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Abstract

Fruits of Vitis species (grapes) are one of the most consumed, even as fresh or processed products (such
as juices and wines). Among organoleptic characteristics of these products (e.g., taste, aroma and
freshness), the antioxidant capacity is well known. The review focuses on the classification of
biologically active compounds having antioxidant activity, their analyses and pharmaceutical properties.
Vitis species such as V. vinifera, V. riparia, V. aestivalis, V. rotundifolia, V. rupestris, V. coignetiae, or
V. amurensis have been reviewed. Moreover, possible valorization of these antioxidant compounds, that

also includes wastes from the wine industry, was emphasized and critically discussed.
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1. Introduction

The most known grape species used for wine
production is Vitis vinifera L., which have many
varieties. However, other Vitis species, such as V.
amurensis or V. rupestris are also used [1, 2]. There
are many factors influencing the quality of grapes
and wine products. Some of them are: climate (low
humidity and moderate temperature of about 25-30
°C), soils (sandy, not alkaline and good drainage),
cultivation techniques etc. [3, 4]. The winemaking
process includes many steps that can differ
according to the wine type (white or red). Shortly,
the main steps for white wine production involves
the extraction of the juice and fermentation under
controlled temperature. On the other hand, red
wines requires the previous maceration of the grape
skin and seeds with the juice [5]. However, all
winemaking techniques involves the crushing,
maceration and pressing, resulting in must and
pomace fractions. Sulphiting the must using SO,
amelioration if necessary, when the sugar content
and acidity are corrected. The fermentation step
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involves the development of the yeast, “bubbling”
and “quiet fermentation”, sometimes with the
second fermentation step. The last steps are the
drying off the wine and storage, as well as
maturating and ageing [1, 6]. Finally, the alcoholic
content is in the range 9-15%, total acidity 3.5-5.5
g/L of sulfuric acid, volatile acidity of <0.5 g/L for
white wine and <0.9 g/L for red wine, pH of 2.8-
3.8, total and free SO, content of 70-120 mg/L and
25-40 mg/L, respectively [1, 7-11].

Regarding the surface area of the vineyards, it is
about 7.5 millions of ha in the world. The largest
area is cultivated in Spain, France and Italy (~16%,
11% and 10.3%, respectively). Romania is the
seventh country from this point of view, with a
cultivated area of 2.46% from the world’s area. The
wine production is generally above 700 millions of
liters, of about 27 000 millions of liters all over the
world [1, 2, 12].

There are many grape varieties, even in Europe or in
America. Moreover, grape hybrids are also
developed. From this point of view, the most known
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native American grape varieties, derived from V.
labrusca, are “Concorde” for red wine varieties,

conventional, juice [23]
V. labrusca L. — juice [24]
V. rotundifolia — wine [11]

“Catawba” and “Delaware” for white wine varieties 5

P COOH
[4]. Many of wine grape varieties belong to French- HsC

American grape hybrids (derived from native V. HO

vinifera and V. rupestris, V. lincecumii, V. riparia, Vanillic acid

respectively), such as “Chancellor”, “Maréchal
Foch”, “Chardonel”, or “Seyval Blanc” [4].
European grape varieties belong to the species V.
vinifera and some of the most known are “Cabernet
Sauvignon”, “Merlot”, “Pinot Noir”, or “Syrah” for

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — skin, pulp
[21]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]
V. rotundifolia — wine [11]

the red wines, as well as “Chardonnay”, 0 E00H
“Gewdrztraminer”, “Pinot Blanc”, “Riesling”, or

“Sauvignon Blanc” for white wines [4]. Ho

The chemical composition of grapes, especially OH
from the antioxidant compounds point of view, is Gallic acid
very important for the quality of these fruits, as well

as for the final product — wine. The composition of

various grape species and varieties, the stability and

degradation of these compounds during processing,

as well as the composition and quality of wine

products are systematically presented.

2. Antioxidants from Vitis species

Vitis species and their varieties, even native in
Europe or in America, are used for obtaining wines,
as well as other products. Consequently, grapes and
other parts of the plant and fruits (peel or skin, juice,
stem and leaves) have been extensively studied
from the antioxidant activities and antioxidant

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — vegetative
parts [26]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — leaves [27]
V. vinifera L. — red wines [9]
V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — organic &
conventional, juice [23]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]

V. rotundifolia — skin, seeds
[31]

V. rotundifolia — wine [11]

compound contents point of views. The main 0 COOH

HaC
antioxidant compound classes are hydroxybenzoic

acids, hydroxycinnamic acids, flavanols, flavonols, Ho
hydroxylated stilbenes, procyanidins  and e
anthocyanins [13-19]. The presence of these Syringic acid

antioxidants in various Vitis species are summarized
in Tables 1-6, where the specie/variety, part of the
fruit/plant and the corresponding reference are
presented.

Table 1. The main antioxidant compounds from
hydroxybenzoic acid class, identified in Vitis species

Antioxidant compound Source

HO COOH V. vinifera L. — different
varieties, juices [13]
HO V. vinifera L. — different

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — leaves [27]
V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — organic &
conventional, juice [23]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. aestivalis x V. vinifera —
wine extract [32]

V. rotundifolia — wine [11]

Protocatechuic acid varieties, skin [20]
V. vinifera L. — skin, pulp

[21]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — organic &
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HO o—4
OH
o OH

V. vinifera L. — different
varieties, juices [13]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — juice [24]
V. rotundifolia — skin [33]

wine [30]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]
V. aestivalis x V. vinifera
— wine extract [32]

V. rotundifolia — wine [11]

o V. rotundifolia — skin, seeds
Ellagic acid [31]
V. rotundifolia — wine [11]
COOH V. vinifera L. — different
@ varieties, skin [20]
OH
Salicylic acid

Table 2. The main antioxidant compounds from
hydroxycinnamic acid class, identified in Vitis species

A

ntioxidant compound

Source

HO

p-Coumaric acid

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — vegetative
parts, also o- and m-
coumaric acids [26]

V. vinifera L. — leaves [34]
V. vinifera L. — skin, pulp
[21]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — organic &
conventional, juice [23]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. aestivalis x V. vinifera
— wine extract [32]

V. rotundifolia — wine [11]

0 X COOH
ch/ :@/v
HO

Ferulic acid

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — leaves [34]
V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — organic &
conventional, juice [23]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]
V. aestivalis x V. vinifera
— wine extract [32]

V. rotundifolia — wine [11]

HC :©/\/J\
COOH
HO HoOC /\/

trans-Caftaric aC|d

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, stems [35]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — red wines
[l

V. vinifera L. — stem [36]
V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]

o) CooH
HiC™ ~
HO
e

Sinapic acid

V. vinifera L. — different
varieties, skin [20]

V. labrusca L. — juice &
wine [28]

V. rotundifolia — wine [11]

HO

HO

Caffeic acid

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — leaves [34]
V. vinifera L. — skin, pulp
[21]

V. vinifera L. — leaves [27]
V. vinifera L. — red wines
[9]

V. vinifera L. — red wines
[l

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — organic &
conventional, juice [23]

V. labrusca L. — juice &

COOH

/@/\/M COOH

trans- COUtaI’IC acid

V. vinifera L. — different
varieties, skin [20]

w COOH
HOOC

trans-Fertaric aCId

V. vinifera L. — different
varieties, skin [20]

QAA

OH

Chlorogenic acid

COOH

V. labrusca L. — juice &
wine [28]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — organic &
conventional, juice [23]
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Table 3. The main antioxidant compounds from flavanol
and flavonol classes, identified in Vitis species

Antioxidant compound

Source

(+)-Catechin

V. vinifera L. — different
varieties, juices [13, 37]
V. vinifera L. — juices [6]
V. vinifera L. — vegetative

parts [26]

V. vinifera L. — red wines
[38]

V. vinifera L. — red grape
seeds [39]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — red wines
[9]

V. vinifera L. — grape
cane [40]

V. labrusca var. Bordo —
organic and conventional,
leaves, juice [41, 42]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. rotundifolia — skin,
seeds [31]

OH
(-)-Epigallocatechin

V. vinifera L. — juices [6]
V. vinifera L. — red wines
[38]

V. labrusca L. — juice &
wine [30]

OH

(-)-Epicatechin gallate

OH
\\\\©[
OH

OH

OH

V. vinifera L. — red wines

[38]

V. vinifera L. — red wines
[l

V. labrusca L. — juice &
wine [28]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice &
wine [30]

V. rotundifolia — skin,
seeds [31]

HO o \©i

V. vinifera L. — different
varieties, juices [13, 37]

OH o
Kaempferol

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — vegetative
parts [26]

V. vinifera L. — skin, pulp
[21]

V. labrusca var. Bordo —
organic and conventional,
leaves, juice [41, 42]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice [24]
V. rotundifolia — skin [33]

Kaempferol-3-O-Glu / Gal /
glucuronide
Kaempferol-3-O-Rut

V. vinifera L. — different
varieties, stems [35]

V. vinifera & V. riparia /
V. labrusca/ V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. labrusca L. — juice &

wine [28]
V. vinifera, V. candicans,
V. champinii, V.

amurensis, V. cinerea, V.
doaniana — berry [44]

OH V. vinifera L. — juices [6]
V. vinifera L. — red wines
“OH [38]
OH ) V. vinifera L. — red grape
(-)-Epicatechin seeds [39]
V. vinifera L. — skin, pulp
[21]
V. vinifera L. — red wines
[9]
V. vinifera L. — grape
cane [40]
V. labrusca L. — peel,
pulp, seed [22]
V. labrusca L. — varieties,
juice [29]
V. labrusca L. — juice [24]
V. rotundifolia — skin,
seeds [31]
OH V. vinifera L. — juices [6]
OH V. vinifera L. — red wines
[38]
OH

OH

(+)-Gallocatechin

OH (0]
Quercetin

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — vegetative
parts [26]

V. vinifera L. — red grape

skin [39]

V. vinifera L. — leaves
[27]

V. vinifera L. — red wines
[9]

V. labrusca var. Bordo —
organic and conventional,
leaves [41]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]
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V. labrusca L. — juice [24]
V. rotundifolia — skin [33]
V. rotundifolia — skin,
seeds [31]

V. amurensis — leaf, stem
[45]

Quercetin-3-O-glucuronide

V. vinifera L. — stem [36]
V. vinifera, V. candicans,
V. champinii, V.
amurensis, V. cinerea, V.
doaniana — berry [44]

OH
HO o ©/

V. vinifera L. — vegetative
parts [26]

V. labrusca L. — juice &
wine [28]

Quercetin-3-O-Glu / Gal

V. vinifera & V. riparia /
V. labrusca/ V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. labrusca L. — juice &

wine [28]
V. vinifera, V. candicans,
V. champinii, V.

amurensis, V. cinerea, V.
doaniana — berry [44]

OH O
Naringenin
Naringin V. labrusca var. Bordo —
organic and conventional,
leaves, juice [41, 42]
wo, L o - V.labrusca L.— juice &
fj’ o “ wine [28]
He?” o /O/Sq ‘ OH
Hesperidin

Rutin (quercetin-3-O-Rha-Glu)

V. vinifera L. — red grape
skin [39]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — leaves
[27]

V. labrusca var. Bordo —
organic and conventional,
leaves, juice [41, 42]

V. vinifera & V. riparia /
V. labrusca / V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — varieties,
juice [29]

V. vinifera, V. candicans,
V. champinii, V.
amurensis, V. cinerea, V.
doaniana — berry [44]

OH (o]
Isorhamnetin

V. vinifera L. — different
varieties, stems [35]

V. vinifera L. — red wines
[9]

V. labrusca L. — varieties,
juice [29]

Isorhamnetin-3-O-glucuronide /
Glu

V. vinifera & V. riparia /
V. labrusca/ V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. vinifera, V. candicans,
V. champinii, V.
amurensis, V. cinerea, V.
doaniana — berries [44]

Isorhamnetin-3-O-(6-O-feruloyl)-
Glu

V. vinifera L. — different
varieties, stems [35]

OH o
Laricitrin-3-O-glucuronide /
Glu / Gal

V. vinifera & V. riparia /
V. labrusca / V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. vinifera, V. candicans,
V. champinii, V.
amurensis, V. cinerea, V.
doaniana — berries [44]

Isoquercitrin (quercetin-3-O-Glu)

V. vinifera L. — skin, pulp
[21]

OH o
Myricetin

V. vinifera L. — different
varieties, juices [13]

V. vinifera L. — leaves
[27]

V. vinifera L. — red wines
[9]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice [24]
V. rotundifolia — skin [33]

Hie™ ““OH
OH
Quercitrin
Quercitrin-3-O-Rut / glucuronide

V. vinifera L. — different
varieties, stems [35]

Myricetin-3-O-Glu / Gal /
glucuronide / Rha

V. vinifera & V. riparia /
V. labrusca / V.
lincecumii / V. rupestris —
hybrids, juice [43]

V. vinifera, V. candicans,
V. champinii, V.
amurensis, V. cinerea, V.
doaniana — berries [44]

CH
O/ 3

OH ¢}

Syringetin-3-O-Glu/Gal
(R: Glu/ Gal)

V. vinifera & V. riparia /
V. labrusca / V.
lincecumii / V. rupestris —
hybrids, juice [43]
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OH

Procyanidins B1-B4
(R™: H or OH)

V. vinifera L. — juices [6]
V. vinifera L. — grape
cane [40]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel,
pulp, seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice &
wine [30]

o
o_ o N O
HO O
HO" 10K
OH oH

Piceid

V. vinifera L. (Cabernet
Sauvignon) — juices [37]
V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — leaves [27]
V. amurensis — juice [47]
V. amurensis — leaf, stem
[45]

Table 4. The main antioxidant compounds from stilbene
derivative class, identified in Vitis species

Antioxidant compound

Source

HO O

OH
trans-Resveratrol

OH
O

V. vinifera L. — different
varieties, juices [13, 37]
V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — red grape
skin [39]

V. vinifera L. — skin, pulp
[21]

V. vinifera L. — leaves [27]
V. vinifera L. — red wines
[9]

V. vinifera L. — grape cane
[40]

V. labrusca var. Bordo —
organic and conventional,
leaves, juice [41, 42]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — pulp, seed,
exocarp [46]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice [24]
V. rotundifolia — skin,
seeds [31]

V. amurensis — juice [47]
V. amurensis — leaf, stem
[45]

e-Viniferin

V. vinifera L. — different
varieties, skin [20]

V. vinifera L. — different
varieties, stems [35]

V. vinifera L. — stem [36]
V. vinifera L. — grape cane
[40]

V. amurensis — leaf, stem
[45]

o]
OH

I OH
OH

OH

Ampelopsin A

V. vinifera L. — grape cane
[40]

V. amurensis — leaf, stem
[45]

HO

HO

.
o

Pallidol

OH

V. vinifera L. — grape cane
[40]

V. vinifera L. — grape cane
[40]

cis-Resveratrol

V. labrusca L. — juice &
wine [28]
V. amurensis — juice [47]

V. vinifera L. — grape cane
[40]

V. amurensis — leaf, stem
[45]

OH
Piceatannol
OH V. vinifera L. — different
/@N varieties, juices [13]
V. labrusca L. — peel, pulp,
HO
Tyrosol seed [22]

V. labrusca L. — juice [24]

Scirpusin A (R': OH, R% H)
Isoscirpusin A (R': H, R% OH)

V. vinifera L. — grape cane
[40]
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Table 5. The main antioxidant compounds from
anthocyanin class, identified in Vitis species

V. aestivalis — wine [25]

Antioxidant compound

Source

O OH
R2
o

HO SR

R
+
N
=

1
HO l o)
50 HO

Peonidin-3,5-0-diGlu (R%:
OMe, R3: Glu, R?*: H)

V. vinifera L. (red varieties)
— juices [6]

Vitis labrusca L. —red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

V. rotundifolia — skin [33]

Peonidin-3-0-(6-O-acetyl)-Glu
(R': OMe, R?3: H, R* Ac)

V. vinifera L. — hybrids, skin
[49]

V. viniferaxV. labrusca
hybrid — wine [48]

OH
Pelargonidin-3-O-Glu (R**: H)

V. vinifera L. (red varieties)

— juices [6]

V. vinifera L. — red wines
[9]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]

Peonidin-3-0-(6-O-acetyl)-Glu-
5-0-Glu (R': OMe, R?: H, R3:
Glu, R* Ac)

Vitis labrusca L. — red
wines [12]

Peonidin-3-0-(6-O-cis-
cumaroyl)-Glu (R%: OMe, R?3;
H, R*: cis-cumaroyl)

V. vinifera L. — hybrids, skin
[49]

V. viniferaxV. labrusca
hybrid — wine [48]

Peonidin-3-O-(6-O-trans-
cumaroyl)-Glu (R OMe, R?3;
H, R*: trans-cumaroyl)

V. vinifera L. — hybrids, skin
[49]

Petunidin-3-O-Glu (R%: OH, R%
OMe, R34: H)

V. vinifera L. (red varieties)
— juices [6]

V. labrusca L. — juice &
wine [28]

V. viniferaxV. labrusca
hybrid — wine [48]

V. aestivalis — wine [25]

Peonidin-3-0-(6-O-c/t-p-
cumaroyl)-Glu-5-O-Glu (R:
OMe, RZ H, R3: Glu, R*:
cis/trans-p-cumaroyl)

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

Petunidin-3,5-O-diGlu (R%: OH,
R? OMeg, R%: Glu, R*: H)

V. vinifera L. — hybrids, skin
[49]

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

V. rotundifolia — skin [33]

Petunidin-3-0-(6-O-acetyl)-
Glu-5-0-Glu (R: OH, R%
OMe, R3: Glu, R* Ac)

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

Petunidin-3-0-(6-O-c/t-p-
coumaroyl)-Glu-5-O-Glu (R%:
OH, RZ OMe, R3: Glu, R*:
cis/trans-p-coumaroyl)

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

Peonidin-3-O-Glu (R*: OMe,
R4 H)

V. vinifera L. (red varieties)

— juices [6]

V. vinifera L. — hybrids, skin
[49]

V. vinifera L. — red wines
[9]

Vitis labrusca L. — red
wines [12]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]

Malvidin-3-O-Glu (R*?: OMe,
R34 H)

V. vinifera L. (red varieties)
— juices [6]

V. vinifera L. — different
varieties, stems [35]

V. vinifera L. — hybrids, skin
[49]

V. vinifera L. — red wines
[9]

V. vinifera L. — stem [36]
Vitis labrusca L. — red
wines [12]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]

Malvidin-3,5-O-diGlu (R
OMe, R3: Glu, R* H)

V. vinifera L. — different
varieties, stems [35]

V. vinifera L. — hybrids, skin
[49]

Vitis labrusca L. — red
wines [12]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
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V. aestivalis — wine [25]
V. rotundifolia — skin [33]

Malvidin-3-O-(6-O-acetyl)-5-
O-Glu (R*%: OMe, R3: Glu, R*:
Ac)

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

Malvidin-3-0-(6-O-cumaroyl)-
Glu (R*% OMe, R3: H, R*:
cumaroyl)

V. vinifera L. — hybrids, skin
[49]

V. viniferaxV. labrusca
hybrid — wine [48]

Malvidin-3-0-(6-O-caffeoyl)-
Glu (R?: OMe, R%: H, R*:
caffeoyl)

V. vinifera L. — stem [36]
V. viniferaxV. labrusca
hybrid — wine [48]

Malvidin-3-0-(6-O-caffeoyl)-
Glu-5-0-Glu (R*2: OMe, R
Glu, R*: caffeoyl)

Vitis labrusca L. — red
wines [12]

R34: H)

— juices [6]

V. vinifera L. — hybrids, skin
[49]

V. vinifera L. — red wines
[l

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]
V. labrusca L. — juice [24]

Malvidin-3-O-(6-O-feruloyl)-
Glu (R*% OMe, R3: H, R*:
feruloyl)

V. vinifera L. (red varieties)
— juices [6]

Malvidin-3-O-(6-O-acetyl)-Glu
(R¥2: OMe, R%: H, R* Ac)

V. vinifera L. — hybrids, skin
[49]

V. viniferaxV. labrusca
hybrid — wine [48]

Delphinidin-3,5-0-diGlu (R*2:
OH, R%: Glu, R* H)

V. vinifera L. — hybrids, skin
[49]

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

V. rotundifolia — skin [33]

Malvidin-3-0-(6-O-c/t-p-
coumaroyl)-Glu-5-O-Glu (R'?2:
OMe, R3: Glu, R* cis/trans-p-
coumaroyl)

Vitis labrusca L. — red
wines [12]

V. viniferaxV. labrusca
hybrid — wine [48]

Delphinidin-3-0O-(6-O-
cumaroyl)-Glu (R*2% OH, R% H,
R*: cumaroyl)

V. vinifera L. — hybrids, skin
[49]

V. viniferaxV. labrusca
hybrid — wine [48]

Cyanidin-3-O-Glu (R!: OH, R*
4 H)

V. vinifera L. (red varieties)

— juices [6]

V. vinifera L. — red wines
[9]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]
V. labrusca L. — juice [24]

Various pyranoanthocyanins
(e.g., 3-O-Glu/(6-O-p-
coumaroyl)-Glu-10-(3-
hydroxy/3,4-dihydroxy-phenyl-
pyrano-petunidin / peonidin /
malvidin / dephinidin)

Vitis labrusca L. — red
wines [12]

Table 6. The main antioxidant compounds from vitamin

classes (tocopherol
identified in Vitis species

and tocotrienol,

ascorbic acid),

Antioxidant compound

Source

Cyanidin-3,5-O-diGlu (R*: OH,
R3: Glu, R?*: H)

V. vinifera L. — hybrids, skin
[49]

Vitis labrusca L. — red
wines [12]

V. labrusca L. — juice &
wine [28]

V. labrusca L. — peel, pulp,
seed [22]

V. labrusca L. — varieties,
juice [29]

V. viniferaxV. labrusca
hybrid — wine [48]

V. labrusca L. — juice &
wine [30]

V. labrusca L. — juice [24]
V. aestivalis — wine [25]

V. rotundifolia — skin [33]

OH
HO . o_ _o
V\S—f
HO OH

V. labrusca L. — pulp, seed,
exocarp [46]

V. labrusca L. — varieties,
juice [29]

V. labrusca L. — organic &
conventional, juice [23]

Ascorbic acid

R

a-Tocopherol (R13: Me)
B-Tocopherol (RY3: Me, R% H)
y-Tocopherol (R: H, R?3: Me)

V. vinifera L. — seed oil
[50]

V. labrusca L. — pulp, seed,
exocarp [46]

V. amurensis — leaf, stem
[45]

Cyanidin-3-O-(6-O-acetyl)-Glu

V. vinifera L. — hybrids, skin

(R OH, R?3: H, R* Ac) [49]
Cyanidin-3-O-(6-0O- Vitis labrusca L. — red
coumaroyl)-Glu-5-O-Glu (R%: wines [12]

OH, R% H, R3: Glu, R* p-
coumaroyl)

V. viniferaxV. labrusca
hybrid — wine [48]

§-Tocopherol (R H, R%: Me)

a-Tocotrienol (RY3: Me)
B-Tocotrienol (RY3: Me, R% H)
y-Tocotrienol (R': H, R*3: Me)

V. vinifera L. — seed oil
[50]

Delphinidin-3-O-Glu (R*? OH,

V. vinifera L. (red varieties)
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3. Antioxidant activity evaluation for Vitis
species

There are many methods and techniques used for
antioxidant activity evaluation of various samples.
These are classified as in vitro and in vivo methods,
but other techniques such as electrochemical and
chemiluminescent methods have also been used.
Among these, in vitro methods are frequently used
for antioxidant activity evaluation of Vitis species.
The antioxidant mechanisms are generally based on
electron transfer reactions or hydrogen atom transfer
reactions. In the first class, the total phenols
guantification (Folin-Ciocalteu), Trolox equivalent
antioxidant capacity (TEAC), ferric ion reducing
antioxidant power (FRAP), cupric ion reducing
antioxidant capacity (CUPRAC), and 2,2-diphenyl-
1-picrylhydrazyl (DPPH-) methods are widely used.
On the other hand, the second class involves oxygen
radical absorbance capacity (ORAC) or total
radical-trapping antioxidant parameter (TRAP)
methods were applied [51, 52].

Vitis specie juices, wines and extracts from various
plant parts were evaluated by Folin-Ciocalteu,
DPPH-, ABTS, TEAC, FRAP methods [8, 9, 11, 14,
15, 19, 21, 26-28, 30, 35, 36, 40, 47, 49, 53-58].
There are many studies dealing with the antioxidant
activity evaluation of Vitis species and only the
most recent ones are cited in the present review,
such in the cases of V. vinifera, V. labrusca, V.
rotundifolia, V. coignetiae and V. amurensis.

4. Conclusions

In this review, a comprehensive survey on the
antioxidant compounds found in Vitis species was
emphasized. Various parts of the plant have been
considered in this regard. It is the case of whole
fruit or its juice, skin (pericarp) and pulp, as well as
stems and leaves. Antioxidants identified and
quantified in these parts of Vitis species were
presented and summarized according to organic
compound classes. Thus, hydroxybenzoic and
hydroxycinnamic acids, flavanols, flavonols, and
their glycosides, hydroxystilbenes, their glycosides,
di- and trimers, anthocyanidins and the
corresponding anthocyanins, as well as some
antioxidant vitamins were considered. Finally, a
short presentation of the methods and techniques
that were applied for the evaluation of antioxidant
activity of Vitis species was presented, with
focusing on the most recent studies.
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