
 

Document downloaded from: 

 

This paper must be cited as:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final publication is available at 

 

 

Copyright 

 

Additional Information 

 

http://hdl.handle.net/10251/191546

Anaya, JA.; Lizama Abad, V.; Alvarez Cano, MI.; García Esparza, MJ. (2022). Impact of rutin
and buckwheat (Fagopyrum esculentum) extract applications on the volatile and phenolic
composition of wine. Food Bioscience. 49:1-12. https://doi.org/10.1016/j.fbio.2022.101919

https://doi.org/10.1016/j.fbio.2022.101919

Elsevier



1 
 

Impact of rutin and buckwheat (Fagopyrum esculentum) extract 1 

applications on the volatile and phenolic composition of wine 2 

Juan Alberto Anaya, Victoria Lizama, Inmaculada Alvarez and María José García 3 

Institut Universitari d'Enginyeria d'Aliments per al Desenvolupament. Universitat Politècnica de València. 4 

46022, Valencia, Spain 5 

Corresponding author: phd. Mª José García Esparza, email: mesparza@tal.upv.es. Juan Alberto Anaya 6 

(juanal.anaya.martinez@gmail.com), Victoria Lizama (vlizama@tal.upv.es), Inmaculada Alvarez 7 

(inmalva@tal.upv.es).  8 

Abstract 9 

The aim of this research is to study the possibility of increasing the quality of red wins made with the 10 

Monastrell grape variety. A methodology was established to improve the concentration levels of 11 

polyphenol and aroma in these wines. Among flavonoids, the copigmenting effect of rutin stands out, 12 

and was tested in both winery and field applications. Buckwheat extract (Fagopyrum esculentum), in 13 

which rutin is the main flavonoid, may be of interest for viticulture given its biological activity. 14 

This paper focuses on researching the effect of applying the prefermentative vegetable extract of 15 

buckwheat (Fagopyrum esculentum) on the concentration of polyphenols and aroma compounds in 16 

vineyards. Simultaneously, a study was carried out to compare the effect of pure copigment (rutin) 17 

when applied in vineyards and cellars. Traditional vinification was done, plus prefermentative cold 18 

maceration. 19 

The application of buckwheat extract, and rutin extract to a lesser extent, to Monastrell grapes 20 

increased the concentration of malvidin and other anthocyanins, and total anthocyanins. After 12-21 

month storage, no differences were observed in the percentage of copigmented, polymerised and free 22 

anthocyanin, the total polyphenol concentration, and the tannin quality parameters like DMACH  23 

(aldehyde p-dimethylaminoacimaldehyde) and the Gelatin Index. The concentrations of diethyl 24 

succinate, 2 phenylethyl acetate, vanillin and ethyl octanoate increased, while other compounds 25 

decreased when the copigment was added. The maceration technique followed during the vinification 26 

process had very little effect on polyphenolic compounds. The prefermentative maceration slightly 27 

increasing the concentration of total polyphenols, but had no effect on the parameters related to 28 

colour, anthocyanin concentration, nature of anthocyanins, their binding state or tannin quality 29 

parameters. The results showed that cold prefermentation maceration increased the concentration of 30 

some volatile compounds, including alcohols and esters, which should be considered important 31 

contributors to Monastrell wine aroma. 32 
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The combination of the applying buckwheat extract and pure rutin together, and prefermentative cold 33 

maceration, positively affects the polyphenolic concentration and increases the concentration of 34 

quality volatile compounds. 35 

Keywords: buckwheat, rutin, copigmentation, prefermentation maceration, wine, polyphenols, 36 

volatile compounds. 37 

1. Introduction 38 

Phenolic composition is a determining factor for red wine organoleptic properties. The anthocyanins 39 

extracted from grape skin during maceration are the compounds that most strongly influence red wine 40 

color, and are also responsible for blue and purple tones (Mazza and Brouillard, 1990). It is generally 41 

accepted that an increase in the colour and phenolic structure of wines also implies their higher 42 

quality. The cultivation techniques applied in vineyards, grape variety, its degree of ripeness, and the 43 

followed vinification techniques all determine both concentration and composition in the polyphenols 44 

of wines and, thus, wine colour.  45 

Red wine colour depends on the concentration of anthocyanins and their state. This state depends on 46 

several factors, one of which is the copigmentation phenomenon. Copigmentation is defined as the 47 

association between anthocyanins and other less coloured phenolic compounds, which results in a 48 

complex structure that increases wine’s red color intensity. This effect is very important in young 49 

wines because it is responsible for 30-50% of their colour (Markovic et al., 2005 b; Heras-Roger et 50 

al., 2016) 51 

Copigmentation reactions act on the colouration of anthocyanins via a hyperchromic effect and a 52 

bathochromic effect (Baranowski and Nagel, 1983; Brouillard et al., 1989; Bloor and Falshaw, 2000). 53 

A rise in the concentration of copigments intensifies colour, which is due to the less coloured forms 54 

of free anthocyanins that displace towards the coloured forms. In addition, the formed copigmented 55 

anthocyanins contribute to greater colour intensity than the flavilium cation.  56 

Among the non-flavonoid copigments, hydroxycinnamic acids have the highest copigmentation 57 

potential. In this group, caffeic acid stands out as a copigmentation factor that plays an important role 58 

in red wine colour because it is naturally present in grapes (Darias-Martín et al., 2001, 2002; Schwarz 59 

et al., 2005; Álvarez et al., 2006, 2009). Flavonoid compounds constitute the most important group 60 

of polyphenols in grapes and wines. Of flavonoids, the copigmenting effect of rutin, tested in both 61 

model solutions and wines (Baranac et al., 1996; Hermosín et al., 2005 a; Álvarez et al., 2006, 2009), 62 

has marked impact on wine colour. Finally, the copigmenting effect of 3-flavanols should be 63 

highlighted (Boulton, 2000), which are very significant in (-) epicatechin (Liao et al., 1992). 64 
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To enhance the copigmentation effect, both the concentration of copigments and pigments in wines, 65 

and the copigment/pigment ratio, need to be high. To increase the effect, strategies can be 66 

implemented in viticulture (Álvarez et al., 2009; Aleixandre-Tudó et al., 2013) and in oenology. Many 67 

authors have studied the cofermentation of different grape types and the prefermentative addition of 68 

copigments (Mirabel et al., 1999; Rustioni et al., 2012; Gombau et al., 2016; Vallazo-Valleumbrocio 69 

et al., 2017; Zhang et al., 2018). Prefermentative copigment supplementation, combined with cold 70 

prefermentative maceration, has a synergistic effect on copigmentation processes and color stability, 71 

and it has been demonstrated that the concentration of anthocyanin pigments and their copigments 72 

can have as much influence on wine color as the applied winemaking techniques. These results have 73 

been found by Schwarz et al., (2005), Lizama et al., (2007) and Álvarez et al., (2009), who 74 

demonstrated that their joined effect was superior than when only prefermentative maceration was 75 

applied (Lizama et al., 2007; Parrado et al., 2007). 76 

Winemaking techniques strongly influence the extraction of grape components by affecting the 77 

concentration and composition of red wines. Temperature, maceration duration, and the presence or 78 

absence of ethanol, are factors that affect these characteristics and copigmentation phenomena 79 

(Gómez-Míguez and Heredia, 2004). Prefermentative cold maceration allows greater and better 80 

polyphenolic extraction by influencing the increase in the concentration of anthocyanins, the 81 

ionisation index and their copigmentation. It affects, among others, colour stability by slowing down 82 

the fermentation process and disorganising skin cell membranes by facilitating the release of aromatic 83 

and phenolic compounds (Reynols et al, 2001; Gómez-Míguez and Heredia, 2004; Parenti et al., 84 

2004; Alvarez et al., 2004, 2005). 85 

Prefermentative cold maceration has been used to increase the concentration of phenolic compounds 86 

in must (Okubo et al., 2003; Zamora, 2004). This directly affects colour stability by also facilitating 87 

the formation of polymeric structures and the condensation of tannins which, in turn, confer wine 88 

structure and roundness (Reynols et al., 2001; Gómez-Miguez et al., 2006a; Álvarez et al., 2004 and 89 

2005; González-Neves et al., 2015). Prefermentative maceration allows rapid extraction of 90 

anthocyanins and low-molecular tannins in the aqueous phase by allowing a reduction in extraction 91 

intensity during the fermentation process to, thus, minimise the risk of tannin extraction from seeds, 92 

especially with grapes with a lower degree of maturity (Gil-Muñoz et al., 2009; González-Neves et 93 

al., 2010). 94 

The copigment supplementation effect could be more effective if they interact with grape components 95 

during the ripening process (Dimitric-Markovic et al (2003a); Schwarz el al, 2005). The application 96 

of copigments to vineyards by using plant extracts rich in certain copigments  such us Rosemary 97 
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extract rich in flavonoids and caffeic acid (Talcott el al., 2003; Brenes et al., 2005; Del Pozo-Insfran, 98 

2006; Bimpilas et al., 2016); green tea extract rich in catequines (Alvarez et al., 2015), along with 99 

incorporating prefermentative maceration techniques that enhance copigmentation induced in the 100 

field (Lizama et al., 2007), could advance the anthocyanin maturity of grapes and lead to greater 101 

subsequent polyphenolic polymerisation, which would allow harvesting without having to wait for 102 

the usual overripening stages.  103 

Buckwheat (Fagopyrum esculentun) can be used as a good source of dietary rutin (Ohsawa and 104 

Tsutumi, 1995; Kitabayashi et al., 1995a, b; Watanabe et al., 1997; Watanabe, 1998). 105 

Buckwheat plants exhibit marked biological activity for being rich in flavonoids, phenolic acids, 106 

tannins, phytosterols and phagopyrins. Rutin is one of the many known flavonoids with substantial 107 

biological activity (ÇelíK et al. 2018). 108 

The purpose of this work is to compare the effect of adding buckwheat extracts rich in flavonoids and 109 

rutine and the direct application of pure rutine to vineyards (in the grape clusters area) on 110 

prefermentation addition. The aim is to achieve a better polyphenolic and aromatic balance in 111 

Monastrell wines. The application of this technique can be a very useful tool for designing 112 

winemaking systems that guarantee crop sustainability by always taking quality improvement as a 113 

fundamental objective. 114 

The application of this technique can act as a very useful tool for designing wine production systems 115 

that guarantee crop sustainability by always considering quality improvement as a fundamental 116 

objective. Spraying with natural plant extracts can also be most interesting for organic viticulture 117 

(Bulgari et al., 2015). 118 

2. Material and Methods  119 

2.1 Site description and experimental design 120 

The study was carried out for two consecutive years (2016 and 2017) with the Monastrell variety that 121 

belongs to the "Valencian Denomination of Origin" (Fontanars, Spain). 122 

The plant material was cv. Monastrell variety (syn. Mourvedre VICV-7915) vines grafted onto 123 

Richter-110 rootstocks, planted and rainfed in 2005 and spaced 1.5x3 m (2,200 vines/ha). Vines were 124 

trained on vertical trellises in a bilateral cordon system with an east-southern orientation. Soil has a 125 

sandy loam texture, and is highly calcareous and of low fertility. 126 

In order to apply the buckwheat extract (rich in rutin) and pure rutin at the optimum time, 127 

polyphenolic grape ripening was monitored to determine grape harvests’ anthocyanin potential to 128 
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allow effective copigmentation in grapes. Based on previous experience (Lizama et al., 2007; Alvarez 129 

et al., 2009), 10 days before the estimated harvest was taken as the optimum time for copigmentation 130 

reactions to occur. The buckwheat extract and rutin were applied to different plots, together with a 131 

non-ionic surfactant to promote adherence (Montana wax 20% at 20%, 2.5 mL/L) that favoured 132 

adherence to grape skins. The rutin concentration in the extract was determined. Rutin was prepared 133 

in aqueous solution at the 0.5 g/L concentration so that after having been sprinkled on grapes, its 134 

concentration would be 90 mg/kg grapes. This concentration follows the recommendations 135 

established by other authors (González et al., 2009; Bimpilas et al., 2016). The rutin concentration in 136 

the buckwheat extract (932 mg rutin/L) was determined to adjust the dilution of extracts to the 0.5g/L 137 

concentration of pure copigment so that when extracts were applied, the aforementioned results would 138 

be obtained. These products were previously dissolved in water until a concentration of about 90 mg 139 

of rutin per kg of grapes was reached. Applications were carried out by spraying in the grape clusters 140 

area. Products were applied using a hand-sprayer 30 days after veraison. 141 

Rutin was purchased from SIGMA-ALDRICH Rutinhydrate, Minimum (R-5143). The buckwheat 142 

extract (Tr) was prepared in the laboratory of the Food Technology Department at the UPV 143 

(Polytechnic University of Valencia) by alcoholic extraction (ethanol) of buckwheat flour, supplied 144 

commercially by Laboratorios GUINAMA. Buckwheat was ground in a grinder. The obtained 145 

powder (250 g) was placed inside a 1 L Erlenmeyer flask with 500 mL of 9/1 ethanol/water mixture. 146 

It was left at room temperature for 24 h. Then it was filtered and the liquid fraction was placed inside 147 

a rotary evaporator at 50 ºC and 200 revolutions per minute to concentrate the extract until an 148 

approximate volume of 50 mL was obtained. The extract was left in a refrigerator until used. 149 

The rutin concentration in the buckwheat extract was determined by HPLC to calculate the amount 150 

to be added to applications, which came close to the pure copigment concentration. The experimental 151 

design of the trials was the factorial type in randomised complete blocks with three replicates. The 152 

experiment utilised a randomised block design with two treatments (bukwheat extract and pure rutin) 153 

and three replications per treatment. Each replicate had 30 grapevines spread over five consecutive 154 

rows of seven plants each. Only the three inner rows were utilised for sampling, with the two outer 155 

rows used as borders and 120 each for those not receiving treatment. 156 

The assay involved three experiments in the vineyard: 1) grapes without treatment; 2) treated grapes 157 

with buckwheat extract; 3) treated grapes with pure rutin. 158 

  159 
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2.2 Winemaking process 160 

Ten days after applying copigments, grapes were harvested in 20-kilogram boxes. Grapes were 161 

processed in a paddle destemmer-roller crusher and paste was placed in 50-litre tanks. 162 

Prefermentative maceration was carried out at 5-6 ºC for 5 days, followed by traditional fermentation. 163 

A commercial Saccharomyces cerevisiae yeast (Enartis Ferm Red Fruit) was inoculated for 164 

fermentation (30 g/hL). The fermentation temperature was 27-28 ºC and two pump-overs were 165 

performed daily. 166 

Ten days after alcoholic fermentation began, wine was pressed at low pressure and blended with the 167 

wine from the first pressing. Oenococcus oeni bacteria (Lalvin 31 by Lalleman) were added at 1 g/hL 168 

to promote malolactic fermentation. 169 

Having completed malolactic fermentation, and wines were racked and homogenised after sulphite 170 

treatment at 30 mg/L of free sulphur. Twelve months later, the polyphenolic and aromatic wine 171 

composition was determined. 172 

Twenty-four vinifications per year were carried out following eight protocols in triplicate: two 173 

experimental treatments in vineyards with buckwheat extract (90 mg/kg of grapes); one treatment 174 

with the prefermentative addition of copigments (rutine pure 90 mg/kg of grapes); one control without 175 

treatment. All the protocols were carried out with traditional maceration and cold prefermentative 176 

maceration. 177 

2.3 Determination of technology and grape phenolic maturity 178 

The following determinations were made: total acidity and pH following official methods 179 

(Commission Regulation (EEC), 1990); total soluble solids (TSS) (ºBrix) by refractometry; phenolic 180 

maturity of grapes according to Saint-Cricq de Gaulejac et al. (1998). 181 

 182 

2.4 Phenolic parameters by spectophotometry 183 

Wine phenolic composition was determined in a JASCO V-530 UV-Visible spectrophotometer and 184 

a JASCO MD2010 Plus HPLC, coupled with a diode array detector (DAD) (JASCO LC-Net II/ADC, 185 

Tokyo, Japan). All the measurements were taken in triplicate. Colour intensity, hue, IPT (Total 186 

poliphenols Index) and the Gelatin Index (astringency) were estimated by the methods described by 187 

Glories (1984). Condensed tannins were determined by the method developed by Ribéreau-Gayon 188 

(1979). The Folin-Ciocalteu assay was run according to Singleton and Rossi (1965). The method 189 

reported by Boulton (2001) was followed to analyse the contribution of the copigmented, free and 190 
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polymeric anthocyanins to total wine colour. The DMACH Index (degree of tannin polymerisation) 191 

was calculated according to Kanha and Glories (1994). 192 

2.5 Anthocyanins analysis by HPLC 193 

The individual anthocyanins compounds were quantified by HPLC via the method of Boido et al. 194 

(2006). Total anthocyanins were calculated as the sum of glucoside anthocyanins and acylated 195 

anthocianins. After centrifugation and filtration, wine samples were injected directly into the HPLC 196 

(20 µL). Separation was carried out in a Gemini NX (Phenomenex, Torrance, CA, USA) 5 µm, 250 197 

mm x 4.6 mm i.d. column at 40 ºC. Solvents were 0.1% trifluoroacetic acid (A) and acetonitrile (B). 198 

The elution gradient was as follows: 100% A (min 0); 90% A + 10% B (min 5); 85% A + 15% B 199 

(min 20); 82% A + 18% B (min 25); 65% A + 35% B (min 30). Individual chromatograms were 200 

extracted at 520 nm. For quantification, calibration curves were obtained with a commercially 201 

available standard: malvidin-3-glucoside (Sigma-Aldrich, St Louis, MO, USA). The content of 202 

anthocyanins was calculated on the basis of the calibration curves of authentic malvidin-3-glucoside 203 

(y = 236316x - 166569, R2 = 0.9994) 204 

2.6 Rutin buckwheat flour extract analyses by HPLC 205 

Rutin (Sigma-Aldrich, St Louis, MO, USA) was determined by the modified method (Qin et al, 2010). 206 

The chromatographic analysis was carried out by a reversed phase HPLC-DAD MD-2010 Plus 207 

(JASCO, Tokyo, Japan), equipped with a Gemini-NX C18, 5 μm (250 X 4.6 mm) Phenomenex 208 

(Torrance, CA, USA). The mobile phase consisted of 0.1% TFA in deionised water (v⁄v) (solvent A) 209 

and acetonitrile (solvent B). The gradient programme was as follows: 0–28 min: 20-26% B; 28-44 210 

min: 26-100% B; 44-52 min: 100% B; 52-56 min: 100-20% B; and 56-80 min: 20% B. Rutin content 211 

as calculated on the basis of the calibration curves of authentic rutin (y = 45036x + 127808, R2 = 212 

0.99873). The HPLC elutes were monitored by absorbance at 316 nm. The results were expressed as 213 

ppm in ethanol solution. 214 

2.7 Volatile compounds extraction and identification 215 

Volatile compounds were analysed by the procedure proposed by Ortega et al. (2001) with the slight 216 

modifications specified by Hernandez-Orte et a. (2014). A volume of 2.7 mL of the samples was 217 

transferred to a 10-mL screw-capped centrifuge tube that contained 4.05 g of ammonium sulphate 218 

(Panreac, Barcelona) to which the following compounds were added: 6.3 mL of milliQ (Panreac), 20 219 

μL of a standard internal solution (2-octanol from Aldrich at 140 μg/mL in absolute ethanol from 220 

LiChrosolv-Merck) and 0.25 mL of dichloromethane (Li-Chrosolv-Merck). The tube was shaken 221 

mechanically for 120 min and to then be centrifuged at 2,900 g for 15 min. The dichloromethane 222 
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phase was recovered with a 0.5-mL syringe, transferred to the autosampler phial and analysed. The 223 

chromatographic analysis was carried out in a HP-6890, equipped with a ZB-Wax plus column 224 

(60m×0.25mm x0.25 μm) from Phenomenex. The column temperature, initially set at 40°C and 225 

maintained at this temperature for 5 min, was then raised to 102 °C at a rate of 4 °C/min to 112 °C at 226 

a rate of 2 °C/min, to 125 °C at a rate of 3 °C/min and this temperature was maintained for 5 min and 227 

then raised to 160 °C at a rate of 3 °C/min; to 200 °C at a rate of 6 °C/min and was then kept at this 228 

temperature for 30 min. The carrier gas was helium, which was fluxed at rate of 3 mL/min. Injection 229 

was done in the split mode 1:20 (injection volume 2 μL) with a flame-ionisation detector (FID 230 

detector). 231 

In addition, Kovats retention indices (KI) were calculated for the GC (gas chromatography) peaks 232 

corresponding to identify substance by the interpolation of the retention time of normal alkane (C8 -233 

C20) by Fluka Buchs, Schwiez (Switzerland), analysed under the same chromatographic condition. 234 

The calculated KI were compared to those reported in the literature for the same stationary phase. 235 

Semiquantitative data were obtained by calculating the relative peak área in relation to that of the 236 

internal standard (2 octanol). 237 

2.8 Statistical analysis 238 

A statistical analysis was performed with CENTURION XVI.II for Windows (Statgraphics 239 

Technologies, Inc., The Plains, VA, USA). A multifactorial ANOVA was carried out to determine 240 

interactions between treatments. The data corresponding to the control wine and the wines from the 241 

field treatments with the buckwheat extract and rutin were processed by a simple ANOVA to evaluate 242 

whether the copigment application influenced the phenolic and aromatic wine composition. The data 243 

corresponding to the wines made by traditional maceration, and those by prefermentative maceration 244 

followed by traditional vinification, were processed by a simple ANOVA to establish whether 245 

prefermentative cold maceration would modify phenolic and aromatic wine composition. The Duncan 246 

test was used to separate means (p-value <0.01) when the ANOVA test was significant.  247 

3. Results and Discussion 248 

To jointly process the data of the wines supplemented with the buckwheat extract, pure rutin in the 249 

field and pure rutin in the winery, the existence of interactions between the results obtained from 250 

treatments with copigments and the applied vinification techniques (traditional or prefermentative 251 

maceration) was initially tested. Table 1 shows the multifactorial analysis of variance (MANOVA) 252 

results for the factors copigment addition and winemaking technique, and the results for their 253 
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interaction, for 2016 and 2017, in the polyphenolic and volatile compounds of the wines analysed 12 254 

months after bottling.  255 

The results showed that the polyphenolic and volatile compounds in wines were generally affected 256 

applyings in the vineyards and also by the followed vinification technique. However, there was only 257 

a slight interaction between these variables (interaction was year-dependent and a few compounds 258 

showed this interaction for the two study years), which allowed data to be jointly processed according 259 

to the applied copigment or the followed vinification technique. 260 

3.1. Technology and grape phenolic maturity  261 

In 2016, the technological and polyphenolic maturity of grapes that were allocated to the different 262 

tanks did not present significant differences in their technological maturity (Brix degree between 263 

23.8-24.34; pH between 3.43-3.54; total acidity between 5.78-5.91 g/L expressed as tartaric acid), 264 

nor in grape phenolic maturity (color intensity between 10.45-11.37; anthocyanin concentration 265 

between 287-304 mg/L; polyphenol concentration between 2.21-2.35 g/L). A similar situation was 266 

observed in the 2017 grapes (Brix degree between 24.41-24.86; pH between 3.55-3.64; total acidity 267 

between 5.21-5.39 g/L expressed as tartaric acid; color intensity between 11.23-11.41; anthocyanin 268 

concentration between 311-325 mg/L; polyphenol concentration between 2.23-2.36 g/L). This 269 

showed that the co-pigmentation treatments did not affect technological grape maturity because the 270 

small differences were random and attributable to the minor variability between vineyard plots. It is 271 

true that differences were observed between the two study years because 2017 was warmer and, 272 

therefore, grape maturity was greater. 273 

3.2. Effect of copigments on the polyphenolic and aromatic composition of Monastrell wines  274 

Table 1 shows that the polyphenolic compounds were affected by the application of copigments, and 275 

also by the followed vinification techniques to a lesser extent, in the two study years. The copigments 276 

applitations significantly affected the polyphenolic parameters related to the concentration of 277 

anthocyanins and their different fractions and were, therefore, those that had a more marked effect on 278 

grapes after the spraying of copigments, which falls in line with other researchers  (Boulton, 2001; 279 

Karna et al., 2005). The parameters related to tannin concentration and tannin quality were less 280 

affected by the treatments with the different copigments and winemaking techniques. Applying 281 

copigments affected the concentration of some volatile compounds, while the vinification technique 282 

affected mainly the 2017 vintage, when grapes matured more. 283 

The addition of copigments affected half the volatile compounds in the two study years: α-pinen, 284 

ethyl isovalerate, isoamyl acetate, ethyl hexanoate, hexyl acetate ethyl octanoate, ethyl decanoate, 285 
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diethyl succinate, 2 phenylethyl acetate, 2 methoxyphenol, decanoic acid, vanillin. Most of these 286 

compounds are esters that strongly influence the wine organoleptic profile because they are the main 287 

markers of the fermentative aroma of young wines. 288 

There were only a few interactions between copigments and the maceration techniques, which 289 

enabled the data to be processed according to copigment or winemaking technique. 290 

Table 2 shows the means and standard deviations, together with the ANOVA, for the polyphenolic 291 

compounds studied at 12-month storage depending on the copigments treatments, and copigments by 292 

the year interaction. 293 

The 2017 vintage wines supplemented with buckwheat extract and rutin contained a higher 294 

concentration of polyphenolic compounds (malvidin and total anthocyanins), which could be 295 

attributed to better ripening caused by the vintage effect. No significant colour differences were 296 

observed in the 2016 or 2017 wines, although hue in 2016 was slightly higher in the wines from the 297 

copigment treatments. In the 2017 vintage, only the wines treated with rutin in the field had a higher 298 

hue than the controls. The studies by Gonzalez et al. (2010) have revealed that the field applitation of 299 

rutine confers finished wines a higher hue. 300 

After 12-month storage, the wines from the grapes treated with buckwheat extract and rutin in the 301 

2016 vintage contained higher concentrations of malvidin, peonidin, petunidin, delphinidin and total 302 

anthocyanins compared to the control wines. The fractions of the detailed anthocyanins were clearly 303 

lower in the control wine from the 2016 vintage versus the treated wines. Of all these, malvidin had 304 

the most abundant, especially in the wines pretreated with buckwheat extract and rutin in both the 305 

field and the cellar. According to a study by Baranac et al. in 1996, rutin has a high copigmentation 306 

affinity with malvidin, which would explain why the concentration of the copigmented anthocyanins 307 

was lower in the control wine than in the other treatments with rutin added in either the vineyard or 308 

before processing. 309 

In the 2017 wines, compared to the control, a significant increase was observed for the total content 310 

of anthocyanins when the buckwheat extract was used, but to a lesser extent in relation to the addition 311 

of pure rutin in either the vineyard or cellar. None of the individual anthocyanin forms significantly 312 

increased when the extract was employed. Addition of pure rutin in the winery significantly increased 313 

the malvidin concentration in wines. 314 

In 2016 vinthage the concentration of the condensed tannins was lower in the wines from grapes 315 

treated with the buckwheat extract than in controls. The 2017 vintage wines reated with the 316 

buckwheat extract had a lower proportion of condensed tannins, but the difference was not significant.  317 



11 
 

The fact that adding buckwheat increased the concentration of anthocyanins, and lowered that of 318 

tannins, could be partly due to the presence of small amounts of ethanol in the extract, which would 319 

stimulate ethylene formation in plants and could contribute to increased anthocyanin synthesis 320 

(Chervin et al., 2001; Gallegos et al., 2006, González et al., 2009). Ethylene is responsible for the 321 

accumulation of anthocyanins in grapes during ripening (Chervin et al., 2006; Muñoz-Robredo et al., 322 

2013), but the observed increase in anthocyanin concentration can also be attributed to anthocyanin 323 

stability caused by the rapid polymerisation and copigmentation of its anthocyanins in the presence 324 

of rutin. This is due to the rapid polymerisation of the anthocyanins after malolactic fermentation 325 

(data not shown) which contributed to the stability of the anthocyanins during storage. Over time the 326 

anthocyanins of all treatments have polymerised so that there is no difference after 12 months, but 327 

the rapid polymerisation has contributed to the stability of the anthocyanins over time. This drop in 328 

condensed tannins can also be attributed to the presence of small amounts of etanol. 329 

After 12-month storage, no differences among experimental treatments were observed in the 330 

percentage of the copigmented, polymerised and free anthocyanins, the total concentration of 331 

polyphenols or the tannin quality parameters. These results do not agree with the studies conducted 332 

by Gonzalez et al. (2010), who have shown that rutine spraying on bunches at the end of ripening can 333 

increase polyphenol and anthocyanin contents in grapes and wines, which improves colour intensity 334 

and stability. According to these authors vineyard treatments could at least be as interesting as the 335 

prefermentative treatment on must. 336 

The means of the concentration of 22 studied volatile compounds in wine are shown in Table 3. The 337 

values was quite homogeneousin the two studied vintages as the ANOVA indicated. 338 

The volatile compounds of the wines from treatmensts with buckwheat and rutin were differentiated 339 

according to their behaviour. 340 

Table 3 indicates that the concentrations of β-pinen, n-amyl alcohol, ethyl lactate, 1,2-propylene 341 

glycol, 2-phenylethanol, ƴ-octolactone and eugenol, with no significant differences among 342 

experimental treatments in of the two studied vintages. The concentration of cis 3-hexenol, ethyl 343 

octanoate, linalol and decanoic acid only showed significant differences in one of the two vintages.    344 

Some compounds came at higher concentrations in the wines from the grapes treated with the 345 

buckwheat extract and rutin, such as diethyl succinate, 2 phenyl ethyl acetate, vanillin and ethyl 346 

octanoate. These compounds are related to wine quality. This effect is important in organoleptic terms 347 

because esters are related to fruity and floral aromas, vanillin to vanilla aroma, and they are all 348 

positive for wine aromatic quality (Belda, 2017). Several studies (Garcia-Ruiz et al. 2013; D’Onofrio 349 

et al., 2018; Vitalini et al., 2014) have shown that the application of plant extracts and elicitors in 350 
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vineyards increases higher alcohols and esters in wines. Darici et al. (2020) found a significant 351 

increase in the concentration of esters in Cabernet sauvignon wines that they treated with rosemary 352 

extract. Moreover, the application of an aminopolysaccharide like chitosanto vineyards increases the 353 

levels of acetals and total alcohols in wines, while the application of benzothiadizole confers more 354 

acetals and total esters (Vitalini, 2014). 355 

This study indicates a clearly significant effect of applying the buckwheat extract, lowering the 356 

concentration of α-pinene, ethyl isovalerate, isoamyl acetate, ethyl hexanoate and ethyl decanoate in 357 

wines. Likewise, the addition of rutin in the field or winery allowed wines to be obtained with lower 358 

concentrations of hexyl acetate, ethyl 3-hydroxybutyrate and 2 methoxyphenol. These compounds 359 

are extremely important in the aromatic wine profile because they confer floral and fruity aromas 360 

(Englezos et al., 2016). 361 

Flavonoids, phenolic compounds and their derivatives, which are naturally found in the structure of 362 

these extracts, have been demonstrated as being effective in preventing the auto-oxidation of volatile 363 

compounds (Garcia-Ruiz et al. 2013; Yıldırım et al., 2005). A biostimulating effect of the formation 364 

of volatile compounds on grapes has also been observed when eupcalyptus extract, almond skin 365 

extract, benzothiadiazole, methyl jasmonate and chitosan, were applied to vineyards, and wines were 366 

obtained with a higher concentration of terpenes, acetals and esters (Garcia-Ruiz et al. 2013; 367 

D’Onofrio et al., 2018; Vitalini et al., 2014). These studies have shown that the application of plant 368 

extracts and elicitors in vineyards leads to increased higher alcohols and esters in wines and, although 369 

these compounds originate mainly from the fermentation process, the substrates in grapes for the 370 

formation of these compounds can be affected by the treatment applied to grapes and, thus, affect 371 

their final concentrations in wines. 372 

Studies by Chervin et al (2001, 2002) demonstrate that spraying ethanol solution on bunches of grapes 373 

stimulates ethylene production in plants. The buckwheat extracts employed in that study could have 374 

contained small quantities of ethanol, which could have caused this effect and affected the 375 

concentration of some volatile compounds. 376 

Studies by Gonzalez et al., 2009, report that the application of hydroalcoholic ethanol solutions to 377 

bunches increases the skin/pulp ratio by more than 15% compared to the controls. Different studies 378 

(Segade et al., 2016; Giacosa et al., 2019) , demonstrate that increased grape skin thickness is related 379 

to a higher concentration of the compounds found in grape skin, such as tannins, anthocyanins and 380 

precursors of aromas, as well as greater extractability of volatile compounds.  381 

3.3 Effect of winemaking techniques on polyphenolic and aromatic wine composition  382 
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Table 1 shows that phenolic compounds were not significantly affected by the winemaking technique 383 

followed in the two study years, although the total polyphenol index was affected. A significant effect 384 

appeared in both vintages for wine aromatic composition. 385 

In the two studied vintages, prefermentative cold maceration significantly affected the concentrations 386 

of n-amylalcohol, cis-3 hexenol, ethyl octanoate, ethyl 3- hydroxybutyrate, diethyl succinate, 2-387 

phenyl ethyl acetate, and decanoic acid, compounds that affect the aromatic profile of wines. 388 

Only a few interactions take place between copigments and the maceration techniques, which enabled 389 

data to be processed according to copigment or the winemaking technique. 390 

Table 4 shows the means and standard deviations, together with the ANOVA, of the polyphenolic 391 

compounds studied in the wines treated with buckwheat extract and rutin once the storage period had 392 

finished, and in accordance with the applied vinification technique.  393 

No significant differences were observed for most of the concentrations of polyphenolic compounds 394 

in the wines from the grapes treated with  buckwheat extract and rutin, except for the concentration 395 

of total polyphenols and Folin Index in the wines made with prefermentative maceration. In these 396 

wines, condensed tannins also had a higher value, but the difference with traditionally made wines 397 

was not significant. This difference would not be attributable a greater extraction, but only to a greater 398 

polyphenolic stability caused by prefermentative maceration. 399 

In view of the results obtained in the wines from the buckwheat extract and rutin treatments, we can 400 

state that the maceration technique used in winemaking barely affected polyphenolic compounds. The 401 

prefermentative maceration slightly increased the concentration of condensed tannins and total 402 

polyphenols, but did not affect the parameters related to colour, anthocyanin concentration, nature of 403 

anthocyanins, their pigment polymerization, or the quality parameters of tannins. The main advantage 404 

of prefermentative maceration over the traditional winemaking technique is its greater capacity to 405 

extract anthocyanins and to facilitate copigmentation reactions (Vazquez et al. (2010). 406 

Many studies have been carried out about the application of the prefermentative maceration technique 407 

to winemaking and its effect on phenolic compounds. Several authors have reported increases of  408 

intensity and colour stability in wines made with prefermentative maceration, such as Álvarez et al. 409 

(2006) who used Monastrell grapes and Gómez-Míguez et al. (2007) who worked with Syrah grapes. 410 

Other studies indicate negative or diverse effects when applying this technique, such as Budic-Leto 411 

et al. (2003) in the winemaking of Babic grapes and González-Neves et al. (2009) in Tannat. The 412 

colour intensity and quality of Tannat wines obtained with prefermentative maceration had less than 413 

those made by traditional maceration, but have higher concentration of tannins and total phenols 414 
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(Favre et al., 2013). Variety grapes, ripeness and winemaking techniques may be responsible for the 415 

different effects of prefermentative maceration on phenolic wine composition. 416 

The maceration technique followed in the vinification of the wines treated with the buckwheat extract 417 

and pure rutin significantly affected the concentrations of 12 studied volatile compounds (Table 5). 418 

The results showed that traditional vinification increased the concentrations of β-pinen, n-419 

amylalcohol, 2 phenylethanol and decanoic acid. 420 

Esters are a very important group of compounds for wine aroma,. They are generated by yeasts during 421 

alcoholic fermentation and are related to fruity notes (Etievant 1989). The results showed that 422 

prefermentation cold maceration increased the concentration of some esters, such as hexyl acetate 423 

(apple, pear), ethyl octanoate (pineapple, pear, floral), ethyl 3-hydroxybutyrate and diethyl succinate 424 

(caramel), which should be considered important contributors to Monastrell wine aroma (Alvarez et 425 

al. 2006;  Cai et al., 2014; Aleixandre Tudó et al., 2016). 426 

Alvarez et al. (2006), Moreno et al., (2013) and Aleixandre-Tudó et al., (2016) studied the effect of 427 

cold prefermentative maceration on volatile wine composition under different conditions. They all 428 

generally describe improvements in the aromatic composition, a higher ester concentration, and 429 

enhanced fruity, floral and caramel aromas. 430 

Mihnea et al. (2015) observed a higher concentration of some alcohols in the wines obtained by cold 431 

prefermentative maceration. González-Neves et al. (2015) reported a similar observation and posed 432 

the possibility of this effect resulting from the action of non-Saccharomyces yeasts during the cooling 433 

period. 434 

These results agree with those obtained by Alvarez et al. 2005, Selli et al. 2006 and De Santis and 435 

Frangipane, 2010. These researchers attributed the higher aromatic concentration of pre-436 

fermentatively macerated wines to the extractive effect of this technique on skin components. 437 

These results could also be explained by not only the cold maceration technique allowing the 438 

development of cryophilic yeasts, but also their influence on the release of certain aromas, especially 439 

volatile esters, which would be one of the advantages of this technique, as cited by other authors 440 

(Charpentier and Feuillat, 1998, Casassa and Sari 2015; Cai et al. 2014). Other studies have also 441 

stated that. At this low temperature, fermentation by non-Saccharomyces autochthonous yeasts, 442 

possibly of the genus Hanseniapora, can start the fermentation and generate varietal aromas, while 443 

herbaceous notes diminish (Cai et al., 2014; Gonzalez Neves et al. 2015). However, the present study 444 

noted a higher cis-3-hexenol concentration. 445 

  446 
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4. Conclusions 447 

The application of buckwheat extract and pure rutin to a lesser extent, to Monastrell grapes increases 448 

the concentrations of malvidin and other studied anthocyanins, as well as that of total anthocyanins. 449 

However, the concentration of condensated tannins is lower in the wines from grapes treated with the 450 

buckwheat extrac than in the control winest. The application of these products does not modify the 451 

concentration of the percentage of the copigmented, polymerised and free anthocyanins, the total 452 

concentration of polyphenols, or the quality parameters of tannins.  453 

There is no clear effect of adding copigments on the volatiles composition of wine becaus, as far as 454 

the quality-related compounds are concerned, their concentration increases in some cases, but lowers 455 

in others. 456 

The maceration technique used in winemaking barely influenced the polyphenolic compounds, with 457 

prefermentative maceration, slightly increasing the concentration of condensed tannins and total 458 

polyphenols, but does not affect the parameters related to colour, anthocyanin concentration, nature 459 

of anthocyanins, their pigments polymerisation or tannin quality parameters. The results reveal that 460 

prefermentation cold maceration increases the concentrations of some esters, and other compounds, 461 

which should be considered important contributors to wine aroma. 462 

Considering the results obtained in the two studied vintages, the combination of applying buckwheat 463 

extract or pure rutin, together with the prefermentative cold maceration, positively affects the 464 

polyphenolic concentration and increases the concentration of quality volatile compounds. 465 

Acknowledgments 466 

This study was partly supported by the Spanish Ministery of Education and Science and the Valencian 467 

Community (Spain). 468 

 469 

 470 

  471 



16 
 

References 472 

Aleixandre-Tudo, J. L., Alvarez, I., Lizama, V., Nieuwoudt, H., Garcia, M. J., Aleixandre, J. L., Du Toit, W. 473 
J. (2016). Modelling phenolic and volatile composition to characterize the effects of pre-fermentative 474 
cold soaking in Tempranillo wines. LWT-Food Science and Technology, 66, 193-200. 475 
https://doi.org/10.1016/j.lwt.2015.10.033 476 

Aleixandre-Tudó, J., Álvarez, I., Lizama, V., García, M., Aleixandre, J., & Du Toit, W. (2013). Impact of 477 
Caffeic Acid Addition on Phenolic Composition of Tempranillo Wines from Different Winemaking 478 
Techniques. Journal of Agricultural and Food Chemistry, 61, 11900-11912. 479 
https://doi.org/10.1021/jf402713d 480 

Alvarez, I., García, M., Martín, P., Gonzalez, R., Rodriguez, M. (2004). Efecto de la Maceración 481 
Prefermentativa en Frío en la Composición de Vinos Tintos de Tempranillo. En III Congreso Español 482 
de Ingeniería de Alimentos. Pamplona. 483 

Alvarez, I., García, M., Martín, P., Gonzalez, R. (2005). Utilización de la Criomaceración para mejorar la 484 
Extracción de Compuestos Polifenólicos en Uvas de Tempranillo Procedentes de Cultivo con Altos 485 
Niveles de Fertilización. Jornadas Técnicas de los grupos de investigación enólogica españoles. 486 

Alvarez, I., Aleixandre, J., García, M., Lizama, V. (2006). Impact of Prefermentative Maceration on the 487 
Phenolic and Volatile Compounds in the Monastrell Red Wines. Analytica Chimica Acta, 563, 109-488 
116. https://doi.org/10.1016/j.aca.2005.10.068 489 

Alvarez, I., Aleixandre, J., García, M., Lizama, V., Aleixandre-Tudó, J. (2009). Effect of the Prefermentative 490 
Addition of Copigments on the Polyphenolic Composition of Tempranillo Wines After Malolatic 491 
Fermentation. European Food Reserarch and Technology, 228: 501-510. 492 
https://doi.org/10.1007/s00217-008-0957-0 493 

Álvarez, I., Anaya, J., Lizama, V., García, M., Aleixandre, J., & Aleixandre-Tudo, J. (2015). Aplicación de 494 
Extracto de Té Verde para Incrementar la Concentración Polifenólica de los Vinos de Tempranillo de 495 
Utiel-Requena. Innovación Vitivinícola, ISSN. 978-84-8424-378-6, 463-466.  496 

Baranac, J., Petronoviv, N., Dimitric-Markovic, J. (1996). Spectrophotometric Study of Anthocyan 497 
Copigmentation Reactions. Journal of Agricultural and Food Chemistry, 44, 1333-1336. 498 

Baranowski, E., Nagel, C. (1983). Kinetics of Malvidin-3-glucoside Condensationin Wine Model Solutions. 499 
Journal of Food Science, 38, 932-936. 500 

Belda, A. 2017. Estudio filo-funcional de levaduras de interés enológico para su aplicación industrial. Tesis 501 
Doctoral en Ciencias Biológicas. Universidad Politécnica de Madrid. 253 pp. 502 

Bimpilas A, Panagopoulou M, Tsimogiannis D, Oreopoulou V (2016) Anthocyanin copigmentation and color 503 
of wine: The effect of naturally obtained hydroxycinnamic acids as cofactors. Food Chemistry 197: 504 
39–46. https://doi.org/10.1016/j.foodchem.2015.10.095 505 

Bloor, S., Falshaw, R. (2000). Covalently Linked anthocyanin-flavonol Pigments from Blue Agapanthus 506 
Flowers. Phytochesmistry, 53, 575-579. https://doi.org/10.1016/S0031-9422(99)00572-5 507 

Boido, E., Alcalde-Eon, C., Carrau, F., Dellacassa, E., & Rivas-Gonzalo, J. C. (2006). Aging effect on the 508 
pigment composition and color of Vitis vinifera L. cv. Tannat wines. Contribution of the main pigment 509 
families to wine color. Journal of Agricultural and Food Chemistry, 54(18), 6692-6704. 510 

Boulton, R. (2000). The Variation in Skin Composition and Wine Colour for Six Vineyard Sites. Third 511 
International Burgundy-California-Oregon Colloquium. 512 

Boulton, R. (2001). The Copigmentation of Anthocyanins and Its Role in the Color of Red Wine. American 513 
Journal of Enology and Viticulture, 52, 67-87. 514 

https://doi.org/10.1016/j.lwt.2015.10.033
https://doi.org/10.1021/jf402713d
https://doi.org/10.1016/j.aca.2005.10.068
https://doi.org/10.1016/j.foodchem.2015.10.095
https://doi.org/10.1016/S0031-9422(99)00572-5


17 
 

Brenes Ch, Del Pozo-Insfran D, Talcott ST (2005) Stability of Copigmented Anthocyanins and Ascorbic Acid 515 
in a Grape Juice Model System. J Agric Food Chem 53(1):49-56 516 

Brouillard, R., Mazza, G., Sad, Z., Albrecht-Gary, A., Cheminat, A. (1989). The Copigmentation Reaction of 517 

Anthocyanin: a Microprobe for Structural Study of Aqueous Solutions. Journal of the American 518 

Chemical Society, 111, 2604-2610. 519 

Budic-Leto I, Louric T, Vrhovsek U. 2003. Influence of different maceration techniques and ageing on 520 

proanthocyanidins and anthocyanins of red wine cv. Babic (Vitis vinifera, L.). Food Technology and 521 

Biotechnology, 41(4): 299-303 522 

Bulgari, R., Cocetta, G., Trivellini, A., Vernieri, P., Ferrante, A. (2015). Biostimulants and crop responses: a 523 

review. Biological Agriculture & Horticulture, 31(1), 1-17. 10.1080/01448765.2014.964649 524 

Cai, J., Zhu, B.-Q., Wang, Y.-H., Lu, L., Lan, Y.-B., Reeves, M. J., Duan, C.-Q. (2014). Influence of pre-525 

fermentation cold maceration treatment on aroma compounds of Cabernet Sauvignon wines fermented 526 

in different industrial scale fermenters. Food Chemistry, 154, 217–229. 527 

https://doi.org/10.1016/j.foodchem.2014.01.003 528 

Casassa, L. F., Sari, S. E. (2015). Sensory and chemical effects of two alternatives of prefermentative cold 529 

soak in M albec wines during winemaking and bottle ageing. International Journal of Food Science 530 

& Technology, 50(4), 1044-1055. https://doi.org/10.1111/ijfs.12572 531 

Çelik, S. A., Asuman, K. A. N., Ayran, İ., Çoksarı, G. (2018). Investigation of routine contents of buckwheat 532 

(Fagopyrum esculentum Moench) cultivated in Turkey. International Journal of Agriculture 533 

Environment and Food Sciences, 2(Special 1), 196-198. https://doi.org/10.31015/jaefs.18035 534 

Charpentier, C., & Feuillat, M. (1998). Métabolisme des Levures Cryotolérants: Application à la Maceration 535 

Préfermentaire à Froid du Pinot Noir en Bourgogne. Revue Française d´Oenologie, 170, 36-37 536 

Chervin, C., El-Kereamy, A., Roustan, J.P., Faragher, J.D., Latche, A., Pech, J.C., Bouzayen, M., 2001. An 537 

ethanol spray at veraison enhances colour in red wines. Austr. J. Grape and wine Research. 7: 144-538 

145.  539 

Chervin, C., El-Kereamy, A., Ibrahim, H., Garcia, F., Ddedideu, F., Romieu, C., Ollat, N., Roustan, J.P., 2002. 540 

Ethanol application at veraison decreases acidity in Cabernet Sauvignon Grapes. Vitis, 41 (3): 155-541 

156. 542 

Chervin, C., Terrier, N., Ageorges, A., Ribes, F., & Kuapunyakoon, T. (2006). Influence of ethylene on sucrose 543 

accumulation in grape berry. American Journal of Enology and Viticulture, 57(4), 511-513. 544 

Commission Regulation (EEC) (1990) Community methods for the analysis of wines. Official 545 

Journal of the European Communities 2676, 17 September 1990, pp. 1– 193. 546 

Darıcı B, Dimitrov D, Yoncheva T, Yıldırım HK (2020) Natural alternatives of Sulphur dioxide used in wine 547 

and their effects on aromatic compounds. Ukrainian Food Journal 9(4): 873-938. 548 

Darias-Martín, J., Carrillo, M., Diaz, E. B. (2001). Enhancement of Wine Colour by Prefermentation Addition 549 

of Copigments. Food Chemistry, 73, 217-220. https://doi.org/10.1016/S0308-8146(00)00286-7 550 

Darias-Martín, J., Martín, B., Carrillo, M., Lamuela, R., Diaz, C., Boulton, R. (2002). The Effect of Caffeic 551 

Acid on the Colour of Red Wine. Journal of Agricultural and Food Chemistry, 50 (7): 2062-2067. 552 

https://doi.org/10.1080/01448765.2014.964649
https://doi.org/10.1016/j.foodchem.2014.01.003
https://doi.org/10.1111/ijfs.12572
https://doi.org/10.31015/jaefs.18035
https://doi.org/10.1016/S0308-8146(00)00286-7


18 
 

Del Pozo-Insfran D (2006) Emerging technologies and strategies to enhance anthocyanin stability A 553 

dissertation presented to the graduate school of the university of florida in partial fulfillment of the 554 

requirements for the degree of doctor of philosophy University of Florida (EEUU). 555 

Dimitric-Markovic JM, Ignjatovic LM, Markovic DA, Baranac JM (2003a) Antioxidant capabilities of some 556 

organic acids and their co-pigments with malvin – Part I. Journal of Electro analytical Chemistry 553: 557 

169-175. https://doi.org/10.1016/S0022-0728(03)00322-X 558 

D’Onofrio C, Matarese F, Cuzzola A (2018) Effect of methyl jasmonate on the aroma of Sangiovese grapes 559 

and wines. Food Chemistry 242 (1): 352-361. https://doi.org/10.1016/j.foodchem.2017.09.084 560 

Englezos, V.; Torchio, F.; Cravero, F.; Marengo, F.; Giacosa, S.; Gerbi, V.; Rantsiou, K.; Rolle, L.; Cocolin, 561 

L. 2016. Aroma profile and composition of Barbera wines obtained by mixed fermentations of 562 

Starmerella bacillaris (synonym Candida zemplinina) and Saccharomyces cerevisiae. Food Science 563 

and Technology, 73: 567-575. https://doi.org/10.1016/j.lwt.2016.06.063 564 

Etiévant, P., Issanchou, S., Marie, S., Ducruet, V., Flanzy, C. (1989). Sensory Impact of Volatile Phenols on 565 
Red Wine Aroma: Influence of Carbonic Maceration and Time of Storage. Sciences des Aliments, 9, 566 
19-33. 567 

De Santis D, Frangipane MT (2010) Effect of prefermentative cold maceration on the aroma and phenolic 568 
profiles of a merlot red wine. Italian Journal of Food Science 22 (1): 47-53. 569 

Gallegos, J. I., Gonzalez, R., Gonzalez, M. R., & Martín, P. (2006). Changes in Composition and Colour 570 
Development of Tempranillo Grapes during Ripening Induced by Ethephon Treatments at Veraison. 571 
Acta Horticulturae, 727, 505-512. 10.17660/ActaHortic.2006.727.62 572 

García-Ruiz A, Rodríguez–Bencomo JJ, Garrido I, Martín-Álvarez PJ, Moreno-Arribas MV, Bartolomé B 573 
(2013) Assessment of the impact of the addition of antimicrobial plant extracts to wine: volatile and 574 
phenolic composition, Journal of the Science of Food and Agriculture 93(10): 2507-2516. 575 
https://doi.org/10.1002/jsfa.6067 576 

Gil-Muñoz, R., Moreno-Pérez, A., Vila-López, R., Fernández-Fernández, J.I., Martínez-Cutillas, A. & Gómez-577 
Plaza, E. (2009). Influence of low temperature prefermentative techniques on chromatic and phenolic 578 
characteristics of Syrah and Cabernet Sauvignon wines. European Food Research and Technology, 579 
228, 777–788.  580 

Glories, Y. (1984). La Couleur des Vins Rouges. 1ère Partie. Les Équilibres des Anthocyanes et des Tanins. 581 
Vigne Vin, 18, 195-217. 582 

Gombau, J., Vignault, A., Pascual, O., Canals, J., Teissedre, P., & Zamora, F. (2016). Influence od 583 

Supplementation with different Oenological Tannins on Malvidin-3-Monoglucoside 584 

Copigmentation. 39TH World Congress of vine and Wine. BIO Web of Conferences 7, 02033. 585 

Gómez-Míguez, M., Heredia, F. (2004). Effect of the Maceration Techniques on the Relationships between 586 
Anthocyanin Composition and Objetive Colour of Syrah Wines. Journal of Agricultural and Food 587 
Chemistry, 52, 5117-5123. 588 

Gómez-Míguez, M., González-Miret, M., Heredia, F. (2006a). Evolution of Colour and Anthocyanin 589 
Composition of Syrah Wines Elaborated with Prefermentative Cold Maceration. Journal of Food and 590 
Enology, 79 (1), 271-278. https://doi.org/10.1016/j.jfoodeng.2006.01.054 591 

Gómez-Míguez M, González-Miret ML, Heredia FJ. (2007). Evolution of colour and anthocyanin composition 592 
of Syrah wines elaborated with pre-fermentative cold maceration. Journal of Food Engineering, 79(1): 593 
271-278. https://doi.org/10.1016/j.jfoodeng.2006.01.054 594 

https://doi.org/10.1016/S0022-0728(03)00322-X
https://doi.org/10.1016/j.foodchem.2017.09.084
https://doi.org/10.1016/j.lwt.2016.06.063
https://doi.org/10.17660/ActaHortic.2006.727.62
https://doi.org/10.1002/jsfa.6067
https://doi.org/10.1016/j.jfoodeng.2006.01.054
http://www.scielo.edu.uy/scielo.php?pid=S2301-15482013000100007&script=sci_arttext&tlng=en#G%F3mez-M%EDguez_et_al._2007
http://www.scielo.edu.uy/scielo.php?pid=S2301-15482013000100007&script=sci_arttext&tlng=en#G%F3mez-M%EDguez_et_al._2007
https://doi.org/10.1016/j.jfoodeng.2006.01.054


19 
 

González-Neves G, Gil G, Barreiro L, Berriel V, Favre G. (2009). Incidencia de distintas tecnicas de 595 
vinificacion sobre el color y los contenidos de pigmentos de vinos tintos jóvenes Tannat. En: Actas de 596 
32 Congreso Mundial de la Vina y el Vino; Zagreb: O.I.V. 597 

González-Neves, G., Gil, G., Barreiro, L. & Favre, G. (2010). Pigment profile of red wines cv. Tannat made 598 
with alternative winemaking techniques. Journal of Food Composition and Analysis, 23, 447–454. 599 
https://doi.org/10.1016/j.jfca.2009.08.021 600 

González-Neves, G., Favre, G., Gil, G., Ferrer, M., Charamelo, D. (2015). Effect of Cold Prefermentative 601 

Maceration on the Colour and Composition of Young Red Wines Cv. Tannat. Journal of Food Science 602 

and Technology, 52 (6), 3449-3457. 603 

Gonzalez, R., Gonzalez, M.R., Uzquiza, L., Martin, P., 2009. Improving the Colour of Tempranillo Grapes by 604 

Spraying Ethanol at Veraison and Pre-Harvest. 11th Internacional Symposium on Plant Bioregulators 605 

in Fruit Production. Bologna. 606 

González, R., Martín, P. (2010). Pre-harvest spraying with rutin improves colour of ‘Tempranillo’grapes and 607 

wines. VITIS-Journal of Grapevine Research, 49(3), 147. 608 

Favre, G., Charamelo, D., & González-Neves, G. (2013). Empleo de taninos enológicos y maceración 609 

prefermentativa en frío en una experiencia de elaboración de vinos tintos Tannat. Agrociencia 610 

(Uruguay), 17(1), 65-73. 611 

Heras-Roger, J., Díaz-Romero, C., Darias-Martín, J. (2016). What Gives a Wine Its Strong Red Color? Main 612 

Correlations Affecting Copigmentation. Journal of Agricultural and Food Chemistry, 64, 6567-6574. 613 

Hermosín, I., Schwarz, M. (2005 a). Efectos de la Naturaleza del Copigmento y de la Variedad de Uva en el 614 
Color de Vinos Tintos Elaborados con Adición Prefermentativa de Copigmentos. GIENOL, (págs. 80-615 
82). Palencia. 616 

Hernández-Orte, P., Franco, E., Huerta, C. G., García, J. M., Cabellos, M., Suberviola, J., ...Cacho, J. (2014). 617 
Criteria to discriminate between wines aged in oak barrels and macerated with oak fragments. Food 618 
Research International, 57, 234-241. https://doi.org/10.1016/j.foodres.2014.01.044 619 

Kanha N, Surawang S, Pitchakarn P, Regenstein JM and Laokuldilok T (2019) Copigmentation of cyaniding 620 
3-Oglucoside with phenolics: Thermodynamic data and thermal stability. Food Bioscience 30: 621 
100419. https://doi.org/10.1016/j.fbio.2019.100419 622 

Karna, L., Linda, F., & Douglas, O. (2005). A Review of the Effect of Winemaking Techniques on Phenolic 623 
Extraction in Red Wines. American Journal of Enology and Viticulture, 56, 197-206. 624 

Kitabayashi, H.; Ujihara, A.; Hirose, T.; Minami, M. (1995 a).Varietal differences and heritability for rutin 625 
content in common buckwheat, Fagopyrum esculentum Moench. Breed. Sci., 45, 75-79. 626 

Liao, H., Cai, Y., Haslam, E. (1992). Polyphenol Interections. Anthocyanins: Copigmentation and Colour 627 
Changes in Red Wines. Journal of the science of Food and Agriculture, 59, 299-305. 628 
https://doi.org/10.1002/jsfa.2740590305 629 

Lizama, V., Álvarez, I., Aleixandre, J., & García, M. (2007). Efecto de la Adición Prefermentativa de 630 
Copigmentos en la Composición Polifenólica de los Vinos de Tempranillo. Avances en Ciencias y 631 
técnicas Enológicas, ISBN. 978-84-690-6060-5. 632 

Mazza, G., Brouillard, R. (1990). The Mechanism of Co-Pigmentation of Anthocyanins in Aqueous Solutions. 633 
Phytochemistry, 29, 1097-1102. https://doi.org/10.1016/0031-9422(90)85411-8 634 

Markovic, J., Petranovic, N., Baranac, J. (2005b). The Copigmentation Effect of Sinapic Acid an Malvin: A 635 
Spectroscopic Investigation on Colour Enhancement. Journal of Photochemistry, 78, 223-228. 636 
https://doi.org/10.1016/j.jphotobiol.2004.11.009 637 

https://doi.org/10.1016/j.jfca.2009.08.021
https://doi.org/10.1016/j.foodres.2014.01.044
https://doi.org/10.1016/j.fbio.2019.100419
https://doi.org/10.1002/jsfa.2740590305
https://doi.org/10.1016/0031-9422(90)85411-8
https://doi.org/10.1016/j.jphotobiol.2004.11.009


20 
 

Mihnea, M., González-SanJosé, M. L., Ortega-Heras, M., Pérez-Magariño, S. (2015). A comparative study of 638 
the volatile content of Mencía wines obtained using different pre-fermentative maceration 639 
techniques. LWT-Food Science and Technology, 64(1), 32-41. 640 
https://doi.org/10.1016/j.lwt.2015.05.024 641 

Mirabel, M., Saucier, C., Guerra, C., & Glories, Y. (1999). Copigmentation Model Wine Solutions: Occurrence 642 
and Relation to Wine Aging. American Journal of Enology and Viticulture, 50, 211-221. 643 

Moreno-Pérez, A., Vila-López, R., Fernández-Fernández, J. I., Martínez-Cutillas, A., & Gil-Muñoz, R. (2013). 644 
Influence of cold pre-fermentation treatments on the major volatile compounds of three wine 645 
varieties. Food chemistry, 139(1-4), 770-776. https://doi.org/10.1016/j.foodchem.2013.01.052 646 

Munoz-Robredo, P., Gudenschwager, O., Chervin, C., Campos-Vargas, R., González-Agüero, M., & Defilippi, 647 
B. G. (2013). Study on differential expression of 1-aminocyclopropane-1-carboxylic acid oxidase 648 
genes in table grape cv. Thompson Seedless. Postharvest biology and technology, 76, 163-169. 649 
https://doi.org/10.1016/j.postharvbio.2012.10.006 650 

Parrado J, Escudero-Gilete ML, Friaza V, García-Martınez A, Gonzalez-Miret ML, Bautista JD, Heredia FJ 651 
(2007).Enzymatic vegetable extract with bio- active components: Influence of fertiliser on the colour 652 

and anthocyanins of red grapes. J Sci Food Agric. 87: 2310–2318.  https://doi.org/10.1002/jsfa.2989 653 

Ohsawa, R.; Tsutsumi, T. Inter-varietal variations of rutin content in common buckwheat flour (Fagopyrum 654 
esculentum Moench)( 1995). Euphytica, 183-189. 655 

Okubo, K., Goto-Yamamoto, N., Okazaki, N. (2003). Effect of Prefermentation Cold Soak on Extraction of 656 
Anthocyanin during Red Wine Making. Journal of the Brewing Society of Japan, 98, 193-200. 657 

Ortega, C., Lopez, R., Cacho, J., Ferreira, V., (2001). Fast analysis of important wine volatile compounds 658 
development and validation of a new method based on gas chromatographic-flame ionisation detection 659 
analysis of dichloromethane microextracts. J.Chromatogr. A 923, 205–214. 660 
https://doi.org/10.1016/S0021-9673(01)00972-4 661 

Parenti, A., Spugnoli, P., Calamai, L., Ferrari, S., Gori, C. (2004). Effects of Cold Maceration on Red Wine 662 
Quality from Tuscan Sangiovese Grape. European Food Research and Technology, 218 (4), 360-366. 663 

Qin, P., Wang, Q., Shan, F., Hou, Z., & Ren, G. (2010). Nutritional composition and flavonoids content of 664 
flour from different buckwheat cultivars. International Journal of Food Science & Technology, 45(5), 665 
951-958.  https://doi.org/10.1111/j.1365-2621.2010.02231.x 666 

Reynols, A., Cliff, M., Girard, B., Kopp, T. G. (2001). Influence of Fermentation Temperatura on Composition 667 
and Sensory Properties of Semillon and Shiraz Wines. American Journal of Enology and Viticulture, 668 
52, 235-240. 669 

Ribéreau-Gayón, J., Peynaud, E., Sudraud, J., Ribéreau-Gayón, P. (1979). Ciencias y Técnicas del vino. Tomo 670 
I: Análisis y Control de los vinos. Paris: Dunod. 671 

Rustioni, L., Bedgood, D., Failla, O., Prenzler, P., & Robards, K. (2012). Copigmentation and Anti-672 
Copigmentation in Grape Extracts Studied by Spectrophotometry and Post-Column-Reaction HPLC. 673 
Food Chemistry, 132, 2194-2201. https://doi.org/10.1016/j.foodchem.2011.12.058 674 

Saint-Cricq de Gaulejac, N., Vivas, N. & Glories, Y., 1998. Maturation phénolique: défnition et 675 
contrôle. Rev. Fr. Oenol. 173, 22-25 676 

Schwarz, M., Picazo-Bacete, J., Winterhalter, P., Hermosín-Gutiérrez, I. (2005). Effect of Copigments and 677 
Grape Cultivar on the Colour of Red Wines Fermented After the Addition of Copigments. Journal of 678 
Agricultural and Food Chemistry, 53, 8372-8381. 679 

Segade, S. R., Giacosa, S., Paissoni, M. A., Ossola, C., Gerbi, V., Martínez, C. S., ... & Rolle, L. (2016). 680 
Influence of specific inactive dry yeast treatments during grape ripening on postharvest berry skin 681 
texture parameters and phenolic compounds extractability. Food Chem, 59, 8796-8805. 682 

https://doi.org/10.1016/j.lwt.2015.05.024
https://doi.org/10.1016/j.foodchem.2013.01.052
https://doi.org/10.1016/j.postharvbio.2012.10.006
https://doi.org/10.1002/jsfa.2989
https://doi.org/10.1016/S0021-9673(01)00972-4
https://doi.org/10.1111/j.1365-2621.2010.02231.x
https://doi.org/10.1016/j.foodchem.2011.12.058


21 
 

Giacosa, S., Ossola, C., Botto, R., Segade, S. R., Paissoni, M. A., Pollon, M., Gerbe, V., 683 
https://doi.org/10.1016/j.foodres.2018.09.051 Rolle, L. (2019). Impact of specific inactive dry yeast 684 
application on grape skin mechanical properties, phenolic compounds extractability, and wine 685 
composition. Food Research International, 116, 1084-1093. 686 
https://doi.org/10.1016/j.foodres.2018.09.051 687 

Selli S, Canbas A, Cabaroglu T, Erten H, Gunata Z (2006) Aroma components of cv Muscat of Bornova wines 688 
and influence of skin contact treatment. Food Chem 94: 319. 689 
https://doi.org/10.1016/j.foodchem.2004.11.019 690 

Singleton, V. L., Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic 691 
acid reagents. American journal of Enology and Viticulture, 16(3), 144-158. 692 

Talcott ST, Hernández-Brenes C, Pires DM, Del Pozo-Insfran D (2003) Phytochemical Stability and Color 693 
Retention of Copigmented and Processed Muscadine Grape Juice. Journal of Agricultural and Food 694 
Chemistry 51(4): 957-963. 695 

Vallazo-Valleumbrocio, G., Medel-Marabolí, M., Peña-Meira, A., López-Solis, R., & Obreque-Slier, E. 696 
(2017). Commercial Enological Tannins: Characterization and their Relative Impact on the Phenolic 697 
and Sensory Composition of Carménère Wine during Bottle Aging. Food Science and Technology, 698 
83, 172-183. https://doi.org/10.1016/j.lwt.2017.05.022 699 

Vázquez, E. S., Segade, S. R., Fernández, I. O. (2010). Effect of the winemaking technique on phenolic 700 
composition and chromatic characteristics in young red wines. European Food Research and 701 
Technology, 231(5), 789-802. 702 

Vitalini S, Ruggiero A, Rapparini F, Neri L, Tonni M, Iriti M (2014) The application of chitosan and 703 
benzothiadiazole in vineyard (Vitis vinifera L cv Groppello Gentile) changes the aromatic profile and 704 
sensory attributes of wine. Food Chemistry 162 (1): 192-205. 705 
https://doi.org/10.1016/j.foodchem.2014.04.040 706 

Vivas, N., Glories, Y., Lagune, L., Saucier, C., Augustin, M. (1994). Estimation of the Polymerisation Level 707 
of Procyanidins from Grapes and Wines by use of p-Dimethylaminocinnamaldehyde. Journal 708 
International des Sciences de la Vigne et du Vin, 28, 319-336. 709 

Watanabe, M. Catechins as antioxidants from buckwheat (Fagopyrum esculentum Moench) groats. (1998). J. 710 
Agric. Food Chem., 46, 839-845.  711 

Watanabe, M.; Ohshita, Y.; Tsushida, T. Antioxidant compounds from buckwheat (Fagopyrum esculentum 712 
Moench) hulls. (1997). J. Agric. Food Chem., 45, 1039-104 713 

Zamora, F. (2004). La Maceración Prefermentativa en Frío de la Uva Tinta. Enólogos, 32, 36-39. 714 

Zhang, X.-K., He, F., Zhang, B., Reeves, M., Liu, Y., Zhao, X., & Duan, C.-Q. (2018). The Effect of 715 
Prefermentative Addition of Gallic Acid and Ellagic Acid on the Red Wine Color, Copigmentation 716 
and Phenolic Profiles during Wine Aging. Food Research International, 106,568-579. 717 
https://doi.org/10.1016/j.foodres.2017.12.054 718 

Yıldırım HK, Akçay YD, Güvenç U, Altındişli A, Sözmen EY (2005) Antioxidant activities of organic grape, 719 
pomace, juice, must, wine and their correlation with phenolic content. International Journal of Food 720 
Science and Technology 40(2): 133-142. https://doi.org/10.1111/j.1365-2621.2004.00921.x 721 

  722 

https://doi.org/10.1016/j.foodres.2018.09.051
https://doi.org/10.1016/j.foodres.2018.09.051
https://doi.org/10.1016/j.foodchem.2004.11.019
https://doi.org/10.1016/j.lwt.2017.05.022
https://doi.org/10.1016/j.foodchem.2014.04.040
https://doi.org/10.1016/j.foodres.2017.12.054
https://doi.org/10.1111/j.1365-2621.2004.00921.x


22 
 

 723 

Table 1. Multifactorial variance analysis for the applied copigments, the vinification technique and their 724 
interaction for the polyphenolic and volatile compounds of Monastrell wines in 2016 and 2017.  725 

 726 
 727 

Compound Copigments 

Winemaking 

Techniques 

Interaction 

Copig x Techniques 

2016 2017 2016 2017 2016 2017 

Colour Intensity  3.59* ns ns ns 10.71* ns 

Hue (%) ns 4.20* 13.01*** ns ns 3.55* 

Copigmented 

anthocyanins (%) 
ns 9.62** ns ns ns ns 

Polymerised 

anthocyanins (%) 
ns 11.14** ns ns 5.30* ns 

Free anthocyanins (%) ns ns ns ns ns ns 

Malvidin (mg/L) 9.88** 3.78* ns ns 4.90* 26.09** 

Peonidin (mg/L) 5.10* ns ns ns ns ns 

Petunidine (mg/L) 6.29* ns ns 10.36** ns 4.92* 

Cyanidin (mg/L) ns 5.64* ns ns ns 9.08** 

Delphinidin (mg/L) 3.97* 4.22* ns 6.23* ns ns 

Total  anthocyanins 

(mg/L) 
5.95* 7.77** ns ns 5.87* ns 

Condensed tannins (g/L) 11.53*** ns ns ns ns ns 

Total polyphenols (g/L) 25.07*** ns 11.16** 4.21* 7.36* 6.22* 

  Folín Index ns ns 7.63** ns ns ns 

DMACH Index (%) ns 5.62* ns ns ns ns 

Gelatin Index (%) ns ns ns ns ns ns 

α-pinen 8.69** 11.06** ns 13.00** 3.15* ns 

β-pinen ns ns 8.97** ns 9.70* 12.56** 

Ethyl isovalerate 4.88* 4.48* ns ns ns ns 

Isoamyl acetate 6.41** 8.07** ns ns ns ns 

Ethyl hexanoate 4.17* 5.17* ns ns ns ns 

n-Amylalcohol ns ns 6.41** 10.69** 14.2** 4.69* 

Hexyl acetate 14.21*** 22.40** 7.03** ns 6.32* ns 

Ethyl lactate ns ns ns ns ns ns 

Cis 3-hexenol 7.49** ns 14.93*** 16.45*** ns ns 

Ethyl octanoate 8.72** 5.46* 4.33* 19.31*** ns ns 

1,2 Propylene glycol ns ns 7.87** ns 5.69* ns 

Ethyl 3-hydroxybutyrate ns 3.18* 16.56*** 15.87*** 7.66** ns 

Linalol ns 3.47* ns 4.53* ns 11.26** 

Ethyl decanoate 3.75* 4.29* ns ns ns ns 

Diethyl succinate 3.19* 4.21* 16.00*** 15.00*** ns ns 

2 Phenyl ethyl acetate 24.35*** 24.35*** 4.92* 4.92* ns 6.54* 

2 Methoxyphenol 8.85** 8.88* ns 6.00* ns ns 

γ- Octolactone ns ns ns ns ns ns 

2 Phenylethanol ns ns 6.21* ns ns 42.64*** 

Eugenol ns ns ns ns 5.62* ns 

Decanoic acid 3.21* ns 29.76*** 20.99*** ns ns 

Vanillin 7.52** 5.18* ns ns 12.87* 3.45* 

In each row. different letters denote significant differences according to Duncan’s test (* p < 0.05; ** p < 0.01. ***       728 
p < 0.001) 729 

  730 
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Table 2. Means, standard deviations and variance analyses of the polyphenolic parameters of Monastrell wines depending 731 
on the applied copigments during each season with the average for 2016 and 2017. 732 
  733 

Parameters Copigment 2016 2017 
Average 

2016-2017 

Year 

(p-value) 

Copig. x Year (p) 

interaction 

Colour Intensity 

Control 9.83±1.01a 11.63±0.90a 10.73±1.29a 

26.85*** 3.28* 
Buckwheat extract 10.79±0.16a 11.94±0.87a 10.82±1.03a 

Rutin vineyard 10.42±1.19a 11.84±0.97a 10.42±1.48a 

Rutin winery 11.10±1.82a 11.75±0.61a 11.12±1.12a 

Hue (%) 

Control 75.68±3.95a 68.70±2.57a 72.19±4.85a 

10.37** ns 
Buckwheat extrac 78.47±1.09a 68.80±1.57a 72.02±4.95a 

Rutin vineyard 76.50±5.35a 69.95±0.77a 73.23±5.01a 

Rutin winery 74.91±1.08a 65.79±5.79a 70.35±5.42a 

Copigmented 

anthocyanins 

(%) 

Control 9.87±1.25a 16.55±1.63a 13.21±3.72a 

26.54*** ns 
Buckwheat extrac 10.30±0.36a 18.72±3.77a 14.51±6.38a 

Rutin vineyard 11.28±2.60a 14.42±9.87a 12.85±6.74a 

Rutin winery 11.68±1.99a 15.15±10.04a 13.41±9.16a 

Polymerised 

anthocyanins 

(%) 

Control 50.47±3.27a 47.64±1.95a 49.05±4.12a 

6.89* ns 
Buckwheat extrac 49.12±0.49a 51.92±6.92a 49.66±3.86a 

Rutin vineyard 48.72±4.12a 49.69±7.34a 49.21±4.06a 

Rutin winery 49.46±4.14a 45.14±6.90a 47.30±3.68a 

Free 

anthocyanins 

(%) 

Control 39.66±3.41a 35.82±6.04a 37.74±5.02a 

ns ns 
Buckwheat extrac 40.58±0.54a 38.70±3.66a 39.32±3.08a 

Rutin vineyard 40.00±3.98a 39.93±3.11a 39.96±3.45a 

Rutin winery 38.86±4.29a 39.68±1.91a 39.27±3.24a 

Malvidin 

(mg/L) 

Control 34.99±7.35a 49.13±2.24a 42.06±15.45a 

4.25* 8.02* 
Buckwheat extrac 55.78±5.24c 49.00±20.00a 49.26±16.89a 

Rutin vineyard 47.77±12.88bc 54.67±14.14ab 51.22±13.55a 

Rutin winery 42.33±10.34b 56.04±6.72b 49.18±8.47a 

Peonidin 

(mg/L) 

Control 2.53±0.56a 3.18±0.68a 2.85±1.01a 

ns ns 
Buckwheat extrac 3.83±0.48b 2.65±1.08a 3.05±1.07a 

Rutin vineyard 3.53±0.69b 3.30±0.60a 3.41±0.64a 

Rutin winery 3.58±1.09b 2.88±0.76a 3.23±0.98a 

Petunidine 

(mg/L) 

Control 4.54±1.24a 4.38±0.56a 4.46±1.31a 

ns ns 
Buckwheat extrac 6.98±0.82b      4.79±2.11a      5.52±2.04a 

Rutin vineyard 6.02±1.53b 5.01±2.39a 5.52±2.01a 

Rutin winery 6.10±1.66b 4.58±1.20a 5.34±1.60a 

Cyanidin 

(mg/L) 

Control 2.04±0.33a 2.07±0.30b 2.05±0.38a 

6.47* ns 
Buckwheat extrac 2.67±0.30a 1.86±0.47a 2.13±0.57a 

Rutin vineyard 2.55±0.40a 1.91±0.63a 2.23±0.61a 

Rutin winery 2.57±0.89a 2.14±0.55ab 2.36±0.75a 

Delphinidin 

(mg/L) 

Control 3.74±0.84a 4.87±0.78b 4.30±0.95a 

ns ns 
Buckwheat extrac 5.15±1.10b 3.52±1.48a 4.06±1.54a 

Rutin vineyard 5.09±1.21b 4.69±0.99b 4.89±1.09a 

Rutin winery 5.19±1.69b 3.72±1.10ab 4.45±1.57a 

Total  

anthocyanins 

(mg/L) 

Control 223.59±17.39a 303.21±53.02a 263.40±54.34a 

85.21*** 3.02* 
Buckwheat extrac 245.15±15.37b 341.01±30.34b 307.39±49.37b 

Rutin vineyard 234.48±17.05ab 359.23±61.43bc 296.86±77.76ab 

Rutin winery 247.20±25.90b 368.73±27.00c 307.96±77.43b 

Control 2,01±0,08b 1,98±0,07a 2,00±0,11a 
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Condensed  

tannins (g/L) 

Buckwheat extrac 1.86±0.03a 1.86±0.05a 1.86±0.04a 

28.52*** ns Rutin vineyard 1.99±0.09b 1.97±0.08a 1.98±0.08a 

Rutin winery 2.16±0.05c 1.91±0.13a 2.03±0.16a 

Folin Index 

Control 2.06±0.92a 2.21±0.68a 2.14±0.86a 

14.33** ns 
Buckwheat extrac 2.09±0.35a 2.71±0.24a 2.51±0.40a 

Rutin vineyard 2.00±0.44a 2.68±0.50a 2.34±0.75a 

Rutin winery 2.04±0.18a 2.54±0.62a 2.29±0.52a 

DMACH Index 

(%) 

Control 54.38±7.92a 48.43±1.95a 51.40±6.18a 

15.65*** ns 
Buckwheat extrac 55.44±7.00a 52.09±6.92a 53.21±6.82a 

Rutin vineyard 57.54±5.09a 51.91±7.34a 54.72±6.76a 

Rutin winery 60.22±4.46a 50.85±6.90a 55.53±7.41a 

Gelatin Index 

(%) 

Control 47.71±17.06a 47.33±8.93a 47.52±13.77a 

ns ns 
Buckwheat extrac 47.53±4.69a 56.73±12.86a 53.67±11.48a 

Rutin vineyard 54.19±11.13a 49.75±6.87a 51.97±11.00a 

Rutin winery 54.81±8.89a 52.28±13.03a 53.54±10.85a 

For the data analysis across years the statistical significance of the effects of year, and the copigments x year interaction, are also 734 
indicated. In each column. different letters denote significant differences based on Duncan’s test (* p < 0.05; ** p < 0.01. *** p < .001) 735 

 736 

  737 
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Table 3. Means, standard deviations and variance analyses of the volatile compounds of Monastrell wines depending on 738 
the applied copigments during each season with the average for 2016 and 2017.  739 
 740 

Compounds 

(µg/L) 
Copigments 2016 2017 

Average 

2016-2017 

Year 

p-value 

Copig. x Year (p) 

interaction 

α-pinen 

Control 41.37±6.27b 46.48±7.05c 43.93±6.97c 

ns ns 
Buckwheat extrac 23.37±5.57a 24.54±5.61a 23.95±5.43a 

Rutin vineyard 34.54±8.16b 36.74±8.68b 35.64±8.22b 

Rutin winery 34.79±8.28b 37.01±8.81b 35.90±8.34b 

β-pinen 

Control 14.37±1.24a 16.15±1.40a 15.26±1.57a 

ns ns 
Buckwheat extrac 13.32±0.61a 14.17±0.65a 13.74±0.75a 

Rutin vineyard 17.09±7.97a 18.18±8.48a 17.63±7.97a 

Rutin winery 15.12±7.93a 16.08±8.44a 15.60±7.92a 

Ethyl isovalerate 

Control 17.35±3.41ab 20.90±6.71ab 19.12±5.46b 

ns ns 
Buckwheat extrac 11.16±0.80a 11.68±1.22a 11.42±1.03a 

Rutin vineyard 29.02±17.47b 30.87±18.59b 29.94±17.45c 

Rutin winery 18.95±6.48ab 20.18±6.93ab 19.56±6.51b 

Isoamyl acetate 

Control 442.84±71.14b 497.57±79.93c 470.21±78.37c 

ns ns 
Buckwheat extrac 269.24±67.16a 286.43±71.44a 277.83±67.57a 

Rutin vineyard 376.42±63.56b 400.45±67.62b 388.43±64.00b 

Rutin winery 365.17±109.21b 388.48±116.26b 376.82±109.66

b 

Ethyl hexanoate 

Control 191.84±17.88b 215.55±20.09b 203.70±22.08b 

ns ns 
Buckwheat extrac 131.73±10.03a 140.14±10.67a 135.93±10.90a 

Rutin vineyard 181.52±44.02b 193.11±46.83b 187.32±44.31b 

Rutin winery 179.34±56.20b 190.79±59.78b 185.07±56.36b 

n-Amylalcohol 

Control 43.52±7.33a 48.90±8.24a 46.21±8.03b 

ns ns 
Buckwheat extrac 39.14±6.18a 37.32±3.04a 38.23±5.69a 

Rutin vineyard 40.17±14.26a 42.74±15.17a 41.45±14.29a 

Rutin winery 35.42±9.66a 39.01±15.44a 37.21±12.58a 

Hexyl acetate 

Control 9.36±3.08ab 11.15±2.50b 10.26±2.86b 

6.34* ns 
Buckwheat extrac 12.40±4.50b 15.40±2.74c 13.90±3.92c 

Rutin vineyard 7.48±0.88a 7.83±1.21a 7.65±1.04a 

Rutin winery 17.08±3.00c 19.79±4.82d 18.43±4.12d 

Ethyl lactate 

Control 9710.64±1630a 10910.83±1832a 10310.74±1786b 

ns ns 
Buckwheat extrac 8457.77±1951a 8997.63±2075a 8727.70±1965a 

Rutin vineyard 8931.41±1859a 9501.50±1978a 9216.45±1878a

b Rutin winery 7824.32±2173a 8323.75±2311a 8074.04±2182a 

Cis 3-hexenol 

Control 10.84±2.34a 12.24±2.77a 11.54±2.58a 

ns ns 
Buckwheat extrac 10.09±2.47a 9.79±3.18a 9.94±2.75a 

Rutin vineyard 16.52±4.57b 16.16±6.32a 16.34±5.33b 

Rutin winery 16.04±4.02b 12.25±6.00a 14.14±5.31b 

Ethyl octanoate 

Control 23.75±4.95a 23.12±8.85a 23.43±6.93a 

ns ns 
Buckwheat extrac 31.67±10.07b 31.60±12.84b 31.63±11.15a 

Rutin vineyard 33.08±20.52b 33.29±22.96b 33.19±21.04a 

Rutin winery 27.18±19.27b 30.85±19.35b 29.01±18.75a 

1,2 Propylene 

glycol 

Control 161.32±70.89a 163.84±99.34a 162.58±83.38a 

ns ns 
Buckwheat extrac 129.39±34.69a 158.22±82.06a 143.81±71.10a 

Rutin vineyard 138.35±37.18a 147.18±39.55a 142.76±37.36a 

Rutin winery 129.79±62.70a 138.07±66.70a 133.93±55.59a 

Control 69.52±16.21b 78.11±18.21b 73.82±17.24b 
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Ethyl 3-

hydroxybutyrate 

Buckwheat extrac 69.05±26.45b 73.46±28.14b 71.26±26.48b 

ns ns Rutin vineyard 50.29±8.80a 53.50±9.36a 51.90±8.94a 

Rutin winery 55.96±11.50ªa 59.53±12.24ab 57.74±11.62a 

Linalol 

Control 48.94±7.87a 54.99±8.84b 51.97±8.67b 

ns ns 
Buckwheat extrac 53.13±27.78a 53.90±25.68b 53.51±25.84ab 

Rutin vineyard 39.01±6.71a 36.75±11.02a 37.88±8.89a 

Rutin winery 41.77±6.21a 44.43±6.61ab 43.10±6.35b 

Ethyl decanoate 

Control 291.37±68.23b 327.38±76.67b 309.38±72.53b 

ns ns 
Buckwheat extrac 190.03±59.42a 202.16±63.21a 196.09±59.60a 

Rutin vineyard 297.60±78.29b 316.60±83.29b 307.10±78.70b 

Rutin winery 254.11±80.68ab 270.94±85.83ab 262.82±80.31b 

Diethyl succinate 

Control 1074.88±182ª 1207.73±205a 1141.31±199.7

9a 
ns ns 

Buckwheat extrac 1449.86±438b 1755.17±702b 1602.52±587.4

8b Rutin vineyard 1136.09±284ab 1208.61±302a 1172.35±286.1

1a Rutin winery 1362.94±324ab 1449.94±345ab 1406.44±327.23ab 

2 Phenyl ethyl 

acetate 

Control 18.03±9.02a 19.18±9.59a 18.60±9.01a 

ns ns 
Buckwheat extrac 25.99±11.26ab 27.65±11.98b 26.82±11.27b 

Rutin vineyard 27.55±5.47b 29.31±5.81b 28.43±5.53b 

Rutin winery 49.89±2.73bc 53.07±2.90c 51.48±3.18c 

2 Metoxyphenol 

Control 525.48±201.87c 590.42±226c 557.95±210.13

c 
ns ns 

Buckwheat extrac 563.08±313.79c 599.02±333c 581.05±313.52

c Rutin vineyard 102.43±11.16a 118.58±30.58a 111.04±11.37a 

Rutin winery 311.33±159.21b 331.20±169b 321.27±159.13

b 

γ-Octolactone 

Control 234.24±80.24a 291.28±252a 275.26±231.52

a 
4.97* ns 

Buckwheat extrac 402.46±252.06a 374.95±320a 394.96±187.16

a Rutin vineyard 343.85±105.72a 365.80±112a 354.83±106.05

a Rutin winery 318.02±153.30a 243.77±262a 417.96±150.46

a 

2 Phenylethanol 

Control 28581.14±5246a 32113.64±5894a 30347.39±569

1a 

 

 

 

.18 

ns ns 
Buckwheat extrac 26271.36±4237a 27948.25±4507a 27109.81±431

4a Rutin vineyard 26477.97±4464a 28168.06±4749a 27323.02±453

7a Rutin winery 27951.50±7656a 29735.64±8144a 28843.57±769

1a 

Eugenol 

Control 95.14±13.78a 106.90±15.49a 101.02±15.41a 

ns ns 
Buckwheat extrac 103.25±19.23a 109.85±20.45a 106.55±19.48a 

Rutin vineyard 88.31±15.63a 87.57±16.63a 87.94±15.83a 

Rutin winery 93.09±12.88a 99.04±13.70a 96.07±13.20a 

Decanoic acid 

Control 48.28±26.65a 54.24±29.95a 51.26±27.56a 

6.33* ns 
Buckwheat extrac 72.31±58.17ab 76.93±61.88a 74.62±58.06a 

Rutin vineyard 86.89±53.95ab 92.43±57.39a 89.66±53.88a 

Rutin winery 100.09±51.35b 106.48±54.63a 103.28±51.33a 

Vanillin 

Control 34.78±15.86a 38.29±17.42a 36.54±16.20a 

ns ns 
Buckwheat extrac 68.44±14.48c 70.30±13.10bc 69.37±13.37c 

Rutin vineyard 47.28±14.71ab 53.20±33.41b 50.24±25.12b 

Rutin winery 62.91±17.80bc 74.67±11.38c 68.79±15.65c 

For the data analysis across years, the statistical significance of the effects of year, and the copigments x year interaction, are also 741 
indicated. In each column. different letters denote significant differences based on Duncan’s test (* p < 0.05; ** p < 0.01. ***                        742 

  743 
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Table 4. Means, standard deviations and variance analyses of the polyphenolic parameters of Monastrell wines depending 744 
on winemaking technology applied during each season with the average for 2016 and 2017.  745 
 746 

Compounds 
Winemaking 

techniques 
2016 2017 

Average 

2016-2017 

Year 

(p-value) 

Technique x Year (p) 

interaction 

Colour 

Intensity 

T 9.89±1.67a 11.55±0.91a 10.72±1.57a 
26.60*** ns 

MP 10.30±0.50a 11.22±0.72a 10.82±0.77a 

Hue (%) 
T 78.28±2.95a 68.94±1.96a 73.61±5.35a 

12.63*** ns 
MT 73.17±5.07a 67.68±3.40a 70.03±3.98a 

Copigmented 

anthocyanins 

(%) 

 

T 10.97±1.45a 22.44±5.14a 16.70±6.91a 
73.56*** ns 

MP 10.70±2.52a 22.77±9.40a 17.60±9.42a 

Polymerised 

anthocyanins 

(%) 

 

T 48.77±3.32a 45.83±4.25a 47.30±4.04a 
26.83*** ns 

MP 50.45±3.60a 44.36±2.36a 46.97±4.22a 

Free 

anthocyanins 

(%) 

T 40.26±3.51a 38.19±5.44a 39.23±4.62a 
ns ns 

MP 38.85±3.47a 38.87±2.33a 38.86±2.82a 

Malvidin 

(mg/L) 

T 46.51±11.66a 58.59±11.29a 52.55±12.85a 
4.76* ns 

MP 39.97±11.18a 47.33±14.33a 44.03±13.12a 

Peonidin 

(mg/L) 

T 3.27±0.84a 3.39±0.68a 3.33±0.76a 
ns ns 

MP 3.35±0.99a 3.11±1.19a 3.21±1.09a 

Petunidine 

(mg/L) 

T 5.82±1.63a 6.08±1.27b 5.95±1.45b 
ns 6.13* 

MP 5.68±1.59a 4.30±1.82a 4.89±1.83a 

Cyanidin 

(mg/L) 

T 2.38±0.60a 2.17±0.36a 2.28±0.50a 
6.38* ns 

MP 2.49±0.60a 2.01±0.67a 2.21±0.67a 

Delphinidin 

(mg/L) 

T 4.73±1.41a 4.87±0.96a 4.80±1.19a 
ns ns 

MP 4.76±1.36a 3.93±1.09a 4.25±1.34a 

Total  

anthocyanins 

(mg/L) 

T 237.36±17.76a 349.06±52.41a 293.21±68.57a 
107.84*** ns 

MP 235.41±25.91a 342.03±56.85a 296.34±70.40a 

Condensed 

tannins (g/L) 

T 1.96±0.41a 2.80±0.59a 2.38±0.69a 
28.90*** ns 

MP 2.34±0.67a 2.82±0.57a 2.62±0.65a 

Total 

polyphenols 

(g/L) 

T 1.97±0.12a 1.85±0.06a 1.91±0.11a 
17.59*** ns 

MP 2.11±0.06b 1.96±0.09b 2.04±0.11b 

Folin Index 
T 54.14±5.12a 52.23±6.95a 53.18±6.09a 

17.44*** 8.21** 
MP 61.05±5.51b 53.41±4.83a 57.25±7.73a 

DMACH 

Index 

(%) 

 

T 52.26±9.49a 44.70±14.22a 48.48±12.49a 
ns ns 

MP 50.64±15.01a 49.34±11.48a 49.90±12.86a 

Gelatin Index 

(%) 

T 41.06±15.20a 40.09±19.16a 40.57±17.02a 
ns ns 

MP 47.47±22.57a 45.90±17.44a 46.57±19.42a 

For the data analysis across years, the statistical significance of the effects of year, and the techniques x year interaction, are also 747 
indicated. In each column. different letters denote significant differences based on Duncan’s test (* p< 0.05; ** p < 0.01. *** p < 748 
0.001).T: traditional. MP: prefermentation maceration. 749 
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Table 5. Means, standard deviations and variance analyses of the volatile compounds of Monastrell wines depending on 751 
winemaking technology applied during each season with the average for 2016 and 2017.  752 

Compounds 

(µg/L) 

Winemakin

g 

techniques 

2016 2017 
Average 

2016-2017 

Year 

p-value 

Technique x Year (p)) 

interaction 

α-pinen T 33.91±10.67a 36.70±11.91a 35.30±11.21a ns ns 

MP 33.12±8.43a 35.69±9.81a 34.41±9.09a   

β-pinen 
T 17.99±5.90b 19.34±6.12b 18.67±5.96b ns ns 

MT 11.95±3.11a 12.95±3.58a 12.45±3.34a   

Ethyl isovalerate 
T 16.77±5.67a 18.05±6.33a 17.41±5.95a ns ns 

MP 21.46±14.55a 23.77±15.70a 22.93±15.01a   

Isoamyl acetate 
T 329.55±76.50a 356.42±87.08a 342.98±81.78a ns ns 

MP 397.29±108.68a 430.04±123.5a4 413.66±115.66a   

Ethyl hexanoate 
T 170.99±46.74a 184.98±52.44a 177.98±49.38a ns ns 

MP 171.23±39.24a 184.82±42.51a 178.03±40.83a   

n-Amyl alcohol 
T 41.90±11.42b 48.04±11.86b 44.97±11.87b ns ns 

MP 33.22±7.60a 35.95±8.84a 34.58±8.23a   

Hexyl acetate 
T 9.54±4.27a 12.51±6.09a 11.03±5.39a ns ns 

MP 13.61±4.41b 14.58±4.66a 14.09±4.49a   

Ethyl lactate 
T 8781.28±1832a 9489.57±2088a 9135.43±1965 ns ns 

MP 8680.79±2117a 9377.28±2335a 9029.04±2221   

Cis 3-hexenol 
T 10.85±1.75a 9.59±1.45a 10.22±1.71a ns ns 

MP 15.90±4.92b 15.63±5.77b 15.76±5.28b   

Ethyl octanoate 
T 20.70±2.76a 19.51±2.62a 20.10±2.71a ns ns 

MP 37.14±17.49b 39.92±18.39b 38.53±17.71b   

1,2 Propylene 

glycol 

T 161.57±54.94a 148.60±104.9a8 155.09±82.68a ns ns 

MP 117.85±29.47a 105.06±45.29a 111.46±38.14a   

Ethyl                         

3-hydroxybutyrate 

T 50.44±9.36a 54.53±10.93a 52.48±10.23a ns ns 

MT 71.97±18.98b 77.77±21.00b 74.87±19.91b   

Linalol 
T 39.63±9.31a 40.64±13.47a 40.14±11.40a ns ns 

MP 50.29±19.31a 52.89±17.79a 51.59±18.31a   

Ethyl decanoate 
T 242.76±41.71a 262.05±46.32a 252.40±44.45a ns ns 

MP 274.09±106.56a 296.49±117.01a 285.29±110.68a   

Diethyl succinate 
T 1056.54±240a 1138.35±252a 1097.45±245.73a ns ns 

MP 1455.35±318b 1672.37±490b 1563.86±421.46b   

2 Phenyl ethyl 

acetate 

T 25.14±14.98a 26.74±15.93a 25.94±15.23a ns ns 

MP 35.59±11.44a 37.86±12.17a 36.73±11.67a   

2 Metoxyphenol 
T 318.27±239.46a 349.04±272.9a6 333.65±253.07a ns ns 

MP 454.92±288.08a 470.57±303.3a9 463.00±291.23a   

γ- Octolactone 
T 345.79±120.71a 387.86±194.10a 373.08±183.48a 4.11* ns 

MP 303.49±202.78a 250.04±272.7a4 348.42±173.93a   

2 Phenylethanol 
T 29515.09±548b 31880.68±6184a 30697.88±5872a ns ns 

MP 25125.90±4425a 27102.12±4760a 26114.01±4631a   

Eugenol 
T 91.66±12.44a 100.10±14.82a 96.38±13.98a ns ns 

MP 94.24±20.38a 101.58±21.48a 97.91±20.93a   

Decanoic acid 
T 118.16±38.18b 126.79±39.27b 122.47±38.35b 20.46*** 14.88*** 

MP 35.62±14.03a 38.25±14.65a 36.94±14.17a   

Vanillin 
T 58.36±19.57a 58.54±26.01a 58.45±22.64a ns ns 

MP 48.34±20.03a 59.69±23.91a 54.02±22.45a   

For the data analysis across years, the statistical significance of the effects of year, and the techniques x year interaction, are also 753 
indicated. In each column, different letters denote significant differences based on Duncan’s test (* p < 0.05; ** p < 0.01. 754 
*** p < 0.001). T: traditional. MP: pre-fermentation maceration.  755 


