acid
5. Syringic acid
Cinnamic acid
derivatives
1. Caftaric acid

2. Caffeic acid Esters of caffeic acid

Coumaryl-glucose
3. p-Coumaric acid

Esters of p-coumaric acid

4. Ferulic acid

Flavonols Flavonols/flavonol glucosides

Quercetin-3-glucuronide
1. Quercetin

Quercetin 3-glucoside
2. Rutin Myricetin-3-glucoside
3. Myricetin

Myricetin 3-glucuronide

4 flavan-3-ols
Flavan-3-ol monoglucosides

4. Isorhamnetin
Flavan-3-ols

Galloylated flavan-3-ol dimers

Galloylated and non-glalloylated
flavan-3-ols

1.Catechin

Catechin gallate
Epicatechin gallate

2. Epicatechin Epicatechin gallate

Flavanones
1. Naringenin

Anthocyanins and
anthocyanidins
1. Cyanidin

Anthocyanins

Seed extracts

(V. vinifera)

Whole fruit and Seed
extracts(V. vinifera)

Seed extracts
(V. vinifera)
Not known

Berry extract
Berry extract
Juice and wine

Skin, seeds and flesh of
hybrid cultivar

Skin, seeds and flesh of
hybrid cultivar

Skin and seeds

(V. vinifera)

Skin, seeds and flesh of
hybrid cultivar

Not known

Berry extract
Grape pomace
Skin and seeds
(V. vinifera)
Seed flours

Skin, seeds and flesh of
hybrid cultivar

Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Skin, seeds and flesh of
hybrid cultivar

Skin and seed extract
Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Not known

Grape pomace

Seed flours
Seeds

Skin, seeds and flesh of
hybrid cultivar

Wines and musts

Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Seed flours

Seeds

Wines and musts
Juice and wine

Not known

Grape pomace

Skin and seed extract
wine grape varieties
(V. vinifera) and 1
hybrid variety

Ultrafilteration clean-up
procedure
Ultrafilteration clean-up
procedure

Ultrafilteration clean-up
procedure

Solid-phase extraction
(SPE)

Ultrafilteration clean-up
Ultrafilteration clean-up
NA

SPE
SPE

Solid phase extraction
(SPE)
SPE

Solid-phase extraction
(SPE)

Ultrafilteration clean-up
EtOH

Solid phase extraction
(SPE)

NA

SPE

Solid phase extraction
(SPE)

Solid phase extraction
(SPE)

SPE

NA

Solid phase extraction
(SPE)

Solid phase extraction
(SPE)

Solid-phase extraction
(SPE)

NA

NA

Infrared-assisted
extraction (IRAE)
SPE

NA

Solid phase extraction
(SPE)

Solid phase extraction
(SPE)

NA

Infrared-assisted
extraction (IRAE)
NA

NA

Solid-phase extraction
(SPE)

EtOH

NA

NA

RP-HPLC-PAD-MS

RP-HPLC-PAD-MS
HPLC-DAD-MS

RP-HPLC-PAD-MS
HPLC-DAD-ESI-MS/MS)
HPLC- DAD

HPLC- DAD
RP-HPLC/DAD
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS)
HPLC- DAD

HPLC-DAD
HPLC-DAD-ESI-MS/MS
HPLC
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS

HPLC-DAD
HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS)

Capillary electrophoresis,
HPLC-DAD-MS", LC-ESI-

FTICR-MS
HPLC

HPLC

HPLC-DAD-ESI-MS/MS

HPLC
HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS

HPLC

HPLC

HPLC
RP-HPLC/DAD

HPLC-DAD-ESI-MS/MS)
HPLC-DAD

HPLC-DAD
HPLC-DAD-MS

(2011)

Prodanov et al.
(2013)

Ivanova et al. (2011),
Prodanov et al.
(2013)

Prodanov et al.
(2013)

Colombo et al.
(2020)

Eyduran et al. (2015)
Eyduran et al. (2015)
da Silva Padilha et al.
(2017)

Rebello et al. (2013)

Rebello et al. (2013)

Pérez-Navarro et al.,
2019
Rebello et al. (2013)

Colombo et al.
(2020)

Eyduran et al. (2015)
Amico et al. (2008)
Pérez-Navarro et al.,
2019

Lutterodt et al.
(2011)

Rebello et al. (2013)

Perez-Pérez-Navarro
et al., 2019
Perez-Pérez-Navarro
et al., 2019
Rebello et al. (2013)

Munoz et al. (2008)
Pérez-Navarro et al.,
2019

Pérez-Navarro et al.,
2019

Colombo et al.
(2020)

Rockenbach et al.
(2012)

Lutterodt et al.
(2011)
Cai et al. (2011)

Rebello et al. (2013)

Giirbiiz et al. (2007)
Pérez-Navarro et al.,
2019
Perez-Pérez-Navarro
et al., 2019
Lutterodt et al.
(2011)

Cai et al. (2011)

Giirbiiz et al. (2007)
da Silva Padilha et al.
(2017)

Colombo et al.
(2020)

Amico et al. (2008)
Munoz et al. (2008)
Fraige et al. (2014)

(continued on next page)
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Compounds identified

Derivative

Matrix

Method of extraction

Method of analysis

Reference

2. Malvidin

3. Delphinidin

4. Pelargonidin
5. Peonidin

6. Petunidin

Stilbenes
1. t-Resveratrol

2. t-Piceid

Proanthocyanidins

Cyanidin 3-(6”-Coumaroyl)-glucoside
Cyanidin 3,5-diglucoside
Malvidin-3-glucoside
Malvidin-3,5-diglucoside

Malvidin 3,5-diglucoside
Delphinidin3-glucoside

Delphinidin 3,5-diglucoside
Delphinidin 3-(6"-acetyl)-glucoside
Delphinidin 3-(6"-caffeoyl)-glucoside

Delphinidin 3-(6”-coumaroyl)-
glucoside

Peonidin 3,5-diglucoside
Petunidin 3-glucoside

Petunidin 3,5-diglucoside
Petunidin 3-(6"-acetyl)-glucoside

Trans and cis isomers of resveratrol
dimers

Procyanidin B1, B2
Procyanidin B1, B2

Procyanidin B2

Procyanidin dimmers (B1, B2, B3, B4,
B5 and B6), procyanidin trimer,
procyanidin tetramer

Monomeric flavan-3-ols, dimeric,
polymeric, pentameric
proanthocyanidins

Flavan-3-ol monomers

Grape (V. vinifera)
pomace

Skin and seeds

(V. vinifera)

Skin of Muscadine
grapes

Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Skin of Muscadine
grapes

Skin and seeds

(V. vinifera)

Skin of Muscadine
grapes

Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Skin and seeds

(V. vinifera)

Skin of Muscadine
grapes

Skin and seeds

(V. vinifera)

Skin of Muscadine
grapes

Skin and seeds

(V. vinifera)

Wine

Wine grapes
Grape skin of V. vinifera

Wines and musts
Skin and seeds
(V. vinifera)
Seed flours

Seeds

Seed extracts
(V. vinifera)
Seed extracts
Seed extracts
(V. vinifera)

Seeds of Cabernet
Sauvignon

Seed extracts
(V. vinifera)

Ultrasonication with
acidified MeOH

Solid phase extraction
(SPE)

NA

Solid phase extraction
(SPE)

Solid phase extraction
(SPE)

NA

Solid phase extraction
(SPE)
NA

Solid phase extraction
(SPE)
Solid phase extraction
(SPE)
Solid phase extraction
(SPE)

NA

Solid phase extraction
(SPE)
NA

Solid phase extraction
(SPE)

NA

Supercritical fluid
extraction (SFE) with
ethanol

NA

Solid phase extraction
(SPE)

NA

Infrared-assisted
extraction (IRAE)
Ultrafilteration clean-up
procedure

NA

Ultrafilteration clean-up
procedure

NA

Ultrafilteration clean-up
procedure

Semi-preparative HPLC,
HPLC-DAD-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-ESI-MS
HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS
HPLC-ESI-MS
HPLC-DAD-ESI-MS/MS
HPLC-ESI-MS
HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS

HPLC-DAD-ESI-MS/MS

HPLC-ESI-MS
HPLC-DAD-ESI-MS/MS
HPLC-ESI-MS
HPLC-DAD-ESI-MS/MS
Laser-induced
electrochemical sensor

HPLC/MS", HPLC/DAD-UV
HPLC

HPLC
HPLC-DAD-ESI-MS/MS
HPLC

HPLC
RP-HPLC-PAD-MS
HPLC

RP-HPLC-PAD-MS

Centrifugal partition
chromatography (CPC) and
Q-TOF-MS
RP-HPLC-PAD-MS

Zhao et al. (2020)

Pérez-Navarro et al.,
2019
Huang et al. (2009)

Pérez-Navarro et al.,
2019

Pérez-Navarro et al.,
2019

Huang et al. (2009)

Pérez-Navarro et al.,
2019
Huang et al. (2009)

Pérez-Navarro et al.,
2019
Pérez-Navarro et al.,
2019
Pérez-Navarro et al.,
2019

Huang et al. (2009)

Pérez-Navarro et al.,
2019
Huang et al. (2009)

Perez-Pérez-Navarro
et al, 2019

Zhang et al. (2020)

Kong et al. (2011)
Pascual-Mart1 et al.
(2001)

Giirbiiz et al. (2007)
Pérez-Navarro et al.,
2019

Lutterodt et al.
(2011)

Cai et al. (2011)

Prodanov et al.
(2013)

Kuhnert et al. (2015)
Prodanov et al.
(2013)

Ma et al. (2018)

Prodanov et al.
(2013)

flavan-3-ol subunits singly linked through C4 — C6 or C4 — C8 bonds
(Prior et al., 2001). They differ in the composition and length, but the
nature of the polymerization process whether enzymatic or non-
enzymatic or the number of units still exactly unknown (Gouot et al.,
2019). Proanthocyanidins in grapes are mainly composed of catechin
and epicatechin subunits and their composition and length differs based
on the type of tissues (Chen & Yu, 2017). Berry skin contains longer
polymers with higher mean degree of polymerization (mDP) and are
located mainly in the hypodermal layers of the skin, while the seeds
have shorter polymers with lower mDP and are located in the para-
nchyma cells of the seed coat (Gouot et al., 2019).

The total amount of flavonoid compounds in grape berries ranges
from 1 to 80 mg/Kg of fresh berry with higher concentration in the red
varieties than the white ones (Castillo-Munoz et al., 2010). Some wild
grapes, such as Vitis riparia can contain higher concentration of

flavonoids (111 mg/Kg) than the content in cultivars derived from Vitis
vinifera (Flamini et al., 2013). In red grapes, quercetin, myricetin, and
kaempferol constitute 90% of the total flavonols, while laricitin, iso-
rhamnetin, and syringetin represent 10% of the flavonols (Mattivi et al.,
2006).

2.2.2. Anthocyanins

Anthocyanins are a ubiquitous class of flavonoids that are synthe-
sized from the flavonoid pathway through the condensation of antho-
cyanidins and sugars (Gouot et al., 2019). These compounds are
responsible for all the orange, red, blue, pink, and purple color of grape
berries and their products, such as wines and juices (Mattioli et al.,
2020). Plants accumulate these types of compounds for their biological
and ecological roles including the protection from solar exposure and
the ultraviolet radiation, antioxidant activities, coloration of plants for
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Fig. 2. Bioactive phenolic compounds and lipids in grapes that may have beneficial roles in hypertension.
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3 Malonyl-CoA R —
stilbene biosynthesis
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4 Coenzyme A + 4C0O2 Proanthocyanidin
biosynthesis
OH
HO
OH
Resveratrol

Fig. 3. Biosynthetic pathways of Vitis vinifera in producing major bioactives as a result of phenylpropanoid biosynthesis. Resveratrol is produced directly from the
substrate 4-Coumaryl-CoA by stilbene synthase enzyme. The pathway metabolites such as flavonols, isoflavonoids, anthocyanins and proanthocyanidins are produced
by the substrate 4-Coumaryl-CoA after several enzymatic reactions (Bonghi et al., 2012; https://pmn.plantcyc.org).

attracting pollinators, and defense against pathogen attack and preda- hydroxyl and methoxyl substitutions in their structures (He et al., 2010).
tors (Wen et al., 2020). In addition, anthocyanins are considered natural More than 60% of the anthocyanins in grapes are found as mono-
pigments for coloring foods due to their vibrant color, high water sol- glycosylated form, while the remaining are acylated with non-flavonoid
ubility and safety (Mattioli et al., 2020). phenolics, such as caffeic and p-coumaric acids (Gouot et al., 2019). The

Anthocyanins are glycosides and acylglycosides of anthocyanidins, major anthocyanidins found in grapes are pelargondin, cyanidin, del-
which contains the aglycones flavyliums that differ in the number of the phinidin, petunidin, peonidin, and malvidin, which is the predominant
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anthocyanidins in most red grapes (Samoticha et al., 2017).

Generally, individual anthocyanins are not chemically stable and are
susceptible to oxidation in grape-derived products (Tan et al., 2021).
Anthocyanins in grapes undergo chemical reactions, such as O-glyco-
sylation and C-glycosylation in which the sugar moiety is linked to
anthocyanidins at the C3 positions through glycosidic bonds to form 3-
O-monoglycoside anthocyanins particularly in V. vinifera species, while
in other Vitis species, 3,5-O-diglycoside anthocyanins are the dominant
type (He et al., 2010). For example, in V. vinifera varieties, 3-O-monoglu-
cosides of cyanidin, delphinidin, petunidin, peonidin, and malvidin are
the major types of anthocyanins, while in other varieties pertaining to
V. labrusca, V. rotunfolia, V. rupestris and their hybrids, anthocyanins
with both 3-O-monoglucosides and 3,5-O-diglucosides derivatives are
present.

2.3. Stilbenes

Stilbenes are phytoalexins that naturally found in some edible plants
including grapes (Yang & Xiao, 2013). Various types of stilbenes have
been identified in grapes including cis-and trans-resveratrol (3,5,4'-tri-
hydroxystilbene), resveratrol-3-O-p-p-glucopyranoside (piceid), resver-
atrol dimers (viniferins), piceatannol (3,4,3',5'-tetrahydroxy-trans-
stilbene) (Flamini et al., 2013). Glycosylation process of stilbenes in-
fluence the antioxidative and antimicrobial properties and the storage
and translocation of these compounds and trace amounts of isomeric
and glycosylated forms of resveratrol and piceatannol have found in
grapes (Flamini et al., 2013). The active form of resveratrol is synthe-
sized through the phenylpropanoid pathway from the substrate 4-cou-
maryl-CoA by stilbene synthase enzyme (Fig. 3).

2.4. Lipids

The Lipids are mainly found in seeds of grapes including fatty acids,
tocopherols, tocotrienols, and phytosterols (Gornas et al., 2019).
Comparing the profile of these compounds in different interspecific
crosses of Vitis Species (V. Vinifera, V. riparia, V. amurensis, V. rupestris,
and V. labruska), it was found that the oil content in grape seeds ranged
from 7 to 160 g/Kg DW and the major fatty acids identified were linoleic
acid, oleic acid, and palmatic acid, which constituted more 92-97%
from the total fatty acids content (Gornas et al., 2019). On the other side,
tocopherol and tocotrienol contents ranged between 0.78 and 9.03 g/Kg
oil and the sterols content ranged from 2.91 to 105.9 g/Kg oil (Table 2).

Table 2
Content of major lipids in grape seed oil.
Lipid Amount Reference
Fatty acid (FAMEs Ozcan et al. (2012); Gérnas et al., 2019; Sabir
1. C16:0 %) et al., 2012
5.4-13.2
2. C18:0 1.44-4.69
3. C18:1 cis-9 6.2-31.2
4. C18:2 53.6-83.1
Phytosterols (mg/kg) Garavaglia et al., 2016Martin et al., 2020
1. Stigmasterol 10.2-10.8
2. B-sitosterol 66.4-67.4
3. Sitostanol 3.92-4.7
4. Avenasterol 2.96-3.2
5. 1.99-2.3
Estigmastenol
Tocols (mg/kg)
1. Tocopherol Sabir et al., 2012Garavaglia et al., 2016
e o-tocopherol 14-244
e f-tocopherol 1.1-1.3
o y-tocopherol 24.8-26.2
2. Tocotrienol 60-352 Martin et al., 2020

e q-tocotrienol 4-125
e f-tocotrienol 482-1575
e y-tocotrienol
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Another study has shown that different grape varieties have different
concentration and profile from fatty acid and tocopherol constituents in
the seed oils where the oil concentration ranged from 7.3 to 22.4% with
linoleic acid being the major component (53.6-69.6%) followed by oleic
acid, palmitic acid and stearic acid (Sabir et al., 2012). The seeds oil
extracted from all varieties contained o-tocopherol as the major
tocopherol type (153 to 260 mg/Kg oil extract), while p-tocopherol,
y-tocopherol and &-tocopherol existed in greater less amounts (Sabir
et al., 2012).

3. Bioactive composition analysis in different grape extracts

Different extraction methods have been used to study the bioactives
of grapes in order to identify their potential bioactive molecule
composition. The quantification may be different based on the extrac-
tion method and the used equipment. Extraction and analysis proced-
ures for phenolic compounds are helpful in determining their effects on
bioactivity, bio-accessibility and bioavailability in determination of
health benefits (Rodriguez-Pérez et al., 2019). For example, bioactive
molecules such as resveratrol and quercetin in grape extracts have been
an effect on hypertension and heart damage (Finotti & Di Majo, 2003;
Raj et al., 2015; Theodotou et al., 2017).

Bioactive molecule extraction from grapes and its products is
necessary prior to their utilization in food or nutraceutical preparations.
Some conventional techniques, such as maceration and Soxhlet extrac-
tion are used in extraction but they have some disadvantages including
use of large quantity of solvents, long extraction time, and low extrac-
tion efficiency (Dai & Mumper, 2010). Pressurized liquid extraction
(PLE) is an efficient extraction technique for extracting bioactives from
different matrices and has numerous advantages over the conventional
methods of extraction, such as reduced solvent usage and high recovery
percentage due to the use of high temperature and pressure (dos Santos
Freitas et al., 2008). Among the various factors (solvent type, extraction
time, flush time, sample size, number of cycles, temperature) that affect
the extraction efficiency in PLE, it was found that solvent type had a
significant effect on the yield obtained from grape seeds using PLE fol-
lowed by temperature and number of extraction cycles (dos Santos
Freitas et al., 2013). On the other hand, recent techniques, such as
accelerated solvent extraction (ASE), supercritical fluid extraction
(SFE), ultrasound-assisted extraction (UAE), microwave-assisted
extraction (MAE) have numerous advantages including higher extrac-
tion efficiency, high throughput, reduced solvent and time, and more
environmentally- friendly. Table 1 highlights some of these techniques
that were used for extraction of phenolic compounds from the skin,
flesh, seed, wine, juice, etc. of grape varieties.

3.1. Phenolic fraction

Grape seed extract is a rich and inexpensive source of bioactives
particularly proanthocyanidins; however, its use in food industry is
quite challenging due to its adverse effects on food quality. Phenolics in
grape seed extract cause astringent and bitter taste. The chromato-
graphic techniques that are used to identify and quantify phenolic
compounds in grapes and grape products are summarized in Table 1.
High performance liquid chromatography-diode array detection-
electrospray ionization tandem mass spectrometry (HPLC-DAS-ESI-
MS/MS) was used to identify more than 50 phenolic compounds
including hydroxycinnamic acid derivatives, anthocyanins, flavonols,
stilbenes and flavan-3-ols in the skins and seeds of two Vitis vinifera red
genotypes (Pérez-Navarro et al., 2019). The distribution pattern of these
compounds in grapes enabled the differentiation between the grape
varieties (Huang et al., 2009). Infrared-assisted extraction (IRAE)
coupled with HPLC was developed to determine the phenolic fraction in
grape seeds and the major compounds identified were catechin, epi-
catechin, and procyanidin B2 (Cai et al., 2011). A method utilizing
HPLC-DAD-ESI-MS enabled the identification of more than 40 phenolic
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compounds in the skin of some grape varieties including novel com-
pounds such as protocatechuic acid-glucoside, p-hydroxybenzoyl
glucoside, p-coumaric acid-erythroside, caftaric acid vanilloyl pento-
side, malylated kaempferol-glucoside and resveratrol dimer (Perestrelo
et al., 2012). Monomeric flav-3-ols and polymeric proanthocyanidins
were quantified in grape seed extracts using HPLC method on a diol
stationary phase (Kuhnert et al., 2015).

The phenolic compounds in different berry parts (skin, seeds, and
flesh) of a hybrid grape cultivar BRS were characterized employing SPE
and HPLC-DAD-ESI-MS/MS (Rebello et al., 2013). The fingerprint of
anthocyanins of Brazil-grown wine grapes was determined by HPLC-
DAD-MS and grape varieties showed different profiles, however, the
growing region did not affect the anthocyanin composition (Fraige et al.,
2014). HPLC method employing both DAD and fluorescent detectors
enabled the analysis of wide array of phenolic compounds in skin, seed
and wines from V. vinifera cultivar Cencibel showing 48 compounds
pertaining to benzoic acids, hydroxycinnamic acid, flavan-3-ols, flavo-
nols, anthocyanins, and stilbens (Gomez-Alonso et al., 2007).

3.2. Lipophilic fraction

Although most of the studies attribute the health benefits of grapes to
the phenolics fraction, the lipophilic components in the seeds can be
considered a source of healthy fatty acids, phytoserols and tocopherols,
which can be used in a wide variety of food, cosmetic and pharmaceu-
tical applications (Garavaglia et al., 2016; Ruggiero et al., 2013). Cold-
pressed oils obtained from different grape varieties showed variation in
the percentage of fatty acids with linoleic acid being the most abundant
fatty acid (Lutterodt et al., 2011). Its content was 66.0 g/100 g of total
fatty acids in the seed oil of ruby red variety, while its content was 75.3
g/100 g in the seed oil of concord variety. Other lipophilic compounds,
such as lutein, zeaxanthin, cryptoxanthin, p-carotene and a-tocopherol
were also detected in the oil (Lutterodt et al., 2011).

The aroma in grape and wine is determined by the lipophilc terpe-
noids which affect the quality and organoliptic properties due to its low
olfactory threshold (Sun et al., 2020). During alcoholic fermentation,
the level of unsaturated fatty acids in grape-must have been regulated by
the biosynthesis of aroma compounds (Yan et al., 2019). The supple-
mentation of fatty acids to grape juice modulated the growth and
metabolism of Saccharomyces cervisiae suggesting that the fatty acids
composition of the juice contribute to quality of finish products (Pinu
et al., 2019). It was found that unsaturated fatty acids (UFAs) types and
levels influence the aroma production in the final wine obtained from
Cabernet Sauvignon grape (Liu et al., 2019). In their study, the addition
of oleic acid enhanced the generation of acetate esters in wine, while
linoleic acid facilitated more production of octanoic acid and decanoic
acid. Recently, approximately 102 compounds were identified recently
including monoterpene-triol, monoterpene-tetraol, and sesquiterpenol
glycosides (Caffrey et al., 2020). Fifty eight volatile organic compounds
were identified including monoterpene alcohols (e.g. myrtenol, p-
cymen-7-ol, and p-mentha-1,8-dien-7-ol) using headspace solid-phase
microextraction coupled to GC/MS in grape plants inoculated with
Arbuscular mycorrhizal fungi and rhizobacteria (Velasquez et al., 2020).

3.3. Analysis of juices, wine, seed oil and pomace

The chemical composition of the grape juice differs according to the
grape cultivar. In a study aimed at comparing the chemical composition
of juices in white and red grape cultivars, it was found that red grape
juices were predominated by anthocyanins and tannins and lower con-
centration of flavonols, while in white grape juice, phenolic acids and
tannins existed at higher levels (Natividade et al., 2013). Bio-
accessibility study suggested that greater fraction of skin and seed
phenolics was extracted through juicing while 100% grape juice and
whole fruit both deliver similar phenolic contents to consumers
(Mohamedshah et al., 2020).
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The phenolic compounds in the juices and wines of Brazilian grape
varieties were determined using a RP-HPLC/DAD method (da Silva
Padilha et al., 2017). They identified epigallocatechin and trans-caftaric
acid as the major compounds while resveratrol concentration was
affected by various conditions including the variety of grape vine and
also by processing conditions, such as duration of maceration. It was
found that the concentrations of total phenolics, flavonoids, anthocya-
nins as well as resveratrol reached its maximum with extended macer-
ation time up to 250 days (Ulrih et al., 2020). Phenolic compounds
possess a critical role due to their contribution to organoleptic wine
quality as color, astringency, and bitterness (Hornedo-Ortega et al.,
2021). In-addition, flavonoids are considered the best co-pigmentation
cofactor that contribute to the color of young red wines, and the
strength of co-pigmentation correlates with the quercetin 3-O-glucoside
content (Rustioni et al., 2012). Despite wine is recognized as valuable
source of phenolic compounds, certain restrictions occur due to its
alcohol content where that cannot be classified as functional food
product.

The chemical analysis of the grape seed oil showed that linoleic acid
is the major compound with a percentage of more than 50% and less
quantities of palmitic, stearic, and oleic acids (Pérez-Navarro et al.,
2019; Prado et al., 2012; Santos et al., 2011). In addition, Lutterodt et al.
(2011) found that linoleic acid, the most abundant fatty acid in the cold-
pressed grape seed oil, differed by the variety. Other minor constituents,
such as lutein, zeaxanthin, cryptoxanthin, p-carotene, and a-tocopherol
were also identified in the oil. The GC and GC-MS analysis of fatty acids
in grape seed and grape seed oil showed the presence of high levels of
unsaturated fatty acids and a favourable ratio of omega-6: omega-3 fatty
acids, which indicate their potential health benefits (Khan et al., 2020).
The composition of the oils extracted from three white winemaking
varieties pertaining to V. vinifera was studied and all the three varieties
contained high levels of linoleic acid and eicosenoic acid. p-sitosterol,
y-and o-tocotrienol existed at elevated levels in the oil (Boso et al.,
2018). In non-Vitis vinifera grape species, such as V. coignetiae and
V. ficifolia that are native to Japan, linoleic acid was also the major
unsaturated fatty acid in the seeds (Shiozaki & Murakami, 2016).

Grape pomace was shown to be used as a natural source of antioxi-
dants where the existence of several galloylated and non-galloylated
flavan-3-ols as well as the condensed derivatives of catechin and acet-
aldehyde were detected using HPLC-DAD-MS in the pomace of Cabernet
Sauvignon (Rockenbach et al., 2012). More than 250 flavan-3-ol com-
pounds including several isomers were characterized by Fourier-
transform ion cyclotron resonance mass spectrometry (LC-ESI-FTICR-
MS), which proved to be an efficient tool for analyzing complex phe-
nolics matrix (Rockenbach et al., 2012). A single-step semi —preparative
HPLC method was developed for the separation of high-purity antho-
cyanin monomers from grape pomace, the residue after red winemaking
process (Zhao et al., 2020). After separation, they purified anthocyanin
fractions using column chromatography and analysed by HPLC-DAD-
MS/MS, which yielded 14 anthocyanins with high (90%) purity. It
was found that chemical composition of grape varieties can predict the
sensory attributes of the corresponding wines (Niimi et al., 2020). The
musts and wines produced from white and red grape cultivars grown in
Turkey were analyzed by the HPLC for their chemical composition. Red
wines and musts contained higher amounts of phenolics, however
products of the white grape cultivar had higher concentration of cate-
chin and epicatechin while resveratrol only existed in low concentration
(Giirbiiz et al., 2007).

4. Role of grapes and its products in reducing hypertension
4.1. Potential bioactive molecules in grapes reducing hypertension
While the potential of antihypertensive medication in lowering

blood pressure in human subjects with hypertension is well established,
lifestyle practices such as regular exercise and eating a healthy diet have
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also been reported to have a positive influence on blood pressure control
(Carey et al., 2018). In this regard, studies have reported that food
sources rich in a wide variety of bioactive compounds including poly-
phenols, phenolics, peptides and polyunsaturated fatty acids have
demonstrated blood pressure lowering potential (Ghaffari & Roshanra-
van, 2020). It has been suggested that fruit-derived phenolic compounds
favorably affect four risk factors of cardiovascular diseases: platelet
aggregation, elevated blood pressure, vascular dysfunction and hyper-
lipidemia (Chong et al., 2010). The bioactive compounds in grapes
include phenolic compounds such as phenolic acids, flavonoids, antho-
cyanins, stilbenes, and lipids as described earlier in section 2. Studies
reveal that fruit phenolic compounds affect four risk factors of cardio-
vascular diseases: platelet aggregation, elevated blood pressure,
vascular dysfunction and hyperlipidemia (Chong et al., 2010). Phenolic
acids have broader role in human health benefits including anti-
inflammatory, therapeutic usage, antidiabetic, anti-cancer, anti-
apoptotic, antiageing, hepatoprotective, neuroprotective, radioprotec-
tive, pulmonary protective, hypotensive effect, and antiatherogenic
effects (Kumar et al., 2018). In addition, anthocyanins have health
benefits to humans related to cancer, hepatic and cardiovascular dis-
eases (Bitsch et al., 2004). Proanthocyanidins from grapes especially
from seeds have shown a broad pharmacological and therapeutic health
effects against cardiovascular disease, diabetes mellitus, obesity or
cancer that are related with oxidative stress and inflammatory processes
(Rodriguez-Pérez et al., 2019). The antioxidant, anticancer, anti-
inflammatory, and cardio-protective properties of resveratrol have
been demonstrated through several in vitro studies (Hung et al., 2000;
Tamura et al., 1994). Indeed quercetin and resveratrol are potent anti-
oxidants, and have been suggested to have a role in protecting against
cardiovascular diseases (Finotti & Di Majo, 2003; Raj et al., 2015).
proanthocyanadins were reported to have cholesterol-lowering proper-
tiesand reducing blood pressure (Kumar et al., 2018). Many lipid groups
in berries (unsaturated fatty acids, sterols, terpenoids and others) also
have demonstrated high biological activity and may be important in
cardio-metabolic health. For example, berry seed oils contain high
amounts of polyunsaturated fatty acids and phytosterols that may be
important in cardio-metabolic health (Szakiel et al., 2012). Linoleic acid
is the principal unsaturated fatty acid in grape oil, which is linked to
promoting the cardiovascular health in several studies (Martin et al.,
2020). In addition, pinoresinol, ethyl caffeate and ethyl gallate were
identified in the cold-pressed grape seed oil and showed inhibitory effect
against protein tyrosine phosphatise 1B enzyme (PTP-1B) in type-two
diabetes (Cecchi et al., 2019).

It has been reported that berry sterols (phytosterols) have the ability
to reduce cholesterol levels in humans (Dulf et al., 2012). Anti-
inflammatory, antiviral, wound-, cardio-protective and anti-
carcinogenic properties have been indicated for sterols and triterpe-
noids present in berry seed oils (Szakiel et al., 2012). For example,
phytosterols mainly f-sitosterol, stigmasterol and campesterol in grape
oil are minor lipophilic constituents that have health benefits due to
their antioxidant properties and effect on cholesterol metabolism
(Martin et al., 2020). Berry consumption also contributes to a healthy
gut microbiome, and have been suggested to improve lipid profile of
human plasma and thereby reduce the risk of cardiovascular diseases
(Yang & Kortesniemi, 2015).

4.2. Bio-accesibility and bioavailability of grape bioactive molecules

It is generally recognized that to exert a biological effect, grape
bioactives must be present in sufficient amounts in raw or prepared
foods and should be both bio-accessible and bioavailable. Bio-
accessibility is termed as the fraction released from the food matrix
during gastrointestinal digestion and the bioavailability is termed as the
fraction that reaches systemic circulation in amount high enough to
elicit a response (Mattioli et al., 2020). Bioavailability could be affected
by the food matrix and the food processing. For example, phenolics are
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prone to oxidation during food process, have limited solubility in water
and low bioavailability (Sagis, 2015). To overcome these drawbacks,
microencapsulation using various techniques, such as freeze drying and
spray drying are commonly used to incorporate the grape seed extract in
food and pharmaceutical industries. These techniques regulate the
release of the these bioactives, prevent the contents from oxidation and
increase their stability, and overall enhance the food quality characters
(Sagis, 2015). The final bioactivity of phenolic compounds is dependent
on their release from the grape product during digestion and their ca-
pacity to cross the intestinal barrier as discussed above.

It has been reported that the bio-accessibility of polyphenols from
berry fruits such as grapes is higher compared to other fruits, due to their
low content of non-digestible carbohydrates and protein associated with
an efficient gastrointestinal delivery enhancing their bioavailability
(Olivas-Aguirre et al., 2020). A bio-accessibility study of grapes and
products showed that a greater fraction of skin and seed phenolics
extracted through juicing were highly bio-accessible (Mohamedshah
et al., 2020). It also stated that 100% grape juice and whole fruit con-
sumptions showed a similar trend in phenolic delivery to consumers.
The differences in bioaccessibility of anthocyanins were compared in
grape juice (86-135%) to whole grape (14-39%) as well as for flavan-3-
ols and phenolic acids from grape juice (48-101; 39-85%) to whole
grape (0-3; 9-67%). Therefore, consumption of grapes/ its products
may have beneficial bio-accessibilty and bioavailability to initiate a
biological response. However, molecules such as resveratrol and an-
thocyanins, which are common bioactives present in grapes playing
important role in hypertension exhibit low bioavailability (Mattioli
et al., 2020; Rasines-Perea et al., 2018).

4. Preclinical evidence related to the consumption of grapes and
their products

The results from preclinical studies suggest that grapes and their
products may have antihypertensive properties. One study (Thandapilly
et al., 2012) reported that treatment with whole grape powder for a
period of 10 weeks was able to lower severely high blood pressure in 20-
week-old spontaneously hypertensive rat (SHR). SHR is the most widely
used animal model because it reflects closely the clinical condition of
primary hypertension in humans; more than 90% of hypertensive sub-
jects suffer from this form of hypertension (Carey et al., 2018). The
blood pressure lowering effect of grape powder was associated with an
improvement in blood vessel structure and function in 20-week-old SHR
(Thandapilly et al., 2012). The results of a study using the extract from
grape skins also showed that twelve week treatment (with the extract)
prevented the elevation in blood pressure in 3 week old SHR (da Costa
et al., 2020). The antihypertensive effects of the grape skin extract was
associated with an improvement of superoxide dismutase activity and
lowering of oxidative stress, as well as, lowering of plasma tryglcerides
and cholesterol in grape skin treated SHR (da Costa et al., 2020).
Another study reported that treatment with grape pomace obtained after
red wine processing for a period of 4 weeks lowered high blood pressure
in 12-week-old SHR (Del Pino-Garcia et al., 2017). They reported that
the blood pressure lowering effect of pomace was associated with an
improvement in the expression of antioxidants such as hemoxygenase-1
and superoxide dismutase 2 in the aorta of SHR. The antihypertensive
effect of pomace was also associated with a reduction in expression of
angiotensin converting enzyme (ACE), as well as, an improvement in the
expression of endothelial nitric oxide (eNOS) in the aorta of SHR. ACE is
a critical enzyme responsible for the catalysis of angiotensin II, a major
vasoconstrictor molecule involved in the genesis of hypertension, while
eNOS is an enzyme responsible for the catalysis of the critical vasodi-
lator molecule nitric oxide. In another study, Rasines-Perea et al. (2018)
showed significant lowering of very high blood pressure in SHR upon of
grape pomace supplementation. In this study the authors also identified
metabolites in the urine, blood and tissues of SHR which showed a
showed the presence of 5-(Hydroxyphenyl)-y-valerolactone-O-
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glucuronide, (Epi)catechin-O-glucuronide 1, (Epi)catechin-O-glucuro-
nide 2, O-Methyl-(epi)catechin-O-glucuronide 1, 5-(Hydroxyphenyl)-
y-valerolactone-O-glucuronide 2, Methyl-(epi)catechin-O-glucuronide 2,
Methyl-(epi)catechin-O-glucuronide 3, Di-methyl-(epi)catechin-O-
glucuronide 1, 5-(Hydroxyphenyl)-4-hydroxyvaleric acid-O-sulphate 2
Nd Nd Nd Di-methyl-(epi)catechin-O-glucuronide 2, and 5-(Hydrox-
yphenyl)-y-valerolactone sulphate 1 in the plasma of SHR, and 5-
(Hydroxyphenyl)-y-valerolactone-O-glucuronide 2.50 + 0.25 * 2 and 5-
(Hydroxyphenyl)-y-valerolactone-O-sulphate in the heart tissue. The
authors suggest that these compounds may have contributed to the
antihypertensive effects of grape pomace observed in the SHR.

The effects of grape seed extract has also been studied in the SHR.
One study reported a significant lowering of very high blood pressure in
SHR supplemented with grape seed extract treatment (Margalef et al.,
2017). In this study the authors identified flavanol metabolites in plasma
and aorta of the SHR and its healthy control supplemented with grape
seed extract (Margalef et al., 2017). The total amount of flavanol me-
tabolites and total phenolic content observed were not significantly
different in the plasma of healthy and SHR supplemented groups,
however there were differences observed in the composition. There was
a higher concentration of unconjugated flavanols in the supplemented
SHR, in particular the levels of gallic acid which may be associated with
an overactivation of microbial metabolism observed in the supple-
mented SHR. This study (Margalef et al., 2017) also reports that aortic
tissue showed a significant reduction in flavanol metabolites in the
supplemented SHR in comparison to healthy supplemented rats, how-
ever, the amounts of (-) epicatechin and its metabolites to catechin was
significantly higher in the supplemented SHR group. The authors sug-
gest that the increase in gallic acid and (-) epicatechin and its metabo-
lites in plasma and aorta respectively, may have contributed to the
reduction in blood pressure observed in SHR supplemented with grape
seed extract. However, grape seed extract treatment for a longer dura-
tion (22 weeks) did not reduce severely high blood pressure in 20 week
SHR (Liang et al., 2017). The variance in results observed on effects of in
SHR could be due to a variety of reasons, including differences in type of
extracts and the dose of treatment. The studies done by Margalef et al.,
2017. used a an extract of grape seed which was enriched in phenolic
compounds whereas the study carried out by Liang et al., 2017 used a
grape seed extract which was enriched in proanthocyanidin. Further-
more Margalef et al used a higher dose (375 mg/kg/day) in their study,
while Liang et al., 2017 used a lower dose (250 mg/kg/day) in their
study. Fig. 4 shows the potential mechanisms by which grapes and
grape-products may alleviate hypertension.

Two studies also showed the effects of supplementation with grape
seed proanthocyanidin extract or grape seed polyphenol rich extract in
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rats fed with a cafeteria diet for 12 weeks (Pons et al., 2017) or 3 weeks
(Mas-Capdevila et al., 2020), respectively. The results from both studies
show that grape seed extract supplementation reduced moderately high
blood pressure in the cafeteria-diet fed animals. The mechanisms un-
derlying the antihypertensive affects include reduction of the vasocon-
strictor molecule endothelin 1, and increase in the antioxidant
glutathione (Pons et al., 2017). Supplementation of a proanthocyanidin
rich grape seed extract was also reported to lower very high blood
pressure in salt sensitive rats (Sato et al., 2020).

4.4. Clinical studies related to the consumption of grapes and their
products

There is evidence from human studies to suggest that whole grapes
and grape extract may have blood pressure lowering potential in in-
dividuals with hypertension. Vaisman and Niv (2015) reported that 12-
week consumption of grape powder was effective in lowering blood
pressure in individuals with prehypertension and mild hypertension; the
antihypertensive effect of grape powder in these subjects was associated
with improvement in vascular function and lowering of oxidative stress
(Vaisman & Niv, 2015). Similarly, another study reported that admin-
istration of a wine grape extract for a period of 4 weeks was effective in
reducing blood pressure in mildly hypertensive subjects (Draijer et al.,
2015); the blood pressure lowering effects of the wine extract in these
subjects was associated with the lowering of a potent vasco-constrictor
molecule, endothelin However, clinical studies with grape seed extract
have not showed clear outcomes. One study reported that supplemen-
tation of grape seed extract for 6 weeks lowered blood pressure in mildly
hypertensive subjects; this benefit was associated with improvement in
fasting insulin and insulin sensitivity (Park et al., 2016). Another study
also reported a reduction in blood pressure in pre-hypertensive subjects
who received grape seed proanthocyanidin extract for a period of 12
weeks (Odai et al.,, 2019) However, one study showed that 8-week
supplementation with grape seed extract did not significantly affect
blood pressure in individuals with mild and modest hypertension (Ras
et al., 2013). The differences in results observed on effects of grape seed
extracts could in part be due to the degree of hypertension in the study
subjects. In the studies conducted by Park et al., 2016 and Odai et al.,
2019, the study subjects had a systolic blood pressure up to 139 mm Hg,
whereas the study done by Ras et al included subjects that had systolic
blood pressure up to 159 mm Hg. Other reasons for the variance
observed could be different patient populations. While the Odai et al.,
2019 study included Japanese subjects, the Park et al. study included
subjects of mixed descent 2016, this information is not reported in the
study done by Ras et al., 2013). Furthermore, the compositions of the

Fig. 4. Potential mechanisms underlying the antihypertensive effects of grapes and grape-products. SOD - superoxide dismutase; CAT - catalase; eNOS - endothelial

nitric oxide; Ang II — angiotensin II.
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phenolic compounds in grape seed extract used in the above mentioned
studies are different (Park et al., 2016; Odai et al., 2019; Ras et al.,
2013), and this may have also in part contributed to observed differ-
ences. As is the case with grape seed extract, there is no clear evidence
for grape juice. An early study reported that grape juice supplementa-
tion for a period of 8 weeks lowered blood pressure in hypertensive
subjects (Park et al., 2004). Another study also showed lowering of
blood pressure in pre-hypertensive subjects with grape juice consump-
tion for 8 weeks (Park et al., 2009). Furthermore, 4-week grape juice
supplementation was reported to lower blood pressure at rest in mildly
hypertensive patients (Neto et al., 2017). However, a later study showed
that grape juice administration for 8 weeks was not effective in reducing
blood pressure in individuals with pre-hypertension and mild hyper-
tension (Dohadwala et al., 2010). Similarly, the results of the above-
mentioned clinical study by Draijer et al. (2015) also showed that 4-
week grape juice supplementation did not lower blood pressure in
mildly hypertensive subjects (Draijer et al., 2015). The differences in
results observed on effects of grape seed extract and grape juice could be
due to the differences in length of treatment, severity of the disease,
extracts from different grape cultivars as well as response of treatment in
different populations. The reasons for the variance observed in these
studies may in part be due to the different patient populations. While the
studies of Park et al., 2004 and Park et al. (2009) included Japanese
subjects, the study by Dohadwala et al., 2010 included subjects of mixed
descent; this information is not reported in the study done by Draijer
et al. (2015). Furthermore, difference observed could also be attributed
to the grape varieties used. The studies by Park et al., 2004 and Park
et al. (2009) and Dohadwala et al. (2010) used juice from Concord
grapes, whereas the study by Draijer et al. (2015) used a juice extract
from Rubired grapes. The potential mechanisms underlying the anti-
hypertensive effects of grapes and grape-products are shown in Fig. 4.

Recently, Asbaghi et al. (2021) revealed that grape products con-
sumption compared to controls could significantly reduce systolic blood
pressure and diastolic blood pressure. Authors used human clinical trials
data which reported the effect of grape products supplementation on
systolic blood pressure and diastolic blood pressure based on twenty
eight studies comprising a total of 1344 subjects. Whether the benefits of
grape in hypertension are attributed to certain compound(s) or group of
compounds work synergistically in exerting their benefits is not known,
but advancement in the pharmacokinetics could reveal some of these
answers in the future.

5. Conclusion

Grapes and its derived-products can be rich sources of natural
bioactive compounds, such as flavonoids, stilbenes, anthocyanins, and
anthocyanidins, which can be identified and quantified in different
matrices utilizing the advancement in the chromatographically analyt-
ical techniques. In addition, grapes contain a considerable amount of
lipophilic constituents, such as essential fatty acids, phytosterols and
tocols, which could also contribute to the health benefits associated with
the consumption of grapes and products.

The potential mechanisms underlying the antihypertensive effects
include a lowering of vasoconstrictory molecules such as angiotensin II
and endothelin 1, an improvement of the vasodilatory molecule nitric
oxide, and an attenuation of oxidative stress and inflammation. Pre-
clinical and clinical evidence suggest blood pressure lowering poten-
tial for whole grapes and its derivatives, however, it must be noted that
overall few studies have been carried out to make a strong case for the
antihypertensive effects. Accordingly, it is important to conduct further
preclinical studies using the most relevant animal models of human
hypertension and clinical trials in humans [(at different stages of hy-
pertension (mild and severe), examine the impact of sex difference, and
different study populations (Caucasian, Asian, Black)], and build upon
the limited evidence available to establish the antihypertensive poten-
tial of this amazing fruit.
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