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Abstract

Over the years, pathological implications have often been remarked in the

free radicals formation in the human body, underlining how a diet rich in antioxi-

dant substances can be able to limit oxidative damage. Free radicals are extreme-

ly harmful to living organisms to do they attack different constituents cell, which

leads to acceleration of the ageing process and sometimes, even, cell destruction

or, if the DNA is involved, irreversible malfunctions. Nowadays, a wide range of

food and drink, regularly consumed, have a high antioxidant capacity. So, a ba-

lanced and sustained intake of these substances with antioxidant characteristics is

recommended in the diet. Grapes and grape products, particularly red wine, are a

rich source of antioxidant compounds that, as well as their influence to the colour

and organoleptic properties, have also beneficial to human health. 

Scientific reports show that the antioxidant potential of wine is closely

related to its content in phenolic compounds. The phenolic composition in wine is

affected by a number of factors, including grape variety, fermentation processes,

vinification techniques, aging and geographical and environmental factors (soil

type and climate). 



In this work, the selected italian red wines of the appellation of origin

(DOC) were assayed for their polyphenolic content. The total polyphenols content

(TPC) was determined by the method of Folin-Ciocalteau. The concentration of

eight individual phenolic compounds was determined using a reversed-phase per-

formance liquid chromatography (HPLC) with UV/Vis detector.

Riassunto

Nel corso degli anni sono state più volte evidenziate implicazioni pato-

logiche causate dalla formazione di radicali liberi nel corpo umano, sottolineando

come una dieta ricca di sostanze antiossidanti può essere in grado di limitarne i

danni ossidativi. I radicali liberi sono estremamente nocivi agli organismi viventi

in quanto attaccano i diversi componenti cellulari con conseguente accelerazione

del processo di invecchiamento, talvolta morte cellulare o addirittura, se coinvolto

il DNA, danni irreversibili. Una vasta gamma di alimenti e bevande, oggi consu-

mate regolarmente, possiedono un’elevata capacità antiossidante, pertanto un

dosaggio equilibrato e prolungato di sostanze con tali caratteristiche è racco-

mandato nella dieta. L’uva ed i prodotti da essa derivati, in particolare il vino

rosso, sono una ricca fonte di composti antiossidanti che, oltre ad influenzarne il

colore e le proprietà organolettiche, esercitano azione benefica per la salute del-

l’uomo. Dati scientifici hanno dimostrato infatti, che il potenziale antiossidante del

vino rosso è strettamente correlato al contenuto in composti fenolici.

 La componente fenolica di un vino è influenzata da una serie di fattori,

qualità dell’uva, processi di fermentazione, tecniche di vinificazione, invecchia-

mento e da fattori ambientali e geografici (caratteristiche del terreno, condizioni

climatiche).

Nel presente lavoro è stata valutata la composizione fenolica di campioni

di vino rosso italiani selezionati a denominazione di origine controllata (DOC). Il

contenuto totale di fenoli (TPC) è stato determinato mediante il metodo di Folin-

Ciocalteu. La concentrazione di otto composti fenolici mediante cromatografia li-

quida ad alte prestazioni (HPLC) a fase inversa con rivelatore UV/Vis. 
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Introduction

Over the years, many works has been carried out on the beneficial

effects of phenolic compounds as antioxidant molecules, which help to

neutralize free radicals (1-5). Free radicals are extremely harmful for
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living organisms as they attack different constituents of the cell. This leads

the acceleration of the ageing process and sometimes cell destruction or, if

the DNA is affected, irreversible malfunctions (6). Antioxidants are com-

pounds that inhibit or delay the oxidation of other molecules by inhibiting

the initiation or propagation of oxidizing chain reactions. The antioxidant

activity of phenolic compounds is essentially due to the ease with which a

hydrogen atom from an aromatic hydroxyl group can be donated to a free

radical and the ability of the phenolic moiety to support an unpaired elec-

tron due to delocalization around the π-electron system (7). 

Many studies, furthermore, have shown the antioxidative proper-

ties of phenolic compounds in protection against atherosclerotic patholo-

gies and heart diseases (8-12). Other effects include modulation of

eicosanoid synthesis toward a more antiatherogenic pattern and the

polyphenols have been associated with a reduction of the risk of cancer

(13). 

The phenols are substances naturally occurring in fruit, vegetables

and other nutrients of the human diet and it are characterized by the pres-

ence of one or more benzene-type rings. Structurally, phenolic compounds

comprise an aromatic ring, bearing one or more hydroxyl substituents, and

range from simple phenolic molecules to highly polymerised compounds

(14). Despite this structural diversity, the group of compounds is often

referred to as polyphenols.

Grapes and grape products such as wine, particularly red wine, are

a rich source of antioxidant phenolic compounds. The active phenolic com-

pounds identification, responsible for red wine’s antioxidant properties, has

raised much interest (15-16). These properties provide a rationale for

exploring the polyphenolic content of commercial wines to define those

that are especially abundant and to stimulate the development of enologi-

cal techniques for their enrichment (17).

The literature reports several studies in which the polyphenolic

compounds in wines are mainly determined using chromatographic tech-

niques with UV or  DAD (Diode Array Detector) detector. Many other

works have also involved the use of liquid chromatography coupled with

mass-spectrometry. These techniques are very expensive and consequently

not widely used in routine analyses. 

In this work, the selected italian red wines of the “appellation of

origin” were assayed for their polyphenolic content. DOC wines are pro-

duced in specific well-defined regions according to specific rules designed

to preserve the traditional wine-making practices of the individual regions.
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Therefore, a wine has to meet certain quality standards to be qualify as

DOC. 

The total polyphenols (TPC) was determined by the method of

Folin-Ciocalteau. To identify  individual phenolic compounds, a recently

developed method based on liquid chromatographic system, was used (18).

The  procedure, described in materials and methods section, foresee the use

of equipments easily available in most laboratories, so it is suitable for rou-

tine analyses.

Experimental

Materials and methods
Chemicals: methanol was supplied by Merck (Darmstadt,

Germany), acetic acid by Carlo Erba (Milano, Italy) and water was pre-

viously purified in a Mili-Q system (Millipore, Bedford, MA, USA).

Standards of caffeic acid (99%), (±)-catechin hydrate, chlorogenic acid,

cinnamic acid, (-)-epicatechin, ferulic acid, gallic acid, trans-resveratrol

(Figure 1) and the sodium carbonate were acquired from Sigma (St.Louis,

MO, USA). FC reagent was supplied by Fluka. 

The analyzed compounds belong to the following families: 

• flavonoids (catechin and epicatechin);

• phenolic acids (caffeic, chlorogenic, cinnamic, ferulic and gallic acid);

• derivatives of phenolic acids such as stilbenes (trans-resveratrol). 

trans-resveratrol       (-)-epicatechin         (+)-catechin           gallic acid

caffeic acid             chlorogenic acid        ferulic acid     cinnamic acid 

Fig. 1 – Chemical structure of the phenolic compounds.

8 F. Milano, V. Giannetti, L. Gobbi, L. Recchia, A.M. Tarola



Typology of samples subject to experimentation: a group of red

wines with appellation of origin (DOC) was analyzed. The samples of dif-

ferent vintages were selected from several areas of Italy: Negro Amaro,

Nero d’Avola, Assisi Rosso, Chianti, Montepulciano. The samples were fil-

tered through a PTFE 0.45-µm membrane filter before the spectrophoto-

metric analysis and the chromatographic determination. The samples were

immediately analyzed after the bottle opening. 

Equipments: the concentration of individual compounds was deter-

mined by liquid  chromatography apparatus (Shimadzu Series VP, Kyoto,

Japan) equipped with a control system mod. FCV-10ALVP, two reciprocat-

ing plungers (mod. LC-10ATVP), a solvent degasser (DGU-148), a rheo-

dyne injection system (mod. 7725i) with a 20 µL loop, coupled to a spec-

tro-Monitor L-4250 UV/Vis detector, Merck-Hitachi (Tokio, Japan). The

analytical column was SupelcosilTM LC-18 (150 x 4.6 mm, 3 i.d. mm,

Bellefonte, PA) in conjunction with a SupelguardTM LC-18 (2 x 2.1 mm)

guard cartridge column. Data acquisition was performed by an interface

model Data Apex CSW32 (Prague, Czech). The spectrophotometric mea-

surements were performed by UV/Vis spectrophotometer 554 Perkin-

Elmer, Germany.

Chromatographic procedure: all the polyphenol standard solutions

were prepared in methanol and stored at 4ºC in dark conditions, until their

use. The standard solutions were prepared at least once at week. All the

analyses were carried out in triplicate and in gradient mode after filtration.

The polyphenol compounds, were determined using the optimized method

described in a previously work (18). The procedure was performed with a

gradient elution using 5% acetic acid in methanol (solvent A) and 5%

acetic acid aqueous solution (solvent B) as eluent. The initial conditions

were 21% A and 79% B at a flow rate of 0.4 mL/min. After 5 min,  27% A

and 73% B at a flow rate of 0.5 ml/min with a linear gradient in 1 min. At

15 min solvent B 45% at the same flow rate until termination of the run.

This was followed by a 10 min equilibrium period with the zero time sol-

vent mixture before to injection of the next sample. The eluted compounds

were monitored at wavelength, 280 nm for (±)-catechin, (-)-epicatechin,

gallic and cinnamic acid, 306 nm for trans-resveratrol and ferulic acid and

330 nm for chlorogenic and caffeic acid. The compounds concentration in

red wines were calculated by external standard method.  

Determination of total phenolic content (TPC): the TPC was deter-

mined by the FC reagent (19), using gallic acid as standard. This method

is based on the reduction of a phosphowolframate-phophomolybdate
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complex by phenolic compounds to blue reaction products. To 20 µL of

wine sample (diluted 1:5), introduced into a test tube, were added 1.58 mL

of water and 100 µL of FC reagent. After 8 minutes 300 µL of sodium car-

bonate solution 20% was added and the solution was diluted to 10 mL with

Milli-Q water. The sample absorbance was measured at 765 nm after 30

min of reaction at 40 ºC. The results were expressed as mg of gallic acid

equivalents (GAE) L-1. For the calibration curve preparation, 20 µL

aliquots of 150, 250, 500 and 650 mg/L of aqueous gallic acid solutions

were handled with the same procedure of the wine samples. The determi-

nations were all performed in triplicate.

Results and discussion

The aim of this study was to determine a class of antioxidant com-

pounds that could be present in grapes and consequently in grape products

as wine, and to evaluate the wine total phenolic content, in order to increase

quality standards of a beverage commonly consumed in our country. All

samples, after the bottle opening, were divided in two aliquots, one for the

TPC determination, and the other part for the HPLC/UV analyses. Under

elution conditions, an optimal resolution of eight phenolic compounds was

achieved using a chromatographic method already optimized for other

samples and antioxidant molecules.

Table 1 summarizes the mean values and standard deviations of

three replicate determinations. The table shows catechin and epicatechin as

the two most abundant flavonoid found in the analyzed samples, with con-

centration ranged from 98.31 to 181.19 mg/L and from 53.90 to 102.25

mg/L, respectively. The concentration values of phenolic acids were less

than catechins, except for ferulic acid with a maximum value of 0.23 mg/L.

Significant concentrations of cinnamic acid were also found in all samples

(from 72.98 to 196.84 mg/L). The trans-resveratrol concentrations ranged

from 0.74 to 1.74 mg/L, which were higher in younger wine samples

regardless of the cultivar type.

As seen from the above values and in accordance with other

authors, there is a considerable variability in the wines phenolic concentra-

tions. This variability occurs in samples  produced by the same grape va-

riety as well as from different vintage. 

The results obtained on some analyzed samples were reported in

Table 1 and in Figure 2. 
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The total phenolic content (TPC) was determined by spectrophoto-

metric measurements with the calibration curve of gallic acid and it was

expressed in mg/L. The results ranged from 2,015 (Negro Amaro, Puglia)

to 2,650 mg/L (Chianti, Toscana) showing substantial differences for the

investigated red wines. Table 1 summarizes the mean values of three repli-

cate determinations. Our results are in agreement with those available in

literature. 

Our findings reflect the great and known phenolic composition

variability in wines. The differences in the phenolic content could be due

to a high intrinsic ability of some grape varieties to synthesize these antiox-

idant molecules. Therefore, the territory of origin, the composition of ter-

rain, the type and amount of fertiliser utilized and the climate, become

decisive factors. Moreover, the wine phenolic content is influenced also by

fermentation, the wine making process, technological treatments and the

process of aging. 

The FC method, such as methods for antioxidant activity determi-

nation, is based on the compounds redox properties. Therefore, the TPC

values could partially express the antioxidant activity. The examined wines

showed significant high phenolic levels and consequently high antioxidant

power. 

In conclusion, the analytical method carried out in this work opti-

mizes chromatographic conditions to reach a good separation of eight phe-

nolic wine constituents. This HPLC procedure is able to process a large

number of samples. The described method, involving direct injection into

HPLC, proved to be simple, rapid and reliable and it can be used especial-

ly for routine analyses. 

The work could continue with the determination and the quantifi-

cation of other antioxidant molecules and the analyses of other wine

typologies. Would also be interesting finding possible analogies between

the different cultivar and vintage and the study could be conducted towards

the determination of total antioxidant activity (TAA) in all the samples ana-

lyzed to verify the possible correlation with the total phenolic content

(TPC).
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Fig. 2 – Concentration values (mg/L) of the eight phenolic compounds in the sam-

ple wines analyzed 
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