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Abstract The aim of this study was to assess the influ-

ence of different winemaking technologies on the chemical

characteristics and, in particular, on the phenolic fraction of

Aglianico, Montepulciano, Nero di Troia and Sangiovese

wines produced in Apulia, Southern Italy. Four different

winemaking technologies were compared: control (tradi-

tional, 5 days of maceration at 25 �C with three daily

punching-down), prolonged maceration (10 days), addition

of ellagic tannins and cryomaceration (24 h at 5 �C using

dry ice), without any other oenological treatment. Results

showed that the different technologies slightly influenced

the phenolic fraction of Aglianico, which is known to be

naturally rich of phenols. On the contrary, the prolonged

maceration led to an increase of total phenols (TP) in Nero

di Troia (2,592 mg/kg vs. 2,115 mg/kg of control) and a

decrease in Sangiovese (869 mg/kg vs. 1,013 mg/kg); the

addition of tannins led to an increase of TP in Monte-

pulciano (1,358 mg/kg vs. 1,216 mg/kg) and to a decrease

in Sangiovese (916 mg/kg vs. 1,013 mg/kg); and cryoma-

ceration led to a decrease of anthocyanins in all cultivars

(about 15%). Phenols extraction from grapes was found to

be mostly dependent on the grape variety rather than on the

applied winemaking technology.

Keywords Anthocyanin composition � Italian wines �
Phenolic compounds � Winemaking techniques

Introduction

Grapes contain a large amount of different phenolic com-

pounds in skins, pulp and seeds, which are partially extracted

during winemaking [1]. These compounds, together with

those deriving from the chemical reactions occurring during

winemaking and ageing, play a fundamental role in some

sensory properties of grapes and wines, such as colour,

astringency and taste [2, 3]. Moreover, phenolic compounds

show some biological properties, such as antioxidant, anti-

atherosclerosis, anti-inflammatory activities, and cardio- and

cancer-protective effects [4, 5]. Indeed, a moderate con-

sumption of red wine, maximum two glasses per day, is

actually recommended since it appears associated with a

decreased incidence of cardiovascular diseases, due to the

presence of phenolic compounds. Therefore, the increase of

their concentration and intake, by improving their extraction

during maceration, is of great interest. Anthocyanins are

pigments responsible for the colour of red wines, which are

transferred to wine during the earliest stages of maceration

that are characterised by absence and/or minimum presence

of ethanol. Tannins are extracted from grape skins and seeds

during the alcoholic fermentation. The final colour of wine

depends on the extraction of phenolics from grape pomace,

which is affected by some factors such as grape variety,
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Via Amendola 165/A, 70126 Bari, Italy

e-mail: g.gambacorta@agr.uniba.it

D. Antonacci � A. Coletta
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length and temperature of skin contact, and addition of

exogenous tannins. Pérez-Lamela et al. [6] observed that the

colour in Sousón, Mencı́a and Brancellao wines was influ-

enced by the grape variety. In fact, the anthocyanic finger-

print of young wines obtained by classical fermentation on

skins is a characteristic of each variety, although their initial

evolution follows a general trend [7]. The use of prolonged

maceration is a practice that increases anthocyanins, tannins

and polymeric pigment concentration [8, 9]. A change in

process temperature is another effective method that influ-

ences phenolics extraction, because temperature affects cell

and membrane permeability in grape berries [10]. The

prefermentative cold maceration, the so-called cryomacer-

ation or cold soak, has been widely used in the production of

white wines in order to enhance the extraction of aroma

compounds from grapes [11, 12]. Recently, this technology

has been employed in the production of red wines in order to

improve the extraction of pigments, tannins and aromas from

grape skins [13–16]. Dry ice (solid carbon dioxide) is the

most used cryogen to lower temperature; it causes the

freezing of the grape skins leading to cellular breakdown

that, in turn, favours pigments release and solubilisation.

Moreover, dry ice induces a thermal shock that rapidly cools

down must and inhibits polyphenoloxidases enzymes and

sublimes to blanket the must, protecting it from oxygen

before fermentation. The formation of polymeric pigments

between anthocyanins and flavanols allows the preservation

of wine colour. Such anthocyanin stabilisation may be

improved by the addition of exogenous tannins, deriving

from grape skins and seeds and ellagic. Recently, it has been

reported that the addition of grape seed tannins increases the

phenolic content of Primitivo musts and wines [17], and the

colour intensity and antioxidant activity of wine obtained

with short time of maceration from Castelão/Tinta Miúda

blend cultivars [18].

Aglianico, Montepulciano, Nero di Troia and Sangiov-

ese, widely grown in Southern Italy, are non-aromatic red

grape vines (Vitis vinifera L.) from which wines with

different phenolic characteristics are produced. To the best

of our knowledge, little information is available about

phenolic composition of these cultivars as affected by

winemaking techniques.

The aim of the present study was the assessment of the

influence of four different winemaking technologies on the

phenolic fraction of Aglianico, Montepulciano, Nero di

Troia and Sangiovese wines produced in Apulia region,

Southern Italy.

Materials and methods

Samples and vinifications

The research was conducted on September–October 2008

on grapes from two commercial vineyards located in

Minervino Murge (Aglianico and Nero di Troia) and San

Severo (Montepulciano and Sangiovese) territories (Apulia

region, Southern Italy). Aglianico (a late-maturation cul-

tivar) and Nero di Troia (a medium-late-maturation culti-

var) vines were trained on espalier trellis, grafted on S04,

planted 0.8 m apart in rows and spaced at 2.0 m

(6,250 plants/ha), whereas Montepulciano and Sangiovese

(medium-late-maturation cultivars) vines were trained on

tendone trellis, grafted on 140 Ru and 1,130 Paulsen,

respectively, planted 2.5 m apart in rows and spaced at

2.5 m (1,600 plants/ha).

For each cultivar, about 1,200 kg of grapes picked at the

so-called ‘‘technological maturity’’ corresponding to total

soluble solids value of 20–24�Brix, previously de-stem-

med, was used for each of the winemaking technologies

described in Table 1. All vinifications (three replicates)

were performed in 100-kg-capacity thermostatic stainless

steel microvinificators. A total of 4 9 4 9 3 = 48 vinifi-

cations were made in the following order (three times of

each technology for each cultivar): Sangiovese, Monte-

pulciano, Nero di Troia and Aglianico. At the end of

Table 1 Winemaking technologies tested

Winemaking

technology

Action

Control (C) 5 day of maceration at 25 �C with 2 punching-down per day. Addition of yeast (Saccharomyces cerevisiae,

Zymasil, 15 g/100 kg, AEB, Brescia, Italy), yeast activator (preparation based on ammonium phosphate

bibasic, thiamine chlorohydrate, yeast cell walls, cellulose, Bioact Plus, 25 g/100 kg, Oliver Ogar,

Montebello Vicentino, Italy) and potassium metabisulphite (15 g/100 kg), without any further oenological

treatment

Prolonged maceration (PM) As control, but with 10 days of maceration

Addition of tannins (AT) As control, but with the addition of 10 g/100 kg of powder ellagic tannins of oenological international codex

grade (Ellagitan�, AEB, Brescia, Italy)

Cryomaceration (CM) As control, but with the cooling of de-stemmed grapes until 5 �C using dry ice (about 12 kg/100 kg of pellets)

and maintenance of the sample at 5 �C for 24 h
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alcoholic fermentation and after static decantation, wines

were racked into dark green Bordeaux bottles without any

post-treatment and stored at room temperature for about

3 months until analysed.

Chemical analyses

For each cultivar, a 300-berry sample was picked at vintage,

cutting and leaving intact part of the peduncle, from dif-

ferent parts of bunches. For each sample, three lots con-

sisting of 30 berries were taken and submitted to analysis

(three replicates). To obtain phenolic skin extracts, berry

skins were manually removed from the pulp, dried with

filter paper and then macerated in 75 mL of ethanol/water/

HCl solution (70/30/1, v/v; ethanol-hydrochloric acid

solution) for 20 h in the dark at room temperature; finally,

the extracts were filtered on filter paper and subjected to

phenol analyses [19]. The pulp was pressed, and the juice

was analysed for total soluble solids (TSS, �Brix), pH and

titratable acidity (TA, g/L tartaric acid) according to EEC

2676 standard procedure [20]. Chemical characteristics of

wines were assessed by determining ethanol (E, % v/v), pH,

TA, volatile acidity (VA, g/L acetic acid), malic acid (MA,

g/L), lactic acid (LA, g/L), dry reduced extract (DRE, g/L)

and ashes (g/L) by means of a FOSS WineScan FT120 FT-

MIR spectrometer (FOSS, Padova, Italy).

Phenol analysis

Phenol composition of skin extracts and wines and colour

indices of wines were determined according to the methods

reported by Di Stefano and Cravero [19] using an UV–

visible spectrophotometer (Shimadzu UV 1601, Columbia,

Maryland, USA). The detailed procedures for the analysis

of flavonoids (F), anthocyanins (A), total polyphenols (TP),

proanthocyanidins (P) and flavans reactive with vanillin

(FRV) are reported by Baiano et al. [17].

HPLC–DAD anthocyanin analysis

Analysis of anthocyanin compounds was performed by

high-performance liquid chromatography (HPLC) accord-

ing to the protocol reported by Revilla and Ryan in 2000

[21], using an Agilent 1,200 apparatus (Agilent, Palo Alto,

CA, USA) with a photodiode array detector (DAD) and an

injection valve with a 20-mL loop. The samples, previously

filtered on 0.45-lm Nylon membrane, were injected into a

Zorbax SP C18 (100 9 4.6 mm, 1.8 lm, Agilent, Palo

Alto, CA, USA) column and eluted at a flow rate of 0.5 mL/

min with water-acetonitrile (95:5, v/v) (solvent A), and

water-acetonitrile (50:50, v/v) (solvent B), both adjusted to

pH 1.8 with perchloric acid. The gradient program of sol-

vent A was as follows: 0 to 4.8 min from 95 to 90%, 4.8 to

16.8 min 80%, 16.8 to 21.6 min 70%, 21.6 to 31.2 min

60%, 31.2 to 40.8 min 55%, 40.8 to 48.0 min 0%, 48.0 to

58.0 min 0%, 58 to 60 min 95% and 60 to 80 min 95%.

Detection was performed at 520 nm, and quantitative

analysis was made according to external standard method

on the basis of a calibration curve obtained by the injection

of solutions at different concentration of malvidin-3-glu-

coside (R2 = 0.9991). Tentative identification of anthocy-

anin compounds was achieved by combining elution pattern

and data found by Revilla and Ryan [21]. Results were

expressed as mg/kg berries for skin extracts and as mg/L for

wines of malvidin-3-glucoside equivalents.

Statistical analysis

Chemical analyses were repeated three times for each

sample. The analysis of variance (ANOVA) and the F test

were performed by means of the Statistica 6.0 software

(StatSoft, Inc. Tulsa, OK, USA) in order to evaluate the

effects of cultivar and technology and their interaction. The

least significant difference (LSD) post hoc multiple range

test was used to compare means for main effects. Many

interactions between cultivar (CV) and technology (TL)

were observed, but only those regarding phenol compounds

and colour indices (F, flavonoids; A, anthocyans; TP, total

polyphenols; FRV, flavans reactive with vanillin; P, pro-

anthocyanidins; CI, colour intensity; and T, tonality), and

the most relevant anthocyanins assessed by HPLC (del-

phinidin-3-glucoside, cyanidin-3-glucoside, malvidin-3-

glucoside, total acylated anthocyanins and total anthocya-

nins) are shown in bar graphs and discussed.

Results and discussion

Qualitative characteristics of grapes

Table 2 shows the technological ripening indices and the

phenolic composition of grapes at vintage. Results were

related to the different varieties, as discussed hereafter.

Aglianico and Montepulciano had the highest TSS and TA

contents, showing an optimal ripening status. Nero di Troia

showed the lowest TA and, consequently, the highest pH,

which are the characteristic of this variety at full matura-

tion stage. The highest values of all phenol parameters

were found for Aglianico, followed by Montepulciano,

Nero di Troia and Sangiovese for flavonoids and anthoc-

yans, and by Nero di Troia, Montepulciano and Sangiovese

for total polyphenols, flavans reactive with vanillin and

proanthocyanidins.

Anthocyanin composition of grapes at vintage deter-

mined by HPLC is reported in Table 3. As expected, the

results were very different among the cultivars, confirming

Eur Food Res Technol (2011) 233:1057–1066 1059

123



T
a

b
le

2
C

h
em

ic
al

an
d

p
h

en
o

li
c

ch
ar

ac
te

ri
st

ic
s

o
f

g
ra

p
es

at
v

in
ta

g
e

(m
ea

n
s

±
S

D
)

C
u

lt
iv

ar
T

S
S

(�
B

ri
x

)
p

H
T

A
(g

/L
)

M
A

(g
/L

)
F

(m
g

/k
g

)
A

(m
g

/k
g

)
T

P
(m

g
/k

g
)

F
R

V
(m

g
/k

g
)

P
(m

g
/k

g
)

A
g

li
an

ic
o

2
5

.3
±

0
.4

3
.4

1
±

0
.0

4
5

.7
0

±
0

.1
2

0
.8

9
±

0
.0

8
4

,2
7

6
±

2
1

0
2

,9
7

2
±

2
2

5
3

,5
1

6
±

1
1

8
1

,5
9

8
±

9
0

4
,3

6
6

±
2

1
2

M
o

n
te

p
u

lc
ia

n
o

2
4

.0
±

0
.1

3
.4

9
±

0
.0

4
6

.7
5

±
0

.1
0

2
.1

2
±

0
.0

5
2

,9
8

0
±

3
7

1
,6

3
0

±
2

1
9

1
,8

1
4

±
1

5
7

9
7

±
4

9
2

,4
6

9
±

5
2

N
er

o
d

i
T

ro
ia

2
2

.0
±

0
.2

4
.0

4
±

0
.0

4
3

.2
4

±
0

.1
6

0
.9

0
±

0
.0

4
2

,5
7

9
±

3
9

1
,3

8
0

±
1

9
2

,1
8

5
±

3
3

9
5

6
±

2
5

3
,2

7
4

±
2

9

S
an

g
io

v
es

e
2

2
.5

±
0

.3
3

.6
6

±
0

.0
1

4
.8

3
±

0
.1

7
1

.3
8

±
0

.1
5

1
,7

2
2

±
5

8
1

,1
8

1
±

6
4

1
,3

5
3

±
1

4
2

3
4

7
±

1
4

1
,5

6
3

±
7

6

T
S

S
to

ta
l

so
lu

b
le

so
li

d
s,

T
A

ti
tr

at
ab

le
ac

id
it

y
:

as
ta

rt
ar

ic
ac

id
,

M
A

m
al

ic
ac

id
,

F
fl

av
o

n
o

id
s:

as
(?

)-
ca

te
ch

in
,

A
an

th
o

cy
an

s:
as

m
al

v
id

in
-3

-g
lu

co
si

d
e,

T
P

to
ta

l
p

o
ly

p
h

en
o

ls
:

as
g

al
li

c
ac

id
,

F
R

V
fl

av
an

s
re

ag
en

t
w

it
h

v
an

il
li

n
:

as
(?

)-
ca

te
ch

in
,

P
p

ro
an

th
o

cy
an

id
in

s:
as

cy
an

id
in

ch
lo

ri
d

e

T
a

b
le

3
A

n
th

o
cy

an
in

co
m

p
o

si
ti

o
n

o
f

g
ra

p
es

at
v

in
ta

g
e

(m
g

/k
g

o
f

b
er

ri
es

±
S

D
:

as
m

al
v

id
in

-3
-g

lu
co

si
d

e
eq

u
iv

al
en

ts
)

C
u
lt

iv
ar

D
f

C
y

P
t

P
n

M
v

D
f-

A
c

C
y
-A

c
P

t-
A

c
P

n
-A

c
M

v
-A

c
D

f-
C

m
C

y
-C

m
P

t-
C

m
P

n
-C

m
M

v
-C

m
T

o
ta

l
an

th
o
cy

an
in

s

A
g
li

an
ic

o
8
4

±
8

7
4

±
9

1
4
6

±
1
4

1
1
8

±
1
0

8
6
8

±
5
3

tr
0
.6

±
0
.2

tr
0
.7

±
0
.3

1
4
0

±
1
2

tr
tr

6
5

±
8

tr
6
4
6

±
5
6

2
,1

0
3

±
1
8
1

M
o
n
te

p
u
lc

ia
n
o

4
2

±
4

3
5

±
4

6
9

±
7

1
9
2

±
2
2

2
6
2

±
1
8

6
.1

±
1
.1

2
.7

±
0
.5

2
.7

±
0
.6

1
0
8

±
1
2

8
4

±
6

3
.2

±
0
.8

2
7

±
3

tr
1
8
6

±
2
3

1
3
8

±
1
2

1
,1

5
9

±
9
8

N
er

o
d
i

T
ro

ia
1
8

±
3

3
.0

±
0
.7

3
5

±
5

3
6

±
4

1
9
2

±
1
6

1
.4

±
0
.7

1
2

±
3

1
7
.7

±
1
.9

2
4

±
3

7
0

±
6

8
.1

±
1
.9

1
9

±
3

2
2

±
3

1
3
6

±
1
5

2
0
4

±
1
5

7
9
8

±
6
6

S
an

g
io

v
es

e
1
0
7

±
1
0

1
7
4

±
2
3

1
5
5

±
1
2

2
0
9

±
2
3

2
5
5

±
2
3

tr
tr

tr
tr

0
.3

±
0
.1

tr
tr

tr
tr

6
.3

±
1
.3

9
0
7

±
4
5

D
f

d
el

p
h
in

id
in

-3
-g

lu
co

si
d

e,
C

y
cy

an
id

in
-3

-g
lu

co
si

d
e,

P
t

p
et

u
n
id

in
-3

-g
lu

co
si

d
e,

P
n

p
eo

n
id

in
-3

-g
lu

co
si

d
e,

M
v

m
al

v
id

in
-3

-g
lu

co
si

d
e,

D
f-

A
c

d
el

p
h
in

id
in

-3
-a

ce
ty

l-
g
lu

co
si

d
e,

C
y-

A
c

cy
an

id
in

-3
-a

ce
ty

l-
g
lu

co
si

d
e,

P
t-

A
c

p
et

u
n
id

in
-3

-a
ce

ty
l-

g
lu

co
si

d
e,

P
n
-A

c
p
eo

n
id

in
-3

-a
ce

ty
l-

g
lu

co
si

d
e,

M
v-

A
c

m
al

v
id

in
-3

-a
ce

ty
l-

g
lu

co
si

d
e
,

D
f-

C
m

d
el

p
h
in

id
in

-3
-c

o
u
m

ar
o

y
l-

g
lu

co
si

d
e,

C
y-

C
m

cy
an

id
in

-3
-c

o
u
m

ar
o

y
l-

g
lu

co
si

d
e,

P
n
-C

m
p
eo

n
id

in
-3

-c
o
u
m

ar
o
y
l-

g
lu

co
si

d
e,

P
t-

C
m

p
et

u
n
id

in
-3

-
co

u
m

ar
o
y
l-

g
lu

co
si

d
e
,

M
v-

C
m

m
al

v
id

in
-3

-c
o
u
m

ar
o
y
l-

g
lu

co
si

d
e

tr
tr

ac
es

(\
0
.1

m
g
/k

g
o
f

b
er

ri
es

)

1060 Eur Food Res Technol (2011) 233:1057–1066

123



that the anthocyanic profile of the grapes is typical of each

cultivar, even if the amount of the different anthocyanins

can change as a consequence of environmental and pedo-

climatic conditions and vineyard management [22–25]. In

Aglianico, anthocyanins concentration was about twice than

in the other cultivars. Malvidin forms accounted for about

79% of the total anthocyanins. Non-acylated forms were

higher than coumarate and acetate ones. Montepulciano

differentiated for the highest content of peonidin forms,

estimated to be about 42% of total anthocyanins, and equals

to malvidin forms, and for the presence of all acylated

anthocyanins with the exception of Pt-Cm. Nero di Troia

was characterised by a 58% of malvidin forms, with the

prevalence of non-acylated and coumarate compounds, and

by the presence of all acylated anthocyanins. The propor-

tion of anthocyanins found in Aglianico and Nero di Troia

Table 4 Chemical characteristics of wines as a function of both cultivar and winemaking technology

Source of variation E (% v/v) pH TA (g/L) VA (g/L) MA (g/L) LA (g/L) DRE (g/L) Ashes (g/L)

Cultivar (CV)

Aglianico 13.6a� 3.37d 6.87a 0.30a 0.84b 0.29d 26.4a 2.72b

Montepulciano 13.0b 3.68c 5.24b 0.28ab 1.41a 0.65c 22.9bc 2.33c

Nero di Troia 12.9b 3.81b 3.59c 0.32a 0.18d 1.09b 23.7b 3.42a

Sangiovese 12.2c 3.96a 3.31d 0.25b 0.25c 1.72a 22.4c 3.39a

Significance *** *** *** * *** *** *** ***

Technology (TL)

C 12.9a 3.73 4.93a 0.29 0.82a 0.86b 23.9b 2.89a

PM 12.8b 3.74 4.52c 0.32 0.42c 1.19a 24.9a 2.77b

AT 13.0a 3.70 4.71b 0.28 0.73b 0.82b 23.4c 2.67c

CM 13.0a 3.65 4.85ab 0.26 0.72b 0.88b 23.3c 2.54d

Significance ** ns *** ns *** *** *** ***

Interaction CV 9 TL

Significance *** ns *** ** *** *** *** ***

E ethanol, TA titratable acidity: as tartaric acid, VA volatile acidity: as acetic acid, MA malic acid, LA lactic acid, DRE dry reduced extract

ns, *, **, and *** indicate not significant and significant at P B 0.05, P B 0.01, and P B 0.001, respectively
� In columns, data followed by different letters for each source of variation are significantly different by LSD test at P = 0.05

Table 5 Phenolic composition of wines as a function of cultivar and technology

Source of variation F (mg/L) A (mg/L) TP (mg/L) FRV (mg/L) P (mg/L) CI T

Cultivar (CV)

Aglianico 1,836a� 717a 2,297a 746b 3,161b 21.4a 0.53d

Montepulciano 995c 380b 1,288b 248c 1,176c 8.4b 0.91b

Nero di Troia 1,745b 338c 2,306a 937a 3,646a 7.6b 0.79c

Sangiovese 512d 242d 891c 134d 573d 5.2c 1.24a

Significance *** *** *** *** *** *** ***

Technology (TL)

C 1,340a 447a 1,661b 436b 2,083b 11.6a 0.87

PM 1,205c 404bc 1,749a 545a 2,263a 10.6b 0.85

AT 1,294ab 437ab 1,701ab 541a 2,041b 10.5b 0.87

CM 1,250bc 387c 1,671b 544a 2,169ab 10.0b 0.89

Significance *** *** * *** ** ** ns

Interaction CV 9 TL

Significance *** *** *** *** *** ** *

F flavonoids: as (?)-catechin, A anthocyans: as malvidin-3-glucoside, TP total polyphenols: as gallic acid, FRV flavans reactive with vanillin: as

(?)-catechin, P proanthocyanidins: as cyanidin chloride, CI colour intensity, T tonality

ns, *, **, and *** indicate not significant and significant at P B 0.05, P B 0.01, and P B 0.001, respectively
� In columns, data followed by different letters for each source of variation are significantly different by LSD test at P = 0.05
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agrees with the results reported by Lovino et al. [24] and by

Tamborra and Esti [25]. Finally, Sangiovese showed a

peculiar anthocyanin profile, characterised almost exclu-

sively by non-acylated forms, in agreement with data

reported in literature [26, 27].

Chemical characteristics of wines

Chemical characteristics of wines were in agreement with

grapes ripening (Table 4). Aglianico showed higher values

of ethanol, TA and DRE followed by Montepulciano, Nero

di Troia and Sangiovese. Winemaking technologies exerted

little influence on the basic characteristics of wines. As

compared to control (C), prolonged maceration (PM) led to

a decrease in TA and malic acid, due to a prolonged contact

of the must with the pomace that induced tartaric precipi-

tation and malolactic fermentation, and to an increase in

DRE for the enhanced extraction of solids. The addition of

tannins (AT) and cryomaceration (CM) exerted a minor

impact with slight decrease in TA, MA and DRE. Inter-

actions between cultivars (CV) and technology (TL) were

ascertained for all chemical characteristics of wines, with

the exception of pH.

Phenolic composition of wines

Phenolic composition and colour indices of wines are

reported in Table 5. As expected, cultivar had a strong

impact on phenolics and colour indices, which resulted to

be closely related to the raw material. Aglianico and Nero

di Troia showed the highest values of phenolics, confirm-

ing that these cultivars are particularly rich in phenol

compounds; for this reason, they were used in the past for

blending with other red wines [28, 29]. However, Nero di

l
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Fig. 1 Interactions between cultivar and technology on main

phenol compounds of wines. F flavonoids (a); A anthocyanins

(b); TP total polyphenols (c); FRV flavans reagent with vanillin (d);

P proanthocyanidins (e); CI colour intensity (f); T tonality (g); Df
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Troia wines were poor in A, in agreement with the raw

material. Montepulciano and Sangiovese were the poorest

in phenolics, in accordance with the lower phenolic content

of grapes. Colour indices strongly depended on the culti-

var, and the colour intensity (CI) resulted to be almost

inversely correlated with the tonality (T). In particular,

Aglianico showed the highest value of CI, about four times

higher than Sangiovese, and the lowest value of T (less

than a third than Sangiovese). These results were in

accordance with the A content of the two varieties.

Winemaking techniques exerted a certain influence on

the extraction of phenolic substances. As compared to the

control, the PM led to a less content of F and A and to an

enrichment of TP, FRV and P. The decrease in A could be

explained both by different reactions that involved antho-

cyanins during the more prolonged step of maceration

[7, 30–32] and by their adsorption on yeast cell walls [33].

No influence on phenolics was exerted by tannins addition,

with the exception of FRV that increased. The application

of CM caused a decrease in F and A and an increase in

FRV. All technological practices caused a slight decrease

in CI, but had no effect on T.

Interactions between CV and TL were found for all

parameters. In particular, Aglianico showed the highest

values of F, but when PM and CM were applied, F was less

than Nero di Troia (Fig. 1a). Montepulciano showed higher
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Fig. 2 HPLC-UV

chromatograms (absorbance at

520 nm) of Aglianico wines

obtained by different

technologies. a Control;

b prolonged maceration;

c addition of tannins;

d cryomaceration. 1, Df; 2,
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values of A than Nero di Troia, except for PM treatment,

which improved the extraction of anthocyanins from Nero

di Troia grapes (Fig. 1b). PM and CM treatments led to

greater amount of TP in Nero di Troia with respect to

Aglianico, showing that these technologies could be used

to increase the TP content in this wine (Fig. 1c). As

compared to the control, the applied technological prac-

tices led to higher extraction of FRV in Nero di Troia and

Montepulciano and lower FRV extraction in Aglianico and

Sangiovese, respectively (Fig. 1d). Concerning P, behav-

iour similar to TP index was observed (Fig. 1e). PM

technique led to a CI value in Montepulciano lower than

that in Nero di Troia (Fig. 1f). Finally, all three treatments

led to lower values of T in Nero di Troia (Fig. 1g) than in

the control. On the whole, the investigated winemaking

techniques when applied to Nero di Troia caused enrich-

ment in phenols, in particular for A that plays an important

role on sensory characteristics of wine, whereas when

applied to Sangiovese determined impoverishment in

phenolic substances, probably due to the poor phenols

content of the grapes used.

Anthocyanin profiles of wines

Figure 2 shows the HPLC chromatograms of Aglianico

wines obtained by different technologies, whereas in

Table 6 are reported the anthocyanic composition of wines

as a function of cultivar and technology. As expected,

Aglianico wines were characterised by total anthocyanins

content 2–3 times higher than the other varieties (Table 6).

As already observed for grapes, also the anthocyanic pro-

files of wines were found cultivar-dependent. Similar

results have been reported by Garcı́a-Beneytez et al. [34] in

several cultivars grown in Spain. Moreover, anthocyanic

composition of wines was found quite different from the

corresponding grapes due to both the different chemical

structures of each anthocyanin and their degradation reac-

tions occurring during winemaking [7].

As compared to the control, the applied technologies

exerted a certain impact on anthocyanin profile, as showed

by the high significance found. The extension of macera-

tion time (10 vs. 5 days) led to a decrease of about 10% of

total anthocyanins, involving all anthocyanins, except Cy.

This result confirms that the maximum extraction of colour

during fermentation on skins occurs between the 3th and

6th days of maceration [7, 30, 32, 35]. Moreover, the 5-day

extended maceration led to an increase in TP, FRV and P

(Table 5), which could promote a greater polymeric pig-

ment formation [36]. The addition of tannins led to a slight

increase in most anthocyanins, especially the non-acylated

(except Cy) and coumarated (except Pt-Cm and Mv-Cm)

ones. Finally, the cold prefermentative maceration with dry

ice led to a slight decrease in total anthocyanin, essentially

ascribed to the coumarate forms.

Interaction between CV and TL was found for all

anthocyanins. As compared to the control, no differences

were observed in Df (unstable anthocyanin) content among

Montepulciano, Nero di Troia and Sangiovese PM and AT

wines (Fig. 1h). Regarding Cy (another unstable anthocy-

anin), PM caused an increase but only in Aglianico and

Table 6 Anthocyanic composition of wines as a function of both cultivar and technology (mg/L: as malvidin-3-glucoside equivalents)

Source of

variation

DfA Cy Pt Pn Mv Df-

Ac

Cy-

Ac

Pt-

Ac

Pn-

Ac

Mv-

Ac

Df-

Cm

Cy-

Cm

Pt-

Cm

Pn-

Cm

Mv-

Cm

Total

anthocyanins

Cultivar (CV)

Aglianico 19.9a� 1.2b 26.1a 25.4a 232.6a 10.4a 8.9a 4.9a 4.5b 18.1b 0.9b 1.1a 3.3b 0.0b 17.6a 374.9a

Montepulciano 1.9b 7.2a 0.7d 6.7b 67.1d 1.4c 3.3b 0.0c 5.6a 20.9b 1.1a 0.7b 1.0c 4.2a 8.8c 131.4c

Nero di Troia 1.7b 0.0c 8.4c 7.0b 79.1c 1.9b 3.0b 1.7b 0.0c 46.9a 0.7c 1.1a 4.3a 0.0b 14.6b 170.4b

Sangiovese 0.8c 0.1c 11.8b 6.4b 104.2b 0.0d 0.0c 0.0c 0.0c 0.0d 0.0d 0.0c 0.0d 0.0b 0.0d 123.3d

Significance *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

Technology (TL)

C 5.6c 2.1b 11.4c 10.7b 121.3b 4.5a 4.5a 2.2a 2.9a 23.5a 0.7b 0.8b 2.8a 1.1b 11.3a 205.5b

PM 5.6c 2.5a 9.9d 9.3c 110.6c 1.9c 2.6c 0.8d 2.5c 19.7b 0.6b 0.5c 1.9c 0.6d 10.0c 179.0d

AT 6.9a 1.8c 14.6a 13.9a 129.6a 3.6b 4.0b 1.9b 2.1d 20.7b 0.9a 0.9a 2.3b 1.6a 10.9b 215.8a

CM 6.2b 2.0b 12.0b 11.5b 121.5b 3.6b 4.2ab 1.7c 2.7b 21.9ab 0.5c 0.6c 1.6d 0.9c 8.7d 199.7c

Significance *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

Interaction CV 9 TL

Significance *** *** *** *** *** *** *** *** *** *** ** ** *** *** *** ***

** and *** indicate significant at P B 0.01 and P B 0.001, respectively
� In columns, data followed by different letters for each source of variation are significantly different by LSD test at P = 0.05
A The name of anthocyanins is explained in footnote of Table 2
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Montepulciano cultivars (Fig. 1i). Conversely, PM caused

a decrease in Mv, the most stable anthocyanin, in Nero di

Troia and Sangiovese cultivars, whereas the adding of

tannins promoted a Mv increase, but only in Aglianico

(Fig. 1j). Regarding the acylated anthocyanins, compounds

that are well known to disappear during wine ageing, PM

and CM caused a decrease in Aglianico and Nero di Troia,

especially for PM technology (Fig. 1k). Finally, total

anthocyanins (Fig. 1l) showed a trend similar to Mv

(Fig. 1j). These results suggest that tannins could be added

during maceration in order to increase anthocyanins

extraction in Aglianico, whereas the use of prolonged

maceration should be avoided for Sangiovese and Nero di

Troia.

Conclusions

The grape cultivars investigated in this work, Aglianico,

Montepulciano, Nero di Troia and Sangiovese, showed

different phenol contents and composition. The applied

winemaking techniques exerted different impacts on the

phenol fraction of wines: only a slight influence was

observed for Aglianico due to its natural richness in phe-

nols, whereas prolonged maceration and addition of tannins

led to enrichment in total phenols of Montepulciano and

Nero di Troia. As for Sangiovese, all the applied tech-

niques led to a decrease in phenols. The results obtained in

this study support the conclusion that phenol structure of

wines is mostly dependent on the grape variety rather than

the winemaking technology. Nevertheless, the effect of

technology needs to be further investigated, since it seems

to be linked to the intrinsic characteristics of grapes in

terms of ripening and richness in phenols.
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