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Abstract: Grape and wine phenolics are structurally diverse, from simple molecules to 

oligomers and polymers usually designated as tannins. They have an important impact on 

the organoleptic properties of wines, that’s why their analysis and quantification are of 

primordial importance. The extraction of phenolics from grapes and from wines is the first 

step involved in the analysis. Then, several analytical methods have been developed for the 

determination of total content of phenolic, while chromatographic and spectrophotometric 

analyses are continuously improved in order to achieve adequate separation of phenolic 

molecules, their subsequent identification and quantification. This review provides a 

summary of evolution of analysis of polyphenols from grapes, wines and extracts. 

Keywords: phenolics; anthocyanins; tannins; extraction; global analyses; HPLC/UPLC; 

spectroscopy; DPm 

 

1. Introduction 

Phenolic compounds are the most abundant secondary metabolites present in the plant kingdom. 

They possess a common structure comprising an aromatic benzene ring with one or more hydroxyl 

substituents. They represent a large and diverse group of molecules including two main families: the 

flavonoids based on common C6-C3-C6 skeleton and the non-flavonoids. In plant, they play a role in 
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growth, fertility and reproduction and in various defence reactions to protect against abiotic stress like 

UV-light or biotic stresses such as predator and pathogen attacks [1,2]. They also constitute basic 

components of pigments, essences and flavors. 

Many of phenolic compounds (resveratrol, quercetin, rutin, catechin, proanthocyanidins) have  

been reported to have multiple biological activities, including cardioprotective, anti-inflammatory,  

anti-carcinogenic, antiviral and antibacterial properties attributed mainly to their antioxidant and 

antiradical activity [3–6]. 

Phenolic compounds are essential for the quality of plant-derived food products through their 

contribution to oxidative stability and organoleptic characteristics. Indeed, wine organoleptic properties 

are largely related to phenolic compounds extracted from the grape during the winemaking process. 

Among them, flavonoids, including anthocyanins and flavan-3-ols, are the most important for wine 

quality. Anthocyanins are pigmented compounds responsible for the red wine colour and they are 

essentially located in grape skins. Flavan-3-ols exist not only as monomers but also as oligomers and 

polymers, called condensed tannins or proanthocyanidins. Condensed tannins are grape-derived 

compounds of great importance to red wine quality due to their astringent, bitter properties [7,8] and 

their role in the long-term color stability [9,10]. Astringency and bitterness are two major 

characteristics in grape and wine quality definition. Astringency is a tactile sensation, whereas 

bitterness is a taste. The molecular size of proanthocyanidins affects their relative bitterness and 

astringency level [7,8,11,12]. Overall, monomers are more bitter than astringent, whereas the reverse is 

true in the case of large molecular weight derivatives. For grape seed tannin, reducing the degree of 

galloylation only decreases astringency [11]. 

The determination of the quantitative composition and the investigation of the factors affecting the 

composition of these bioactive substances, using robust, sensitive and reliable methods are considered 

a priority. Some common structures (catechin, proanthocyanidin, anthocyanins, etc.) have been already 

identified and quantified in wines but others ones such as high molecular mass phenolics or new 

formed compounds during wine ageing still remain to study. Many different methods have been 

improved through years. General approaches allow the determination of a global index (e.g., “total 

polyphenols”) mainly achieved by spectrophotometric detection and are opposed to more specific 

analyses based on separation of the individual polyphenolic species typically by high-performance 

liquid chromatography or capillary electrophoresis and their subsequent detection by different 

detectors, UV-vis, mass spectrometry. 

This review is aimed to take stock on the different methods developed in the last years and the 

development of new ones. Examples of the new molecules they allowed to identify and quantify in 

grapes and wines will be given. 

2. Structures of Main Polyphenols from Gapes and Wines 

Wine phenolic composition depends on the grape used and on winemaking processes that determine 

their extraction into the must and subsequent reactions. Structures of phenolic compounds include 

simple aromatic ring with low molecular weight to complex high molecular weight tannins. Two 

groups of phenolic compounds are classically distinguished: flavonoids based on common C6-C3-C6 

skeleton and non flavonoids. 
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Among non-flavonoids, principal compounds are phenolic acids (hydroxybenzoic acids), 

hydroxycinnamic acids and stilbens. Hydroxybenzoic acids are based on a C6-C1 structure, a benzene 

ring with one carbon aliphatic chain substituent. The various acids are differentiated by the substitution 

of their benzene ring. Vanillic, syringic and gallic acids are the main compounds from this sub-class 

(Figure 1). Several hydroxycinnamic acids (C6-C3) are present in grapes and wines (Figure 1). They 

have been identified in small quantities in the free form, but are mainly esterified, in particular with tartaric 

acid [13]. They may also be simple glycosides of glucose. Another family of more complex polyphenols 

is also present in grapes, wine and oak wood. Stilbenes have two benzene rings, generally bonded by 

an ethane, or possibly ethylene, chain. Among these trans-isomer compounds, resveratrol, or 3,5,4-

trihydroxystilben (Figure 1), is thought to be produced by vines in response to a fungal infection [14]. 

Figure 1. Structures of important monomeric phenolic compounds in grapes and wines. 

 

Flavonoids, the most abundant phenolic compounds in grapes and wines, possess a common  

C15-skeleton, composed of three rings (A, B, C). This molecules family is constituted by different  

sub-categories, flavones, flavonols, flavanones, flavanols and anthocyanins differing by the ring C 

insaturation degree and substituents (Figure 1). 

In this review, we will pay particular attention on anthocyanins and flavanols or proanthocyanidins. 

Anthocyanins are specific to red varieties and localized in berry skins except in teinturier varieties that 
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have colored flesh. Their structure, flavylium cation, includes two benzene rings bonded by an unsaturated 

cationic oxygenated heterocycle, derived from the 2-phenyl-benzopyrylium nucleus (Figure 1). They 

are glucosylated derivatives of five aglycones or anthocyanidins: cyanidin, peonidin, petunidin, 

delphinidin and malvidin. Further diversity results from acylation of the glucose by acetic, p-coumaric 

and caffeic acids. Flavan-3-ols formed the more complex flavonoid sub-family (Figure 1). These 

compounds include simple monomers such as (+)-catechin and (−)-epicatechin but also oligomers or 

polymers called proanthocyanidins because they release anthocyanidins when heated in acidic 

solutions (Figure 2). Proanthocyanin structures vary in the nature of their constitutive sub-units, mean 

degree of polymerization (mDP) and linkage position. 

Figure 2. General structures of proanthocyanidins: flavan-3-ol monomers are linked 

through C4-C8 or C4-C6 linkages. 

 

They are located in all the parts of a grape cluster but skins contain lower amounts of proanthocyanidins 

than seeds and their structural characteristics also differ. Grape seed proanthocyanidins comprise only 

procyanidins [subunits constituted of (+)-catechin (C) and (−)-epicatechin (EC)], whereas grape  

skin proanthocyanidins include both procyanidins and prodelphinidins [subunits constituted of  

(−)-epigallocatechin (EGC)] [15]. Skin proanthocyanidins have a higher mDP and a lower proportion 

of galloylated subunits than seed ones. Condensed tannins are grape-derived compounds of great 

importance to red wine quality due to their astringent, bitter properties [7,8] and their role in the  

long-term color stability [9,10]. 

3. Extraction from Grapes 

For characterizing phenolic compound structures, the anthocyanins or tannins need first to be 

extracted from grape. Regarding wine, some authors estimate that sample don’t need any particular 

preparation and can be directly injected or experimented while others indicate a great benefit on 

separation/quantification/identification after a purification step (this point will be considered in the 

analysis part). 

3.1. Liquid-Solid Extraction 

In several studies, grape seeds and skins are first separated before being separately extracted with 

solvents such as aqueous acetone and sometimes following by a second extraction with aqueous 

methanol [16–18]. Anthocyanins/anthocyanidins are usually extracted from skins or pomaces with 

acidified organic solvents, commonly methanol. More and more, these “manual” solid-liquid extractions 
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are replaced by alternative extractions with pressurized liquid, ultrasound, electrical and microwaves-

assisted extractions. These “mechanical” techniques are explored in recent scientific studies in order to 

shorten the extraction time, decrease the solvent consumption, increase the extraction yield and 

enhance the quality of extracts [19–26]. The pressurized liquid extraction (PLE) commercially known 

as accelerated solvent extraction (ASE) enables rapid extraction of analytes in a closed and inert 

environment under high pressure (3.3–20.3 MPa) and temperatures (40–200 °C). The major advantage 

of this technique is that pressurized solvent remain in liquid state well above their boiling points, 

allowing for high-temperature extraction improving analyte solubility and desorption kinetics from the 

matrices. Hence, extraction solvents including water that are inefficient in extracting phytochemicals at 

low temperatures may be much more efficient at elevated PLE temperatures. Indeed, Ju and Howard 

showed that high-temperature (80–100 °C) PLE using acidified water was as effective as acidified 

60% methanol in extracting anthocyanins from grape skins [24]. In other works, high yields of total 

polyphenols and total flavonoids from Pinot noir grape skins were obtained working at 150 °C  

even though flavonoids have the tendency to degrade when extraction time is prolonged (more than  

210 min) [22]. Pineiro et al. showed that PLE extraction of grape seeds using methanol as solvent 

produces results in terms of recovery of catechin and epicatechin, notably higher than those ones 

obtained by magnetic stirring or ultrasound-assisted extraction [23]. 

A second alternative extraction technique concerned electrically assisted extraction. Boussetta and 

co-workers showed that extraction of Chardonnay grape skins by pulsed electric field (PEF) and 

particularly high-voltage electrical discharge (HVED) treatments allowed acceleration of the extraction 

kinetics of the soluble matter and polyphenols in water at 20 °C [21]. HVED application introduces 

complex phenomena like shock waves and cavitation, which cause mechanical damage of grape tissues 

and disintegration of cell walls. Thus, an increase in polyphenol concentration reflecting the 

enhancement of diffusion between the cells at the inner surface of grape skins during the PEF or 

HVED treatment was also noticed by Boussetta and co-workers. However, these authors underlined a 

noticeable selectivity in polyphenol extraction and mentioned the necessity of further studies on this 

topic to improve this promising technique. Effectively, some parameters such as the number of 

discharges have to be optimized because too long treatments can impact negatively polyphenol 

extraction (decrease in concentration) possibly linked to their degradation [19]. Moreover, these two 

studies were performed on catechin or total phenolic content and questions concerning extraction of 

more sensitive oxidative molecules such as anthocyanins have been raised. 

Finally microwave-assistance provided to be another very rapid and efficient mean of extraction [20]. 

This technique offers a rapid delivery of energy to a total volume of solvent and liquid with subsequent 

heating of the solvent and solid matrix, efficiently and homogeneously [27]. Application of optimal 

conditions to grape seed from Cabernet-Sauvignon, Shiraz, Sauvignon blanc and Chardonnay revealed 

that approximately 92% of the total polyphenols were extracted which was comparable or better than 

other extraction methods (ultrasounds, …) [26]. 

3.2. Extract Purification 

These solid-liquid extractions lead to a “crude” extract which purity and specificity can still be 

improved. Thus, further fractionation by means of liquid/liquid extraction can be achieved to purify 
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and to separate different procyanidins molecular weight fractions. Thus, after removing lipophilic materials 

by chloroform, Lorrain and co-workers employed ethyl acetate to obtain a monomeric/oligomeric 

proanthocyanidin fraction in the organic phase while polymers were concentrated in aqueous fraction [28]. 

More distinctive fractions (seven fractions from DPm 3 to 12) can be obtained by successive liquid/liquid 

extraction with increasing percentages of chloroform in methanol [29]. Alternatively, it is possible to 

enrich and fractionate crude extracts by semi-preparative normal phase LC (C18) [30] or by solid phase 

extraction employing diverse sorbents such as C18, XAD or PVPP [31–33]. These aspects will be 

further discussed, in the part “Techniques to establish tannin structures (mean degree of polymerization)”. 

3.3. Phenolic Extraction from Grape to Wine: Methods for Prediction 

Both the quantity and the extractability of anthocyanins and tannins increase throughout the grape 

ripening. A great number of different methods have been proposed to determine the phenolic ripening 

of grapes and to predict the wine phenolic composition of wines but up to now, none universal method 

was accepted [34–38]. The main variables that influence the yield and rate of phenolic extraction from 

grapes are particle size, temperature, maceration time, pH, solvent-to-solid ratio and type of solvent 

used. Indeed, Glories suggested a rapid, fairly simple method, giving results that are both comprehensive 

and easy to interpret [34]. The principle of this assay consists of rapidly extracting (4 h) the 

anthocyanins from the skins, in condition approximately comparable to that occurring in fermentation 

vats at pH 3.2 (solution with 5 g/L tartaric acid) and then under more extreme conditions, where all of 

the anthocyanins are then extractable and solubilized at pH 1. This method conducts in several 

parameters, ApH 1, the total potential in anthocyanins, ApH 3.2, the total potential in extractible 

anthocyanins, EA, the anthocyanin extractability, RPT, the total polyphenolic richness of the grapes 

and MP%, the seed maturity, representative of the contribution of seed tannins. More recently, FT-MIR 

spectroscopy combined with PLS statistical analyses was shown to be a fast and reliable technique for 

monitoring the phenolic ripening in grapes during the harvest period [37]. The same authors also 

presented a fast and simple extraction method of red grapes making possible to obtain good correlations 

between phenolic parameters of the grape extracts and those of their corresponding wines [35]. 

4. Analyses of Wines and Extracts 

They are two general approaches to examine and to quantify the polyphenolic content in extracts 

and in wines. The determination of a total index by spectrophotometric detection or the separation of 

the individual phenol species and their subsequent detection. 

4.1. Global Phenolic Determination Methods 

A number of spectrophotometric methods for quantification of phenolic compounds in plant 

materials have been developed. These assays are based on different principles and are used to 

determine different structural groups present in phenolic compounds. They are well described in 

several reviews [31,39]. Briefly, the easiest method for a quickly estimation of the total phenolic 

compound in a wine or an extract is the measurement of absorption at 280 nm (with an appropriate 

sample dilution). This value is based on the characteristic absorption of the benzene cycles of the 
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majority of phenols at 280 nm. This test presents a number of advantages, including speed and 

reproducibility. However, certain molecules, such as cinnamic acids and chalcones, have no maximum 

absorption at this wavelength. However, as they are present in wine at very low concentrations, any 

error in the value will be very small. Reversely other non phenolic molecules can possess a benzene 

ring (amino acid) and absorb at 280 nm conducting in interference absorption. A second method for a 

global phenolic content determination is the Folin-Ciocalteu assay which acts on the phenols due to 

their reductive properties. Indeed, it consists in the reduction of phosphomolybdic acid to a blue 

colored complex by phenolic compounds in alkaline conditions. However, this method remains not 

specific since some phenolic groups found in extractable proteins or reducing substances such as 

ascorbic acid can also participate in the reduction reaction. More specific assay such as vanillin assay, 

DMACH assay, Bate-Smith assay have been proposed for determining the content of proanthocyanidic 

tannins. Vanillin and DMACH assays rely on the formation of coloured products from the reaction 

between tannins and the aldehyde reagent while Bate-Smith principle is based on proanthocyanidin 

depolymerization through the breakdown of their intra-flavonols bonds in an acidic heat medium [40]. 

This results in carbocations formation partially converted into red cyanidins (with a specific absorption 

at 550 nm) if the medium is sufficiently conducive to oxidation [41]. Other methods are based on the 

selective precipitation of tannin by proteins (e.g., bovine serum albumin) or by other reagents such as 

polymers (polyethyleneglycol, polyvinylpyrrolidone, …). Methyl cellulose, a form of polysacharride, was 

also used to develop a method by precipitation for the quantification of condensed tannins in red wines 

or grape extracts, referred to as the MCP (methyl cellulose precipitation) tannin assay [42]. This assay 

is based on polymer-tannin interactions, resulting in an insoluble complex which precipitates. It is a 

substractive method since measurements are performed at 280 nm before and after precipitation. In 

general, all these assays are dependent on many variables including pH, isoelectric point, ionic 

strength, protein conformation and temperature. However, these methods lack of specifity and 

reproducibility because they are hindered by our inability to measure directly the removed tannins as 

the ideal absorption for spectral quantification at 280 nm suffers interference from the added protein 

precipitant [31]. Finally, regarding anthocyanins quantification, the chemical methods are based on the 

specific properties of anthocyanins: color variation according to pH and bleaching by sulfur dioxide [43]. 

Traditional spectroscopic assays may lead to overestimation of polyphenols contents of crude 

extracts because of the possible interference by UV-absorbing substances. Moreover, they can be time 

and solvent consuming (Folin, Bate-Smith). New approaches are being studied in order to develop 

novel, easy, reliable and robust global methods. Among them, electroanalytical techniques and infrared 

spectroscopy appeared to be the most promising. 

In recent times, different electrochemical methods have been proposed for the characterization and 

quantification of polyphenols in wine on the basis that practically all polyphenolic compounds present 

in wines are electrochemically active. Indeed, the antioxidant properties of these compounds are 

related to their ability to donate electrons. Thus, most of them present native electroactivity and their 

electrochemical oxidation at moderate potentials has been exploited for their detections. These 

characteristics allow selective detection of polyphenols with good sensitivity, even in very complex 

samples, such as wine, and responses are independent of the optical path length or their turbidity [44]. 

Cyclic voltametry (CV) was the first electrochemical method used for characterization of polyphenols 

and determination of total polyphenols content in wine. Indeed, Kilmartin and co-workers first 
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employed this technique in order to characterize a range of phenolic acids and flavonoids, ascorbic 

acid and sodium metabisulfite, which make an important contribution to the antioxidant properties of 

wine [45]. These authors indicate that glassy carbon electrode was the best one for this purpose 

because it minimizes interferences from ethanol which oxidizes at inert metal electrods such as 

platinum and gold. They showed that the presence of voltammetric signals at low overpotentials was 

correlated with the presence of polyphenolics of high antioxidant activity, whereas those compounds 

with low antioxidant power showed electrochemical activity at more positive potentials. Effectively, 

easily oxidized ortho-diphenols yield a low potential peak around 400 mV, the anthocyanins in red 

wine yield a peak at 650 mV, and harder-to-oxidize functional groups produce higher potential peaks, 

providing facile discrimination between these types of substrates [45,46]. In another study, De Beer et al. 

attempted to compare the phenolic compounds determination obtained by different methods [47]. They 

used CV under the same conditions as the Kilmartin group and calculated the total phenol content for 

wines from integrating the area under the peak to 500 mV (Q500) in comparison with the response of 

catechin standards at 0.01, 0.02 and 0.05 mM. The authors mentioned that using CV to measure total 

phenols using Q500 presented the disadvantages by only reflecting the total content of phenolic 

compounds containing pyrogallol, gallate, and catechol groups in monomers, oligomers or polymers 

such as flavanols, proanthocyanidins, flavonols and phenolic acids. Indeed, major anthocyanins but 

also white wine phenols only produce anodic peaks at potentials higher than 500 mV and are not 

included in this measurement. However, it is complicated to quantify these phenols at higher potentials 

since products of polyphenol oxidation accumulate at the electrode surface at higher potentials. A 

mean to overcome this technical difficulty may be necessary to quantify total current at higher voltage. 

Nevertheless, they found that CV provided qualitative and semi-quantitative information about 

polyphenols content and good correlations between the different methods were achieved (Folin 

Ciocalteu, RP-HPLC and CV). Recently, Sanchez Arribas and co-workers presented an improvement 

of CV by modification of glassy carbon electrodes with a multi-walled carbon nanotube and coupling 

with a flow injection analysis [48]. They showed the excellent performance of their modified electrodes 

under dynamic regime, allowing higher sensitivity and stability as illustrated by the amperometric 

detection of total polyphenols in wines. Authors mentioned that it is actually possible to use this device 

for real application in routine analysis where stable and robust responses are required during long 

period of time [48]. Differential pulse voltametry (DPV) has also been explored in the analytical 

detection of polyphenols in foods until Seruga et al. attempted to apply it to wines [49]. They 

performed a complete study by DPV, HPLC and spectrophotometric methods in 11 Croatian red 

wines. By DPV, they noticed three major oxidation anodic peaks on the wine voltammograms (P1; P2; 

P3) (Figure 3). The first oxidation peak was very well pronounced and it was proven to be the most 

reversible, reproducible and linear towards catechin standard. The current density of this peak was 

used for quantification of the total polyphenol content. The second and third oxidation peaks were 

more or less pronounced and related to the wine origin regions. Finally, Seruga and co-workers 

showed that DPV was a very sensitive and very selective method for the determination of total 

polyphenol content of red wines and is a notable improvement for total polyphenol determination in 

comparison to the cyclic voltametry (CV) and Folin Ciocalteu methods. To put in a nutshell, 

voltametry techniques have become alternatives to traditional spectrophotometric tests and appear to 
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be very rapid compared with traditional method. However, more experience is required to ensure 

reproducible and consistent results. 

Figure 3. Differential pulse voltammograms of red wines: (a) Frankovka, (b) Pinot noir, 

(c) Zweigelt, (d) Plavac Hvar, (e) Ivan Dolac, diluted 1/400 in acetate buffer solution 

pH3.6, measured at the GC electrode. Scan rate, 5 mV s−1, from Seruga et al. [49]  

(with permission from Elsevier). 

 

Infrared (IR) spectroscopy is another powerful, fast, accurate and non-destructive technique. This is 

an alternative to conventional chemical analyses particularly interesting for real-time monitoring of 

various components during winemaking process as well as for the following of grape maturity. Thus, 

several studies performed on different grape varieties have shown that Near Infrared (NIR) and Mid 

Infrared (MIR) spectroscopies combined with multivariate analyses were suitable to evaluate the 

evolution of the main chemical parameters involved in wine fermentation as well as phenolic 

compounds (total phenolic, total tannins and total anthocyanins) independently of the constant changes 

of matrixes during winemaking conditions and giving crucial information about the quality of the final 

product [38,50–52]. 

Use of NIR spectroscopy was also performed for determining phenolic compounds in skins, seeds 

or intact berries. For examples, Ferrer-Gallego et al. recently determined the concentrations of the 

main phenolic families (flavanols, anthocyanins, flavonols and phenolic acids) and total phenolic 

compounds in grape skins and intact red grapes during ripening [53]. They managed to develop models 

with chemometric tools allowing accurate concentration determination and mentioned that the best 

results were generally obtained directly recording the spectra of intact grapes attributable to the 

practical absence of manipulation of the sample that is needed [53]. The same authors have also 

published an interesting study on the possibility of using NIR to evaluate the monomeric and 

oligomeric flavanol composition of seeds [54]. In the same perspective, Rolle and co-workers 

attempted to develop a rapid method for evaluation of total phenol content in intact grape seed by 

Fourier Transform-Near Infrared spectroscopy (FT-NIR). They obtained promising results but 

underlined the need to improve their prediction models. Finally, infra red spectroscopy has been used 

directly in grape berries in order to determine total anthocyanins as well as extractable anthocyanins 

(pH 1 and 3.2) and total phenols [55]. They reported conflicted data between grapes varieties; 

anthocyanins extractable at pH 1.0 and pH 3.2 were well predicted by the NIR spectra of intact whole 

berries in the case of Syrah grapes, whereas they cannot be predicted in other varieties like  
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Cabernet-Sauvignon, Merlot and Carmenère. Furthemore, Cozzolino et al. also showed unsuitable low 

values of R for the estimation of total anthocyanins in intact grape berries [56]. To conclude, the 

development and application of infrared technique could become an accurate and efficient tool to aid 

decision making at harvest time and to follow wine process. Nonetheless, harmonization of statistical 

treatment and chemical methods used for calibration as well as the collection of an important diversity 

of grapes or wines (various production area, various grape varieties, different maturity stages, different 

vintages for wines) used for calibration appeared to be primordial to acquire a constant robustness. 

4.2. Separation and Analysis of Phenolic Compounds (Chromatographic Techniques) 

HPLC techniques are widely used for both separation and quantification of phenolic compounds. 

Various supports, mobile phases, columns and detectors are available for the analysis of anthocyanins, 

procyanidins, flavonols, flavan-3-ols, and phenolic acids. Several reviews have already focused on 

these aspects in foods [31,39,57–59] and we will pay more attention to recent advances concerning 

grape and wine analyses. 

4.2.1. Sample Preparation 

In wines, a prior sample preparation step is sometimes necessary because of the great complexity of 

chromatograms. Liquid-liquid extraction and solid phase extraction are the most widely used to 

simplify the chromatograms of wines sample. Porgaly and Büyüktuncel have showed that liquid-liquid 

extraction of wine with ethyl acetate at pH 2 really improved their data [60]. On the contrary, in many 

works, wines are filtered and injected without any other preparation. The resolution of the principal 

compound peaks always appeared really acceptable [18,47,49,61]. Concerning grape or pomace 

extracts, a simple solubilization of dry powders in appropriate solvents, followed by a filtration is 

required before injection [28,32]. 

4.2.2. Columns 

Reversed-phase (RP) LC on C18 or equivalent stationary phase is the most common method used 

for the separation of anthocyanins as well as major phenolic compounds (proanthocyanidins, flavonols, 

phenolic acids) [16,57,59,62]. These columns are generally packed with spherical particles of silica 

bonded with octadecyl chain (C18). Unfortunately, chromatographic analyses often take excessive time 

and sometimes must be preceded by a time-consuming cleanup step. In this perspective, non-conventional 

monolithic supports (continuous bed) for column packings have been proposed in phenolic analyses [63]. 

The characteristic feature of non-particulate materials is a continuous character of the skeleton, which 

fulfils the separation chamber. Due to their rigid and porous structure, they enable higher solvent 

flows, shorter assay times and fast column re-equilibration between runs. Several studies evidenced the 

advantages of such kind of columns. For instance, Castellari et al. reported that monolithic column 

could operate at a higher flow-rate than a conventional RP column with a reduced pressure drop and 

shorter washing and re-equilibration time [64]. A faster separation (36 min) of the monomeric phenolic 

compounds and an improvement in signal/noise ratio was achieved. Later, Liazid et al. developed a 

more rapid method (8 min) allowing the separation and quantification of 13 common wines 
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polyphenols by using a RP-18e monolithic column [65]. They showed that their method provided 

reliable, high resolution and reproducible results and could be applied to real samples containing 

different families of phenolics. 

Reversed-phase LC methods can provide specific information on various classes of phenolic in red 

wines but are limited in their ability to analyze high-molecular mass material. Kennedy and 

Waterhouse have proposed the use of normal-phase chromatography method (NP-LC) that enables the 

analysis of high-molecular proanthocyanidins in presence of the anthocyanins [30]. They developed a 

new method using a silica normal phase column and gradient elution with mobile phase of methylene 

chloride, methanol, formic acid and heptanesulfonic acid, without extension purification. Based on the 

elution order of proanthocyanidins and anthocyanins, phenolics elute in order increasing molecular 

mass. In their comparison of diverse analytical methods of phenolics determination, De Beer and  

co-workers underlined that NP-HPLC was the most common method for polymer quantification, as 

polymers for different molecular mass can be separated [47]. On the other hand, for specific favan-3-ols 

analysis, this technique is less appropriate since the “monomer” peak also includes many nonflavanol 

monomers. The same limits are shown for anthocyanins monomer determination for the reason that 

individual compounds are altogether included in one peak. Nevertheless, NP-HPLC can be a useful 

tool for discriminating age of wines since both monomer and low molecular weight polyphenols 

contents were noticed to decrease in relation with wine age [47]. 

The use of a novel mixed-mode ion exchange reversed phase column was also reported by  

Vergare et al. [66]. These particular columns, constituted by a basic group with positive charge 

embedded in a hydrophobic chain showed promising results for the separation of anthocyanins, 

including pyranoanthocyanidins in young and aged Cabernet-Sauvignon wines and other varieties [66]. 

In this study, Vergara et al. showed that anthocyanins and pyranoanthocyanins presented different 

elution order and selectivity in comparison to those obtained in C-18 stationary phase. In spite of a 

time of analysis nearly twice as long as classical analysis, this technique enables a clear separate 

elution of first the anthocyanins monoglucosides, then their acetyl-derivates, followed by their coumaroyl-

derivates. Pyranoanthocyanins eluted between the coumaroyl-derivates and finally the peak of 

polymeric compounds, which appears to be correlated with wine age and variety [66]. 

Finally, core-shell columns have been experimented in order to analyze the phenolic profile of 

juices and wines produced from interspecific hybrid grape cultivars [67]. As an alternative to UHPLC 

(ultra high performance liquid chromatography), core-shell column technology is designed to operate 

on standard HPLC instruments under most operational circumstances. In these works, several methods 

via core-shell column were assessed to reach the best analyses of atypical phenolic components such as 

diglucoside-modified anthocyanins found in hybrid cultivars. They showed that C18 and PFP 

(pentafluorophenyl) core-shell columns resulted in a dramatically improved selectivity, resolution and 

throughput in each matrix tested. Thus, for anthocyanin/anthocyanidin, monomeric non-anthocyanins 

compounds or condensed tannins after phloroglucinolysis, the core-shell protocols offer a rapid 

throughput design, lower solvent consumption, low detection levels and high reproducibility [67]. 
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4.2.3. Detection-Identification of Phenolic Compounds 

Various detection methods have been applied in conjunction with HPLC for phenolic compounds 

determination. Wine phenolics are commonly detected using UV-vis (ultra violet visible), photodiode 

array (DAD), fluorescence and mass detectors but UV detection remains the most commonly  

used [59,62] because of the natural absorbance of phenolic compounds in the UV region. Indeed, 

anthocyanins show two bands absorption maxima in the 265–275 nm and 465–560 nm regions while 

flavanols show two bands at 210 nm and 278 nm [57]. These properties are used and detection and 

quantification of these compounds is currently done between 520 nm and 546 nm for anthocyanins and 

at 280 nm for flavanols [32,59]. However, UV detection is not specific for proanthocyanidin in the 

presence of other polyphenols. 

Alternative methods include fluorescence detection have been proposed. By combining 

absorptiometric and fluorimetric detectors, Porgaly and Büyüktuncel managed to simultaneously 

determine 14 phenolic compounds in red wine and to discriminate overlapping peaks which are 

frequent in wine analysis [60]. Guerrero also used a combination of UV-detection (320 nm) and 

fluorescence signals (excitation wavelength = 290 nm, emission wavelength = 320 nm) for their 

specifity towards hydroxycinnamic acids and flavan-3-ols, respectively [25]. In our team, Silva et al. 

presented a rapid and simple method for the quantification of flavan-3-ols in wine. By fluorimetry, 

they were able to quantify flavanol monomer, dimer and trimer (excitation wavelength = 280 nm, 

emission wavelength = 320 nm) as well as (−)-epicatechin gallate and procyanidin B2-gallate, two 

compounds never quantified by this detection until now with others excitation/emission wavelenghts 

(270 nm/ 377 nm) (Figure 4) [61]. 

Figure 4. HPLC-Fluo chromatograms of a Merlot and a Sauvignon blanc wine. C:  

(+)-catechin, EC: (−)-epicatechin, ECG (−)-epicatechin-3-O-gallate, B1: procyanidin dimer 

B1, B2: Procyanidin B2, B3: Procyanidin dimer B3, B4: Procyanidin dimer B4, C1: 

Procyanidin trimer C1, B2G: procyanidin dimer B2 gallate. Adapted from Silva et al. 

(2012) [61]. 
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Structural information for identification of phenolic compounds can be obtained using mass 

spectrometry (MS). The development and the availability of effective liquid chromatography-mass 

spectrometry (LC-MS) and the multiple mass spectrometry (MS/MS and MSn) systems supplied very 

useful tools to study the polyphenol structures as well as the mechanisms in which they are involved in 

winemaking and aging [58]. ESI (electrospray ionization) is a particular effective and the most used 

technique for the analysis of flavan-3-ols and anthocyanins in the positive or negative-ion modes. This 

ionization mode has become a good alternative to FAB (fast atom bombardment) used at the beginning 

of the 1990s, demanding necessarily pre-purification and dissolution of sample in a polar matrix [31]. 

Thus, in 1997, Cheynier et al. studied tannins (oligomers and polymers of flavan-3-ols) in grape seed 

extracts by LC-MS system equipped with an ESI source operated in the negative-ion mode and a 

quadrupole mass analyzer [68]. They determined a series of peaks attributed to non-substituted 

procyanidins from trimers to hexadecamers and their acylated derivates that contained one, two  

or three gallic acid residues. Recently, NP-HPLC-ESI-MS allowed to Nunez et al. to identify  

non-galloylated and monogalloylated flavan-3-ols up to octamers, and di- and trigalloylated flavan-3-

ols up to heptamers in seed extracts from grapes of Graciano, Tempranillo and Cabernet-Sauvignon [69]. 

They observed 10-fold lower concentrations of monogalloylated flavan-3-ols than non-galloylated 

flavan-3-ols: this apparent lower response was consistent across samples but it could result from a 

decreased ionization efficiency of the galloylated forms as compared to the non-galloylated forms. 

However, because of the lack of galloylated standards, this hypothesis cannot be tested. Based on 

relative comparisons of the levels found, it was shown that the distribution of flavan-3-ols in seeds was 

largely determined by genetic factors, and also influence by climatic conditions [69]. Other recent 

works combining ESI-MS and ESI-tandem (MS/MS) were performed on the identification/quantification 

of galloylated procyanidins in grape seeds [70]. Indeed, tandem mass spectrometry enables to obtain 

more specific structural information on a particular compound by a two stages procedure of mass 

analysis. The ions of interest, issued from the first ionization step are isolated by their characteristic 

m/z values and then re-fragmented and examined in a second step. Tandem MS can be done in two 

mass spectrometers assembled in tandem (ex: two quadrupoles) or in a single mass analyzer capable of 

storing ion (ex: quadrupole ion trap) [71]. In Guerrero et al.’s works, MS-MS fragmentation was 

effective for differentiating some compounds such as quercetin-3-glucuronide and isorhamnetin-3-

glucoside which present the same mass and the same first parent ion (m/z = 477) but were 

distinguished by the ion after MS2 (301 for quercetin-3-glucuronide and 315 for isorhamnetin-3-

glucoside) [25]. Really recent (2012) work from Delcambre and Saucier evidenced the performance of 

UHPLC in combination with ESI and Q-TOF (quadrupole time of flight) in targeted mode MS/MS for 

determining new structures [18]. Time-of-flight mass spectrometry is based on a simple mass 

separation principle. Considering ionized species starting from the same position at the same time and 

being accelerated by means of a constant homogeneous electrostatic field, their velocities are 

unambiguously related to their mass-to-charge ratio and times of arrival at a detector directly indicate 

their masses. The time-of-flight instrument possesses a number of extraordinary advantages over most 

other types of mass analyser. Theoretically, this technique presents unlimited mass range since it needs 

no ion beam scan, allowing the obtaining of a complete mass spectrum for each ionisation event. High 

transmission, sensitivity and the necessity of extremely small sample amounts (<10–18 mol in the 

most modern instruments) are the others known advantages of this technique [72]. Thus, Delcambre 
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and Saucier partially identified for the first time 14 monomeric flavanol glycosylated compounds 

based on four aglycons ((+)-catechin-, (−)-epicatechin-,(−)-epigallocatechin- and epicatechin gallate 

monoglycosides) in red wine and grape seed extracts by targeted ESI-MS/MS [18]. The targeted 

MS/MS mode provided additional information about the structures of these compounds. The fragments 

resulting from the fragmentation of these compounds provide a specific signature that allows a better 

identification. Nevertheless, this method, based on exact mass and specific fragmentation pattern could 

not provide information on the exact position of glucose. 

The coupling of HPLC with mass spectrometry was also a key development to gain structural 

information and structure elucidation of anthocyanins, anthocyanidins and new coloured class of 

anthocyanin derivates. The five common anthocyanins in the grape from Vitis vinifera are delphinidin 

(Dp), cyanidin (Cy), petunidin (Pt), peonidin (Pn) and malvidin (Mv), present at 3-O-monoglucosides, 

3-O-acetylmonoglucosides and 3-O-(6-O-p-coumaroyl)monoglucosides. In 2010, He et al. confirmed 

the existence of a sixth anthocyanin skeleton, pelargonidin-3-O-glucoside in non-teinturier V. vinifera 

grapes (Cabernet Sauvignon and Pinot Noir) [73]. In the not Vitis vinifera, anthocyanins with a second 

glucose linked to the C-5 hydroxyl group may be present [74]. Recently, De Freitas and Mateus have 

reported the diversity of pyranoanthocyanins in wines. The formation of these anthocyanin-derived pigments 

naturally occurs in red wine aging and a variety of structures (namely carboxypyranoanthocyanins, 

methylpyranoanthocyanins, pyranoanthocyanin-flavanols, pyranoanthocyanin-phenols, portisins, oxovitisins 

and pyranoanthocyanidin dimmers) was identified in the two last decades [75]. Operating generally in 

the positive ion mode and in acidic medium, anthocyanins are detected as flavylium cations, M+ to 

provide signals of high intensity [58]. By coupling HPLC and an electrospray interface with a mass 

detector, sixty-six different anthocyanins were detected in a Vitis vinifera Dornfelder red wine from 

1997 vintage [76]. These anthocyanins were assigned to the well-known mono- and diglucosides 

(acetyl- and coumaryl-forms) of wines. In addition, the acetic acid esters and coumaric acid esters of 

the 3-glucosides were detected. Aging products such as vitisin A (m/z = 561) and vitisin B (m/z = 517) 

and acetylvitisinA (m/z = 603) and B (m/z = 559), already identified in other works were also identified 

in this wine [77]. Fulcrand et al. showed that vitisin A resulted from cyclization between carbon 4 and 

the 5-hydroxyl group of the original anthocyanin flavylium moiety with the double bond of the enolic 

form of pyruvic acid, followed by dehydratation and rearomatization steps [78]. Finally, by applying 

an acidic hydrolysis to the wine, Heier et al. indicated that all pigments detectable at 525 nm were 

derived from the skeleton of delphinidin, cyanidin, peonidin, petunidin, malvidin and their derivates of 

pyruvic acid and acetaldehyde [76]. More recently, Xu and co-workers attempted to develop a rapid 

and accurate method for anthocyanidin quantification in grapes and grape juices through an assisted 

hydrolysis using LC/MS [79]. Under optimized conditions, the five major anthocyanidins (Dp, Cy, Pt, 

Pn, Mv) were fully separated within 25 min and successfully quantified. This method was proposed as 

a global approach to quantify anthocyanidins in order to avoid the difficulties of separation/identification 

of the wide variety of anthocyanins present in grape matrices and wines. After fractionation of the 

pigment material of red wine, the existence of dimeric anthocyanins (A-A+), previously detected in 

grape skin was shown by Alcalde-Eon et al. [80]. Thanks to the employment of mass detection in 

series (MSn; n = 1–4), new oligomers were detected in wine. They consisted of a flavanol (catechin, 

epicatechin, gallocatechin or epigallocatechin), linked through its C4 position to the nucleophilic 

positions of the upper units of a dimeric anthocyanin (F-A-A+). All the identified compounds contain 
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malvidin as one of the anthocyanin subunits, whereas the other anthocyanin moiety could be either Dp, 

Cy, Pt, Pn or Mv. This study was an interesting example of the utility and power of ESI/MSn analysis 

coupled or not to HPLC [80]. 

In de Villiers et al.’s study, optimal chromatographic conditions were developed and applied to a 2-

year old Pinotage wine, to allow the separation and identification of more than one hundred anthocyanins 

and derived pigments in a single run [81]. Thus, by this procedure, these authors tentatively identified 

17 common anthoycanin-glucosides and -diglucosides, seven oligomeric anthocyanins, 24 direct 

anthocyanin-tannin adducts such as Mv-glc-(epi)gallocatechin (A-Ttype), nine acetaldehyde-mediated 

tannin aducts, 10 anthocyanin-vinylflavanol condensation products, eight anthocyanin-vinylphenol 

condensation products (pyranoanthocyanins), 12 anthocyanin-pyruvic acid products (vitisin A derivatives), 

five anthocyanin-acetaldehyde derivatives (vitisin B derivatives) and 2 anthocyanin-acetone derivatives. 

Acevedo de la Cruz and co-workers have recently shown the efficiency of combination of mass 

spectrometry and NMR spectroscopy resulting in the identification of 33 anthocyanins in four different 

Vitis species [82]. In particular, newly reported cis isomers of p-coumaric-derivatives were identified 

(petunidin-, peonidin- and malvidin-3-(6-p-coumaroyl)-5-diglucoside). Finally, really recent works 

porposed an alternative to classical positive ionization mode by applying negative mode for 

characterization of anthocyanins [83]. In positive mode, flavonol glycosides, e.g. quercetin glycosides, 

possess the same molecular ions and fragmentation patterns as the corresponding anthocyanins, e.g., 

delphinidin glycosides ([M]+ of anthocyanins and [M+H]+ of flavonol glycosides) are the same. 

Reversely, the MS spectra acquired in the negative ionization mode proved to be a valuable tool for 

differentiation of anthocyanins from non anthocyanin polyphenols (Figure 5). Specifically, the doublet 

ions of [M−2H]− and [M−2H+H2O]− were unique to anthocyanins while a single molecular ion 

[M−H]− dominated the spectra of non-anthocyanin polyphenols [83]. 

Figure 5. Comparison of the full scan and MS2–3 scan of delphinidin-3-O-glucoside and 

quercetin-3-O-glucoside in positive and negative ionization mode. Adapted from Sun et al. 

2012 [83]. 

 

Full Scan [M+H]+ (m/z) 465 465

MS2 scan main MS2 ion (m/z) 303 303

MS3 scan main MS3 ion (m/z) 257 257

Full Scan [M-H]- (m/z) 463 463

MS2 scan main MS2 ion (m/z) 300 301

MS3 scan main MS3 ion (m/z) 271 179

Positive ionization mode

Delphinidin 3-O -glucoside Quercetin 3-O -glucoside

Negative ionization mode
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5. New Separation Techniques 

Still motivate by gaining time, new systems such as UPLC (ultra-high performance liquid 

chromatography) appeared recently to overcome some of the LC drawbacks and offering some clear 

benefits in terms of analysis time, resolving power, solvent consumption, and to a better extent 

sensitivity [18,81,83]. Indeed, after a polyphenol extraction from wines by SPE on a new  

hydrophilic-lipophilic balanced sorbent, Silva et al. managed to separate and analyzed, in five minutes, 

fifteen phenolic compounds mainly belonging to flavonols, flavanols and phenolic acids [84]. 

Capillary electrophoresis (CE) has received significant attention as an alternative liquid-based 

separation method to HPLC since the 1990s. It is especially suitable for the separation and 

quantification of low to medium molecular weight polar and charged compounds, the resultant 

separations being often faster and more efficient than the corresponding HPLC separations. CE permits 

the simultaneous analysis of analytes with different nature in a single run. In wines, the most 

representative revised compounds are phenolic compounds, amino-acids, proteins, elemental species, 

mycotoxins and organic acids [85]. However CE methods generally suffer from lower sensitivity and 

robustness compared to standard HPLC methods, and partially for these reasons, the technique has 

primarily found application in certain niche-areas where CE provides clear benefits compared to HPLC 

(for example chiral separation) [62]. Concerning analysis of phenolic compounds in wines, the 

comparison of capillary zone electrophoresis-UV-vis-MS with RP-LC-UV-ESI-MS for the analysis of 

monomeric phenolic compounds in extracts of red wines showed that RP-LC remains the method of 

choice for phenolic analysis [85,86]. Very few reports have appeared on the application of CE methods 

for the separation of anthocyanins and no direct application onto wines was reported probably because 

of the absence of improvement of the separation of complex samples in comparison with LC 

techniques [59]. 

Because of the importance of developing clean chemistry procedures, emerging methods for food 

matrices are based on solvent-free procedures. In this perspective, Vinas and co-workers paid attention 

to the development of a solid-phase microextraction (SPME) GC-MS method for the analysis of some 

polyphenols in wine and grapes [87]. Direct immersion SPME was used for the adsorption of 

polyphenols and then the fiber was placed in the headspace of the derivatizing reagent, BSTFA 

bis(trimethylsilyl)trifluoroacetamide, necessary to convert the polar non-volatile compounds into 

volatile derivates. These authors developed a new sensitive method for the determination of both cis- 

and trans- resveratrol isomers, piceatannol, catechin and epicatechin. Nevertheless, this technique can 

be only useful for such low molecular weight compounds even if interpretation of fragments patterns 

appears more difficult because of the derivatization. Indeed, the derivatization, required for this 

technique, increase the molecular weight of phenolic compounds and this could results in high 

molecular weight exceeding the mass rank available for the most common GC/MS systems, thus 

making this approach ineffective. 

6. Techniques to Establish Tannin Structures (Mean Degree of Polymerization) 

Interest in the characterization of condensed tannins has increased in the last decades. Proanthocyanidic 

tannins may differ by the nature and the number of constitutive units, by the type and location of 
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interflavanic linkages connecting the monomeric unit (C4-C8 or C4-C6) and lastly by their conformation 

(linear versus branched) of polymers. The characterization of condensed tannins by depolymerisation 

is often employed [31]. Treatment of a condensed tannin with acid, in the presence of a nucleophile 

such a thiol or less putrid and therefore much preferred phloroglucinol allows the subunit profile to be 

analysed by HPLC and the average molecular mass (expressed as “mean degree of polymerization, 

mDP”) to be calculated [88,89] (Figure 6). Indeed, proanthocyanidins become depolymerized, 

releasing terminal subunits as flavan-3-ol monomers and extension subunits as electrophilic flavan-3-

ol intermediates. The electrophilic intermediates can be trapped by the nucleophilic reagent to generate 

analyzable adducts. Most of our current knowledge about general composition and structure of grape 

and wine tannins has been obtained by depolymerization. Grape seeds proanthocyanidins comprise 

only procyanidins (sub-units constituted of (+)-catechin and (−)-epicatechin) whereas grape  

skins proanthocyanidins include both procyanidins and prodelphinidins (sub-units constituted of  

(−)-epigallocatechin) [15,90]. 

Figure 6. Reaction pathway of phloroglucinolysis. 

 

Skin proanthocyanidins have a higher mDP and a lower proportion of galloylated sub-units than 

seeds ones in major of the varieties [16,28,91,92]. Some authors have applied these depolymerization 

methods to the wines [93–95]. Especially, Drinkine et al. adapted the phloroglucinolysis to ethylidene-
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bridged flavan-3-ols analysis which result from chemical modifications of flavan-3-ols occurring 

during wine making and aging. By this method, the authors showed that flavan-3-ol ethylidene bridges 

represented less than 4% of flavan-3-ol bonds and that the proportion of these linkages relative to 

native interflavan bonds increased with wine age. Nevertheless, Herderich and Smith underlined that this 

technique is limited for the characterization of wine tannins since the vast majority of wine tannins resists 

the acid mediated depolymerization, allowing only a minor portion of tannin to be characterized [31]. 

These depolymerization methods are difficult to implement and do not give information about the 

polymer distribution of a tannin fraction because all the polymers contained in the fraction are cleaved 

into monomer units in the course of the reaction. For example, when studied the depolymerization of a 

sample containing a mix of 50% of small tetrameric tannins and 50% larger octametric tannins, will 

yield an mDP of six, the same as considering a sample consisting of 100% hexameric tannins. 

Several studies have focused on the separation of tannins according to their size for analytical and 

preparative purposes. Concerning the analytical aspect, convenient separation can be achieved by NP 

HPLC as previously described [30]. For preparative aspects, gel chromatography with different gels 

such as TSK HW-40 have been used [33,96]. Unfortunately, only oligomers up to five are easily 

separated with these methods. Saucier et al. proposed a rapid fractionation of grape seed 

proanthocyanidins based on liquid/liquid extraction and relative solubility of these compounds in 

different solvents (water, ethyl acetate, methanol, and chloroform) [29]. By this method, they were 

able to obtain 6 fractions having mDP varying between three and 13, approximately, and they can be 

easily obtained in gram quantities which may be useful to study the properties of each fraction. 

Recently, Hanlin et al. employed semi-preparative liquid chromatography on a diol phase column to 

fractionate grape seed, skin and wine proanthocyanidins [97]. They obtained an effective fractionation 

conducted in interesting trends of proanthocyanidins distribution in Cabernet-Sauvignon and Shiraz 

varieties. The extensive fractionation leads to the obtention of some skin fraction up to mDP of 76 for 

Cabernet-Sauvignon skins. Recently, mass spectrometry (MS) was proved to be an interesting 

alternative technique allowing condensed tannins to be detected without sample pre-treatment. Mouls 

et al. attempted to better define the difficulties encountered in the MS analysis of tannins [98]. For this 

purpose, they compared mDP values obtained after chemical depolymerization and mass spectra data 

processing of tannin extracts from apple cultivars. They assessed the impact of several analytical 

parameters (solvent acidity, ionization mode, cone voltage) and showed that they strongly affected the 

mass spectrometric responses of tannins. Nevertheless, the mDP values calculated from mass spectra 

were still underestimated in comparison to mDP for depolymerization, underlining the difficulties in 

detecting high mDP tannin. They concluded that ESI-MS was suitable for mDP estimation of fractions 

with low molecular weight, displaying a narrow polymer distribution with standard mDP below 20. 

7. Conclusions 

Hundreds of publications on the analysis of grape and wine phenolic compounds have already 

appeared over the past four decades. New analytical techniques have unraveled some structures 

derived from tannins and anthocyanins in wine and determined how they are formed. Thus, the 

diversity of methods and experimental procedures reflects the complexity of phenolic analytes in grape 

and in wine. Improvement is still pursued since each species is present in very small amounts and too 
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many unidentified compounds still remain, especially with the polymeric fraction. Considering 

environmental problems, several novel extraction and analyses techniques have been developed as an 

alternative to conventional extraction and analyses procedures, offering advantages with respect to 

analysis time, solvent consumption, extraction yields and reproducibility. Nonetheless, there is still no 

available standardize procedure for sample preparation, extraction and analyses. Each method provides 

specific advantages, detections towards some particular phenolic compounds and these aspects have to 

be thought before analysis. Choosing an appropriate phenolic assay depends on what information is 

required. Depending on the needs of an experiment, using some combination of assays is currently the 

best approach to properly characterize the phenolic composition of a sample. 

References 

1. Weisshaar, B.; Jenkins, G.I. Phenylpropanoid biosynthesis and its regulation. Curr. Opin. Plant Biol. 

1998, 1, 251–257. 

2. Winkel-Shirley, B. Biosynthesis of flavonoids and effects of stress. Curr. Opin. Plant Biol. 2002, 

5, 218–223. 

3. Santos-Buelga, C.; Scalbert, A. Proanthocyanidins and tannin-like compounds—nature, occurrence, 

dietary intake and effects on nutrition and health. J. Sci. Food Agric. 2000, 80, 1094–1117. 

4. Teissedre, P.L.; Frankel, E.N.; Waterhouse, A.L.; Peleg, H.; German, J.B. Inhibition ofIn 

VitroHuman LDL Oxidation by Phenolic Antioxidants from Grapes and Wines. J. Sci. Food Agric. 

1996, 70, 55–61. 

5. Frankel, E.N.; German, J.B.; Kinsella, J.E.; Parks, E.; Kanner, J. Inhibition of oxidation of human 

low-density lipoprotein by phenolic substances in red wine. Lancet 1993, 341, 454–457. 

6. King, R.E.; Bomser, J.A.; Min, D.B. Bioactivity of Resveratrol. Compr. Rev. Food Sci. F 2006, 5, 

65–70. 

7. Peleg, H.; Gacon, K.; Schlich, P.; Noble, A.C. Bitterness and astringency of flavan-3-ol monomers, 

dimers and trimers. J. Sci. Food Agric. 1999, 79, 1123–1128. 

8. Gawel, R. Red wine astringency: A review. Aust. J. Grape Wine Res. 1998, 4, 73–95. 

9. Somers, T.C. The polymeric nature of wine pigments. Phytochemistry 1971, 10, 2175–2186. 

10. Vivar-Quintana, A.M.; Santos-Buelga, C.; Rivas-Gonzalo, J.C. Anthocyanin-derived pigments 

and colour of red wines. Anal. Chim. Acta 2002, 458, 147–155. 

11. Vidal, S.; Francis, L.; Guyot, S.; Marnet, N.; Kwiatkowski, M.; Gawel, R.; Cheynier, V.; Waters, E.J. 

The mouth-feel properties of grape and apple proanthocyanidins in a wine-like medium. J. Sci. 

Food Agric. 2003, 83, 564–573. 

12. Cheynier, V.; Dueñas-Paton, M.; Salas, E.; Maury, C.; Souquet, J.M.; Sarni-Manchado, P.; 

Fulcrand, H. Structure and properties of wine pigments and tannins. Am. J. Enol. Vitic. 2006, 57, 

298–305. 

13. Ribéreau-Gayon, P. Identification d’esters des acides des acides cinnamiques et l’acide tartrique 

dans les limbes et les baies de Vitisvinifera. Comptes rendus hebdomadaires des seances de 

l"Academie des sciences 1965, 260, 341–343. 



Molecules 2013, 18 1095 

 

 

14. Langcake, P. Disease resistance of Vitis spp. and the production of the stress metabolites 

resveratrol, epsilon-viniferin, alpha-viniferin and pterostilbene. Physiol. Plant Pathol. 1981, 18, 

213–226. 

15. Prieur, C.; Rigaud, J.; Cheynier, V.; Moutounet, M. Oligomeric and polymeric procyanidins from 

grape seeds. Phytochemistry 1994, 36, 781–784. 

16. Chira, K.; Schmauch, G.; Saucier, C.; Fabre, S.; Teissedre, P.-L. Grape Variety Effect on 

Proanthocyanidin Composition and Sensory Perception of Skin and Seed Tannin Extracts from 

Bordeaux Wine Grapes (Cabernet Sauvignon and Merlot) for Two Consecutive Vintages (2006 

and 2007). J. Agric. Food Chem. 2009, 57, 545–553. 

17. Harbertson, J.F.; Picciotto, E.A.; Adams, D.O. Measurement of polymeric pigments in grape 

berry extracts and wines using a protein precipitation assay combined with bisulfite bleaching. 

Am. J. Enol. Vitic. 2003, 54, 301–306. 

18. Delcambre, A.; Saucier, C. Identification of new flavan-3-ol monoglycosides by  

UHPLC-ESI-Q-TOF in grapes and wine. J. Mass Spectrom. 2012, 47, 727–736. 

19. Liu, D.; Vorobiev, E.; Savoire, R.; Lanoisellé, J.-L. Intensification of polyphenols extraction from 

grape seeds by high voltage electrical discharges and extract concentration by dead-end 

ultrafiltration. Sep. Purif. Technol. 2011, 81, 134–140. 

20. Kim, H.K.; Do, J.R.; Lim, T.S.; Akram, K.; Yoon, S.R.; Kwon, J.H. Optimisation of microwave-

assisted extraction for functional properties of Vitis coignetiae extract by response surface 

methodology. J. Sci. Food Agric. 2012, 92, 1780–1785. 

21. Boussetta, N.; Lebovka, N.; Vorobiev, E.N.; Adenier, H.; Bedel-Cloutour, C.; Lanoisellé, J.-L. 

Electrically Assisted Extraction of Soluble Matter from Chardonnay Grape Skins for Polyphenol 

Recovery. J. Agric. Food Chem. 2009, 57, 1491–1497. 

22. Casazza, A.A.; Aliakbarian, B.; Sannita, E.; Perego, P. High-pressure high-temperature extraction 

of phenolic compounds from grape skins. Int. J. Food Sci. Technol. 2012, 47, 399–405. 

23. Piñeiro, Z.; Palma, M.; Barroso, C.G. Determination of catechins by means of extraction with 

pressurized liquids. J. Chromatogr. A 2004, 1026, 19–23. 

24. Ju, Z.Y.; Howard, L.R. Effects of Solvent and Temperature on Pressurized Liquid Extraction of 

Anthocyanins and Total Phenolics from Dried Red Grape Skin. J. Agric. Food Chem. 2003, 51, 

5207–5213. 

25. Guerrero, R.F.; Liazid, A.; Palma, M.; Puertas, B.; González-Barrio, R.; Gil-Izquierdo, Á.; 

García-Barroso, C.; Cantos-Villar, E. Phenolic characterisation of red grapes autochthonous to 

Andalusia. Food Chem. 2009, 112, 949–955. 

26. Ignat, I.; Volf, I.; Popa, V.I. A critical review of methods for characterisation of polyphenolic 

compounds in fruits and vegetables. Food Chem. 2011, 126, 1821–1835. 

27. Wang, L.; Weller, C.L. Recent advances in extraction of nutraceuticals from plants. Trends Food 

Sci. Tech. 2006, 17, 300–312. 

28. Lorrain, B.; Chira, K.; Teissedre, P.-L. Phenolic composition of Merlot and Cabernet-Sauvignon 

grapes from Bordeaux vineyard for the 2009-vintage: Comparison to 2006, 2007 and 2008 vintages. 

Food Chem. 2011, 126, 1991–1999. 

29. Saucier, C.; Mirabel, M.; Daviaud, F.; Longieras, A.; Glories, Y. Rapid fractionation of grape 

seed proanthocyanidins. J. Agric. Food Chem. 2001, 49, 5732–5735. 



Molecules 2013, 18 1096 

 

 

30. Kennedy, J.A.; Waterhouse, A.L. Analysis of pigmented high-molecular-mass grape phenolics 

using ion-pair, normal-phase high-performance liquid chromatography. J. Chromatogr. A 2000, 

866, 25–34. 

31. Herderich, M.J.; Smith, P.A. Analysis of grape and wine tannins: Methods, applications and 

challenges. Aust. J. Grape Wine Res. 2005, 11, 205–214. 

32. Obreque-Slier, E.; Peña-Neira, A.; López-Solís, R.; Zamora-Marín, F.; Ricardo-da Silva, J.M.; 

Laureano, O. Comparative Study of the Phenolic Composition of Seeds and Skins from Carménère 

and Cabernet Sauvignon Grape Varieties (Vitis vinifera L.) during Ripening. J. Agric. Food Chem. 

2010, 58, 3591–3599. 

33. Sun, B.; Leandro, M.C.; de Freitas, V.; Spranger, M.I. Fractionation of red wine polyphenols by 

solid-phase extraction and liquid chromatography. J. Chromatogr. A 2006, 1128, 27–38. 

34. Glories, Y.; Augustin, M. Maturité Phénolique du Raisin, Consèquences Technologiques: 

Applications aux Millésimes 1991 et 1992. Proceeding of Actes du Colloque Journée technique 

du CIVB, Bordeaux, France, 21 January 1993; pp. 26–61. 

35. Fragoso, S.; Guasch, J.; Acena, L.; Mestres, M.; Busto, O. Prediction of red wine colour and 

phenolic parameters from the analysis of its grape extract. Int. J. Food Sci. Tecnol. 2011, 46, 

2569–2575. 

36. Cayla, L.; Cottereau, P.; Renard, R. Estimation de la maturité phénolique des raisins rouges par la 

méthode I.T.V. standard. Revue Française d’Oenologie 2002, 193, 10–16. 

37. Fragoso, S.; Aceña, L.; Guasch, J.; Busto, O.; Mestres, M. Application of FT-MIR Spectroscopy 

for Fast Control of Red Grape Phenolic Ripening. J. Agric. Food Chem. 2011, 59, 2175–2183. 

38. Cozzolino, D.; Kwiatkowski, M.J.; Parker, M.; Cynkar, W.U.; Dambergs, R.G.; Gishen, M.; 

Herderich, M.J. Prediction of phenolic compounds in red wine fermentations by visible and near 

infrared spectroscopy. Anal. Chim. Acta 2004, 513, 73–80. 

39. Schofield, P.; Mbugua, D.M.; Pell, A.N. Analysis of condensed tannins: A review. Anim. Feed 

Sci. Technol. 2001, 91, 21–40. 

40. Li, Y.G.; Tanner, G.; Larkin, P. The DMACA-HCl protocol and the threshold proanthocyanidin 

content for bloat safety in forage legumes. J. Sci. Food Agric. 1996, 70, 89–101. 

41. Ribéreau Gayon, P.; Stonestreet, E. Le dosage des tannins du vin rouge et la détermination de leur 

structure. Chim. Anal. 1966, 48, 188–196. 

42. Sarneckis, C.J.; Dambergs, R.G.; Jones, P.; Mercurio, M.; Herderich, M.J.; Smith, P.A. 

Quantification of condensed tannins by precipitation with methyl cellulose: Development and 

validation of an optimised tool for grape and wine analysis. Aust. J. Grape Wine Res. 2006, 12, 

39–49. 

43. Ribéreau Gayon, P.; Stonestreet, E. Le dosage des anthocyanes dans le vin rouge. Bull. Soc. Chim. Fr. 

1965, 9, 2649–2652. 

44. Arribas, A.S.; Martínez-Fernández, M.; Chicharro, M. The role of electroanalytical techniques in 

analysis of polyphenols in wine. Trends Anal. Chem. 2012, 34, 78–95. 

45. Kilmartin, P.A.; Zou, H.; Waterhouse, A.L. A Cyclic Voltammetry Method Suitable for 

Characterizing Antioxidant Properties of Wine and Wine Phenolics. J. Agric. Food Chem. 2001, 

49, 1957–1965. 



Molecules 2013, 18 1097 

 

 

46. Kilmartin, P.A.; Zou, H.; Waterhouse, A.L. Correlation of Wine Phenolic Composition versus 

Cyclic Voltammetry Response. Am. J. Enol. Vitic. 2002, 53, 294–302. 

47. De Beer, D.; Harbertson, J.F.; Kilmartin, P.A.; Roginsky, V.; Barsukova, T.; Adams, D.O.; 

Waterhouse, A.L. Phenolics: A comparison of diverse analytical methods. Am. J. Enol. Vitic. 

2004, 55, 389–400. 

48. Sánchez Arribas, A.; Martínez-Fernández, M.; Moreno, M.; Bermejo, E.; Zapardiel, A.; 

Chicharro, M. Analysis of total polyphenols in wines by FIA with highly stable amperometric 

detection using carbon nanotube-modified electrodes. Food Chem. 2013, 136, 1183–1192. 

49. Šeruga, M.; Novak, I.; Jakobek, L. Determination of polyphenols content and antioxidant activity 

of some red wines by differential pulse voltammetry, HPLC and spectrophotometric methods. 

Food Chem. 2011, 124, 1208–1216. 

50. Di Egidio, V.; Sinelli, N.; Giovanelli, G.; Moles, A.; Casiraghi, E. NIR and MIR spectroscopy as 

rapid methods to monitor red wine fermentation. Eur. Food Res. Technol. 2010, 230, 947–955. 

51. Fragoso, S.; Acena, L.; Guasch, J.; Mestres, M.; Busto, O. Quantification of Phenolic Compounds 

during Red Winemaking Using FT-MIR Spectroscopy and PLS-Regression. J. Agric. Food Chem. 

2011, 59, 10795–10802. 

52. Gishen, M.; Dambergs, R.G.; Cozzolino, D. Grape and wine analysis—Enhancing the power of 

spectroscopy with chemometrics. A review of some applications in the Australian wine industry. 

Aust. J. Grape Wine Res. 2005, 11, 296–305. 

53. Ferrer-Gallego, R.; Hernandez-Hierro, J.M.; Rivas-Gonzalo, J.C.; Escribano-Bailon, M.T. 

Determination of phenolic compounds of grape skins during ripening by NIR spectroscopy.  

LWT Food Sci. Technol. 2011, 44, 847–853. 

54. Ferrer-Gallego, R.; Hernández-Hierro, J.M.; Rivas-Gonzalo, J.C.; Escribano-Bailón, M.T. 

Feasibility study on the use of near infrared spectroscopy to determine flavanols in grape seeds. 

Talanta 2010, 82, 1778–1783. 

55. Kemps, B.; Leon, L.; Best, S.; de Baerdemaeker, J.; de Ketelaere, B. Assessment of the quality 

parameters in grapes using VIS/NIR spectroscopy. Biosyst. Eng. 2010, 105, 507–513. 

56. Cozzolino, D.; Esler, M.B.; Dambergs, R.G.; Cynkar, W.U.; Boehm, D.R.; Francis, I.L.; Gishen, M. 

Prediction of colour and pH in grapes using a diode array spectrophotometer (400–1,100 nm).  

J. Near Infrared Spec. 2004, 12, 105–111. 

57. Merken, H.M.; Beecher, G.R. Measurement of Food Flavonoids by High-Performance Liquid 

Chromatography:  A Review. J. Agric. Food Chem. 2000, 48, 577–599. 

58. Flamini, R. Mass spectrometry in grape and wine chemistry. Part I: Polyphenols. Mass Spectrom. Rev. 

2003, 22, 218–250. 

59. Da Costa, C.T.; Horton, D.; Margolis, S.A. Analysis of anthocyanins in foods by liquid 

chromatography, liquid chromatography-mass spectrometry and capillary electrophoresis.  

J. Chromatog. A 2000, 881, 403–410. 

60. Porgalı, E.; Büyüktuncel, E. Determination of phenolic composition and antioxidant capacity of 

native red wines by high performance liquid chromatography and spectrophotometric methods. 

Food Res. Int. 2012, 45, 145–154. 

61. Silva, M.A.; Ky, I.; Jourdes, M.; Teissedre, P.L. Rapid and simple method for the quantification 

of flavan-3-ols in wine. Eur. Food Res. Technol. 2012, 234, 361–365. 



Molecules 2013, 18 1098 

 

 

62. De Villiers, A.; Alberts, P.; Tredoux, A.G.J.; Nieuwoudt, H.H. Analytical techniques for wine 

analysis: An African perspective. Anal. Chim. Acta 2012, 730, 2–23. 

63. Maruška, A.; Kornyšova, O. Application of monolithic (continuous bed) chromatographic 

columns in phytochemical analysis. J. Chromatogr. A 2006, 1112, 319–330. 

64. Castellari, M.; Sartini, E.; Fabiani, A.; Arfelli, G.; Amati, A. Analysis of wine phenolics by  

high-performance liquid chromatography using a monolithic type column. J. Chromatogr. A 

2002, 973, 221–227. 

65. Liazid, A.; Barbero, G.F.; Palma, M.; Brigui, J.; Barroso, C.G. Rapid Determination of Simple 

Polyphenols in Grapes by LC Using a Monolithic Column. Chromatographia 2010, 72, 417–424. 

66. Vergara, C.; Mardones, C.; Hermosín-Gutiérrez, I.; von Baer, D. Comparison of high-performance 

liquid chromatography separation of red wine anthocyanins on a mixed-mode ion-exchange 

reversed-phase and on a reversed-phase column. J. Chromatogr. A 2010, 1217, 5710–5717. 

67. Manns, D.C.; Mansfield, A.K. A core-shell column approach to a comprehensive  

high-performance liquid chromatography phenolic analysis of Vitis vinifera L. and interspecific 

hybrid grape juices, wines, and other matrices following either solid phase extraction or direct 

injection. J. Chromatogr. A 2012, 1251, 111–121. 

68. Cheynier, V.; Doco, T.; Fulcrand, H.; Guyot, S.; le Roux, E.; Souquet, J.M.; Rigaud, J.; 

Moutounet, M. ESI-MS analysis of polyphenolic oligomers and polymers. Analusis 1997, 25, 

M32–M37. 

69. Núñez, V.; Gómez-Cordovés, C.; Bartolomé, B.; Hong, Y.-J.; Mitchell, A.E. Non-galloylated and 

galloylated proanthocyanidin oligomers in grape seeds from Vitus vinifera L. cv. Graciano, 

Tempranillo and Cabernet Sauvignon. J. Sci. Food Agric. 2006, 86, 915–921. 

70. Passos, C.P.; Cardoso, S.M.; Domingues, M.R.M.; Domingues, P.; Silva, C.M.; Coimbra, M.A. 

Evidence for galloylated type-A procyanidins in grape seeds. Food Chem. 2007, 105, 1457–1467. 

71. De Hoffmann, E. Tandem mass spectrometry: A primer. J. Mass Spectrom. 1996, 31, 129–137. 

72. Chernushevich, I.V.; Loboda, A.V.; Thomson, B.A. An introduction to quadrupole-time-of-flight 

mass spectrometry. J. Mass Spectrom. 2001, 36, 849–865. 

73. He, F.; He, J.J.; Pan, Q.H.; Duan, C.Q. Mass-spectrometry evidence confirming the presence of 

pelargonidin-3-O-glucoside in the berry skins of Cabernet Sauvignon and Pinot Noir  

(Vitis vinifera L.). Aust. J. Grape Wine Res. 2010, 16, 464–468. 

74. Wang, H.; Race, E.J.; Shrikhande, A.J. Characterization of anthocyanins in grape juices by ion 

trap liquid chromatography-mass spectrometry. J. Agric. Food Chem. 2003, 51, 1839–1844. 

75. De Freitas, V.; Mateus, N. Formation of pyranoanthocyanins in red wines: A new and diverse 

class of anthocyanin derivatives. Anal. Bioanal. Chem. 2011, 401, 1467–1477. 

76. Heier, A.; Blaas, W.; Droß, A.; Wittkowski, R. Anthocyanin analysis by HPLC/ESI-MS. Am. J. 

Enol. Vitic. 2002, 53, 78–86. 

77. Bakker, J.; Timberlake, C.F. Isolation, Identification, and Characterization of New Color-Stable 

Anthocyanins Occurring in Some Red Wines. J. Agric. Food Chem. 1997, 45, 35–43. 

78. Fulcrand, H.; Benabdeljalil, C.; Rigaud, J.; Cheynier, V.; Moutounet, M. A new class of wine 

pigments generated by reaction between pyruvic acid and grape anthocyanins. Phytochemistry 

1998, 47, 1401–1407. 



Molecules 2013, 18 1099 

 

 

79. Xu, Y.; Simon, J.E.; Ferruzzi, M.G.; Ho, L.; Pasinetti, G.M.; Wu, Q. Quantification of 

anthocyanidins in the grapes and grape juice products with acid assisted hydrolysis using LC/MS. 

J. Funct. Foods 2012, 4, 710–717. 

80. Alcalde-Eon, C.; Escribano-Bailón, M.T.; Santos-Buelga, C.; Rivas-Gonzalo, J.C. Identification 

of dimeric anthocyanins and new oligomeric pigments in red wine by means of  

HPLC-DAD-ESI/MSn. J. Mass Spectrom. 2007, 42, 735–748. 

81. De Villiers, A.; Cabooter, D.; Lynen, F.; Desmet, G.; Sandra, P. High-efficiency high performance 

liquid chromatographic analysis of red wine anthocyanins. J. Chromatogr. A 2011, 1218, 4660–4670. 

82. Acevedo De la Cruz, A.; Hilbert, G.; Rivière, C.; Mengin, V.; Ollat, N.; Bordenave, L.; Decroocq, S.; 

Delaunay, J.-C.; Delrot, S.; Mérillon, J.-M.; et al. Anthocyanin identification and composition of 

wild Vitis spp. accessions by using LC-MS and LC-NMR. Anal. Chim. Acta 2012, 732, 145–152. 

83. Sun, J.; Lin, L.-Z.; Chen, P. Study of the mass spectrometric behaviors of anthocyanins in 

negative ionization mode and its applications for characterization of anthocyanins and non-

anthocyanin polyphenols. Rapid Commun. Mass Spectrom. 2012, 26, 1123–1133. 

84. Silva, C.L.; Pereira, J.; Wouter, V.G.; Giro, C.; Camara, J.S. A fast method using a new 

hydrophilic-lipophilic balanced sorbent in combination with ultra-high performance liquid 

chromatography for quantification of significant bioactive metabolites in wines. Talanta 2011, 86, 

82–90. 

85. Gomez, F.J.V.; Monasterio, R.P.; Vargas, V.C.S.; Silva, M.F. Analytical characterization of wine 

and its precursors by capillary electrophoresis. Electrophoresis 2012, 33, 2240–2252. 

86. Vanhoenacker, G.; Villiers, A.; Lazou, K.; Keukeleire, D.; Sandra, P. Comparison of  

high-performance liquid chromatography—Mass spectroscopy and capillary electrophoresis—Mass 

spectroscopy for the analysis of phenolic compounds in diethyl ether extracts of red wines. 

Chromatographia 2001, 54, 309–315. 

87. Vinas, P.; Campillo, N.; Martinez-Castillo, N.; Hernandez-Cordoba, M. Solid-phase microextraction 

on-fiber derivatization for the analysis of some polyphenols in wine and grapes using gas 

chromatography-mass spectrometry. J. Chromatogr. A 2009, 1216, 1279–1284. 

88. Matthews, S.; Mila, I.; Scalbert, A.; Pollet, B.; Lapierre, C.; Hervé Du Penhoat, C.L.M.; Rolando, C.; 

Donnelly, D.M.X. Method for Estimation of Proanthocyanidins Based on Their Acid 

Depolymerization in the Presence of Nucleophiles. J. Agric. Food Chem. 1997, 45, 1195–1201. 

89. Kennedy, J.A.; Jones, G.P. Analysis of proanthocyanidin cleavage products following acid-catalysis 

in the presence of excess phloroglucinol. J. Agric. Food Chem. 2001, 49, 1740–1746. 

90. Souquet, J.M.; Cheynier, V.; Brossaud, F.; Moutounet, M. Polymeric proanthocyanidins from 

grape skins. Phytochemistry 1996, 43, 509–512. 

91. Chira, K. Structures moléculaires et perception tannique des raisins et des vins (Cabernet-

Sauvignon et Merlot) du bordelais. Ph.D. Thèse, Université Victor Segalen Bordaux 2, Bordeaux, 

France, 2009. 

92. Chira, K.; Lorrain, B.; Ky, I.; Teissedre, P.L. Tannin composition of cabernet-sauvignon and 

merlot grapes from the bordeaux area for different vintages (2006 to 2009) and comparison to 

tannin profile of five 2009 vintage mediterranean grapes varieties. Molecules 2011, 16, 1519–1532. 



Molecules 2013, 18 1100 

 

 

93. Chira, K.; Pacella, N.; Jourdes, M.; Teissedre, P.L. Chemical and sensory evaluation of Bordeaux 

wines (Cabernet-Sauvignon and Merlot) and correlation with wine age. Food Chem. 2011, 126, 

1971–1977. 

94. Drinkine, J.; Lopes, P.; Kennedy, J.A.; Teissedre, P.L.; Saucier, C. Ethylidene-bridged flavan-3-

ols in red wine and correlation with wine age. J. Agric. Food Chem. 2007, 55, 6292–6299. 

95. Drinkine, J.; Lopes, P.; Kennedy, J.A.; Teissedre, P.L.; Saucier, C. Analysis of ethylidene-bridged 

flavan-3-ols in wine. J. Agric. Food Chem. 2007, 55, 1109–1116. 

96. Sun, B.; Belchior, G.P.; Ricardo-Da-Silva, J.M.; Spranger, M.I. Isolation and purification of 

dimeric and trimeric procyanidins from grape seeds. J. Chromatogr. A 1999, 841, 115–121. 

97. Hanlin, R.L.; Kelm, M.A.; Wilkinson, K.L.; Downey, M.O. Detailed Characterization of 

Proanthocyanidins in Skin, Seeds, and Wine of Shiraz and Cabernet Sauvignon Wine Grapes 

(Vitis vinifera). J. Agric. Food Chem. 2011, 59, 13265–13276. 

98. Mouls, L.; Mazauric, J.P.; Sommerer, N.; Fulcrand, H.; Mazerolles, G. Comprehensive study of 

condensed tannins by ESI mass spectrometry: Average degree of polymerisation and polymer 

distribution determination from mass spectra. Anal. Bioanal. Chem. 2011, 400, 613–623. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


