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IV. ABSTRACT 

 

    Wines are an important source of phenolic compounds. Red wines have a 
polyphenol content (especially tannins but also anthocyanins, flavonols, resveratrol 
and phenolic acids) considerably higher and different than whites. The phenolic 
content of wines is often described by two values that are called IPT and is 
representative of the total phenolic profile and anthocyanin index that is 
representative of  the anthocyanins of a wine. The goal of this study is to try 
understanding how the different phenolic families contribute to the total polyphenolic 
index of the wine. For this reason representative compounds of some major phenolic 
families have been studied. The molecular absorbance was measured by a UV 
spectrophotometer at wavelength of 280 nm. From the result we calculated the 
polyphenolic index per milligram and the polyphenolic index of each compound used. 
This gave us an idea of the ‘’weight’’ that the different molecules have. Continuously 
combinations in pairs were made in order to try simulate better the wine environment. 
From the result obtained, we understood that total polyphenolic index per milligram 
for wine is a very complicated variable based both, in the ‘’weight’’ that the phenolic 
compounds have but also in the proportion that can be found in wine. 

 

 

 

Key words: phenolic content, total polyphenolic index, phenolic families, UV 
spectrophotometer 
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1. INTRODUCTION 

 

1.1  Polyphenolic compounds in wine 

    One of the most important wine parameter, determining some organoleptic and 
sensorial properties, is its polyphenolic content (Ribéreau-Gayon et al, 2006). 
Phenolics in plants may act as phytoalexins, antifeedants, and attractants for 
pollinators, contributors to plant pigmentation, antioxidants and protective agents 
against UV light, among others (Shahidi, 2003). Meanwhile in food, phenolics may 
contribute to the bitterness, astringency, color, flavor, odor and oxidative stability of 
food. In addition to their health-protecting capacity and some properties other than 
nutritional of plants, phenolics are of great importance to both consumers and 
producers. In wine phenolics have an important role in pigmentation (in red but also 
in white wines), aging, oxygen-depleting compounds, bitter and astringent features, 
which are determinants for the wine taste and character and are responsible for all 
the differences between red and white wines. They have interesting, healthful 
properties such bactericidal, antioxidant and vitamin properties that apparently 
protect consumers from cardiovascular disease (Renaud, S.C. et al ,1992). 

    These molecules come from different parts of grape bunches and are extracted 
during winemaking. In grapes, synthesis of polyphenols is induced by factors such as 
grape cultivar, developmental stage of the berry and maturation, climatology, UV 
radiation and viticultural practices. It can also be affected by fungal infection (Botrytis 
cinerea) and injuries (Versari et al, 2001) . Although primarily of grape origin, smaller 
amounts may be extracted from wood cooperage. Only trace amounts are derived 
from yeast metabolism. Furthermore their structure varies greatly when wine ages in 
the barrel or in the tank and in the bottle, according to the conditions, however the 
dynamics of their production, concentration, and stability are still inadequately 
understood (Ronald Jackson, 2008).  

    Chemically, phenols are cyclic benzene compounds, possessing one or more 
hydroxyl groups associated directly with the ring structure. Although containing 
alcohol groups, they do not show the properties typically associated with aliphatic 
alcohols. The major phenolics found in wine are either members of the 
diphenylpropanoids (flavonoids) or phenylpropanoids (non flavonoids). In addition, 
there are related (phenyl) compounds that do not possess one or more hydroxyl 
groups on the phenyl ring and are correspondingly strictly not phenols. Non 
flavonoids can be classified in hydroxybenzoic acids and hydroxycinnamic acids 
while flavonoids which are the most important phenolic class can be classified in the 
following different subclasses of flavan-3-ols, flavonols, flavones and anthocyanidins, 
the most widely distributed compounds. 

 

 

 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Ronald%20Jackson&ie=UTF8&search-alias=books&sort=relevancerank
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1.2 Analytical methods used for calculation 

    A lot of effort has been devoted to the study of grape and wine polyphenols in 
order to evaluate the potential of the different grape varieties, optimize enological 
processes and achieve a better understanding of wine’s physiological properties. The 
classical methods of measuring the IPT, that are still widely used even now days due 
to their simplicity and low cost, is the Folin-Ciocalteu (FC) method and UV 
absorbance polyphenol index I (280). In addition, only but recently Mass 
spectrometry (MS) has been applied to the identification and structural 
characterization of wine phenolic compounds, as recently reviewed by Fulcrand et al. 
(1999a) and Stobiecki (2000) and Flamini (2003). Gas Chromatography-Electron 
Impact Mass Spectrometry (GC/EIMS) was the first MS technique applied to the 
study of grape and wine polyphenols. However, due to the low volatility of 
polyphenols, the derivatives of hydroxyl groups (methylation, trimethylation, and 
acetylation) weren’t able to be identified, and fragment ions produced by EI provided 
limited information on the molecular weight of the original compound. Now days EI 
interfaces coupled with GCare is used for studying small polyphenol molecules, such 
as phenolic acids (Robbins, 2003). Desorption ionization techniques, including 
Desorption Chemical Ionization (DCI), Fast Bombarment-Mass Spectrometry (FAB-
MS), and Liquid Secondary Ions-Mass Spectrometry (LSI-MS), were applied latter in 
order to study the structure of polyphenols and identify isolated molecules. .However 
the two techniques mentioned above have two major disadvantages as the samples 
should be previously purified and dissoluted in polar matrixes before submitted for 
measurement with the techniques mentioned above. Thermospray (TSP) and 
Atmospheric Pressure Ionization (API) interfaces, such as Atmospheric Pressure 
Chemical Ionization (APCI) and Electrospray Ionization (ESI) coupled with liquid 
chromatography, were developed in parallel, enabling great advances in this field. 
More recently, tandem mass (MS-MS) and multiple mass spectrometry instruments 
(MSn) have been demonstrated to be powerful tools for the identification and 
characterization of wine polyphenols, as well as for the study of their transformation 
products during aging. Finally, Matrix Assited Laser Desorption Ionization (MALDI) 
interfaces combined with Time of Flight (TOF) analyzers permit wider mass ranges 
that are especially suitable for the direct analysis of complex mixtures and polymeric 
polyphenols. 

 
 
 

1.3 Non-Flavonoid phenolic compounds of wine and grapes 

    The main non-flavonoid compounds that are present in grapes and wines are 
phenolic acids. Phenolic acids can be divided in hydroxybenzoic and 
hydroxycinnamic acids. Phenolic  acids are colorless in a dilute alcohol solution, but 
they may become yellow due to oxidation and have no particular flavor or odor.  
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          1.3.1   Hydroxybenzoic Acids  

    Grapes and wine contain hydroxybenzoic acids in  concentrations  that vary 
between   50 - 200mg/l in red and white wines but in general they are found in 
concentrations around 100mg/l.  

    The various acids are differentiated by the substitution of their benzene ring. In 
grapes, they are mainly present as glycoside combinations, from which they are 
released by acid hydrolysis, and esters (gallic and ellagic tannins), from which they 
are released by alkaline hydrolysis. Free forms are more prevalent, mainly in red 
wine, due to the hydrolysis of these combinations and heat breakdown reactions of 
more complex molecules, especially anthocyanins (Galvin, 1993).                                        

    Gallic acid (Figure 1.1) is the only hydroxybenzoic acid that has been found in 
grapes in a native state in the solid parts of the berry, either in free form or in the 
form of flavanol ester (i.e., epicatechin-3-O-gallate) (Su and Singleton, 1969).Other 
hydroxybenzoic acids that can be found in wines include syringic, p-hydroxybenzoic, 
vanillic, protocatechuic, and gentisic acid ( Table 1.1 ). However salicylic and gentisic 
acid can only be found in trace amounts in wines.(Figure 1) (Drawert et al., 1974, 
1977; Salagoity-Auguste and Bertrand, 1984; Guntert et al.,1986; Santa Marıa et al., 
1987; Alonso et al., 1988; Fernandez de Simon et al., 1992, 1993; Pena-Neira et al., 
2000;Vanhoenacker et al., 2001; Ibern-Gomezet al., 2002; Zou et al., 2002; 
Monagas, 2004). 

 

 

Figure 1.1: Chemical Structure of Hydroxybenzoic acids in Wine 

    Several hydroxybenzoic acid derivatives have also been identified in Riesling wine, 
including ethyl vanillate, ethyl p-hydroxyphenylacetate, ethyl p-hydroxybenzoate, , 
and the methyl esters of protocatechuic and vanillic acids (Guntert et al., 1986) 
(Table 1.1). Furthermore in Riesling wine there have been identified as well ethyl 
protocatechuate, ethyl gallate, and the glucose ester of vanillic acid (Baderschneider 
and Winterhalter, 2001) (Table 1.1). In addition ethyl gallate, and the glucose ester of 
vanillic acid have also been found  in red wines (Monagas et al., 2003a; Monagas, 
2004). Finally the 3- and 4-O-glucosides of gallic acid in white grape marc have been 
identified  by Lu and Foo (1999). 
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Table 1.1: Hydrobenzoic acids and their derivatives identified in wine by mass spectrometry 
techniques (( adapted by Monagas et al. (2004) ) 
Compound MW Mass spectral data Technique Sample Reference 
Free acids   HPLC/ESI-MS (−)   
Gallic acid 170 m/z 169, [M-H]− 

 
m/z 125, [M-H-CO2]− 

HPLC/ESI-MS (−) Red wine Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Gentistic acid 154 m/z 182,, [M-H]− 
 
m/z 135 [M-H-CO2]− 

HPLC/ESI-MS (−) Aldrich Jianping Sun et 
al.(2007) 

p-Hydroxybenzoic 
acid 

138 m/z 137, [M-H]− 
 
m/z 93, [M-H-CO2]− 

HPLC/ESI-MS (−) Red wine Vanhoenacker et al. 
(2001) 

Protocatechuic acid 154 m/z 153, [M-H]− 
 
m/z 109, [M-H-CO2]− 

HPLC/ESI-MS (−) Red wine Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Vanillic acid 168 m/z 167, [M-H]− 
 
m/z 123, [M-H-CO2]− 

HPLC/ESI-MS (−) Red wine Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Syringic acid 198 m/z 197, [M-H]− 
 
m/z 153, [M-H-CO2]− 

HPLC/ESI-MS (−) Red wine Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Derivatives      
Ethyl gallate 198 m/z 197, [M-H]− 

 
m/z 169, [M-CH2CH3]− 
 
m/z 125, [M-CH2CH3-
CO2]− 

ESI-MS/MS (−) 
 
 
 
HPLC/ESI-MS (−) 
 

White 
wine 
 
 
Red wine 

Baderschneider and 
Winterhalter,(2001) 
 
 
Monagas et al. 
(2003a), Monagas 
(2004) 

Ethyl 4-
hydroxybenzoate 

166 m/z 166, [M]+• 
 
m/z 121, [M-OCH2CH3]+• 

GC/EI-MS White 
wine 

 

Ethyl 4-
hydroxyphenylacet
ate 

180 m/z 180, [M]+• 
 
m/z 107, [M-
COOCH2CH3]+• 

GC/EI-MS White 
wine 

Güntert et al. (1986) 

Ethyl 
protocatechuate 

182 m/z 181, [M-H]− 
 
m/z 153, [M-CH2CH3]− 
 
m/z 109, [M-CH2CH3-
CO2]− 

ESI-MS/MS (−) White 
wine 

Baderschneider and 
Winterhalter,(2001) 

Methyl 
protocatechuate 

168 m/z 168, [M]+• 
 
m/z 137, [M-OCH3]+• 

GC/EI-MS White 
wine 

Güntert et al. (1986) 

Ethyl vanillate 196 m/z 196, [M]+• 
 
m/z 151, [M-OCH2CH3]+• 

GC/EI-MS White 
wine 

Güntert et al. (1986) 

Methyl vanillate 182 m/z 182, [M]+• 
m/z 151, [M-OCH3]+• 

GC/EI-MS White 
wine 

Güntert et al. (1986) 

Glucose ester of 
vanillic acid 

330 m/z 329, [M-H]− 
 
m/z 167 [M-H-
anhydroglucose]− 

ESI-MS/MS (−) White 
wine 

Baderschneider and 
Winterhalter,(2001) 

ESI-MS: Electrospray ionization-mass spectrometry, ESI-MS/MS: Electrospray ionization-tandem 
mass spectrometry, GC/EI-MS: Gas chromatography/electron impact-mass spectrometry; (−): 
negative mode 
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 1.3.2   Hydroxycinnamic Acids 

    Several cinnamic acids are present in grapes and wines (Figure 1.2) in quantities 
between 50 – 200 mg/l. They can been found in small quantities in their free form, 
but are mainly esterified with tartaric acid (Figure 1.2) (Ribéreau-Gayon, 1965). They 
may also be simple glycosides of glucose. They are  mainly located in the (Figure 
1.2) pulp cells and  the vacuoles of the skin in the form of tartaric esters (Ribéreau-
Gayon, 1965).  
    Caffeoyltartaric (caftaric), p-coumaroyltartaric (cutaric), and feruloyltartaric 
(fertaric) acids (Figure 1.2) can be found mainly in their trans forms, in although small 
quantities of the cis isomers also exist (Singleton et al., 1978). The presence of 
glucose esters of trans p-coumaric and ferulic acids have also been reported in 
grapes (Reschke and Herrmann, 1981). These highly oxidizable components are 
held responsible for the grape juice browning of white wines. 

 

 

Figure 1.2 :  Structure of Hydroxycinamic acids and their derivatives in wine 

 

    In addition other forms of esterified hydroxycinamic acids are also contained in 
wine. In young Riesling wine free forms of trans-caffeic and p-coumaric acids and 
derivatives such as trans-diethyl caffeoyltartrate, trans-ethyl p-coumaroate, and 
trans-ethyl caffeoate, were reported by Somers et al. (1987). Furthermore the 
presence of the cis isomer of p-coumaric acid was detected by Baranowski and 
Nagel (1981) in Riesling wine. Drawert et al. (1974) has reported amounts of trans-
ferulic acid in wine. More lately, two esterified isomers of the trans-caftaric acid with a 
molecule of ethanol (ethyl caffeoyltartrate)  were characterized in Riesling wine by 
Baderschneider and Winterhalter (2001). (Table 1.2)  
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Table 1.2: Hydrocinnamic acids and their derivatives identified in wine by mass 
spectrometry techniques (( adapted by Monagas et al. (2004)) 
Compound MW Mass spectral data Technique Sample Reference 
Free acids      
Trans-caffeic 
acid 
 

180 TMS-derivative 
 
m/ m/z 179, [M-H]−z  
m/z 135, [M-H-CO2]− 

GC-MS 
 
HPLC/ESI-MS (−) 
 

White wine 
 
Red wine 

Baranowski and 
Nagel (1981) 
Vanhoenacker et 
al. (2001) 
Monagas (2004) 

Trans/cis-p-
coumaric acid 

 
 

164 
 

TMS-derivative 
  
m/z 163, [M-H]− 
m/z 119, [M-H-CO2]− 

GC-MS 
 
HPLC/ESI-MS (−) 
 

White wine 
 
Red wine 

Baranowski and 
Nagel (1981) 
Vanhoenacker et 
al. (2001) 
Monagas (2004) 

Trans-ferulic 
acid 
 

194 Methylated-derivative 
 
m/z 193, [M-H]− 
m/z 149, [M-H-CO2]− 

GC-MS 
 
HPLC/ESI-MS (−) 

White wine 
 
Red wine 

Drawert etal(1974) 
 
Vanhoenacker et 
al. (2001) 

Tartaric 
esters 
 

     

Trans/cis 
caffeoyltartaric 
acid 
 

312 TMS-derivative 
 
Methylated-derivative   
m/z 311, [M-H]− 
m/z 179, [M-H-
anhydrotartaric 
acid]− 

GC-MS 
 
EI-MS 
HPLC/ESI-MS (−) 
 

White wine 
 
White wine 
Red wine 

Baranowski and 
Nagel(1981) 
Somers etal(1987) 
Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Trans/cis-                   
p-
coumaroyltarta
ric acid 

296 
 

TMS-derivative 
 
Methylated-derivative   
m/z 295, [M-H]− 
m/z 163, [M-H-
anhydrotartaric 
acid]− 

GC-MS 
 
EI-MS 
HPLC/ESI-MS (−) 
 

White wine 
 
White wine 
Red wine 

Baranowski and 
Nagel(1981) 
Somers etal(1987) 
Vanhoenacker  
et al. (2001), 
Monagas (2004) 

Trans/cis- 
feruloyltartaric 
acid 

326 TMS-derivative 
 
Methylated-derivative  

GC-MS 
 
EI-MS 
 

White wine 
 
White wine 

Baranowski and 
Nagel(1981) 
Somers etal(1987) 
 

Ethyl esters 
 

 

     

Trans-diethyl 
caffeoyltartrate 

368 Methylated-derivative 
 
 

EI-MS 
 

White wine Somers et 
al.(1987) 
 

Trans-ethyl 
caffeoyltartrate 
 

340 m/z 339, [M-H]− 
 
m/z 293, [M-H-C2H5OH]− 
 
m/z 177, [M-H-
anhydrocaffeic 
acid]− 

ESI-MS/MS (−) White wine Baderschneider 
and 
Winterhalter(2001) 

Trans-ethyl 
caffeate 
 

208 Methylated-derivative 
 
 

EI-MS 
 

White wine Somers et al. 
(1987) 
 

Trans-ethyl                 
p-coumarate 

192 Methylated-derivative EI-MS 
 

White wine Somers et al. 
(1987) 
 

ESI-MS: Electrospray ionization-mass spectrometry; ESI-MS/MS: Electrospray ionization-tandem 
mass spectrometry; EI-MS: Electron impact-mass spectrometry; FAB-MS: Fast atom bombarment-
mass spectrometry; TS-MS: Thermospray-mass spectrometry; ESI/FT-ICR-MS: Electrospray 
ionization-Fourier transform ion cyclotron resonance-mass spectrometry; TMS: Trimethylsilyl; (−), (+): 
negative mode, positive mode; fully characterized by NMR. 
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     In regarding with the presence of glucose derivatives, two derivatives that are 
composed either by caffeic or p-coumaric acid, a molecule of glucose, and tartaric 
acid in Riesling were found firstly by Ong and Nagel (1978) in wine. Somers et al. 
(1987) have as well identified another derivative of trans-cutaric acid in glucose. 
Cooper and Marshall (2001) have identified glucose derivatives of caffeic and sinapic 
acids both in white and red wines, but they could not clarify their structure. 
Furthermore two glucose esters of trans-p-coumaric acid have been detected in red 
wines (Monagas, 2004).In white wine the 4-O-glucosides of cis- and trans-p-
coumaric were found by Biau et al. (1996).Most recently, Baderschneider and 
Winterhalter (2001) identified the glucose esters of trans-p-coumaric, transferulic and 
cinnamic acids in Riesling wine, as well as the 4-O-glucoside of cis- and trans-ferulic 
acid (Table 1.2). 

     

 

    

Table 1.2(continues): Hydrocinnamic acids and their derivatives identified in wine by mass 
spectrometry techniques (( adapted by Monagas et al. (2004)) 
Compound MW Mass spectral data Technique Sample Reference 
Glucose 
derivatives 

     
 

Trans/cis-p-
coumaric 
acid-4-O-
glucoside 

326 m/z 327, [M+H]+ 
m/z 283, [M+H-CO2]+ 
 

FAB-MS (+)* 
 

White wine 
 

Biau et al. (1996) 
 

Trans/cis-
ferulic acid 
acid-4-O-
glucoside 

356 m/z 374, [M+NH4]+ 
m/z 357, [M+H]+ 
 

TS-MS* 
 

White wine Baderschneider and 
Winterhalter(2001) 

Glucose 
ester of 
trans-p-
coumaric 
acid 
 

326 m/z 344, [M+NH4]+ 
m/z 327, [M+H]+ 
m/z 325, [M-H]− 
m/z 163, [M-H-
anhydroglucose]− 
 

TS-MS* 
 
HPLC/ 
ESI-MS (−) 
 

White wine 
 
Red wine 

Baderschneider and 
Winterhalter(2001) 
Monagas (2004) 
 

Glucose 
ester of 
trans-ferulic 
acid 

356 m/z 374, [M+NH4]+ 
m/z 357, [M+H]+ 
 

TM-MS* 
  

 
 

 

White wine Baderschneider and 
Winterhalter(2001) 
 

Caffeic acid-
glucoside 

342 m/z 365, [M+Na]+ 
 

ESI (+)/FT-ICR-
MS 
 

White and 
Red wines 

Cooper and Marshall 
(2001) 
 

Sinapic 
acid-
glucoside 

386 m/z 409, [M+Na]+ 
 

ESI (+)/FT-ICR-
MS 
 

White and 
Red wines 

Cooper and Marshall 
(2001) 
 

ESI-MS: Electrospray ionization-mass spectrometry; ESI-MS/MS: Electrospray ionization-tandem 
mass spectrometry; EI-MS: Electron impact-mass spectrometry; FAB-MS: Fast atom bombarment-
mass spectrometry; TS-MS: Thermospray-mass spectrometry; ESI/FT-ICR-MS: Electrospray 
ionization-Fourier transform ion cyclotron resonance-mass spectrometry; TMS: Trimethylsilyl; (−), (+): 
negative mode, positive mode; fully characterized by NMR. 
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          1.3.3    Volatile Phenols 

    Although only trace amounts are present in must, wine contains volatile phenols at 
concentrations between a few tens and several hundreds of μg/l (Dubois, 1983; 
Chantonnet and Boidron, 1993). Volatile phenols can be produced by the action of 
certain microorganisms, such as yeasts of the genus Brettanomyces, and spoilage 
by acetic and lactic bacterias. The quantities of ethyl phenols formed by lactic 
bacteria are always very small compared to those produced by 
Brettanomyces/Dekkera yeasts (Chatonnet et al., 1997).Phenolic acids act as 
precursors of these reactions. Votatile phenols can also be found as varietal aromas 
derived from grapes, vinification techniques such as skin contact can increase their 
amounts in wines ( Sefton et al., 1997; Serkan et al., 2007). 
    The most widely represented compounds are vinyl-4-phenol, vinyl-4-guaiacol, 
ethyl-4-phenol and ethyl-4-guaiacol (Figure 1.3).  

 

 

Figure 1.3: Chemical Structure of  Volatile phenols responsible for olfactory defects 
in wine known as   ‘phenol odors’ 

 

    Red wine contains various amounts of ethyl phenols, with animal odors, and ethyl 
guaiacols but only small amounts of vinyl phenols( Figure 1.3).  On the contrary , 
white wines contain various amounts of  vinyl phenols, with an odor reminiscent of 
gouache paint, vinyl guaiacols but no ethyl phenols. The volatile phenol composition 
of rose wines is between those of red and white wines (Chatonnet et al., 1992b, 
1993b). 

    The vinyl phenols in white wines are formed due to enzymic decarboxylation by 
yeast of two cinnamic acids (p-coumaric acid and ferulic acid) in must, producing 
vinyl-4-phenol and vinyl-4-guaiacol, respectively (Figure 1.3). The cinnamate 
decarboxylase (CD) of Saccharomyces cerevisiae is highly specific. Among the 



19 

 

cinnamic acids in grapes, only ferulic and p-coumaric acids are affected by the CD 
activity while caffeic and sinapic acids are not decarboxylated by S.cerevisiae 
(Chatonnet, 1995). Cinnamic acid and 3,4-dimethoxycinnamic acid are affected as 
well but they are almost absent from must. The low amount of vinyl phenols in red 
wines is mainly due to the inhibition of the CD of S.cerevisiae by certain grape 
phenols such as procyanidins (Chatonnet et al., 1989, 1993b). 
 

    As we know the toasting of the wood during the manufacture of the barrels causes 
the breakdown of lignins. When the wine is aged in barrels we have the formation of 
various components of the same  family such as guaiacol, methyl guaiacol, propyl 
guaiacol, allyl guaiacol (isoeugenol), syringol and methyl syringol  that have a variety 
of smoky, toasty and burnt aromas that are present (Figure 1.4).  
 

 
Figure 1.4:  Chemical structure of Volatile phenols in wines 
 
 
 
          1.3.4    Phenolic Alcohols 
 
    Phenolic Alcohols can also be included in the non- flavonoid phenolic compounds 
of whine (Ribereau-Gayon and Sapis, 1965). Tyrosol (Figure 1.5) or p-hydroxy-
phenyl-ethyl alcohol is always present in both red and white wine in average 
quantities between 20 mg/l and 30 mg/l and is formed during alcoholic fermentation 
from tyrosine (p-hydroxyphenylalanine) which is synthesized by yeast. This 
compound that remains at relatively stable  concentrations throughout aging, is 
accompanied by other non-phenolic alcohols such as tryptophol and phenyl-ethyl 
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alcohol. The concentration of phenyl-ethyl alcohol is whines varies commonly 
between 10 mg/l and 75 mg/l. 
 
 
 

 
Figure 1.5: Chemical  structure of Phenolic alcohols in wines 
 

 

          1.3.5 Stilbenes 

    Another more complex family of non-flavonoid polyphenolic compounds are 
stilbenes. Stilbenes have two benzene cycles, generally bonded by anethane, or 
possibly ethylene, chain.  

    The hydroxylated stilbenes (Figure 1.6) are phytoalexins synthesized by the plant, 
especially in the skins, leaves, and roots, in response to fungal infections and 
ultraviolet (UV) light (Langcake and Pryce, 1977; Hart, 1981; Jeandet et al., 
1991;Korhammer et al., 1995). The grapes and their derived products are considered 
the most important dietary sources of stilbenes (Mattivi et al., 1995). Trans and cis 
resveratrol (3,5,4-trihydroxystilbene), as well as their glucose derivatives (trans and 
cis piceid; Figure 1.6), have been identified in grapes and wines (Mattivi, 1993; 
Jeandet et al., 1994; Roggero and Archier, 1994; Waterhouse and Lamuela- 
Raventós, 1994; Goldberg et al., 1995; Lamuela-Raventós et al., 1995; Mattivi et al., 
1995; Baderschneider and Winterhalter, 2000; Vanhoenacker et al., 2001; Monagas, 
2004). Table 1.3 presents mass spectral data of stilbenes and their derivatives found 
in wine. 

    Among the trans-isomer compounds, resveratrol, or 3,5,4-trihydroxystilben (Figure 
1.6), is produced by vines in response to a fungal infection (Langcake, 1981).It is  
located in the skins  and is extracted during the fermentation of red wines, at 
concentrations that  are  normally between  of 1–3 mg/l. Resveratrol  seems to have 
some healthful properties as it acts as antioxidant and anti-aging.( Nazar Labinskyy 
et al, 2008) 

    Recently, new stilbenes derivatives have been found in wine. Lamikanra et al. 
(1996) has identified a series of mono-, di-, and tetrahydroxystilbenes in wines. 
Ribeiro de Lima et al. (1999) found in white and red wines the compound 3,5,3,4 
tetrahydroxystilbene-3-O-glucoside (trans-astringin) (Figure1.6; Table1.3). 
(Baderschneider and Winterhalter, 2000).  
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Table 1.3: Stilbenes and their derivatives identified in wine  and grapevines by mass 
spectrometry techniques (( adapted by Monagas et al. (2004)) 
Compound  MW Mass spectral data Technique Sample Reference 
Stilbenes       
Astringin 406      m/z 405 [M-H]− HPLC/ESI-MS(−) 

 
Red Wine 

 
     P üssa et al. (2006) 

Piceatannol 244      m/z 243 [M-H]− HPLC/ESI-MS(−) 
 

Grapevine      P üssa et al. (2006) 

Piceid       m/z 389 [M-H]− HPLC/ESI-MS(−) 
 

Grapevine      P üssa et al. (2006) 

Trans/cis-
resveratrol  

228        nr 
 

 
     m/z 227, [M-H]− 

GC-MS 
 

 
HPLC/ESI-MS(−) 

 

Red Wine 
 

Red Wine 
 

Jeandet et al. (1994) 
 
 

Vanhoenacker et al.  
(2001) 

Monagas (2004) 
Trans/cis-
resveratrol-3-O-
glucoside  

390      m/z 391, [M+H]+ 
 
 
 
 m/z 408, [M+NH4]+ 
 
    
  m/z 389, [M-H]− 
    
     m/z 227, [M-      
anhydroglucose]− 

FAB-MS (+)∗ 
 
 

 
DCI-MS∗ 

 
  
HPLC/ESI-MS (−) 

Red Wine 
 

 
  
White Wine 

 
  

Red Wine 

Mattivi et al. (1995) 
Baderschneider and 
Winterhalter (2000) 

 
Vanhoenacker et al. 

(2001) 
 

Monagas (2004) 
 

Resveratrol-2-C-
glucoside  

390 m/z 408, [M+NH4]+ DCI-MS∗ White wine Baderschneider and   
Winterhalter (2000) 

Dimeric 
stilbenes  

     

ε-Viniferin 454 453[M-H]− HPLC-ESI-MS/MS Grapevine P üssa et al. (2006) 
Pallidol  454 m/z 455, [M+H]+ FAB-MS (+)∗ Red wine Vitrac et al. (2001) 

Landrault et al. (2002) 
Pallidol-3-O-
glucoside  

616 m/z 634[M+NH4]+         DCI-MS∗ White wine Baderschneider and  
Winterhalter (2000) 

Pallidol-3-3-O-
diglucoside 
 

778 m/z 777, [M-H]− 
 

m/z 615, [M-H-
anhydroglucose]− 

 

ESI-MS/MS (−)∗ White wine Baderschneider and   
Winterhalter (2000) 

Trans/cis ε-
viniferin 
diglucoside 
 

778 m/z 777, [M-H]− 
 

m/z 615, [M-H-
anhydroglucose]− 

 

  ESI-MS/MS (−)∗ White wine Baderschneider and 
Winterhalter (2000) 

Parthenocissin-
A  

 454   m/z 455, [M+H]+ 
 

     FAB-MS (+)∗     Red wine Vitrac et al. (2001) 

Other stilbene 
derivatives  

     
 

3,5,3,4-
tetrahydroxystilb
ene-3-O-
glucoside 

406 m/z 407, [M+H]+      FAB-MS (+)∗ White and 
Red wines 

Ribeiro de Lima 
             et al. (1999) 

(trans-astringin) 
2,4,6-
tryhydroxyphena
nthrene-2-O-
glucoside 

388 m/z 406[M+NH4]+         DCI-MS∗ White wine Baderschneider and 
Winterhalter (2000) 

ESI-MS: Electrospray ionization-mass spectrometry; ESI-MS/MS: Electrospray ionization-
tandem mass spectrometry; DCI-MS: Desorption chemical ionization-mass spectrometry; FAB
MS: Fast atom bombarment-mass spectrometry; (−), (+): negative mode, positive mode; ∗fully 
characterized by NMR; nr: not 
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    Furthermore the compounds  2,4,6-trihydroxyphenanthrene-2-O-glucoside, 
resveratrol-2-C-glucoside, (trans and cis), and the dimeric stilbenes ε-viniferin 
diglucoside (trans and cis) pallidol-3-O-glucoside and pallidol-3,3-diglucoside (Figure 
1.6; Table 1.3) have been isolated and characterized in Riesling wine. 

    In addition the dimers pallidol and parthenocissin-A from red wine (Figure 1.6; 
Table 1.3) have been isolated by Vitrac et al (2001) with the help of centrifugal 
partition chromatography. Finally, dimerspallidol and ε-viniferin in different types of 
wines were quantified and elaborated or not with botrytized grapes for the first time 
by Landrault et al. (2002). 

 

Figure 1.6:   Chemical structure of some Stilbenes and their derivatives in wines 
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          1.3.6 Coumarins 
 

    Coumarins (Figure 1.7) are considered derivatives of cinnamic acids. They are 
formed by esterification of a phenol OH into the α of the carbon chain. These 
molecules are components of oak, either in glycosylated form (esculin and scopoline) 
in green wood or in aglycone form (esculetin and scopoletin) in naturally seasoned 
wood. Although very small quantities (a few μg/l) of coumarins are found in wood-
aged wine, they still affect its organoleptic characteristics, as glycosides are bitter 
and aglycones are acidic, with a detection threshold in red wine of 3 μg/l. 

 

 

 

Figure 1.7: Chemical structure of Coumarins in wine 

 
 
 

1.4  Flavonoid Phenolic compounds of wine and grapes 
 
    The main groups of flavonoid compounds present in grapes and in wine from Vitis 
vinifera are flavonols, flavan-3-ols and anthocyanins and, in smaller degree, 
flavanonols and flavones. Within each group, compounds differ by the number and 
the localization of the hydroxyl and methoxyl groups located in the B ring. These 
basic structures can also present O-glycosylation  that can also be acetylated 
 

1.4.1 Flavones 

    Although more than 100 flavones have been identified in  different plants, these 
compounds are not very common or abundant in fruits (Macheix et al., 1990). In the 
leaves of Vitis vinifera, apigenin-8-C-glucoside (Revilla et al., 1985), luteolin 
(Boucheny and Brum-Bousquet, 1990), as well as the 7-O-glucosides of apigenin 
and luteolin have been identified (Hmamouchi et al., 1996) (Figure 1.8). 
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Figure 1.8:  Chemical structure of Flavones in grapes and wine 

 

1.4.2 Flavonols 

    One of the most abundant compounds are flavonols, yellow pigments in the skins 
of both  red and white grapes. They are differentiated by substitution of the lateral 
nucleus, producing kaempferol , quercetin, myricetin  and isonhamnetin.  
 
    In Vitis vinifera grapes, they are present in the form of  3-O-glycosides of  the four 
main aglycones: myricetin, quercetin, kaempherol and isorhamnetin (Figure 1.9). 
Eight flavonol monoglycosides (kaempferol-3-O-glucoside, kaempferol-3-
Oglucuronide, kaempferol-3-O-galactoside, quercetin-3-O-glucoside, quercetin-3-O-
glucuronide, myricetin-3-O-glucoside, myricetin-3-O-glucuronide, and isorhamnetin-
3-O-glucoside) (Figure 1.9) and three diglycosides (kaempferol-3-O-
glucosylarabinoide,quercetin-3-O-glucosylgalactoside, and quercetin-3-O-
glucosylxyloside) have been characterized in the skin of Vitis vinifera grapes 
(Ribereau-Gayon, 1964; Cheynier and Rigaud, 1986).  

    Although quercetin-3-O-rhamnoglucoside (rutine) has been previously described in 
grape skins and in wine from Vitis vinifera by some authors (Wulf and Nagel, 1980; 
Lamuela-Raventos and Waterhouse, 1994), other authors (Cheynier et al.,2000) 
have proposed that it most probably is a confusion with quercetin-3-O-glucuronide, 
which has been clearly identified by nuclear magnetic resonance (NMR) (Cheynier 
and Rigaud, 1986). However, Cantos et al. (2002) have recently identified rutine in 
the skins of table grapes by ESI/MS-MS, although it coeluted with quercetin-3-O-
glucoside. On the other hand, in the leaves of Vitis vinifera, the presence of rutine 

and quercetin- 3-O-rhamnogalactoside has been confirmed (Hmamouchi et al.,1996). 
The leaves also present the 3-O-glucoside, 3-O-rhamnoside, and 3-O-glucuronide 
derivatives of quercetin, as well as the aglycones kaempferol, quercetin, and 
myricetin (Hmamouchi et al., 1996).  

    Each cultivar possesses a specific flavonol and dihydroflavonol profile that can be 
used in order to taxinomize them (Mattivi et al. 2006; Masa et al. 2007). It was 
believed that white cultivars did not contain any methylated flavonol until Rodriguez 
Montealegre et al. (2006) detected small amounts of isorhamnetin glucoside in their 
skins. In addition a research made by Mattivi et al. (2006) showed that isorhamnetin 
derivatives are present in small amounts in white cultivars whereas derivatives of 
myricetin, laricitrin and syringetin appear to be specific of red cultivars. 
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Figure 1.9:  Chemical structure of  some of the Flavonols in wine 

    The flavonols that are present in wine are  in aglycone form, as the glycosilated 
forms  are hydrolyzed during fermentation, maturation and aging of wine (Alonso et 
al., 1986a,b,c; Revilla et al., 1986; Garcıa-Viguera and Bridle., 1995; Price et al., 
1995; McDonald et al., 1998; Vanhoenacker et al., 2001; Ibern-Gomez et al., 2002; 
Zou et al., 2002; Zafrilla et al., 2003; Monagas, 2004). Concentrations vary around 
100 mg/l in red wine while in white wine, where fermentation takes place in the 
absence of grape solids, the values are normally between 1 to 3 mg/l according to 
the grape variety.  

    Flavonols in plants act against the damage caused to plant tissues by the UV light 
(Flint et al., 1985). They also act as co-pigments of anthocyanins in diverse flowers, 
fruits, and fruit-derived products (Asen et al., 1972). High flavonol levels has been 
found in strongly sun-exposed grapes and as well as to the wines produced from 
such grapes. This along with the flavonol-anthocyanin co-pigmentation phenomena 
that take place result in a red wine with more stable color (Price et al., 1995; 
Haselgrove et al., 2000). High levels of flavonols in wines could also be due to grape 
variety. Grape varieties that have thick skins and in general high skin/pulp volume 
ratio present higher levels of flavonols according to McDonald et al. (1998). In 
addition the use of good extraction techniques during vinification can increase the 
content of flavonols in whine McDonald et al. (1998).  
 

 

1.4.3 Flavanonols 

    The flavanonols are normally found in wood in the form of free aglycones and in 
general are not usually present in plants that are used for food. The first  flavanols  
that were found in the grapes of Vitis vinifera, by Trousdale and Singleton (1983) , 
were astilbin (dihydroquercetin-3-O-rhamnoside) and engeletin (dihydrokaempferol-
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3-O-rhamnoside) in the skin and in the wine of white grapes (Figure 1.10). Astilbin 
has also been found in grape marc (Lu and Foo, 1999), in grape stems (Souquet et 
al., 2000b), and in red wines (Vitrac et al., 2001; Landrault et al., 2002; Monagas, 
2004).  

    Both astilbin and engeletin have only been reported recently in white wines 
(Baderschneider and Winterhalter, 2001; Chamkha et al., 2003). Mass spectral data 
reported for flavanonols are given in Table 1.4.  

 

Table 1.4: Flavononols identified in wine by mass spectrometry techniques (( adapted by 
Monagas et al. (2004) ) 
Compound  MW Mass spectral data Technique Sample Reference 
Dihydrokaempferol 
derivatives 

     

Dihydrokaempferol 228   m/z 287, [M-H]− 
 
 
m/z 259, [M-H-
CO]− 
 

ESI-MS/MS(−)* 
 

 
 

White wine 
 
 

White wine 
 

Baderschneider and 
Winterhalter (2001) 
 
Baderschneider and 
Winterhalter (2001) 

 
Dihydrokaempferol-
3-O-glucoside 

450 m/z 468, [M+NH4]+ 
  
 
m/z 451, [M+H]+ 

DCI-MS ∗ 
 
 
 

White wine 
 
  
 

Baderschneider and 
Winterhalter (2001) 

 

Dihydrokaempferol-
3-O-rhamnoside 
(Engeletin) 

434 nr 
 

TM-MS ∗ White wine Baderschneider and 
Winterhalter (2001) 

 
Dihydroquercetin 
derivatives 

     

Dihydroquer 
cetin 
 

304 m/z 303, [M-H]− 
 
m/z 285, [M-H-
H2O]− 

 

ESI-MS/MS (−)* 
 

White wine Baderschneider and 
Winterhalter (2001) 

 

Dihydroquercetin-3-
O-glucoside 

466 m/z 484, [M+NH4]+ 
 
m/z 467, [M+H]+ 

 

TS-MS* 
 

White wine Baderschneider and 
Winterhalter (2001) 

 

Dihydroquercetin-3-
O-rhamnoside 
(astilbin) 

450 Nr 
  
m/z 451, [M+H]+ 
 
 
m/z 449, [M-H]− 
 
 

TS-MS* 
 

FAB-MS(+)* 
 

 
 

HPLC/ESI-MS 
 

White wine 
 

Red wine 
 
 

Red wine 

Baderschneider and  
Winterhalter (2001) 
Vitrac et al. (2001);   

Landrault et al. 
(2002) 

 
Monagas (2004) 

 
Dihydroquercetin-3-
O-xyloside  

436 m/z 454, [M+NH4]+ 
 

m/z 437, [M+H]+ 
 

TS-MS* 
 

      White wine Baderschneider and   
Winterhalter (2001) 

Dihydromyricetin 
derivatives 
 

     

Dihydromyricetin-3-
O-rhamnoside 

 466 m/z 467, [M+H]+ 
 

FAB-MS(+)*          Red wine Vitrac et al. (2001) 

ESI-MS: Electrospray ionization-mass spectrometry; ESI-MS/MS: Electrospray ionization-tandem mass 
spectrometry; FAB-MS: Fast atom bombarment-mass spectrometry; TS-MS: Thermospray-mass 
spectrometry; DCI-MS: Desorption chemical ionization-mass spectrometry; (−), (+): negative mode, positive 
mode; ∗ fully characterized by NMR; nr = not reported. 
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Figure 1.10:  Chemical structure of Flavononols in wine 

    Other flavanonols that have been recently identified are dihydromyricetin-3-O-
rhamnoside, which has been reported in red wines by Vitrac et al. (2001), 
dihydrokaempferol, dihydroquercetin (taxifolin), dihydrokaempferol-3-O-glucoside, 
dihydroquercetin-3-O-glucoside, dihydroquercetin-3-O-glucoside, and 
dihydroquercertin-3-O-xyloside, which have been found for the first time in Riesling 
wines by Baderschneider and Winterhalter (2001) (Figure 1.10; Table 1.4). 
, 
 

 

1.4.4 Anthocyanins 

    Anthocyanins are the red pigments in grapes. They are mainly located in the grape 
skins and in the pulps of teinturier grapes and are largely responsible for the color of 
red wines. They are also present in large quantities in the leaves, mainly at the end 
of the growing season. 

    Their structure, flavylium cation, includes two benzene rings bonded by an 
unsaturated cationic oxygenated heterocycle, derived from the 2-phenyl-
benzopyrylium nucleus.  

    Six molecules have been identified in grapes and wines, with one two or three 
substituents (OH and OCH3) according to the substitution of the lateral nucleus 
(Figure 1.11). These molecules are much more stable in glycoside (anthocyanin) 
than in aglycone (anthocyanidin) form. Only the 3-O-monoglucosides and the 3-O-
acylated monoglucosides of the six main anthocyanidins: delphinidin, cyanidin, 
pelargonidin, petunidin, peonidin, and malvidin have been identified in Vitis vinifera 
grapes and wines. Acylation occurs in the C-6 position of the glucose molecule by 
esterification with acetic, p-coumaric, and caffeic acids (Mazza and Miniati, 1993) 
(Figure 1.12). 

    The presence of diglucoside anthocyanins (Figure 1.13) in large quantities is 
specific to certain species in the genus Vitis (V. riparia and V. rupestris) (Ribereau-
Gayon, 1959). Traces have, however, been found in certain V. vinifera grapes 
(Roggero et al., 1984). The ‘diglucoside’ character is inherited as a dominant 
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characteristic. This means that a cross between a vinifera grape variety and an 
American species (V. riparia or V. rupestris) produces a population of first-generation 
hybrids that have all the diglucosides. On the other hand, results obtained with a new 
cross between a first-generation hybrid and a V. vinifera vine show that the absence 
of ‘diglucoside’ characteristic may be expressed in a second-generation hybrid. 
These findings led to the development of the method for differentiating wines by 
chromatographic analysis of their coloring matter (Ribereau-Gayon, 1953, 1959). 
This played a major role in ensuring that traditional grape varieties were used in 
certain French appellations of origin, as well as in monitoring quality. 

 

Figure 1.11:  Chemical structure of Anthocyanins in grapes and wines 

 

    In the last years, the 3-O-glucosides, 3-O-acetylmonoglucosides, and 3-O-p-
coumaroylmonoglucosides of malvidin, delphinidin, peonidin, cyanidin and petunidin, 
as well as the 3-Ocaffeoylmonoglucosides of malvidin and peonidin, have been 
confirmed in grapes and wines by the following mass spectrometry techniques: FAB-
MS, ESI-MS/MS, MALDI-MS, HPLC/API-MS, and HPLC/ESI-MS (Bakker and 
Timberlake, 1985; Baldi et al., 1995; Giusti et al., 1999; Revilla et al., 1999;Wang and 
Sporns, 1999; Favretto and Flamini, 2000; Monagas et al., 2003b; Wang et al., 
2003b; Núnez et al., 2004). Recently, the cis isomer of malvidin-3-O-p-
coumaroylglucoside has been identified, for the first time in grapes and wine from 
Vitis vinifera (Monagas et al., 2003b; Núnez et al., 2004). 

    All grape varieties have the same basic anthocyanidin structures, but there are a 
few small variations in composition. Malvidin is the dominant molecule in all grape 
varieties but its percentage varies between varieties. It considered the basis of the 
color of red grapes and, by extension, red wine. On the other hand, the quantity of 
acylated monoglucosides is highly variable according to the grape variety. In vitis 
vinifera wines, the presence of ethanol works against co pigmentation, and the 
acylated anthocyanins disappear rapidly a few months after fermentation. 
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    In acidic or neutral medium, four different anthocyanin structures exist in 
equilibrium: the flavylium cation (red), the quinoidal base (blue), the carbinol pseudo-
base (colorless), and the chalcone (light yellow) (Brouillard, 1982). The color of 
anthocyanin solutions is directly linked to pH. In an acid  medium they are red. As the 
pH increases they lose their  red color and take colors that vary from mauve to blue 
for  pH values above 4 and finally fade to yellow in a neutral or alkaline medium. 
    Maximum color loss is observed at values between  3.2 and 3.5. In red wines 
when we take into consideration only the effect of the pH on the anthocyanin 
equilibrium ,which in most wines is around 3,5 , approximately  only a 12.2% of free 
anthocyanins is in the red acid flavylium form and equilibrium is largely displaced 
towards the colorless carbinol pseudo base (45.2%) and chalcone forms (27.6%), 
and very little towards the blue quinoidal base (15.0%) (Glories, 1984). 

 

 

Figure 1.12: Chemical structure of: (a) anthocyanin 3-monoglucosides, (b) 
anthocyanins 3-monoglucosides acylated by p-coumaric acid on position 5 of the 
glucose 
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    In addition to the pH, the color of solutions containing anthocyanins also depends 
on other factors, including the pigment structure and concentration, the solution’s 
temperature, co-pigmentations, metal ions, enzymes, oxygen, ascorbic acid, sugars 
and its oxidation products, and sulfur dioxide, among other (Mazza and Miniati, 
1993). During the winemaking process, anthocyanins are involved in oxidation, 
thermal degradation, hydrolysis, and condensation reactions that are responsible for 
important wine color changes. 

 

Figure 1.13: Chemical structure of anthocyanin 3,5-diglucosides 
 

 

1.4.5 Tannins 

 

    Flavan-3-ols or flavanols are found in seeds, skins and stems of  grapes  in either 
monomeric, oligomeric, or polymeric forms. Oligomeric and polymeric forms are also 
known as Condensed Tannins. 

    Tannins can be either hydrolyzable or not. Hydrolyzable tannins are not naturally 
found in grapes but can be found in woods. Hydrolyzable tannins include 
ellagitannins and gallotannins that release after acid hydrolysis ellagic acid and gallic 
acid respectively. However the main commercial tannins that are legally authorized 
as wine additives are in hydrolyzable form.  

    In spite of the progress made in liquid chromatography, mass spectrometry and 
NMR, all of the structures have not been analyzed. Until today only the procyanidin 
dimers and some of the trimers have been completely identified. 
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1.4.5.1 Ellagic Tannins 

    Ellagic acid in wine can originate either from wooden containers, chip or from the 
addition of enological tannins. They can be hydrolyzed and are soluble in 
water/ethanol solutions (Jordão et al. 2005), as well as wines and spirits (Moutounet 
et al. 1989, Viriot et al.1993). They participate in the oxidation mechanisms of red 
and white wines (Pontallier et al. 1982, Moutounet et al. 1989) as they quickly absorb 
the dissolved oxygen and facilitate the hydroperoxidation of wine constituents (Vivas 
and Glories (1996). Thus they have a protective effect against phenolic oxidation 
during the ageing process of wines (Guerra et al.1996, Vivas and Glories 1996, 
Obradovic 2006, Roure and Anderson 2006). Oak wood ellagitannins also affect 
proanthocyanidin condensation rates (Vivas and Glories 1993) and reductions in 
anthocyanin content (Jordão et al. 2005). 
   Temperature seems to be the main factor influencing  the extraction and of ellagic 
tannins and elagic acid  while  the effect of alcoholic content and pH seem to be less 
important (Jordão et al. 2005). 

 

1.4.5.2 Condensed Tannins 

            1.4.5.2.1  Monomeric Units 

    The flavan-3-ols monomeric units have two benzene cycles bonded by a saturated 
oxygenated heterocycle (phenyl-2 chromane nucleus). The flavan- 3-ols that can be 
found in Vitis vinifera grapes are (+)-catechin, (−) epicatechin, (+)-gallocatechin, and 
(−)-epigallocatechin (Su and Singleton, 1969; Czochanska et al., 1979a).                 
(+)-Catechin and (−)-epicatechin are orthohydroxylated in C-3 and C-4 positions of 
the B ring. (+)- Gallocatechin and (−)-epigallocatechin posses a third hydroxyl group 
in C-5 position (Figure 3). The four monomeric flavan-3-ols are grouped into two 
pairs based on the positions of the C-2 and C-3 asymmetrical carbons whose 
configurations are 2R:3S for (+)-catechin and (+)-gallocatechin, and 2R:3R for (−)-
epicatechin and (−)- epigallocatechin (Whalley, 1962) (Figure 1.14). 

    In relation to the dihydroxylated forms, (−)-epicatechin can be esterified by gallic 
acid at C-3 position in (−)-epicatechin-3-O-gallate (Su and Singleton, 1969).           
(+)- Catechin, (−)-epicatechin, and (−)-epicatechin-3-O-gallate can be found in grape 
seeds and skins  in free forms (Su and Singleton, 1969; Escribano-Bailon et al., 
1995). However only the two former monomers have been reported in grape stems 
(Jordao et al., 2001 b).  

    Regaring the trihydroxylated forms free monomeric dihydroxylated [(+)-catechin, 
(−)epicatechin, and (−)-epicatechin-3-Ogallate] and trihydroxylated [(+)-gallocatechin 
and (−)-epigallocatechin] forms have been reported (Ricardo da Silva et al., 1990; De 
Pascual-Teresa et al., 1998, 2000a). 
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Figure 1.14: Chemical structure of Flavan-3-ols in wines 

    

1.4.5.2.2 Proanthocyanidins or Condensed Tannins 

    Proanthocyanidins or Condensed Tannins  in grapes are complex polymers of 
flavan-3-ols or catechins. Proanthocyanidins are largely responsible for the 
astringency and bitterness of the wine (Ribichaud and Noble, 1990; Haslam, 1980). 
They are highly reactive, molecules and unlike anthocyanins and flavonols, they do 
not have glycosylated forms. However, they may be bonded to polysaccharides in 
grapes and extracted as complexes in the winemaking process. They participate in 
chemical and enzymatic oxidative browning reactions in haze formation and in 
interactions with proteins (Cheynier and Ricardo da Silva, 1991; Ricardo da Silva et 
al., 1991a), as well as in numerous condensation reactions during wine maturation 
and aging (Haslam, 1980). 

    Proathocyanidins under heated and acidic conditions have the power to release 
highly unstable carbocations by the cleavage of the interflavanic bond that are 
converted into brown condensation products, mainly red cyanidin, which explains 
why these compounds are known as ‘procyanidins’.(Porter et al., 1986). 

    In Vitis vinifera grapes proanthocyanidins are distinguished into two groups 
depending on the nature of the liberated anthocyanidins. Procyanidins that are 
proanthocyanidins composed of (+)-gallocatechin and (−)-epigallocatechin  and to 
proanthocyanidins which are composed of (+)-catechin and (−)-epicatechin and are 
called prodelphinidins. Both procyanidins and prodelphinidins can be found in grape 
skins while only procyanidins can be found in grape seeds. Mixed proanthocyanidins 
that present both (epi)catechins and (epi)gallocatechins can also be presented in 
grape skins and wines. (−)- Epicatechin is considered monomeric constitutive unit in 
tannins from Vitis vinifera ( Prieur et al, 1994). 
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    Proanthocyanidins can be distinguished by their chain length and by the nature of 
the interflavanic bond. In relation to the chain length, the term “oligomer” refers to the 
largest molecule that can be individually identified in a solution. This usually 
corresponds to a mean degree of polymerization (mDP) between 2 and 5 units. The 
term “polymer” refers to molecules with a mDP > 5 units that cannot be individually 
identified or separated due to the high number of possible isomers. However, these 
definitions are subjective and vary in function of the substrate and technique 
employed (Waterhouse et al., 2000). 

    In regards with the interflavanic procyanidins can be divided in type-B procyanidins 
(Figure1.15) and type-A procyanidins. Type-B procyanindins are those in which the 
monomers are linked through the C-4 position of the top unit and the C-6 or C-8 
positions of the terminal unit. The C-4–C-8 isomers are more abundant than the C4 -
C-6 ones .The A-type procyanidins in addition to the C4–C8 or C4–C6 interflavan 
bond have also an ether bond between the C-5 or C-7 carbons of the terminal unit 
and the C-2 carbon of the upper unit. 

 

           Oligomeric Forms 

    Numerous B-type oligomeric procyanidims, including dimers, trimers, and tetramer 
made from  (+)-catechin, (−)-epicatechin, and (−)-epicatechin-3-O-gallate units 
(Figure 1.15), have been identified in Vitis vinifera grape seeds (Czochanska et al., 
1979b; Lea et al., 1979; Bourzeix et al., 1986; Romeyer et al., 1986; Boukharta, 
1988; Ricardo de Silva et al., 1991b,c; Escribano-Bailon et al., 1992; Santos-Buelga 
et al., 1995b; De Frietas et al., 1998; Jordao et al., 2001a), skins (Bourzeix et al., 
1986; Ricardo da Silva et al., 1991b, 1992; Escribano-Bailon et al., 1995; De Freitas 
et al., 1999, 2000; Mateus et al., 2001a), stems (Bourzeix et al., 1986; Ricardo da 
Silva et al., 1991b, 1992; Jordao et al., 2001b) and wine (Bourzeix et al., 1986; 
Ricardo da Silva et al., 1990, 1992; De Freitas et al., 2000; Mateus et al., 2001a; 
Monagas et al., 2003a), although traces of monomers, dimers  and other oligomeres 
have also been detected in the pulp (Bourzeix et al., 1986; Sum et al 2001). 

    Additional dimeric compounds formed exclusively by (epi)gallocatechins, as well 
as mixed oligomers composed by (epi) catechins and some (epi)gallocatechin units, 
have been detected in wines by HPLC/ESI-MS in negative mode ([M-H]−), but  have 
not been fully characterized (Fulcrand et al., 1999b).  

    Although the presence of A-type dimers has been mentioned both in past 
(SalagoFity-Auguste et al., 1984) and recent years (Vivas de Gaulejac et al., 2001a; 
Krueger et al., 2000), other authors still discard their existence in grapes and wines 
from Vitis vinifera (Souquet et al., 2000a). 
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          Polymeric Forms 

    Polymeric proanthocyanidins represent the largest proportion of the total flavan-3-
ol content in the different parts of the grape (Sun et al., 1999). The quantity, 
structure, and degree of polymerization of grape polymeric proanthocyanidins differs 
greatly with the part of the grape.  

    Grape seeds contain higher amounts of monomeric, oligomeric, and polymeric 
flavan-3-ols than skins (Sun et al., 1999). Seed tannins are partially galloylated 
procyanidins composed by (+)-catechin, (−)-epicatechin, and (−)-epicatechin-3-O-
gallate (Prieur et al., 1994). Traces of (+)-gallocatechin and (−)- epigallocatechin-3-
O-gallate have also been reported in the skins (Souquet et al., 1996). In both seed, 
skins and stems  (+)-Catechin, (−)-epicatechin, and (−)-epicatechin-3-O-gallate are 
found both as terminal and extension of the polymeric chains, while                 (−)-
epigallocatechin is also abundant in the extension units of skin and stem.  

 

Figure 1.15: Chemical structure and schedule of type-B dimeric procyanidins (de 
Freitas,1995) 
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    Skin proanthocyanidins presented a mDP near 30, with a chain length between 2 
and 80 units (Prieur et al., 1994; Souquet et al., 1996; Labarbe et al., 1999; Souquet 
et al., 2000a,b; Monagas et al., 2003a) and proanthocyanidins from seeds and stems 
possess a mDP around 10, with a chain length that varies between 2 and 20 units for 
seeds and between 2 and 30 units for stems. The mDP calculated for pulps is found 
to be between of those of skins and seeds and in general around 20 (Mane et al, 
2007).However, it is important to point out that the distribution of oligomers and 
polymers in total extracts is strongly variable and not centered around the mDP value 
(Labarbe et al., 1999).  

    The HPLC/ESI-MS has shown that wine contains both polymeric procyanidins and 
prodelphinidins (Fulcrand et al., 1999b). However the structural characteristics  of 
wine tannins have been less studied than those of the tissues of the grapes. For wine 
mDP values between 6.4 and 15.6 have been reported (Fulcrand et al., 1999b; Sun 
et al., 2001; Monagas et al., 2003a; Gu et al., 2003).  
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2. MATERIALS AND METHODS 

    

           2.1 Goal of the experiment 

    The experiments took place between the 15 th of February and the end of the May 
in the laboratory of I.S.A  U.T.L. The goal of the experiments was to determine the 
contribution that several phenolic families have to the total polyphenolic index of the 
wine. For this reason measurements of the absorption of different phenolic 
compounds were made in  a UV spectrophotometer at 280 nm. 

    The procedure followed is somewhat similar to the one described by Ribereau- 
Gayon ( Ribereau- Gayon et al, 1972) for the measurement of the absorption in ultra 
violet spectrometry. In our specific case a wine model solution was made and 
measurements of different concentrations of different molecules  were carried out. 

 

           2.2 Wine model solution preparation 

    For all the experiments a wine model solution was created with a pH of 3,2 and 
12,5%  percentage of alcohol. This solution was made daily in volumetric flasks of 1 
liter with the addition of 275 ml of ethanol 96% and 725 ml of distilled water in order 
to arrive to a solution with 12,5 % of alcohol which can be considered as a 
representative value of an average wine. Continuously the pH of the solution was 
measured in a pH meter and various amounts of tartaric acid (2,3-
dihydroxybutanedioic acid)  were added as referred by Jackson (1994) until 
achieving a pH of 3,2 . The amounts of tartaric acid that were added were always 
depending on the different pH values of the distilled water. 

 

           2.3 Samples preparation and phenolic compounds used 

    For each different phenolic family studied a representative molecule was chosen 
and examined in three different concentration that varied from low to medium and 
high. The amount of each compound that was added in the above wine model 
solution were decided according to quantities that can be usually found in wine 
(Flanzy, 1998). 

    All the samples were made in volumetric flasks of 100 ml. The different amounts 
were calculated accordingly, weighted in a precision scale and after added in the 
wine model solution. The solution was than homogenized by agitation and in the 
case needed by the use of an ultrasonic homogenizer.  

    Two different samples were made for every concentration. In the specific case that 
the used amounts were too small to be weighted with precision, a mother solution 
was made and after different dilutions were made in order to arrive to the desirable 
concentrations that was to be examined. By the use of this method we were avoiding 
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the biggest mistake that was usually caused by the fact that the quantities used were 
too small and the scale did not have the required precision (picture 2.1).   

    Guaiacol was in liquid form so in this case we had to convert the liters to kg as we 
already knew the density of guaiacol in order to calculate the necessary quantities 
that we had to use. 

 

 Figure 2.1: Precision scale used during the experiments 

 

    The molecules that were examined were the following: 

    Gallic acid (3,4,5-trihydroxybenzoic acid, C6H2(OH)3 )   of 100% purity by BHD was 
chosen as a representative of the Hydrobenzoic acids in three different quantities of 
50 mg/l, 75 mg/l and 100 mg/l. 

    As a hydroxycinnamic acid 4-coumaric acid (4-Hydroxycinnamic acid, C9H8O3 ) of 
100% purity was used in quantities of 50mg/l, 100mg/l and 200mg/l. 

    As volatile phenols liquid guaiacol ( C7H8O2 ) of purity higher than 99,5% by Merck 
was used in quantities of 0,01 mg/l, 0,1 mg/l and 2 mg/l. 

    2-phenyl-ethanol ( C8H10O ) of 99% purity by Acros was used as a representative 
of phenolic alcohols in four concentrations of  4 mg/l, 7 mg/l ,10 mg/l and 20 mg/l. 
This is the only case that four different concentration were used as the lowest one of 
4 mg/l was too low and could not be detected with the UV spectrophotometer. 
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    Another phenolic family that was studied are the stilbenes. As a stilben we used 
resveratrol ( trans-3,4’,5-Trihydroxy stilbene) of 99% purity by Sigma Chemical C.O 
in concentrations of 50 mg/l, 75 mg/l and 100 mg/l. 

    For the flavonoids compounds of wines we used Querecetin ( C15H18O7 ) as a 
Flavonol of purity higher than 98% by Merck industries with code 107542 in 
quantities of  5 mg/l, 25 mg/l and 50mg/l. 

    As an ellagic tannin we used tanenol cœur de chene by enartis. However in this 
specific case we were not able to know the purity of the product, which according to 
the supplier is very high in ellagic tannins, as it is a commercial product that is used 
usually during vinification and not for laboratory purposes. 

    As a flavan-3-ols monomeric units catechin(+) ( C15H14O6 3,3’,4’,5,7 
Penthaydroxyflavan) of purity higher than 90% by Extrasynthesis with code 0952 and 
epicatechin(-) of purity higher than 90% by Sigma with production code 101095141 
were utilized. In both cases the concentrations that we used were  at 150 mg/l, 200 
mg/l and 400mg/l.   

    As a condensed tannins we used an extraction from grape seeds that was made in 
the lab by professor Ricardo Da Silva with a purity of 80,9% according to the method 
described by M.Bourzeix( M. Bourzeix et al 1986). 

    For the anthocyanins we used malvidin ( C23H25O12Cl , Malvidin-3-o-glucoside 
Chloride) of purity higher than 95% by Extrasynthese with product code 09115 in 
quantities of 100 mg/l, 500 mg/l and 1000 mg/l. 

    Due to limitations in the available amount of anthocyanins we decided to make an 
extraction from grapes. The extraction was made from grapes from Syrah variety in 
full maturity. The skins from the frozen grapes were removed and after washed in 
order to remove the remaining parts of the pulp. Continuously the skins were dried 
with a filter paper in order to remove all the water. Then they were placed for a short 
duration of  5 minutes in a solution of methanol 0,1% HCl 12 N in order to extract 
only the ancthocyanins and to avoid a big extraction of other compounds. After 
removing the skins the solution obtained was put in an evaporator, under vacuum, in 
order to evaporate the methanol. However no further purification and identification of 
the anthocyanins was made as described by Dallas( 1998 ) due to limitation in time 
and available materials.  

    The quantification of the amount of anthocyanins found in the solution was made 
according to the method proposed by Somers et al.( 1977 ) with the only difference 
being the fact that some dilutions had to be made as the concentration of 
anthocyanins was really high. 
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           2.4 Determination of absorvance by UV Spectometry 

    As described above the main goal of the experiment was to measure the 
contribution to the polyphenolic index of different phenolic families in quantities that 
can be found in wines. 

    Spectrophotometry in our case was used for quantitative investigations.  
Quantitative measurements are based on Beer’s Law (also known as “Lambert-Beer 
Law” or even “Bouguer-Lambert-Beer Law”) which is described as follows: 

A = e c l 

A = absorbance [no units, because it is calculated as A = log 10(Io/I),where Io= is the 
incident light’s intensity and I is the light intensity after it passes through the sample]. 

e = molar absorbance or absorption coefficient [in dm3 mol-1 cm-1]. 

c = concentration (molarity) of the compound in the solution [in mol*dm-3 units]. 

l = path length of light in the sample [in cm units]. 

 

 

Figure 2.2: Unicom UV 4100, UV visible Spectrophotometer used in experiments 

    The measurements were made at the wavelength of 280 nm as at this length we 
observe the maximum of absorvation of the benzening circles.  
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    The initial wine model solution that was fabricated, before the addition of any of the 
compounds under research, was used as a reference solution. The samples than 
were place in a UV spectrophotometer in 10mm cells and several absorvation values 
were obtained. However due to the fact that in many cases the concentrations of the 
compounds in the solutions were very elevated several dilutions, with the wine model 
solution, had to be made to the initial samples in order to achieve absorption values 
between 0,3 and 0,8. This was necessary for the calculation of the  absorbance by 
applying the Lambert-Beer Law. The values obtained where after multiplied by the 
dilution factor and the final value of the absorbance was taken. In each case three 
repetitions of each sample were made. 
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3. RESULTS AND DISCUSSION 

 

3.1.1  Results of Polyphenolic index and Polyphenolic index per 
milligram for the different phenolic compounds 

    One of the most important parameter of wine which determine some organoleptic 
and sensorial properties, is its polyphenolic content. The polyphenolic content of wine 
is expressed by the variable that is called total polyphenolic index ( IPT ) .  

    As mentioned above the goal of the experiments carried out was to measure the 
contribution that some major phenolic families have to the polyphenolic index of the 
wine. This would allow us to have a more precise idea to what the polyphenolic index 
stands for in regards to the different molecules that are expressed within this 
variable. 

    From the experiments made in lab the following table 3.1 was obtained. For each 
molecule we have two numbers. The first one is the total polyphenolic index for the 
specific amount and the second one is the polyphenolic index per grammar of 
compound. The total polyphenolic index was used in order to obtain an 
understanding of the contribution of each phenolic family in wine, as while some 
phenolic families can be found in huge amounts in wine other are present only in 
trace amounts. The second number which is the polyphenolic index per grammar of 
compound helps us obtain a more quantitive idea of how much the different phenolic 
families contribute to the total polyphenolic index ,as for example, a gram of a 
specific compound have totally different contribution than a gram of another 
compound. 

 

Table 3.1: Polyphenolic Index and Polyphenolic Index per mg for three different 
concentrations of the different phenolic compounds 

p-coumaric(mg/l) 50 (mg/l) 100 (mg/l) 200 (mg/l) 

Polyphenolic Index  4,9 10,5 17,5 

Polyphenolic Index/mg 1,0 2,2 4,4 

Gallic acid(mg/l) 50 (mg/l) 75 (mg/l) 100 (mg/l) 

 Polyphenolic Index  1,8 3,0 4,4 

Polyphenolic Index/mg 0,2 0,3 0,4 

Quercetin(mg/l) 5 (mg/l) 25 (mg/l) 50(mg/l)  

 Polyphenolic Index  0,1 0,3 0,6 

Polyphenolic Index/mg 0,03 0,01 0,01 
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 Condensed Tannins(mg/l) 400 (mg/l) 800 (mg/l) 1500 (mg/l) 

 Polyphenolic Index  5,9 11,9 23,8 

Polyphenolic Index/mg 0,2 0,4 1,0 

Malvidin-3- glucoside(mg/l) 100 (mg/l) 500 (mg/l) 1000 (mg/l) 

Polyphenolic Index   3,1 9,2 20,9 

Polyphenolic Index/mg 0,2 0,4 1,0 

Resveratrol(mg/l) 10(mg/l)  50 (mg/l) 100 (mg/l) 

 Polyphenolic Index  0,6 3,6 7,5 

Polyphenolic Index/mg 0,1 0,7 1,5 

Catechin(mg/l) 150 (mg/l) 200 (mg/l) 400 (mg/l) 

 Polyphenolic Index  2,3 2,9 2,5 

Polyphenolic Index/mg 0,1 0,1 0,03 

Ellagic tannins (mg/l) 5 (mg/l) 50(mg/l)  100(mg/l)  

 Polyphenolic Index  0,1 0,9 1,7 

Polyphenolic Index/mg 0,02 0,03 0,1 

Guaiacol (mg/l) 0,02 (mg/l) 0,1 (mg/l) 2  (mg/l) 

Polyphenolic Index   0,4 2,4 39,4 

Polyphenolic Index/mg 20,2 107,9 1970 

2-phenylethanol (mg/l) 4* (mg/l) 7 (mg/l) 10 (mg/l) 

 Polyphenolic Index  0,2 0,3 0,4 

Polyphenolic Index/mg 0,05 0,05 0,05 

Epicatechin (mg/l) 150 (mg/l) 200 (mg/l) 400 (mg/l) 

 Polyphenolic Index  2,5 4,2 8,3 

Polyphenolic Index/mg 0,1 0,2 0,4 

Grape Anthocyanin 
Extract(mg/l) 

100 (mg/l) 500 (mg/l) 1000 (mg/l) 

 Polyphenolic Index  3,5 18,5 41,6 

Polyphenolic Index/mg 0,2 1,9 4,2 
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           3.1.2 Discussion 

    As we can see from the table above the highest values for the total polyphenolic 
index were the ones of the guaiacol, condensed tannins and malvidin and the lowest 
the ones of quercetin, 2-phenylethanol and resveratrol. 

    Regarding the polyphenolic index per milligram the highest one was that of 
guaiacol which however can only be found in trace amounts in wine and that is why 
in total it has so small contribution to the total Polyphenolic index. On the other hand 
molecules like malvidin, p-coumaric acid and condensed tannins while found having 
a considerably smaller polyphenolic index per milligram are contributing more to the 
total polyphenolic index as they can be found in really big amounts in wine. However 
we still got molecules like 2-phenylethanol, quercetin and gallic acid that were found 
to have a very low value of polyphenolic index per milligram and at the same time are 
contained in small amounts in wines. 

    From the phenolic acids p-coumaric acid shows a higher Polyphenolic index than 
gallic acid even for the lowest concentration that was the same in both cases. That 
was quite surprising as to our experience those two molecules have almost the same 
structure and so the difference between their Polyphenolic Index, especially for the 
lowest quantity which is in both cases 50 mg/l, should  considerably be the same. 

    Another interesting point is the fact that the Polyphenolic Index for all the 
concentrations, apart from the lowest one, and more importantly the Polyphenolic 
Index per milligram for guaiacol is higher than the one of those ellagic tannins despite 
the fact that we always used higher concentrations of ellagic tannins. This comes into 
agreement with the theoretical background as we know that guaiacol is a compound 
originating from the toasting of wood and ellagic tannins is a commercial mix of wood 
tannins that in total has a lower purity than the purity of guaiacol that we used. 

    However one of the most interesting results was the differences that we found 
between the two flavan-3-ols monomeric units that we used. In our specific case we 
can see (table 3.1) that while for the lowest concentration of 150 mg/l the two values 
are quite close after we observe a huge diversity in the results. This can probably be 
attributed to the fact that (+) Catechin was probably oxidized, as it was opened 
previously for some time, or not well diluted in the solution. The fact that the 
polyphenolic index per milligram for the three different concentrations of (+) Catechin 
is almost the same (table 1) also concludes with the above  assumption. In addition 
we have also to comment the fact that both (-) Epicatechin and (+) Catechin as 
monomerics units of the proanthocyanidins or condensed tannins have lower values 
for both the Polyphenolic Index and the Polyphenolic Index per milligram than the 
ones of the condensed tannins. 

    Another interesting point are the big differences found between the extraction of 
anthocyanins that was made in lab and the pure malvidin. As we can see from the 
table 3.1 the extraction of anthocyanins presents higher values for both the 
Polyphenolic Index and the Polyphenolic Index per mg. This is quite logical according 
to the fact that no purification was made after the extraction of Anthocyanins from the 
skins of the Syrah grapes. The purification method is described by Dallas (1998) and 
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is essential in order to remove the phenolic compounds that are not fixed like the 
sugars, the acids and the salts that were extracted to a small amount during the 
extraction with the solution of methanol with 0,1% HCl 12 N as well as the acetyladed 
anthocyanins.  

    In regards to the Polyphenolic index per milligram we have also to comment that, 
to our surprise, it varies greatly for all the three different concentrations of the same 
compounds and especially for the highest ones. This is against to what was expected 
and it may be caused by the fact that dilutions have to be made to the initial samples 
in order to achieve absorbancee values between 0,3 and 0,8 which were necessary 
for the calculation of the absorbance by the Lambert-Beer Law.  

 

           3.2 Verification of the results 

  In addition to the above and because Polyphenolic Index/mg can be directly linked 
to the molecular absorbance according to the  Lambert-Beer Law the above number 
was used as a way to verify the rationality of the results.  

  More specifically a graph with the different concentrations for each compound was 
made. The inclination of the line is expressing the molecular absorbance that is 
characteristic of the different molecules and it doesn’t variate with concentration. In 
addition the first degree equation was fit and in all of the cases the R- square was 
higher than 0,985 ( figure 3.1)(appendix 1) . This gave as the verification needed, as 
from bibliography we were able to find the molecular absorbance of the different 
compounds but in most cases in different wavelengths. 

 

 

Figure 3.1: Example of the P.I vs. mg, in this specific case of the p-coumaric acid 
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           3.3 Mixtures of molecules 

           3.3.1 Results of Polyphenolic index and Polyphenolic index per mg. 

    The second part of the thesis  is centered around the idea of making some 
comparison between mixtures from two different phenolic families in order to try to 
have a better understanding of what total polyphenolic index represents in wine after 
obtaining a clear idea of the different polyphenolic indexes and polyphenolic indexes 
per milligram of the different molecules 

    For that reason the following mixtures of compounds were made: 

a) Gallic acid with quercetin, ellagic tannins, condensed tannins and the 
extraction of anthocyanins. 

b) Coumaric acid with quercetin, ellagic tannins, condensed tannins and the 
extraction of anthocyanins. 

c) The extraction of anthocyanins with condensed tannins, ellagic tannins and 
quercetin. 

d) Quercetin with condensed tannins and ellagic tannins. 
 
 

    The results obtained can be found in the tables 3.2-3.14. For the easiest 
visualization of the results graphs were made (figures 3.2–3.14). Each figure 
corresponds to a different pair of mixed molecules. 

 

 

Figure 3.2: Polyphenolic index per milligram for the three different concentration of 
Anthocyanin Extract, Gallic Acid  and their mixtures 

Table 3.2: P.I/mg and Polyphenolic Index for the different combinations of 
Condensed Tannins and p-coumaric acid. 
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 Condensed Tannins 
p-coumaric acid 400mg 800mg 1500mg 
50mg P.I/mg 0,7 1,4 1,1 

 P.I 12,2 20 28,5 
100mg P.I/mg 1,9 1,4 1,3 

 P.I 16,3 20,6 33,8 
200mg P.I/mg 2,6 1,4 1,7 

 P.I 26,7 23,2 47,7 
 

 

 

Figure 3.3 Polyphenolic index per milligram for the three different concentration of 
Anthocyanin Extract, Ellagic Tannins  and their mixtures 

 

Table 3.3: P.I/mg and Polyphenolic Index for the different combinations of Ellagic 
Tannins and Anthocyanin Extract 

 Ellagic Tannins 
Anthocyanin Extract 5mg 50mg 100mg 

100mg P.I/mg 0,3 0,3 0,2 
 P.I 3,2 4,3 4,7 

500mg P.I/mg 1,8 2,0 2,0 
 P.I 18,8 21,6 24,4 

1000mg P.I/mg 4,2 4,6 4,7 
 P.I 41,9 48,0 52,0 

            3.3.2 Discussion 
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    The mixture of the different compounds came to verify the above results as the 
total polyphenolic index is always close to the summary of the polyphenolic index of 
the initial molecules (tables 3.2-3.14). 

    However when we have to express the results in polyphenolic index per milligram 
the results are always more complicate. We have already mentioned that are 
phenolic compounds that are contained in wine in big quantities but have small 
polyphenolic index and other that have big polyphenolic index and of course the vice 
versa. This can lead to very serious misinterpretations of the polyphenolic index per 
mg. 

    For example when you mix a compound with a very small polyphenolic index per 
mg that can be found in wine in small amount  with a compound with a big 
polyphenolic index per milligram that  can be found in wine in big amounts the total 
polyphenolic index  per milligram of the mix is lower than the polyphenolic index of 
the molecule with the high polyphenolic index per milligram ( figures 3.2-3.14,tables 
3.2-3.14) with the exception of the mixtures of gallic acid with condensed tannins        
(figures 3.12, table 3.12) 

 

 

 

Figure 3.4 : Polyphenolic index per milligram for the three different concentration of 
Anthocyanins Extract, Condensed Tannins  and their mixtures 

 

 

Table 3.4: P.I/mg and Polyphenolic Index for the different combinations of 
Condensed Tannins and Anthocyanin Extract 
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 Condensed Tannins 
Anthocyanin Extract 400mg 800mg 1500mg 
100mg P.I/mg 0,4 1,1 1,0 

 P.I 9,3 16,2 27,0 
500mg P.I/mg 1,6 1,5 2,8 

 P.I 26,3 33,2 47,8 
1000mg P.I/mg 4,5 3,8 3,6 

 P.I 59,3 61,9 79,3 
 

. 

 

Figure 3.5: Polyphenolic index per milligram for the three different concentration of 
Ellagic Tannins, p-coumaric acid and their mixtures 

 

Table 3.5: P.I/mg and Polyphenolic Index for the different combinations of Ellagic 
Tannins and p-coumaric acid 

 Ellagic Tannins 
p-coumaric acid 5mg 50mg 100mg 
50mg P.I/mg 0,8 0,5 0,4 

 P.I 4,5 8,4 17,6 
100mg P.I/mg 1,6 1,2 1,0 

 P.I 5,3 9,2 18 
200mg P.I/mg 4,2 3,6 3,2 

 P.I 6,2 9,8 19,2 
  

    The above phenomenon was more easily visible in all the mixtures of compounds 
with quercetin (figures 3.6-3.7, tables 3.6-3.7). 
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Figure 3.6: Polyphenolic index per milligram for the three different concentration of 
Anthocyanin Extract, Quercetin and their mixtures 

 

Table 3.6: P.I/mg and Polyphenolic Index for the different combinations of Quercetin 
and Anthocyanin Extract. 

 Quercetin 
Anthocyanin Extract 5mg 25mg 50mg 

100mg P.I/mg 0,2 0,2 0,1 
 P.I 2,9 3,3 3,4 

500mg P.I/mg 1,5 1,6 1,6 
 P.I 15,1 16,5 17,7 

1000mg P.I/mg 2,9 2,9 2,9 
 P.I 29,1 31,1 32,5 

 

 

Figure 3.7 : Polyphenolic index per milligram for the three different concentration of 
Condensed Tannins, Quercetin and their mixtures 

0,0 

1,0 

2,0 

3,0 

4,0 

5,0 

1 2 3 

P.
I/

m
g 

Quercetin- Anthocyanin Extract 
Quercetin 

Anthocyanin Extract 

Anthocyanin Extract(100mg)- 
Quercetin 

Anthocyanin Extract(500mg)- 
Quercetin 

Anthocyanin Extract(1000mg)- 
Quercetin 

0,0 

0,2 

0,4 

0,6 

0,8 

1,0 

1 2 3 

P.
I/

m
g 

Quercetin-  Condensed Tannins 
Quercetin 

Condensed Tannins 

Quercetin (5 mg)- Condensed 
Tannins 
Quercetin (25 mg)- Condensed 
Tannins 
Quercetin (50 mg)- Condensed 
Tannins 



50 

 

Table 3.7: P.I/mg and Polyphenolic Index for the different combinations of Quercetin 
and Condensed Tannins. 

 Condensed Tannins 
Quercetin 400mg 800mg 1500mg 

5mg P.I/mg 0,2 0,4 1 
 P.I 5,9 12 22,6 

25mg P.I/mg 0,2 0,4 1 
 P.I 6,2 12,4 23,2 

50mg P.I/mg 0,2 0,4 1 
 P.I 6,4 12,9 23,7 

 

   In addition the total polyphenolic index per mg is decreasing proportionally with the 
increase of the amount of the compound that has a small polyphenolic index (tables 
3.8-3.9, figures 3.8-3.9) 

 

 

Figure 3.8 : Polyphenolic index per milligram for the three different concentration of   
p-coumaric acid, Quercetin and their mixtures 

Table 3.8: P.I/mg and Polyphenolic Index for the different combinations of Quercetin 
and p-coumaric acid. 

 Quercetin 
p-coumaric acid 5mg 25mg 50mg 
50mg P.I/mg 0,7 0,6 0,5 

 P.I 4,2 4,6 4,6 
75mg P.I/mg 1,7 1,6 1,3 

 P.I 8,9 9,7 9,7 
100mg P.I/mg 4,8 4,5 4,3 

 P.I 19,9 20,5 21,9 
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Figure 3.9 : Polyphenolic index per milligram for the three different concentration of   
Quercetin, Ellagic Tannins and their mixtures 

Table 3.9: P.I/mg and Polyphenolic Index for the different combinations of Quercetin 
and Ellagic Tannins. 

 Ellagic Tannins 
Quercetin 5mg 50mg 100mg 

5mg P.I/mg 0,01 0,03 0,08 
 P.I 0,2 1,0 1,8 

25mg P.I/mg 0,01 0,03 0,08 
 P.I 0,5 1,2 2,1 

50mg P.I/mg 0,01 0,03 0,08 
 P.I 0,7 1,5 2,3 

 

    In addition to the previous we can also see that the total polyphenolic index per 
milligram is decreasing faster in the solutions of gallic acid with quercetin (figure 3.10, 
table 3.10) than in the solutions of gallic acid with ellagic tannins (figure 3.11, table 
3.11) as the polyphenolic index per milligram of the quercetin is smaller than the 
polyphenolic index per milligram of gallic acid (table 3.1). 

Table 3.10: P.I/mg and Polyphenolic Index for the different combinations of 
Quercetin and Gallic Acid. 

 Quercetin 
Gallic Acid 5mg 25mg 50mg 

50mg P.I/mg 0,18 0,15 0,11 
 P.I 2,0 2,3 2,2 

75mg P.I/mg 0,19 0,16 0,14 
 P.I 3 3,3 3,6 

100mg P.I/mg 0,36 0,32 0,3 
 P.I 3,8 4,1 4,5 
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Figure 3.10: Polyphenolic index per milligram for the three different concentration of 
Gallic Acid, Quercetin and their mixtures 

 

 

Figure 3.11 : Polyphenolic index per milligram for the three different concentration of 
gallic acid, Ellagic tannins and their mixtures 
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Table 3.11: P.I/mg and Polyphenolic Index for the different combinations of Ellagic 
Tannins and Gallic Acid. 

 Ellagic Tannins 
Gallic Acid 5mg 50mg 100mg 

50mg P.I/mg 0,19 0,14 0,14 
 P.I 2,1 2,8 2,1 

75mg P.I/mg 0,19 0,15 0,14 
 P.I 3,0 3,8 2,5 

100mg P.I/mg 0,39 0,34 0,3 
 P.I 4,1 5,1 6 

 

 

    On the other hand in some cases that the polyphenolic index per milligram is 
almost the same for two molecules the total polyphenolic index per milligram of the 
different mixtures of the two molecules is higher than the ones of their respective 
molecules (figure 3.12, table 3.12).   

 

 

 

Figure 3.12 : Polyphenolic index per milligram for the three different concentration of 
Gallic acid, Condensed Tannins and their mixtures. 
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Table 3.12 P.I/mg and Polyphenolic Index for the different combinations of 
Condensed Tannins and Gallic Acid. 

 Condensed Tannins 
Gallic Acid 400mg 800mg 1500mg 

50mg P.I/mg 0,5 1,2 1,1 
 P.I 8,8 16,4 26,4 

75mg P.I/mg 0,5 1,2 1,1 
 P.I 9,8 17,6 27,9 

100mg P.I/mg 0,5 1,3 1,1 
 P.I 10,5 19,2 28,9 

 

 

    However also in this case we observe the same thing. In some cases the total 
polyphenolic index per mg for the mixtures can decrease if the quantity of one of the 
two molecules that we are using is increasing very fast in proportion to the quantity of 
the other molecule that we are using (figure 3.13,table 3.13). 

  

 

 

Figure 3.13 : Polyphenolic index per milligram for the three different concentration of       
Gallic acid, Anthocyanin extract and their mixtures. 
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Table 3.13: P.I/mg and Polyphenolic Index for the different combinations of Gallic 
Acid and Anthocyanin Extract 

 Anthocyanin Extract 
Gallic Acid 100mg 500mg 1000mg 

50mg P.I/mg 0,3 1,5 5,9 
 P.I 4,8 16,6 32,8 

75mg P.I/mg 0,3 1,5 6,0 
 P.I 5,7 17,9 34,9 

100mg P.I/mg 0,4 1,6 6,5 
 P.I 7 20,1 39,5 

 

 

 

Figure 3.14 : Polyphenolic index per milligram for the three different concentration of       
p-coumaric acid, Anthocyanin extract and their mixtures 

 

Table 3.14: P.I/mg and Polyphenolic Index for the different combinations of 
Anthocyanin Extract and p-coumaric acid 

 Anthocyanin Extract 
p-coumaric acid 100mg 500mg 1000mg 
50mg P.I/mg 0,8 1,9 4,3 

 P.I 6,4 20,8 44,7 
100mg P.I/mg 0,6 1,9 4,3 

 P.I 6,6 22,1 47,8 
200mg P.I/mg 0,5 1,7 4,3 

 P.I 6,9 23,9 51,5 
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4. CONCLUSION 

  

    As mentioned above the goal of the thesis was to try to understand the different 
contributions that the different phenolic compounds and in more general the different 
phenolic families have to the total polyphenolic index. 

    For that reason we measured the absorbance of different molecules that are 
representative of the different major phenolic families and calculateD their IPT. 

    During the experiments we managed to identify the polyphenolic index per 
milligram and the polyphenolic index for some key components of the wine. 

    However as a conclusion we have to say that while total polyphenolic index can 
give a qualitive estimation of the total polyphenolic content of the wine is very difficult 
to be used effectively to give a quantitive estimation to the contribution that different 
phenolic families have in the wine. This is mainly due to the fact that the total 
polyphenolic index per milligram of the wine is expressing the total phenolic content 
of the wine which involves a huge number of different molecules in different values 
that vary considerably from wine to wine. In addition as we shown the Total 
Polyphenolic Index per milligram is influenced by the amount as well as by the ratio 
that each molecule can be found in wine. 

    So to sum up from the experiment made above we only obtained a rough idea of 
how some basic phenolic compounds are expressed in terms of polyphenolic index 
per 1 mg as we know now that some phenolic compound contribute more per 
milligram than other phenolic compounds but the total contribution that each phenolic 
family has to the total phenolic index of the wine is still elusive as the parameters that 
are still left to studied are too many.   
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6. APPENDIX 1 

Graphs of the Polyphenolic Index vs. milligram of the phenolic compounds used and 
R-square equation fitted in each specific case. 
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