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wines), aroma and phenolic compounds (Panceri et al., 
2013), but it can also be utilized for dry wines (Rolle et al., 
2009). Grape dehydration is usually performed as an off-vine 
postharvest drying method (Mencarelli et al., 2010; Panceri 
et al., 2013). However, on-vine drying, where grapes are left 
on the vine until harvest, is frequent in ice wine production 
(Rolle et al., 2009). 

To improve chemical composition of grapes and pro-
duce more complex, full-bodied wines with higher alcohol 
content, a technique called Double Maturation Raisonnée 
(DMR) has been developed and introduced by Cargnello 
(Cargnello, 2000) and Peršurić (Peršurić et al., 2000). DMR 
proposes to remove one-year-old canes two to three weeks 
before harvest and leave the clusters to partially dehydrate 
on the vine till reaching suitable chemical composition for 
a specific wine style (Cargnello et al., 2005). Cane wounding 
results in increased water loss due to high summer tempera-
tures, which cause faster berry transpiration and shriveling 
(Rolle et al., 2011; Corso et al., 2013). Consequently, a rapid 
increase in total soluble solids, titratable acidity and pheno-
lic maturity has been recorded in pulp and skin of berries, 
subjected to berry dehydration (Rolle et al., 2009). However, 
Corso et al. (2013) reported a decrease in individual organic 
acids in DMR berries of the ‘Raboso Piave’ variety. Biochem-
ical changes are subsequently reflected in earlier phenolic 
maturity, leading to higher contents of phenolic compounds 
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 Summary
The aim of this study was to investigate the impact 

of Double Maturation Raisonnée (DMR) partial 
dehydration technique on chemical composition of 
two white and high-yielding grapevine varieties: 
‘Rebula’ and ‘Vitovska grganja’ in two consecutive 
years. DMR technique was applied, where a cut of 
one-year old cane two to three weeks before harvest 
was done and grape remained on the vine till suitable 
chemical composition was reached. Grape and wine 
characteristics were monitored along with primary 
metabolites and phenolic profiles of berry skin and 
wine. DMR decreased the weight of 100 berries and 
caused an increase in soluble solids, titratable acidity, 
individual sugars and organic acids in comparison with 
the control berries. The wines produced from DMR 
grapes had higher alcohol content and total extracts. 
An interesting impact of DMR was observed on 
phenolic compounds. Procyanidin dimer 1 averagely 
increased for 22.0 mg kg-1 in ‘Rebula’ DMR berry skin. 
Similarly, 69.5 mg kg-1 more quercetin-3-glucoside 
was determined in ‘Vitovska grganja’ DMR berry skin 
compared to the control. In our study, DMR influenced 
and modified differently but significantly the grape 
and wine composition, especially the phenolic profiles 
of two white varieties and contributed to higher wine 
quality. The results propose the implementation of 
DMR partial dehydration technique for high-yielding 
white grapevine varieties in order to produce richer, 
full-bodied wines.

Keywords
canopy management, phenolic maturation, partial 
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Significance of this study
What is already known on this subject?
• Vineyard canopy practices and dehydration 

techniques are one of the main tools to manage and 
improve grape and wine quality for the production of 
different wine styles.

What are the new findings?
• This study clearly demonstrated that DMR partial 

dehydration in the vineyard increased soluble solids 
and sugars, alcohol content and most of individual 
phenolic compounds determined in local, white 
‘Rebula’ and ‘Vitovska grganja’ (Vitis vinifera L.) grapes 
and wine.

What is the expected impact on horticulture?
• The DMR partial dehydration technique could be of 

much importance for winegrowers and winemakers, 
who struggle with difficulties in production of desired 
wine styles, demanded by the consumers, especially 
dealing with high-yielding varieties and high 
production costs.

Introduction
Grape and wine quality is generally affected by the va-

riety (Landrault et al., 2001; Prajitna et al., 2007), environ-
mental conditions (Jackson and Lombard, 1993; Jones and 
Davis, 2000) and plant status (Rusjan et al., 2012). Vigorous 
and high-yielding varieties often produce copious grapes, re-
sulting in an inadequate berry composition and inferior wine 
quality. Also, winegrowers and winemakers are struggling to 
place their wines on the market, dealing also with high pro-
duction costs. Canopy practices (shoot thinning and hedging, 
leaf removal, bunch and berry thinning) have a significant 
impact on grape and wine characteristics (Gil et al., 2013; 
Šuklje et al., 2013).

Partial grape dehydration is a common practice for the 
production of specific wine types rich in sugars (sweet 
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in berry skin (Conde et al., 2007; Corso et al., 2013). More-
over, the loss of skin compactness in relation to skin thick-
ness causes an easier release of phenolic compounds into 
the must, which improves chemical composition and senso-
rial characteristics of the wine (Conde et al., 2007; Rolle et 
al., 2009). Also, it is well known that wine composition and 
quality not only depends on enological practices but also on 
ripening status of grape (Canals et al., 2005; del Llaudy et al., 
2008). Therefore insufficiently ripened grape and/or insuf-
ficient phenolic maturity is usually reflected in wine that is 
more bitter, astringent and poor in colour (Castillo-Muñoz et 
al., 2007; Kontoudakis et al., 2011).

Up to now, studies have focused on the effect of DMR on 
berry and wine characteristics, wine sensorial changes and 
total phenolic composition (János et al., 2007; Corso et al., 
2013). Nevertheless, information on the impact of DMR on 
individual phenolic profiles already exist (Corso et al., 2013), 
but information particularly on the white Vitis vinifera L. va-
rieties are still scarce.

‘Rebula’ and ‘Vitovska grganja’ (Vitis vinifera L.) are white 
grapevine varieties, mostly cultivated in western Slovenia 
and northeastern Italy. ‘Rebula’ is also frequently planted 
in Kefalonia, an Ionian island in Greece (De Lorenzis et al., 
2013). Both are local (probably indigenous), but high-yield-
ing (5.1–6.3 kg vine-1) varieties, with an average bunch 
weight of 202–265 g for ‘Rebula’ and 270–370 g for ‘Vitovska 
grganja’. The berries are characterized by lower soluble sol-
ids content (18.9 to 20.0° Brix) and higher acidity (6.9 to 7.9 
g L-1). Wines, produced from both varieties are considered 
fresh and dry, with a distinct acidity, bitterness and low or 
moderate alcohol content (Koruza et al., 2012). Therefore, 
winegrowers strive to overcome the difficulties in the pro-
duction of these varieties and subsequent placement of the 
wines on the market. Nevertheless, DMR might reduce the 
costs through an improved quality of the final product, which 
would consequently achieve better prices.

The aims of the study were: (i) to investigate the im-
pact of DMR technique on grape and wine composition and 
phenolic profiles of two white grapevine varieties (‘Rebula’ 
and ‘Vitovska grganja’) and (ii) to determine the potential of 
DMR as a common technique in the production of full-bodied 
wines with higher extract content. 

Materials and methods

Experimental vineyard 
The study was conducted on ‘Rebula’ and ‘Vitovska  

grganja’ (Vitis vinifera L.) grapevine varieties in two commer-
cial vineyards; ‘Rebula’ in Goriška brda and ‘Vitovska grganja’ 
in Kras winegrowing district of the Primorska winegrowing 
region in Slovenia. The vines were planted at the distance of 
2.5 × 0.8 m, grafted on 5BB rootstocks and trained to a ver-
tical shoot-positioned double guyot on two pairs of wires. 
The grape production in both vineyards follows the culti-
vation practices regulated by integrated pest management. 
The vineyards are not equipped with an irrigation system, 
the rows are N-S orientated and in-row tillage is practiced. 
Climatic conditions in Goriška brda are sub-Mediterranean 
with an average annual temperature of 11.8°C and average 
precipitation of 1,456 mm per year. The climate in Kras is 
sub-Mediterranean with distinct effects of continental cli-
mate with an average annual temperature of 10.5°C and av-
erage precipitation of 1,420 mm per year (Slovenian Envi-
ronment Agency, 2016).

Experimental design and winemaking 
The experiment was performed in 2012 and 2013 as a 

randomized three-block design. Each block was organized 
as a partial vineyard row and consisted of two treatments; 
(i) control (C) – common annual practice and (ii) Double 
Maturation Raisonnée (DMR) – one-year-old canes with 
shoots and clusters were cut off manually when soluble sol-
ids reached approximately 18.0° Brix (‘Rebula’) and 17.5° 
Brix (‘Vitovska grganja’). Three to four shoots were left on 
the head of each trunk for further growth. Each treatment 
per block included 20 consecutive vines in the same row. 
Grapes were sampled (harvested) when the content of solu-
ble solids of DMR treatment reached approximately 22° Brix; 
on 1st October (‘Rebula’) and on 2nd October (‘Vitovska grgan-
ja’) of 2012 and 2013. Clusters were collected at harvest sep-
arately for each treatment and replicate (approximately 0.5 
kg per replicate), transported to the laboratory and stored 
at -20°C until biochemical analysis. After the sampling, all 
the grapes from individual treatments were manually har-
vested for vinification, which was performed under equal 
conditions and replicated three times per treatment. Ap-
proximately 100 kg of grapes were used for each individual 
vinification. Grapes were de-stemmed, crushed and pressed 
and 50 mL 100 L-1 of 5 to 6% aqueous solution of sulphur di-
oxide (H2SO3) was added to prevent oxidation. The must was 
cooled and left on low temperature (10°C) during the night 
(approximately 15 hours). Must (without the sediment) was 
decanted into 50-L stainless steel experimental tanks (Mühl-
fellner Tankbau GmbH, Ehrenhausen, Germany) separately 
for each treatment (n = 3) and fermented for 14 days at con-
trolled temperature (17°C) until residual sugar levels were 
below 5 g L-1, according to the limits for dry wine (Ministry 
of Agriculture, Forestry and Nutrition of the Republic of Slo-
venia, 2004). The must was inoculated with 30 g 100 L-1 of 
rehydrated yeast Saccharomyces cerevisiae Anchor VIN 13 
(Anchor Yeast, Industria, South Africa) and a yeast nutrient 
OptiMUM WHITE (Lallemand, Milwaukee, USA) were added 
into each tank – 30 g 100 L-1 at the start of fermentation and 
30 g 100 L-1 seven days later, according to the instructions of 
the producers. After the completion of fermentation process, 
the wine was moved to 30-L stainless steel tanks (Mühlfell-
ner Tankbau GmbH, Ehrenhausen, Germany) and 50 mg L-1 of 
potassium metabisulfite (K2S2O5) was added into each tank.

Berry characteristics and wine analysis 
Measurements of berry characteristics were conducted im-
mediately after sampling. Chemical analyses were carried 
out during the following months in the laboratory. Soluble 
solids content of grapes was assessed with a digital refrac-
tometer (ATAGO PAL87S) and expressed in °Brix scale de-
gree. The titration method by Ough and Amerine (1988) was 
used to determine titratable acidity of must. The required 
volume of 0.1 M NaOH (pH 7.0) was recorded for further cal-
culation of titratable acidity, which was expressed in g L-1. 
Before the titration, initial pH value of grape must and wine 
was recorded. A sample of wine was taken from each tank for 
chemical analyses on WineScan FT120 (Foss, Denmark), 
which were carried out one month after sulphuring. 

Individual sugars and organic acids 
The extraction of individual sugars and organic acids fol-

lowed a protocol described by Rusjan et al. (2008). Twenty 
grape berries per sample were manually crushed, pressed 
and filtered through an extraction bag (BIOREBA, Switzer-
land), to obtain 1 mL of grape juice, which was topped with 
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9 mL of double distilled water, and left at room tempera-
ture for 30 min. Sample was then centrifuged (Eppendorf 
Centrifuge 5810R) for 7 min at 10,000 rpm and 4°C. The 
supernatant was filtered through a 0.45 µm cellulose ester 
filter (Macherey-Nagel, Düren, Germany) and transferred 
into a vial. 20 µL of the sample was used for the analysis on 
high-performance liquid chromatograph (HPLC Accela Sys-
tems) of Thermo Scientific with a Rezex - RCM –monosaccha-
ride Ca+2 (300 mm × 7.8 mm) separation column from Phe-
nomenex for sugars and a Rezex ROA for organic acids (Phe-
nomenex), both operating at 65°C. Further procedure was 
carried out as described by Mikulič-Petkovšek et al. (2007). 
Retention times of sugars and organic acids were used for 
their identification and their levels were calculated from 
standard curves of the corresponding external standards and 
expressed in g L-1.

Individual phenolic compounds – HPLC analysis
Extraction of individual hydroxycinnamic acids, hy-

droxy-benzoic acids, flavanols, flavonols and stilbenoids 
from berry skin was performed according to the method 
of Mikulič-Petkovšek et al. (2012). Skin was removed from 
frozen berries and skin samples were ground to a fine pow-
der using liquid nitrogen. Approximately 0.5 g of berry skin 
sample (exact weight was recorded) was placed into a centri-
fuge tube and topped with 10 mL of methanol containing 3% 
(v/v) formic acid and 1% (w/v) butylated hydroxyl-toluene 
(BHT). BHT was added to the samples to prevent oxidation. 
The extraction was performed in a cooled ultrasonic bath for 
1 h and the extracts were centrifuged (Eppendorf Centrifuge 
5810R) at 10,000 rpm and 4°C for 7 min. Supernatant was fil-
tered through an injection filter (0.20 µm Chromafil A-20/25, 
Macherey-Nagel) into a vial. Further procedure was carried 
out with a HPLC-MS system (Thermo Finnigan Surveyor with 
quaternary pump, San Jose, USA) according to the methods 

described by Wang et al. (2002) and Mikulič-Petkovšek et al. 
(2012). The contents of individual phenolic compounds were 
quantified from peak areas with the help of corresponding 
standards and expressed in mg kg-1 FW and mg L-1 of grape 
and wine, respectively. For compounds lacking standards the 
quantification was carried out using similar compounds as 
standards. The content of total hydroxybenzoic acids, hy-
droxycinnamic acids, flavanols, flavonols and stilbenoids was 
calculated as the sum of all identified and quantified individ-
ual phenolics of the corresponding phenolic group.

Total phenolic content (TPC) 
The extraction of total phenolic compounds was carried 

out according to the same procedure as for the extraction 
of individual phenolic compounds (Mikulič-Petkovšek et 
al., 2012). BHT was not used in the extract solution. Berries 
were peeled and 0.5 g of skins was ground to a fine powder 
with liquid nitrogen. Skin samples were placed into a cen-
trifuge tube and topped with 10 mL of methanol. After 1 h 
of cool-bathing, the extracts were centrifuged (Eppendorf 
Centrifuge 5810R) and filtered into vials. Total phenolic 
content was analyzed with a Folin-Ciocalteu reagent meth-
od described by Singleton et al. (1999). The absorbance was 
measured in three replications on a spectrophotometer (Per-
kin-Elmer, UV/visible Lambda Bio 20) at 765 nm. Total phe-
nolic content (TPC) was expressed as gallic acid equivalents 
(GAE) in mg kg-1 FW of berry skin and in mg L-1 of wine.

Chemicals
For the quantification of sugars, organic acids and phe-

nolic compounds the following standards were used: glu-
cose, fructose, tartaric acid, p-coumaric acid, caffeic acid, 
procyanidin B1, catechin, epicatechin, vanillic acid, kae-
mpferol-3-O-glucoside, quercetin-3-O-glucoside, querce-
tin-3-O-galactoside and myricetin-3-O-rhamnoside from 

Table 1. General characteristics of ‘Rebula’ berries at harvest and ‘Rebula’ wine of two consecutive vintages.

2012 2013
C DMR C DMR

Berries
Weight of 100 berries (g)  240±12b 148±2a 253±14 249±9
Total soluble solids (°Brix)  21.2±0.3a 22.3±0.3b 19.1±0.3a 20.9±0.3b

Titratable acidity (g L-1)  2.8±0.02a 4.4±0.06b 4.2±0.1a 4.5±0.1b

pH  4.0±0.02b 3.8±0.01a 3.5±0.02 3.4±0.03
Glucose (g L-1)  122±1a 152±2b 100±1a 131±3b

Fructose (g L-1) 109±1a 137±1b 96.3±0.9a 125±3b

Tartaric acid (g L-1) 2.8±0.1a 4.9±0.4b 2.2±0.3a 2.5±0.2b

Malic acid (g L-1) 3.9±0.2a 5.2±0.2b 5.3±0.7b 4.7±0.6a

Citric acid (g L-1) 0.03±0.002a 0.04±0.002b 0.05±0.006a 0.06±0.007b

Wine
Alcohol (% vol.) 12.5±0.3a 13.1±0.2b 11.3±0.1a 12.3±0.3b

Total acidity (g L-1) 3.8±0.2a 4.8±0.4b 5.1±1.2 5.9±0.4
pH 3.81±0.3 3.71±0.1 3.41±0.2 3.34±0.3
Total extract (g L-1) 20.8±1.2a 25.3±1.8b 18.7±0.4 21.1±0.8
Residual sugar (g L-1) 1.2±0.1 1.5±0.2 1.3±0.7 2.1±0.3
Tartaric acid (g L-1) 1.9±0.2 1.8±0.1 1.4±0.3 2.2±0.4
Malic acid (g L-1) 0.3±0.0a 2.7±0.3b 0.8±0.3a 3.1±0.7b

Lactic acid (g L-1) 1.2±0.1b 0.2±0.0a 1.7±0.6b 0.4±0.1a

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE. C: control (common annual practice); DMR: Double Maturation Raisonnée.
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Table 2. General characteristics of ‘Vitovska grganja’ berries at harvest and ‘Vitovska grganja’ wine of two consecutive vintages.

 
2012 2013

C DMR C DMR
Berries

Weight of 100 berries (g) 167±3b 150±2a 193±4.2b 181 ± 4.2a

Total soluble solids (°Brix) 17.7±0.2a 21.8±0.5b 20.8±0.2a 22.0 ± 0.1b

Titratable acidity (g L-1) 4.0±0.2a 4.5±0.1b 3.8±0.04a 4.1 ± 0.06b

pH 3.6±0.04b 3.4±0.01a 3.5±0.05 3.5 ± 0.04
Glucose (g L-1) 116±1a 150±3b 109±9a 120 ± 12b

Fructose (g L-1) 112±1a 138±2b 102±8a 111 ± 12b

Tartaric acid (g L-1) 4.5±0.2a 4.7±0.2b 3.8±0.2 3.9 ± 0.1
Malic acid (g L-1) 1.9±0.07a 2.2±0.04b 1.6±0.1a 2.3 ± 0.1b

Citric acid (g L-1) 0.1±0.02a 0.2±0.01b 0.01±0.002 0.01 ± 0.005
Wine

Alcohol (% vol.) 10.4±0.1a 12.9±0.4b 12.3±0.2a 13.0±0.2b

Total acidity (g L-1) 5.6±0.2 6.0±0.3 5.2±1.2 5.5±0.3
pH 3.51±0.2 3.42±0.1 3.48±0.3 3.52±0.1
Total extract (g L-1) 18.1±1.4a 22.3±1.4b 19.8±0.4a 24.1±1.4b

Residual sugar (g L-1) 1.2±0.0a 2.5±0.1b 1.7±0.4 2.3±0.7
Tartaric acid (g L-1) 3.2±0.2b 2.1±0.1a 2.2±0.3 1.8±0.4
Malic acid (g L-1) 0.6±0.1a 3.2±0.4b 0.4±0.3a 3.1±0.2b

Lactic acid (g L-1) 1.7±0.0b 0.6±0.0a 1.8±0.3b 0.2±0.2a

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE. C: control (common annual practice); DMR: Double Maturation Raisonnée.

Fluka Chemie GmbH (Buchs, Switzerland); citric acid, quer-
cetin-3-O-rutinoside, quercetin-3-O-xyloside and naringen-
in from Sigma-Aldrich Chemical (St. Louis, MO, USA); malic 
acid and gallic acid from Merck KGaA (Darmstadt, Germany) 
and isorhamnetin-3-O-glucoside from Extrasynthèse (Lyon, 
France). 1% (w/v) butylated hydroxyl-toluene (BHT) from 
Sigma-Aldrich GmbH was used to prevent the oxidation of 
individual phenolics. To determine total phenolic content, 
Folin-Ciocalteu reagent from Merck KGaA (Darmstadt, Ger-
many) was used. Methanol was from Sigma-Aldrich GmbH. 
The chemicals used for the mobile phases were acetonitrile 
HPLC-MS grade and formic acid from Sigma-Aldrich GmbH 
(St. Louis, MO, USA). Water was purified and double distilled 
with a Milli-Q-system (Millipore, Bedford, MA, USA).

Statistical analysis
Statistical analysis was carried out using a Statgraphics 

Centurion XV program (Statpoint Technologies Inc., Warren-
ton, Virginia, USA). Differences between treatments were 
assessed with one-way analysis of variance (ANOVA). Signif-
icant means were determined using Fisher’s least significant 
difference (LSD) multiple range test at 95% confidence level 
(P ≤ 0.05) and significant differences are denoted by different 
letters.

Results

Grape characteristics
DMR significantly altered most of ‘Rebula’ and ‘Vitovska 

grganja’ grape characteristics in both experimental years 
(Tables 1 and 2). ‘Rebula’ grapes were subjected to partial 
dehydration for 19 and 20 days and ‘Vitovska grganja’ grapes 
for 14 and 15 days, depending on the vintage. The single ber-
ry weight loss from the day when the cane cut was done till 
harvest of DMR berries/day amounted 2.5 g (‘Rebula’) and 

0.8 g (‘Vitovska grganja’). Correspondingly, DMR significant-
ly decreased the weight of 100 berries in ‘Vitovska grganja’ 
(from 6.2 to 10.2 g, depending on the year). However, a sig-
nificant decrease in the weight of 100 DMR ‘Rebula’ berries 
has only been recorded in the first experimental year. As 
expected, DMR significantly increased soluble solids con-
tent in both varieties and both years. DMR ‘Rebula’ berries 
were characterized by 1.45 higher °Brix and DMR ‘Vitovska 
grganja’ berries by 2.65 °Brix in comparison with the control. 
Moreover, titratable acidity of DMR berries was significantly 
increased compared to the control: for 0.95 g L-1 in ‘Rebula’ 
and for 0.45 g L-1 in ‘Vitovska grganja’, irrespective of the vin-
tage. Conversely, pH value of DMR berries was lower com-
pared to the control berries, but the differences were only 
significant in the first year in both analyzed varieties (Tables 
1 and 2). A detailed analysis of individual sugars revealed a 
consistent impact of DMR on berry sugar composition. Glu-
cose and fructose were the main individual sugars in ‘Rebula’ 
and ‘Vitovska grganja’ berries and their contents increased 
for an average of 27 g L-1 and 22.9 g L-1 in DMR berries. The 
most abundant organic acid in ‘Rebula’ berries was malic 
acid, but in ‘Vitovska grganja’ tartaric acid (3.8 to 4.7 g L-1) 
represented the main share of organic acids. As expected, 
DMR generally increased the contents of tartaric, malic and 
citric acids in both varieties and the effect was particularly 
strong in 2012.

Wine composition
Irrespective of the year, DMR significantly increased the 

alcohol content in ‘Rebula’ (12.7% vol.) and ‘Vitovska grgan-
ja’ (12.9% vol.) wines (Tables 1 and 2). As expected, total 
acidity of wines was slightly increased in DMR treatment, 
although the significance has only been determined for ‘Re-
bula’ wine in 2012. In accordance with an increase in total 
acidity, a subsequent decrease in pH value has been observed 
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in ‘Rebula’ wines prepared from DMR grapes in 2012. Total 
extracts were significantly increased in ‘Vitovska grganja’ 
DMR wine of both vintages and in ‘Rebula’ wine of 2012 
vintage. Interestingly, DMR slightly (but not significantly) in-
creased the contents of residual sugars, which ranged from 
1.5 to 2.5 g L-1 irrespective of the variety and vintage. The 
content of tartaric and lactic acids in ‘Rebula’ and ‘Vitovska 
grganja’ wines was not affected by the treatment. Contrary, 
significantly higher levels of malic acid have been recorded 
in ‘Rebula’ (from 3.8 to 9.0 fold higher) and ‘Vitovska grganja’ 
(from 5.3 to 7.7 fold higher) wines compared to the control 
in both vintages.

Phenolic composition of berry skin 
Twenty-one and nineteen different phenolic compounds 

have been identified and quantified in berry skins of ‘Rebula’ 
and ‘Vitovska grganja’ varieties, respectively (Tables 3 and 
4). The results showed a significant impact of DMR on the 
accumulation of individual phenolic compounds (but not on 

the proportions), which was subsequently reflected in total 
phenolic content (TPC). Irrespective of the vintage, flavanols 
were the most abundant group in ‘Rebula’ berry skin in terms 
of the total content of each phenolic group. On the other 
hand, ‘Vitovska grganja’ berry skin contained highest levels 
of total flavonols. The content of p-Coumaric acid hexoside 
was significantly increased by DMR treatment compared to 
the control, irrespective of the variety and year. Coutaric acid 
was the main HCA in ‘Rebula’ berry skin (comprising from 
51.1 to 55.2% HCA) and p-Coumaric acid hexoside was the 
most abundant HCA in ‘Vitovska grganja’ (representing from 
69.9 to 77.1% HCA). A most significant impact of DMR was 
exhibited on the levels of individual flavanols, especially pro-
cyanidins in ‘Vitovska grganja’. However, their share in terms 
of total flavanols remained unaffected by the treatment. Pro-
cyanidin dimer 1 was the most abundant flavanol in ‘Rebula’ 
berry skin (detected in levels from 63.5 to 143 mg kg-1) and 
procyanidin trimer 4 prevailed in ‘Vitovska grganja’ (from 
33.1 to 72.1 mg kg-1). The impact of DMR on individual fla-

Table 3. Phenolic composition of ‘Rebula’ berry skin (mg kg-1 ± SE) and their percentage (%) according to the corresponding 
phenolic group in two consecutive vintages.

2012 2013
PI

C % DMR % C % DMR %
p-Coumaric acid hexoside 1.4±01a 47.9 1.8±0.1b 44.8 1.5±0.1a 46.0 2.2±0.1b 48.9 ↑**
Coutaric acid 1.5±0.1a 52.1 2.7±0.2b 55.2 1.7±0.1a 54.0 2.1±0.3b 51.1 ↑**
Total hydroxycinnamic acids 2.8±0.1a 100 4.6± 0.2b 100 3.9±0.2 100    4.2±0.3 100 ↑*
Catechin 47.3±2.8b 12.0 28.1±4.2a 9.9 34.9±3.6a 6.3 45.1±3.7b 6.3 ↓↑*
Procyanidin dimer 1 63.5±3.5a 19.2 78.8±10.3b 18.4 115±9a 20.7 143±3b 20.5 ↑**
Procyanidin dimer 2 59.8±4.8a 18.0 89.3±3.2b 18.9 108±2a 19.6 136±4b 19.4 ↑**
Procyanidin trimer 1 44.5±1.7a 13.4 60.9±1.4b 13.6 60.6±3.9a 10.8 76.4±3.2b 10.8 ↑**
Procyanidin trimer 2 9.1±0.6b 2.7 8.3±0.6a 2.3 35.2±3.7 6.3 38.6±2.6 5.9 ↓*
Procyanidin trimer 3 22.9±1.1a 6.9 31.4±2.1b 7.0 25.9±2.5a 4.6 31.9±2.3b 4.6 ↑**
Procyanidin trimer 4 32.1±0.8a 9.7 53.7±5.3b 10.7 101±3a 18.3 129±5b 18.3 ↑**
Procyanidin tetramer 1 43.7±3.2a 13.1 58.9±4.4b 13.2 43.3±3.3a 7.8 75.1±3.4b 9.0 ↑**
Procyanidin tetramer 2 16.1±0.6a 4.9 31.3±2.6b 5.8 30.3±1.9 5.5 35.2±2.1 5.2 ↑*
Total flavanols 331±9a 100 462±17b 100 580±18a 100 708±9b 100 ↑**
Apigenin glycoside 1.7±0.1a 0.7 3.1±0.3b 0.8 3.3±0.6a 0.9 5.8±0.6b 1.0 ↑**
Dihydroquercetin-rhamnoside 2.2±0.2a 0.8 3.5±0.6b 0.9 3.4± 0.3a 1.0 6.1±0.7b 1.1 ↑**
Isorhamnetin-3-glucoside 6.0±0.2a 2.3 10.3±1.1b 2.7 11.6±0.4a 3.3 15.8±0.5b 2.9 ↑**
Kaempferol-3-glucoside 60.9±4.1a 23.5 97.7±6.6b 25.3 83.9±4.6a 24.3 102.9±6.2b 18.8 ↑**
Kaempferol-3-glucuronide 1.7±0.1a 0.7 3.2±0.2b 0.8 3.5±0.3a 1.0 6.4±0.5b 1.2 ↑**
Kaempferol-3-rutinoside 1.2±0.2a 0.5 2.3±0.1b 0.6 2.5±0.5b 0.7 2.1±0.2a 0.4 ↑↓*
Quercetin-3-glucoside 146±4a 56.6 200±4b 52.1 202±16a 57.1 350±33b 62.4 ↑**
Quercetin-3-glucuronide 30.3±3.7a 11.7 50.9±2.6b 13.2 17.6±2.1a 4.9 46.4±4.2b 8.3 ↑**
Quercetin-3-rutinoside 5.5±0.9a 2.1 10.9 ± 0.4b 2.8 22.9±4.4b 5.2 18.7±3.1a 2.8 ↑↓*
Quercetin-3-xyloside 2.9±0.4 1.1 2.5 ± 0.4 0.6 1.6±0.1a 0.5 2.7±0.1b 0.5 ↑*
Total flavonols 258±4a 100 384±7b 100 353±21a 100 557±31b 100 ↑*
TPC 667±76a 860±70b 854±71 1112±125 ↑*

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE and as proportion (%) of each phenolic compound according to total value of the corresponding phenolic group within 
individual treatment. C – control (common annual practice); DMR – Double Maturation Raisonnée. TPC – total phenolic content (mg GAE kg-1). 
PI – potential impact: ↑* or ↓* – potential increase or decrease in DMR berries compared to control in a single year (vintage). ↑** or ↓** – potential 
increase or decrease in DMR berries compared to control in both years (vintages). ↑↓* – potential increase and decrease in DMR berries compared 
to control in a single year. ↓↑* – potential decrease and increase in DMR berries compared to control in a single year.
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vonols was more prominent in ‘Rebula’ berry skin, compared 
to ‘Vitovska grganja’ (Tables 3 and 4). Quercetin-3-glucoside 
was the major flavonol in ‘Rebula’ (comprising 52.7 to 62.5% 
total flavonols) and ‘Vitovska grganja’ (51.7 to 62.4%) berry 
skin. Quercetin-3-rutinoside was the most affected flavonol 
by DMR treatment as twofold levels have been recorded in 
‘Rebula’ berry skin in 2012 (5.4 mg L-1). DMR berries were 
namely characterized by significantly higher levels of total 
phenolics compared to berries from the control vines (Tables 
3 and 4). Regarding the latter, only TPC of ‘Rebula’ berry skin 
in 2013 resulted lower than the sum of all phenolic groups 
presented (Table 3).

Phenolic composition of wine 
DMR generally increased the levels of most phenolics in 

‘Rebula’ and ‘Vitovska grganja’ wines in 2012 and 2013 vin-
tages (Table 5 and 6) compared to control wines. Flavanols 
were the most abundant phenolic group in ‘Rebula’ (29.3 to 
44.3 mg L-1) and ‘Vitovska grganja’ (70.2 to 136 mg L-1) wines, 

followed by hydroxycinnamic acids, hydroxybenzoic acids, 
flavonols and stilbenoids. Protocatechuic acid was the most 
abundant hydroxybenzoic acid in ‘Rebula’ wine (3.1 to 6.4 
mg L-1) and a significant increase of its content has been detect-
ed in wine from 2012 DMR treatment. Moreover, DMR signifi-
cantly increased the levels of protocatechuic acid in ‘Vitovska  
grganja’ wine in both years compared to the control. From 
the hydroxycinnamic acids (HCA), caftaric acid was the most 
abundant in ‘Rebula’ wine (4.5 to 10.6 mg L-1); however, DMR 
increased its levels only in the first year. Similarly, ‘Vitovs-
ka grganja’ wine was also characterized by highest levels of 
caftaric acid (5.6 to 15.4 mg L-1), which represented from 
41.2 to 57.8% total HCA. The second most abundant HCA in 
‘Rebula’ wine was p-Coumaric acid derivative 1 (8.4 to 9.6 
mg L-1). DMR treatment increased its contents but decreased 
the proportions in terms of total HCA only in 2013. On the 
other hand, DMR did not increase the share of selected HCA 
in ‘Vitovska grganja’ wine, with the exception of caftaric acid 
(9.4% increase) and p-Coumaric acid derivative 2 (4.5% in-

Table 4. Phenolic composition of ‘Vitovska grganja’ berry skin (mg kg-1 ± S E) and their percentage (%) according to the 
corresponding phenolic group in two consecutive vintages.

2012 2013
PI

C % DMR % C % DMR %
p-Coumaric acid hexoside 1.1±0.1a 77.1 1.4±0.7b 77.1 0.4±0.01a 69.9 0.6±0.03b 71.1 ↑**
Coutaric acid 0.3±0.03 22.9 0.4±0.02 22.9 0.2±0.01 30.1 0.3±0.02 28.9
Total hydroxycinnamic acids 1.4±0.1a 100 1.8±0.1b 100 0.6±0.02a 100 0.9±0.05b 100 ↑**
Catechin 5.9±0.5a 4.9 7.5±1.2b 5.2 6.1±0.3a 3.5 7.6±0.5b 3.5 ↑**
Epicatechin 3.3±0.3a 2.8 4.2±0.2b 2.9 1.2±0.1a 0.7 1.8±0.2b 0.8 ↑**
Procyanidin dimer 27.3±2.6a 22.6 36.3±3.1b 25.7 34.8±2.4a 20.1 37.6±4.0b 17.4 ↑**
Procyanidin tetramer 1 17.2±2.1 14.2 16.9±1.1 11.9 26.5±1.3a 15.3 28.4±2.6b 13.2 ↑*
Procyanidin tetramer 2 6.2±0.4a 5.1 7.1±0.4b 4.9 11.4±1.0a 6.6 15.2±0.9b 7.0 ↑**
Procyanidin trimer 1 12.9±0.3a 10.8 16.2±0.7b 11.5 5.5±0.2a 3.2 8.3±0.4b 3.8 ↑**
Procyanidin trimer 2 7.5±0.5a 6.2 10.7±0.7b 7.5 20.5±1.6a 11.8 29.6±3.4b 13.7 ↑**
Procyanidin trimer 3 7.2±0.5a 6.0 9.2±0.7b 6.5 10.3±0.6a 6.0 15.4±0.7b 7.2 ↑**
Procyanidin trimer 4 33.1±1.7 27.4 33.6±1.7 23.7 56.6±1.6a 32.8 72.1±4.8b 33.3 ↑*
Total flavanols 120±5a 100 141±6b 100 173±4a 100 215±6b 100 ↑**
Isorhamnetin-3-glucoside 3.4±0.4a 0.7 4.8±0.7b 0.7 7.7±1.0a 1.2 10.8±0.4b 1.6 ↑**
Kaempferol-3-glucoside 103.5±7.5a 21.6 108±2b 20.1 115±13b 18.0 83.4±13.7a 11.8 ↑↓*
Kaempferol-3-glucuronide 7.2±0.8b 1.1 5.8±0.7a 1.1 7.5±0.5 1.2 10.4±0.8 1.5 ↓*
Kaempferol-3-rutinoside 2.9±0.4a 0.5 3.9±0.8b 0.4 2.2±0.1a 0.3 3.2±0.1b 0.5 ↑**
Quercetin-3-glucoside 248±18a 51.7 321±22b 58.7 365± 28a 56.8 431±35b 62.5 ↑**
Quercetin-3-glucuronide 98.9±12.1 18.4 103±12 14.8 115±10a 18.1 119±12b 17.1 ↑*
Quercetin-3-rutinoside 27.3±2.6b 4.8 21.5±4.1a 3.3 27.1±1.4a 4.3 33.1±1.6b 4.8 ↓↑*
Quercetin-3-xyloside 2.2±0.3a 0.4 3.1±0.6b 0.3 0.9±0.1a 0.1 1.5±0.2b 0.2 ↑**
Total flavonols 493±36a 100 571±33b 100 642±27 100 693±56 100 ↑*
TPC 724±70a 901±94b 744±59a 952±93b ↑**

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE and as proportion (%) of each phenolic compound according to total value of the corresponding phenolic group within 
individual treatment. C – control (common annual practice); DMR – Double Maturation Raisonnée. TPC – total phenolic content (mg GAE kg-1). 
PI – potential impact: ↑* or ↓* – potential increase or decrease in DMR berries compared to control in a single year (vintage). ↑** or ↓** – potential 
increase or decrease in DMR berries compared to control in both years (vintages). ↑↓* – potential increase and decrease in DMR berries compared 
to control in a single year. ↓↑* – potential decrease and increase in DMR berries compared to control in a single year.



316 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Reščič et al.  |  Partial dehydration of white grapevine varieties

crease) in 2013. Moreover, DMR increased the proportions 
of procyanidin dimer, procyanidin trimer 2 and procyanidin 
trimer 3 in ‘Rebula’ wine, irrespective of the year. Contrary, 
the shares of catechin, epicatechin and procyanidin dimer 1 
were most affected by DMR in ‘Vitovska grganja’ wine. Addi-
tionally, DMR increased the contents of two and four flavo-
nol compounds, depending on the variety. The most abun-
dant flavonols were laricitrin-3-xyloside (‘Rebula’ wine) and 
kaempferol-diglucoside (‘Vitovska grganja’ wine). From the 
group of stilbenoids, cis- and trans-Resveratrol-3-glucoside 
were identified and quantified; the latter was the main stil-
benoid in both varieties. DMR positively affected resveratrol 

levels in analyzed wines of both vintages, with the exception 
of cis-resveratrol-3-glucoside in 2012 ‘Rebula’ wine. Lastly, 
higher levels of total phenolic compounds (TPC) have been 
observed in wines prepared from DMR grapes compared to 
the control.

Discussion
Vineyard practices are one of the most important factors 

affecting grape composition and ripening, which additional-
ly depend on the variety and climatic conditions during the 
season (Koundouras et al., 2006; Mazza et al., 1999). DMR in-
creases water transpiration through the berry skin, which is 

Table 5. Phenolic composition of ‘Rebula’ wine (mg L-1 ± SE) and their percentage (%) according to the corresponding 
phenolic group in two consecutive vintages.

2012 2013
PI

C % DMR % C % DMR %
Gallic acid 4.3±0.1a 36.5 6.2±0.2b 35.3 1.5±0.02a 21.6 1.6±0.02b 21.4 ↑**
Protocatechuic acid 3.1±0.5a 25.9 6.4±0.2b 29.8 4.6±0.06 61.1 4.5±0.03 60.2 ↑*
Syringic acid ethyl gallate 4.5±0.6a 37.6 5.8±0.7b 34.9 1.2±0.1a 17.2 1.5±0.2b 18.4 ↑**
Total hydroxybenzoic acids 7.4±0.6a  100 12.6±0.4b  100 4.4±0.06  100 4.5±0.03  100 ↑*
Caffeic acid 2.4±0.1a 9.7 3.5±0.5b 9.8 2.8±0.3b 11.1 2.3±0.2a 11.8 ↑↓*
Caftaric acid 4.5±0.2a 18.5 10.6±0.3b 23.6 4.6±0.6 22.3 4.7±0.1 21.8 ↑*
cis-Coutaric acid 1.2±0.04a 4.8 2.2±0.08b 5.3 0.3±0.04a 1.4 0.4±0.05b 1.5 ↑**
p-Coumaric acid derivative 1 9.6±0.1b 39.1 8.6±0.1a 32.5 8.4±0.1a 40.7 9.1±0.8b 40.6 ↓↑*
p-Coumaric acid derivative 2 1.8±0.1a 7.6 2.4±0.1b 7.2 1.9±0.05 9.4 1.7±0.08 8.6 ↑*
p-Coumaric acid derivative 3 2.7±0.1a 10.9 4.1±0.1b 11.2 2.0±0.1a 9.9 2.3±0.1b 10.0 ↑**
p-Coumaric acid derivative 4 0.1±0.02a 0.5 0.3±0.04b 0.6 0.1±0.01 0.3 0.1±0.01 0.3 ↑*
p-Coumaric acid derivative 5 0.4±0.02a 1.5 0.6±0.06b 1.6 0.4±0.04a 2.0 0.5±0.01b 2.1 ↑**
trans-Coutaric acid 1.1±0.04a 4.5 2.0±0.08b 5.1 0.5±0.06a 2.2 0.6±0.05b 2.4 ↑**
trans-Fertaric acid 0.7±0.02a 3.0 1.2±0.04b 3.2 0.1±0.05 0.6 0.2±0.01 0.8 ↑*
Total hydroxycinnamic acids 24.6±0.5a  100 35.6±1.3b  100 20.6±1.2a  100 22.4±1.2b  100 ↑**
Catechin 3.2±0.6a 4.5 4.5±0.9b 4.0 5.0±1.1a 7.7 7.1±0.8b 7.8 ↑**
Epicatechin 0.7±0.03a 1.0 1.3±0.1b 1.0 1.1±0.3 1.7 1.1±0.2 1.5 ↑*
Naringenin 1.8±0.1a 2.6 3.4±0.2b 2.6 2.8±0.1 4.4 2.7±0.1 3.9 ↑*
Procyanidin dimer 8.8±1.8a 12.3 24.6±5.7b 14.5 6.5±0.9a 10.0 11.5±1.1b 11.3 ↑**
Procyanidin tetramer 8.1±0.4a 11.6 14.1±1.4b 11.0 1.6±0.1a 2.5 2.2±0.2b 2.5 ↑**
Procyanidin trimer 1 21.8±0.3a 31.2 27.8±0.5b 26.5 25.8±0.4a 39.9 35.4±0.4b 40.0 ↑**
Procyanidin trimer 2 4.7±0.1a 6.7 12.4±1.7b 7.7 6.8±0.6a 10.4 10.2±0.6b 10.8 ↑**
Procyanidin trimer 3 21.2±1.1a 30.2 48.8±2.5b 32.7 14.8±0.9a 22.8 17.6±0.5b 21.6 ↑*
Total flavanols 70.2±3.8a  100 136±12b  100 64.9±3.3a  100 88.6±2.2b  100 ↑**
Laricitrin-3-pentoside 0.2±0.02a 42.1 0.3±0.01b 24.9 3.3±0.1a 66.1 5.1±0.1b 62.8 ↑**
Laricitrin-3-xyloside 0.3±0.02b 30.0 0.2±0.02a 20.3 0.5±0.1a 17.4 0.6±0.03b 17.4 ↓↑*
Quercetin-3-glucoside 0.4±0.01b 9.9 0.2±0.12a 10.0 0.03±0.01 1.6 0.03±0.01 1.3 ↓*
Dihydroquercetin-3-rhamnoside 0.02±0.01a 3.6 0.06±0.01b 4.7 0.1±0.01 4.8 0.1±0.02 4.5 ↑*
Quercetin-3-glucuronide 0.1±0.04a 14.5 0.6±0.2b 40.1 0.2±0.1a 10.1 0.6±0.1b 14.0 ↑**
Total flavonols 0.5±0.1a  100 1.4±0.4b  100 4.5±0.4a  100 7.3 ± 0.1b  100 ↑**
cis-Resveratrol-3-glucoside 0.1±0.01 20.7 0.1±0.02 24.0 0.2±0.06a 23.2 0.5±0.04b 24.5 ↑*
trans-Resveratrol-3-glucoside 0.2±0.02a 79.3 0.3±0.03b 76.0 0.9±0.1a 76.8 1.3±0.1b 75.5 ↑*
Total stilbenoids 0.2±0.03a  100 0.4±0.04b  100 1.0±0.2a  100 1.8±0.1b  100 ↑*
TPC 252±8a 382±38b 188±13a 218±10b ↑**

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE and as proportion (%) of each phenolic compound according to total value of the corresponding phenolic group within 
individual treatment. C – control (common annual practice); DMR – Double Maturation Raisonnée. TPC – total phenolic content (mg GAE kg-1). 
PI – potential impact: ↑* or ↓* – potential increase or decrease in DMR berries compared to control in a single year (vintage). ↑** or ↓** – potential 
increase or decrease in DMR berries compared to control in both years (vintages). ↑↓* – potential increase and decrease in DMR berries compared 
to control in a single year. ↓↑* – potential decrease and increase in DMR berries compared to control in a single year.
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reflected in a significantly lower weight of 100 berries com-
pared to control berries (Cargnello et al., 2005). Moreover, 
transpiration increases the concentration of soluble solids, 
individual sugars (glucose, fructose) and organic acids in 
grapes produced on DMR treated vines (Peršurić et al., 2000). 
Therefore, superior grape chemical characteristics lead to 
improved wine composition since the alcohol content great-
ly depends on the amount of soluble solids (Prajitna et al., 
2007). In addition, alcohol content influences the body of the 
wine, making wines with higher alcohol levels more complex 
(Garrido and Borges, 2013). Although the differences were 
not significant, ‘Rebula’ DMR berries were characterized by 
increased contents of tartaric acid (Table 1), which is similar 
to the reports by Corso et al. (2013), who determined higher 
acidity of DMR berries compared to the control due to slow 
malic and tartaric acid catabolism. Moreover, organic acids 
in wine strongly affect the palatability, taste and freshness 
of the wines and change their stability during aging (Bauer 
and Dicks, 2004). Since tartaric and malic acids emerge into 
the wine from berries during the fermentation process, their 
content is mainly pre-determined (Conde et al., 2007). Our 

results indicate that DMR even reduced the content of lactic 
acid in wine (Tables 1 and 2), which suggests that the spon-
taneous malolactic fermentation did not occur, since higher 
contents of lactic acid are usually the result of malolactic fer-
mentation, and which (if it occurs spontaneously) potentially 
leads to wine spoilage (Bauer and Dicks, 2004). Related to 
that, increased alcohol content in DMR wine (Tables 1 and 
2) probably inhibited the growth and metabolism of lactic 
acid bacteria, the main promotor of malolactic fermentation 
(Bauer and Dicks, 2004). In our study and compared to the 
reports by Bauer and Dicks (2004), a significant decrease in 
pH of berry must was not observed (Tables 1 and 2), like-
ly due to the initially low acidity of the samples (Koruza et 
al., 2012). Therefore, a direct impact of DMR on the pH value 
of the must is difficult to confirm as it depends on absolute 
changes in the acidity. In accordance to our results (Tables 1 
and 2), Panceri et al. (2013) monitored the impact of ‘Merlot’ 
and ‘Cabernet Sauvignon’ off-vine drying and detected an in-
crease in pH value with a concomitant decrease in must acid-
ity. Therefore, this phenomenon has to be taken into account 
as it directly impacts the pH value of the produced wine. 

Table 6. Phenolic composition of  ‘Vitovska grganja’ wine (mg L-1 ± SE) and their percentage (%) according to the corresponding 
phenolic group in two consecutive vintages.

2012 2013
PI

C % DMR % C % DMR %
Protocatechuic acid 2.9±0.1a 100 3.6±0.1b 100 2.4±0.02a 100 3.3±0.02b 100 ↑**
Total hydroxybenzoic acids 2.9± 0.1a 100 3.6±0.1b 100 2.4±0.02a 100 3.3±0.02b 100 ↑**
Caftaric acid 9.8±0.8a 41.2 15.4±1.6b 41.2 5.6±0.8a 48.4 8.5±0.4b 57.8 ↑**
cis-Coutaric acid 2.2±0.2a 9.4 3.5±0.3b 9.3 2.1±0.2 18.3 2.2±0.4 15.1 ↑*
p-Coumaric acid derivative 1 0.5±0.02a 2.3 0.8±0.02b 2.4 0.2±0.004a 2.1 0.3±0.005b 1.8 ↑**
p-Coumaric acid derivative 2 8.7±0.3a 36.9 13.2±0.8b 35.8 1.5±0.2a 13.2 1.9±0.5b 17.7 ↑**
trans-Coutaric acid 1.9±0.1a 7.9 3.5±0.3b 9.2 1.3±0.01 11.6 1.3±0.02 9.0 ↑*
trans-Fertaric acid 0.6±0.1a 2.3 0.8±0.1b 2.2 0.7±0.1b 6.4 0.5±0.1a 3.7 ↑↓*
Total hydroxycinnamic acids 23.7±1.1a 100 37.2±2.8b 100 11.5±0.7a 100 14.7±1.3b 100 ↑**
Catechin 2.8±0.1a 9.6 5.0±0.1b 11.4 5.5±0.5a 15.8 7.2±0.4b 16.7 ↑**
Epicatechin 0.9±0.1a 2.3 1.2±0.1b 2.4 1.1±0.1 3.1 1.2±0.2 2.7 ↑*
Procyanidin dimer 1 4.1±0.2a 11.1 5.8±0.3b 11.5 6.2±0.4a 17.5 6.8±0.1b 15.9 ↑**
Procyanidin dimer 2 2.6±0.2a 6.9 2.9±0.6b 5.7 2.1±0.1a 5.9 2.4±0.3b 5.6 ↑**
Procyanidin dimer 3 18.9±1.5a 50.9 29.3±2.2b 57.7 20.3±1.1a 57.7 25.4±1.9b 59.1 ↑**
Total flavanols 29.3±1.9a 100 44.3±2.8b 100 35.1±0.9a 100 42.9±1.7b 100 ↑*
Quercetin dihexoside 1.0±0.1a 29.2 1.5±0.2b 21.5 1.0±0.1a 35.1 1.5±0.2b 35.3 ↑**
Kaempferol diglucoside 1.9±1.0b 25.0 1.4±0.1a 10.6 1.9±1.0b 45.6 1.4±0.1a 41.9 ↓**
Quercetin hexose glucuronide 0.4±0.1a 10.7 0.8±0.1b 11.9 0.4±0.1a 13.1 0.8±0.1b 14.9 ↑**
Eriodictyol hexoside 0.1±0.04a 30.9 0.2±0.03b 49.2 0.1±0.04a 2.8 0.2±0.03b 3.6 ↑**
Eriodictyol dihexoside 0.01±0.003 2.2 0.02±0.002 3.4 0.01±0.003 0.2 0.02±0.002 0.2
Syringetin-3-glucoside 0.1±0.04a 2.0 0.3±0.04b 3.4 0.1±0.04a 3.3 0.3±0.04b 4.1 ↑**
Total flavonols 1.9±0.4a 100 3.3±0.2b 100 3.6±1.0a 100 4.3±0.4b 100 ↑**
cis-Resveratrol-3-glucoside 0.5±0.2a 51.6 1.4±0.2b 71.0 0.4±0.2a 69.3 1.4±0.2b 73.4 ↑**
trans-Resveratrol-3-glucoside 0.2±0.5a 48.4 0.3±0.1b 29.0 0.2±0.1a 30.7 0.3±0.1b 26.6 ↑**
Total stilbenoids 0.2±0.1a 100 0.4±0.1b 100 0.6±0.3a 100 1.6±0.3b 100 ↑**
TPC 249±8 254±7 179±5a 187±2b ↑*

Different letters in columns at apex denote statistically significant differences (LSD test, P<0.05) between treatments in a single year and the results 
are presented as mean±SE and as proportion (%) of each phenolic compound according to total value of the corresponding phenolic group within 
individual treatment. C – control (common annual practice); DMR – Double Maturation Raisonnée. TPC – total phenolic content (mg GAE kg-1). 
PI – potential impact: ↑* or ↓* – potential increase or decrease in DMR berries compared to control in a single year (vintage). ↑** or ↓** – potential 
increase or decrease in DMR berries compared to control in both years (vintages). ↑↓* – potential increase and decrease in DMR berries compared 
to control in a single year. ↓↑* – potential decrease and increase in DMR berries compared to control in a single year.
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Increased acidity is additionally reflected in lower pH value 
(Conde et al., 2007), which may be favorable in wine produc-
tion as higher pH of must encourages the development of ad-
verse bacteria and spontaneous malolactic fermentation of 
the wine (Bauer and Dicks, 2004).

Phenolics predominately accumulate in berry skin 
during ripening and their content at harvest largely depends 
on the variety, environmental conditions and ampelotech-
nic measures in the vineyards (Rolle et al., 2009; Fanzone et 
al., 2011). DMR is a delicate practice as only a proportion of 
canes on each vine may be cut in order to promote berry rip-
ening and on-vine dehydration (Carbonneau and Murisier, 
2009). Generally, the content of most phenolic compounds 
increased in berries, subjected to DMR in our study, com-
pared to the control and irrespective of the variety and year 
(Tables 3 and 4). This can be ascribed to stress-like condi-
tions of all grapes on DMR treated vines (Cargnello et al., 
2005). The increase in contents of hydroxycinnamic acids in 
our study (Tables 3 and 4) is in accordance with Bonghi et al. 
(2012), suggesting the changes in phenylpropanoid metabol-
ic pathway. Furthermore, stress conditions and dehydration 
provoke changes in water potential, leading to modified ex-
pression of enzymes and precursors in the phenylpropanoid 
pathway (Bonghi et al., 2012; Corso et al., 2013). Particularly 
p-Coumaric acid is involved in lignification, which is crucial 
for diminished water evaporation from berry skin. Increased 
flavonol contents in DMR berries (Tables 3 and 4) corre-
spond to the findings of Deluc et al. (2009) and Bonghi et al. 
(2012), who explained their accumulation as a response to 
provoked stress conditions, which launch the activation of 
lignin pathway and increase gene expression in berry skin 
as a mechanism against stress. However, the increase of fla-
vonols in DMR berries (Tables 3 and 4) can additionally be 
linked to their absorbance in UV-A and UV-B solar spectrum 
(Castillo-Muñoz et al., 2007). As DMR causes leaf wilting, the 
berries intercept more light. Moreover, Panceri et al. (2013) 
reported that dehydrated ‘Cabernet Sauvignon’ berries are 
abundant in flavonol compounds and contain particularly 
high levels of kaempferol and quercetin glycosides. A signif-
icant increase of the majority of individual flavanols in our 
study (Tables 3 and 4) could be ascribed to the concentration 
effect caused by water loss promoted by DMR (Panceri et al., 
2013). Contrary, Rolle et al. (2009) and Bonghi et al. (2012) 
demonstrated that grape dehydration results in progressive 
oxidation and increased polyphenoloxidase activity, which 
consequently lead to the loss of flavanols and other phenolics. 
As enzyme activity was not monitored in the present study 
this pattern cannot be confirmed. However, it has to be taken 
into account that Rolle et al. (2009) and Bonghi et al. (2012) 
assessed postharvest dehydration when phenolic ripeness 
was at (or even past) its peak (Río Segade et al., 2008). Sev-
eral authors (Río Segade et al., 2008; Hernández-Hierro et 
al., 2014) have indeed confirmed that phenolic compounds 
tend to degrade slowly after reaching their peak. This was 
not observed in our study (Tables 3 and 4). It is only worth 
to mention that the difference between TPC and the sum of 
phenolic groups determined in year 2013 (Table 3) may not 
be ascribed to DMR effect, but rather to the detection and 
quantification procedure. However, the results of phenolic 
turnover are in accordance with the reports of Corso et al. 
(2013) who measured a 25% increase of total polyphenols in 
DMR ‘Raboso Piave’ berries compared to the control.

DMR significantly impacted phenolic composition and 
contents of ‘Rebula’ (Table 5) and ‘Vitovska grganja’ wines 
(Table 6). Although hydroxybenzoic acids were only detected 

in the wine, higher levels of protocatechuic acid in DMR wines 
(Tables 5 and 6) suggest a significant impact of this measure 
on its composition. The latter may be ascribed to increased 
skin/pulp ratio of DMR berries linked to their dehydration. 
It has namely been reported that hydroxycinnamic acids are 
mostly present in berry skin (Cargnello et al., 2005). Wine 
composition also depends on the variety and therefore,  
‘Vitovska grganja’ wine only contained protocatechuic acid 
(Table 6) as opposed to ‘Rebula’ wine, which was additionally 
characterized by gallic acid and syringic acid ethyl gallate (Ta-
ble 5). Flavonols generally represent a minor phenolic group 
in white wines (Monagas et al., 2005). According to Garrido 
and Borges (2013), laricitrin and syringetin-glycosides are 
not present in white wines since the flavonoid 3’,5’-hydox-
ylase enzyme is not expressed in white grapevine varieties. 
However, these compounds have been detected in ‘Rebula’ 
and ‘Vitovska grganja’ wines in the present study but in very 
low levels (from 0.1 to 0.2 mg L-1) (Tables 5 and 6), which is 
in accord to the report of Jeffery et al. (2008). Stilbenoids are 
a class of health-beneficial compounds found in wine, which 
tend to inhibit the onset and progression of cardiovascular 
diseases (Romero-Pérez et al., 1999, 2001). Interestingly, 
these compounds were only detected in analyzed wines (Ta-
bles 5 and 6) and not in berry skin. Skin generally contains 
very low amounts of resveratrol, which are below limits of 
detection on HPLC (Garrido and Borges, 2013). In contrast, 
Romero-Pérez et al. (2001) reported cis- and trans-resvera-
trol in berry skin. Furthermore, authors also claim that stress 
conditions increase the contents of resveratrol compounds in 
berry skin. This is the potential reason for augmented resver-
atrol contents in DMR wines (Tables 5 and 6). Moreover, sev-
eral authors (Romero-Pérez et al., 2001; Garrido and Borg-
es, 2013) linked the increase of resveratrol levels to fungal 
infections such as Botrytis cinerea. As DMR improves grape 
microclimate by leaf wilting it reduces fungal activity and 
their proliferation. The results suggest that DMR particularly 
affects the content of hydroxycinnamic acids and flavanols in 
wine (Tables 5 and 6). These are the main phenolic groups 
present in white wines and contribute to color, bitterness, 
antioxidant activity and possess beneficial impacts for our 
health (Monagas et al., 2005; Tourtoglou et al., 2014). Indi-
vidual phenolic contents of ‘Rebula’ (Table 5) and ‘Vitovska 
grganja’ (Table 6) wines are in accordance with data reported 
for white wines by Makris et al. (2006) and Ružić et al. (2011). 
The differences in phenolic composition of wine in our study, 
can be according to Monagas et al. (2005) and Conde et al. 
(2007) attributed to diverse levels of phenolics in grape ber-
ries, which are specific for the variety and affected by vine-
yard conditions. Moreover, DMR may provoke faster phenolic 
ripening, leading to higher levels of phenolic compounds in 
berries (Conde et al., 2007). Correspondingly, Río Segade et 
al. (2008) and Hernández-Hierro et al. (2014) have set an ex-
periment on assessing the phenolic ripeness and extraction 
of phenolic compounds (mostly anthocyanins) of DMR and 
control grapes into the must. It has been demonstrated that 
even short-term berry dehydration (such as DMR) modifies 
structural, mechanical and chemical properties of grape ber-
ry skin (Rolle et al., 2009), which might contribute to an easi-
er release of phenolics into the must during grape processing. 
Furthermore, phenolic compounds are structurally modified 
and synthesized during the wine extraction and fermentation 
processes (Conde et al., 2007), which explains the incidence 
of wine-specific phenolic compounds.

The present study demonstrated the impact of DMR on 
grape and wine composition of ‘Rebula’ and ‘Vitovska grgan-
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ja’ grapevine varieties. The significance of this practice has 
been observed on general grape composition (decreased 
weight of 100 berries and increased soluble solids as well as 
titratable acidity) caused by enhanced water transpiration of 
the berries on cut canes. DMR significantly affected the levels 
of individual sugars and organic acids in berries and alcohol 
and total extract contents in wine. DMR also altered the com-
position and contents of secondary metabolites in grape ber-
ries and wine. Hydroxycinnamic acids, flavanols and flavo-
nols were significantly increased in DMR berries as a result 
of partial dehydration and potential modifications of berry 
metabolism. The changes in wine composition can mainly 
be ascribed to DMR as increased levels of hydroxybenzoic, 
hydroxycinnamic acids, flavanols and stilbenoids have been 
detected in DMR wine. The group of flavonols was less affect-
ed by DMR treatment. Further studies should be conducted 
to evaluate the impact of partial grape dehydration on phe-
nolic ripening and plant stress as well as on the costs of DMR 
practicability in a production vineyard. The results promote 
the application of DMR technique to high-yielding varieties 
in order to improve their quality and produce dry wines with 
distinct styles.
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