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Zelen, Ribolla Gialla and Malvasia Istriana, grapes from the Vitis vinifera (L.) varieties, were subjected 
to four processes involving grape skin contact. Fresh and fruity young wines were produced by adding 
6% or 12% grape berries, respectively, during alcoholic fermentation, freezing the pomace (Fp) and the 
freezing whole grapes (Fg). Wine-free volatile aromatic compounds were determined using two extraction 
techniques coupled to gas chromatography (GC). These aromatic compounds and wine standard chemical 
parameters were compared to control wines produced without skin contact.   Esters, higher alcohols, 
terpenes, volatile phenols and C6 alcohols proved to be the most important sensorial odorants in wines. 
Both the content of aromatic compounds and the odour activity values showed some positive effects from 
skin contact. The freezing of the grapes and addition of 12% grape berries proved most effective for 
Zelen and Malvasia Istriana, producing a more intensive fruity and floral odour, a less intensive solvent 
odour and additional freshness. The same processes resulted only in additional fruitiness or a less intensive 
solvent odour in Ribolla Gialla while the lowest concentrations of grape derived terpenes were achieved for 
this variety. The three varieties were most affected by freezing processes. During the sensorial evaluation, 
the wines that had been subjected to skin contact were generally preferred to the control wines.

INTRODUCTION
Wine aroma is a result of the interaction of the inherent 
components of grapes during processing, fermentation and 
aging. With the exception of the Sauvignon cultivar, grape-
derived aromatic compounds are terpenes, C13 norisoprenoids, 
benzene derivates and aliphatic alcohols (Sanchez Palomo 
et al., 2006). Aromatic compounds from grapes can appear 
later in must and wine as volatile free forms or as odourless, 
non-volatile glycosides (Gunata et al., 1985). 

As only free forms are volatile and therefore detected 
by our sense of smell, acid and enzymatic hydrolysis of 
aromatic glycosides have been investigated by different 
authors (Williams et al., 1981; Gunata et al., 1985; Aryan 
et al., 1987; Bayonove et al., 1993; Delcroix et al., 1994; 
Mateo & Jimenez 2000; Tamborra et al., 2004; Rocha et 
al., 2005; Sanchez Palomo et al., 2005). According to the 
quantities of free and glycoside forms of varietal aromatic 
compounds, grapes and wines can be classified as neutral 
or aromatic, while glycoside forms are the same for both 
(Cabrita et al., 2006). 

Pre-fermentation practices determine the aromatic 
characteristics of white wine (Ribéreau Gayon et al., 2006). 
Maceration or pre-fermentative skin contact of crushed 
grapes under controlled conditions, the most popular process 

used to improve the aroma of wine, has been investigated 
for decades (Arnold & Nobel, 1979; Versini et al., 1981; 
Ramey et al., 1986; Marais, 1987; Marais & Rapp, 1988; 
Gerbi et al., 1991; Tamborra, 1992; Reynolds et al., 1993; 
Cabaroglu et al., 1997; Selli et al., 2003; Sanchez Palomo et 
al., 2006; Rodriguez Bencomo et al., 2008). It is thus known 
to enhance the presence of free and glycosided forms of 
volatile compounds derived from grapes in must and wines,  
since glycoside forms are found mainly in skins (Versini et 
al., 1981; Ramey et al., 1986; Marais, 1987, Marais & Rapp, 
1988, Gerbi et al., 1991; Tamborra, 1992; Reynolds et al., 
1993; Cabaroglu et al., 1997; Selli et al., 2003; Peinado et 
al., 2004; Sanchez Palomo et al., 2006; Selli et al., 2006). 
Higher quantities of glycoside forms in must are not always 
correlated to the amount of free volatile forms in wines 
(Sanchez Palomo et al., 2007; Rodriguez Bencomo et al., 
2008). Because of the different chemical composition of 
must after maceration, changes in volatile compounds during 
alcoholic fermentation are commonly observed (Cabaroglu 
et al., 1997; Seli et al., 2006; Sanchez Palomo et al., 2006, 
2007; Rodriguez Bencomo et al., 2008). With the exception 
of Sauvignon grapes, investigations of skin contact effects 
are popular primarily for Muscat varieties because of the 
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terpenes present in high quantities (Gerbi et al., 1991; 
Tamborra, 1992; Delcroix et al., 1994; Selli et al., 2003; 
Sanchez Palomo et al., 2006. Selli et al., 2006). 

Following the global popularization of fresh and fruity 
young white wines, the process of skin contact is becoming 
an interesting part of winemaking using neutral grapes. The 
lower concentration of grape-derived aromatic compounds 
from neutral varieties are manipulated by  fermentative 
aromatics like esters, higher alcohols and volatile phenols. 
(Cabaroglu et al., 1997; Selli et al., 2003; Peinado et al., 
2004; Cabrita et al., 2006; Sanchez Palomo et al., 2007; 
Lukic et al., 2008; Rodriguez Bencomo et al., 2008). In 
these wines made from neutral grapes, the aroma perceived 
is a result of the combination of various compounds and 
cannot be contributed to an individual aromatic component. 
This type of aroma is a major factor determining wine 
character and quality (Sanchez Palomo et al., 2006). With 
the exception of exogenous enzyme additions, the influence 
of skin contact time and temperature were the factors mostly 
controlled in the above mentioned articles. Only sporadic 
data about aromatic compounds concerning alternative 
techniques like freezing of whole grapes, heating or even 
carbonic maceration for white varieties are reported. (Benard 
et al., 1971; Marais, 1987; Bitteur et al., 1992; Sapis et al., 
1995; Bitteur et al., 1996). 

In this study, grapes from three traditionally and 
commercially important neutral varieties from Slovenia’s 
Primorska region, i.e. Zelen, Ribolla Gialla and Malvasia 
Istriana, were subjected to some alternative skin contact 
techniques with the intention of producing fresh and fruity 
young wines. The four simple skin contact processes involved 
the addition of 6% and 12% grape berries respectively 
in must during alcoholic fermentation, the freezing of the 
pomace before pressing and the freezing of whole grapes 
before pressing. Free volatile aromatic compounds in wines 
were detected and quantified using GC-MS and GC-FID. 
Together with some standard chemical parameters, they 
where compared to the control wines produced without skin 
contact. 

To evaluate the complex olfactory impact of different 
aromatic compounds, individual “odour activity values” 
(OAV) were calculated. The concentration/threshold ratio 
known as OAV allows the estimation of the contribution 
of a specific compound to the aroma of wine, yielding a 
complex aroma profile with all components quantified in 
the wine (Peinado et al., 2004). OAVs have been adopted 
to analyze the interactions between various aromatic 
compounds essential to the total aroma (Moyano et al., 2002; 
Peinado et al., 2004; Rocha et al., 2004; Selli et al., 2006; 
Chaves et al., 2007; Moyano et al., 2009). This method of 
aroma fraction study has the advantage of greatly reducing 
the number of variables to be interpreted, preserving their 
relative importance according to the OAVs of the compounds 
assembled, and it is valid for the comparison of wines of 
the same type (Moyano et al., 2002). Additionally, it was 
relevant to determine some olfactory important compounds 
in the Zelen and Ribolla Gialla wines, as only aromatic data 
for Malvasia Istriana var. are available (Kovacevic et al., 
2005; Lukic et al., 2008). Finally, the sensorial evaluation 
(odour, overall impression) of wines and the statistical 
analysis (principal component analysis) were performed.

MATERIALS AND METHODS
Preparation of wine samples
Healthy grapes of Zelen, Ribolla Gialla and Malvasia 
Istriana (50 kg of each) were manually harvested in 2009 
at the ripeness stage corresponding to wines containing 
approximately 11% (v/v) ethanol. Grapes of these individual 
varieties were each divided into five batches. Three batches 
were immediately destemmed, crushed and pressed up to 150 
kPa using a small water press (Lancman VS-A 55, Slovenia). 
The juice was sulphited with 30 mg/L of sulphur dioxide, left 
to settle at 6ºC for 12 h, racked and divided into nine glass 
laboratory fermentor vessels containing 1.6 L juice each. In 
3 vessels, 103 g of intact berries were added (B6 = addition 
of 6% berries during alcoholic maceration), and in another 3 
vessels 206 g of intact berries were added (B12 = addition of 
12% berries during alcoholic maceration). The remaining 3 
vessels were used as control wines (K = control without skin 
contact). The vessels were heated to 17ºC, inoculated with 
0.2 g/L of dried Saccharomyces cerevisiae (CM, Lallemand), 
supplemented with 0.2 g/L complex yeast nutrient (Fermaid 
E, Lallemand) and fermented at this temperature. After 
alcoholic fermentations with residual sugars <2.5 g/L took 
place and when most of the lees had settled, the wines were 
racked, grape berries in B6 and B12 were eliminated, 50 
mg/L of sulphur dioxide was added and the wines were stored 
at 10ºC. The fourth batch (Fp = freezing of the pomace) 
was de-stemmed and crushed. The pomace was divided 
equally into three plastic vessels, frozen overnight at –20ºC, 
defrosted at 20ºC and pressed up to 150 kPa. The juice from 
the individual plastic vessels was sulphated with 30 mg/L 
of sulphur dioxide, left to settle at 6ºC for 12 hours, racked 
and poured into 3 glass laboratory fermentor vessels again 
containing 1.6 L juice each. The vessels were heated to 17ºC, 
inoculated with 0.2 g/L of dried Saccharomyces cerevisiae 
(CM, Lallemand), supplemented with 0.2 g/L complex yeast 
nutrient (Fermaid E, Lallemand) and fermented at the same 
temperature. After alcoholic fermentations (residual sugars 
<2.5 g/L) took place and when most of the lees had settled, 
the wines were racked, 50  mg/L of sulphur dioxide was 
added, and the wines were stored at 10ºC. Grapes from the 
fifth batch (Fg = freezing of whole grapes) were divided into 
three plastic vessels, frozen overnight at –20ºC, defrosted 
at 20ºC and the whole grapes were pressed up to 150 kPa 
without de-stemming or crushing. The remaining process to 
obtain wine was the same as described for Fp. Finally, five 
different processes in three repetitions were done for each 
variety. 

These chemical analyses and sensorial evaluations were 
performed from December 2009 until January 2010.

Standard chemical analyses 
As standard chemical analyses, ethanol (%vol), dry extract 
(g/L), reducing sugars (g/L), pH, total acidity (g/L as tartaric 
acid), volatile acidity (g/L as acetic acid) and ash (g/L) were 
determined using standard methods (EEC, 1990).

Methanol (mg/L) was determined, as described later, 
together with the major volatile compounds using GC-FID. 
Total phenols (mg/L as (+) catechin) were determined using 
method proposed by Rigo et al. (2000). 
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Extraction of volatiles
For the extraction of minor volatile compounds (µg/L) 
with exception of the terpenes, discontinuous liquid-liquid 
extraction (LLE) with dichloromethane (Sigma-Aldrich) 
was used. The wine (100 mL) was transferred into a 250 
mL Erlenmeyer flask and cooled down to 0ºC in an ice bath 
under nitrogen. To this, 23 μg of 4-nonanol were added as 
internal standard, using a 0.05 mL Hamilton syringe from the 
corresponding ethanol solution. Dichloromethane (40 mL) 
was added and the mixture was stirred at 350 rpm for 20 
min (Moio et al., 1995). Then the mixture was centrifuged at 
5°C (8500 g, 10 min) and the organic phase was recovered. 
The aqueous phase was re-extracted twice in the using the 
some method . Finally, the organic phases were combined 
and dried over sodium sulphate. They were concentrated to 
a final volume of 1 mL with Vigreaux distillation column 
and nitrogen gas flow prior to GC–MS analysis (Moio et al., 
1995; Schneider et al., 1998; Selli et al., 2006). 

Standard volatiles with the highest available purity 
(minimum of 98%) were obtained from Merck, Sigma 
Aldrich, Fluka and SAFC. Stock solutions of each of the 
standard volatiles in pure dichloromethane were prepared 
with concentrations ranging from 1.8 to 2.5 g/L. From 
the stock solutions, one mixed solution of all the minor 
volatiles was prepared and the final standards were prepared 
with proper dilutions from this flask. Internal standard 
4-nonanol (0.12 g dissolved in 100 mL dichloromethane) 
was added using a 0.05 mL Hamilton syringe to 10 mL of 
dichloromethane standard solution and mixed. 

For the extraction of terpenes (µg/L) headspace solid 
phase microextraction (HS-SPME) was introduced. All 
chemicals were of analytical grade. The terpene standards 
and HPLC grade methanol were obtained from Sigma 
Aldrich and water (Milli-Q). The wine sample was diluted 
with Milli-Q water (1:5) in a 20 mL SPME vial. 1.7 g NaCl 
(100% concentration) was added to adjust the ionic strength. 
After testing the Polydimethylsiloxane/Divinylbenzene 
(PDMS/DVB) fibre, an adsorption time of 60 min and 
an adsorption temperature of 40ºC were chosen for the 
extraction before GC-MS.

For the standard solutions, each terpene standard 
(linalool, α-terpineol, citronellol, nerol and geraniol) was 
weighed in a 100 mL volumetric flask and dissolved in 
methanol. Stock solution of standards with the concentration 
of 1 mg/L was obtained by further dilution with methanol. 
To obtain a standard solution with 10 mg/L concentrations, 
50 μL of standard stock solution was transferred in a 20 mL 
SPME vial and dissolved in 4.95 mL of Milli-Q water. 

Major volatile compounds in wine (mg/L), namely 
ethyl acetate, 1-propanol, 1-butanol, 2-butanol, 2‑methyl 
propanol (isobutyl alcohol), 2-methyl butanol, 3-methyl 
butanol (isoamyl alcohol), 2-phenylethanol and methanol 
were detected without previous extraction. In 5 mL of wine 
sample 0.05 mL of internal standard 4-methyl-2-pentanol 
(Sigma Aldrich; 2.78 g dissolved in 100 mL of absolute 
ethanol) was added and mixed. Standards for ethyl acetate 
(Carlo Erba), higher alcohols (Merck) and methanol (J.T. 
Baker) were prepared like stock solutions, mixed and diluted 
with 12% vol solution of absolute ethanol with Milli-Q 
water. Standards were mixed with internal standard in the 
same way as the wine samples.

Determination and quantification of volatile substances
Minor volatile compounds (µg/L) with the exception of 
terpenes were identified and quantified by gas chromatograph 
(GC) (Hewlett Packard 6890, Germany) coupled to a mass 
selective (MS) detector (Hewlett Packard 5793, USA). The 
chromatograph was equipped with the capillary column 
(Varian, CP-Wax 57CB, 50 m x 0.25 mm; film thickness 0.20 
µm), precolumn (Agilent Technologies, FS deactivated, 2 m 
x 0.25 mm) and liner (Agilent Technologies, part number 
5062-3587). Helium 6.0 with constant flow 1.0  mL/min 
was used as a carrier and the injection volume was 1.0 µL. 
The injector temperature was 200 ºC, injection type pulsed 
splitless, oven temperature gradient was 40ºC for 12 min, 
then from 40ºC to 200ºC at 5ºC/min and finally 20 min at 
200ºC. The ion source temperature was 230ºC, the auxiliary 
temperature was 200ºC, and the quadrupole temperature 
was 150ºC. Calibration was done with the mixture of all the 
analysed compounds in dichloromethane. For identification, 
retention times and mass spectra (scanning was done in 
selective ion monitoring mode - SIM mode) were used. 
Linearity of the method was verified using the solutions 
of volatile compounds in dichloromethane (five repetitions 
for one concentration level, three to eight concentration 
levels for the calibration curve). Linearity and range were 
determined by linear regression using the F test. Linear 
model was fit and linear over a wide range (lowest 0.0058 
mg/L to 1.67 mg/L and highest 1.67 mg/L to 10.13 mg/L). 
Limits of detection (LOD; 0.016 mg/L to 0.444 mg/L) and 
limits of quantification (LOQ; 0.052 mg/L to 1.174 mg/L) 
were calculated from the calibration curve (R2; 0.982 to 
0.999). The concentration factor for wine samples was due 
to extraction 100, so the realistic linearity range, LODs and 
LOQs were 100-times lower.

Terpenes (µg/L) were identified and quantified with 
GC (Agilent Technologies 7890A, China) coupled with MS 
detector (Agilent Technologies 5975C, USA). Autosampler 
MPS 2 (Gerstel, Germany) was used. The incubation 
time in the autosampler agitator was 5 min, the agitator 
speed was 250 rpm and the desorption time was 300 s. 
The chromatograph was equipped with a capillary column 
(Agilent Technologies, INNOWax, 30 m x 0.25 mm; film 
thickness 0.25 µm), precolumn (Agilent Technologies, FS 
deactivated 2 m x 0.25 mm) and liner (Agilent Technologies, 
part number 18740-80200). Helium 6.0 with constant flow 
1.2 mL/min was used as a carrier. The injector temperature 
was 250ºC, the injection type was splitless, the oven 
temperature gradient was 50ºC for 5 min, then from 50ºC 
to 110ºC at 5ºC/min, from 110ºC to 150ºC at 2ºC/min, 
from 150ºC to 190ºC at 1ºC/min, from 190ºC to 250ºC 
at 20ºC/min, and finally 15 min at 250ºC. The ion source 
temperature was 230ºC, the auxiliary temperature was 260ºC 
and the quadrupole temperature was 150ºC. Calibration 
was done with the mixture of all the analysed terpenes. For 
identification, retention times and mass spectrums in SIM 
mode were used. Linearity was verified by using standard 
solutions with the concentrations of 0.1, 0.5, 1, 5, 10, 25, 
50, and 100 mg/L (four repetitions per concentration level). 
Linearity and range were determined by linear regression 
using the F test. The linear model was appropriate over a 
wide range (lowest 0.1 µg/L to 5 µg/L, highest 25 µg/L to 
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50 µg/L). Limits of detection (LODs; 0.4 µg/L to 3.0 µg/L) 
and limits of quantification (LOQs; 1.5 µg/L to 10.1 µg/L) 
were calculated from the calibration curve (R2; 0.983 to 
0.996).

Major volatile compounds (mg/L) were identified and 
quantified by GC (Hewlett Packard 6890, Germany) coupled 
with a flame ionisation detector (FID). The chromatograph 
was equipped with a capillary column (Varian, CP-Wax 
57CB, 50 m x 0.25 mm; film thickness 0.20 µm) and liner 
(Agilent Technologies, part number 5183-4647). Nitrogen 
5.0 with constant flow 1.0 mL/min was used as a carrier and 
the injection volume was 1.0 µl. The injector temperature was 
200ºC, the injection type split (50:1), the oven temperature 
gradient was 40ºC for 10 min, then from 40ºC to 200ºC at 5ºC/
min and finally 20 min at 200ºC. The detector temperature 
was 300ºC. Calibration was performed with the mixture of 
all the analysed compounds in 12 % vol absolute ethanol. 
For identification, retention times were used. Linearity 
of the method was verified using the solutions of volatile 
compounds in 12% vol absolute ethanol (four repetitions for 
one concentration level, five to seven concentration levels for 
the calibration curve). Linearity and range were determined 
by linear regression using the F test. The linear model was 
appropriate over a wide range (lowest 0.5 mg/L to 7 mg/L 
and highest 77.2 mg/L to 542.4 mg/L). Limits of detection 
(LODs; 0.07 mg/L to 0.41 mg/L) and limits of quantification 
(LOQs; 0.24 mg/L to 1.38 mg/L) were calculated from the 
calibration curve (R2; 0.987 to 0.999). 

Sensory evaluation 
Wines were evaluated by a panel of assessors consisting of 
nine staff members of the Agricultural Institute of Slovenia 
wine evaluation group. They were selected according to their 
experience and knowledge of the typical character of the 
Zelen, Ribolla Gialla and Malvasia Istriana wines. 

Wines were presented to them for each variety in the 
first (K, B6, B12) and the second group (K, Fp, Fg). In this 
way, three wines from different processes were compared 
at the same time with var. and vintage data known to the 
assessors. Only simple preferential hierarchical ranking 
(1–the most preferable, 2, 3–the least preferable) in one 
repetition was evaluated for two wine parameters, odour and 
overall impression, the later being the combination of odour, 
taste and harmony. Hierarchical ranking can be used when 
influences of different factors on wines are evaluated at the 
same time (Jackson, 2009). Finally, averages for odour and 
overall impression were calculated and the lowest number 
was chosen as the prefered wine.  

Statistical analysis
A multivariate analysis of variance (MANOVA) was done of 
the standard chemical and aromatic compounds data using the 
Statgraphics® Centurion XVI statistical software package 
(StatPoint Technologies). Principal component analysis data 
were collected and edited using Excel XP and correlations 
between parameters were tested using the computer program 
SAS/STAT (SAS Software, 1990).

RESULTS AND DISCUSSION
Wine composition
The composition of the control and macerated wines is shown 
in Table 1. Wine composition of Zelen, Ribolla Gialla and 
Malvasia Istriana was clearly affected by freezing procedures 
Fp and Fg. Typical skin contact changes, like lower ethanol 
and total acidity content, but higher total dry extract, ash 
content and pH were detected as reported by other authors 
(Gerbi et al., 1991; Reynolds et al., 1993; Selli et al., 2006; 
Sanchez Palomo et al., 2007). With the exception of Zelen 
variety, reduction of total acidity due to tartaric acid lost with 
salification and freezing (Gerbi et al., 1991) was only minor 
in the Fp and Fg procedures. Total phenol content increased 
in all skin contact procedures, but not excessively. Methanol 
deriving from the demethylation of pectin was only slightly 
influenced by proposed maceration procedures and even 
lower concentrations were detected in Fp. It can be concluded 
that freezing processes Fp and Fg provoked more radical 
changes in general composition of wine than the addition of 
berries in the B6 and B12 procedures. Unfortunately, the cost 
of freezing in the Fp and Fg processes are higher than the 
simple berry additions.

Aromatic compounds in wines
Concentrations of individual aromatic compounds in the 
Zelen, Ribolla Gialla and Malvasia Istriana wines produced 
by K, B6, B12, Fp and Fg processes are shown in Tables 2, 3, 
4. Maceration processes proved to have a positive effect on 
typical grape derived aromatic compounds like terpenes and 
benzyl alcohol in Zelen and Malvasia Istriana. It was found 
that in the Ribolla Gialla wines the terpene content was lower 
and minimally influenced by maceration. As far as the C6 
volatiles deriving from grapes are concerned, Fg proved to 
be the most effective process for their extraction. Curiously, 
Fp gave even lower content than that of the control wines 
in Ribolla Gialla and Malvasia Istriana varieties. With the 
exception of Fp in Malvasia Istriana, lower content of total 
higher alcohols in macerated wines was determined. This 
could be the result of blockage of the Ehrlich mechanism, 
the main yeasts pathway for the formation of higher alcohols 
due to the increased levels of nitrogenous substances in 
macerated must (Rapp & Versini, 1995; Sanchez Palomo et 
al., 2007). The total sum of higher alcohols never exceeded 
400 mg/L, i.e. the concentration which causes negative 
sensorial impact on wine aroma (Rapp & Mandrey, 1986). 
In the Fp procedure the lowest content of total esters without 
ethyl lactate was detected for all three varieties. As for 
the total volatile phenols, there was no general conclusion 
regarding the maceration effects.

Some aromatic compounds like higher alcohols 2-butanol 
and 1-butanol were not detected in the concentrations above 
LOD. Ethyl cinnamate, a volatile compound, together with 
benzaldehyde, responsible for the cherry-raspberry smell of 
carbonic macerated red wines and an odour threshold of 30 
µg/L, was not detected (Versini & Tomasi, 1983). Volatile 
phenol 4‑ethylguaiacol typical for red wines was also not 
detected. It has an undesirable smell of stables and sweaty 
saddles with an odour threshold of 46 µg/L (Chatonnet et 
al., 1992, 1993; Moreno et al., 2005). From grape deriving 
volatiles, C6 alcohol trans-2-hexene-1-ol, terpenes nerol and 
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geraniol and C13 norisoprenoid β-ionone were not detected in 
the Zelen, Ribolla Gialla or Malvasia Istriana wines. 

Several aromatic compounds were detected in 
concentrations below their odour threshold. They are: 
1‑propanol with an alcoholic, ripe fruit smell and an odour 
threshold of 314 mg/L (Moyano et al., 2002); hexyl acetate 
with an apple-pear smell and an odour threshold of 670 
µg/L (Peinado et al., 2004); ethyl lactate with a buttery-fatty 
smell and a high odour threshold of 100 mg/L (Moyano 
et al., 2009); ethyl decanoate with a fruity-grape smell 
and an odour threshold of 510 µg/L (Chaves et al., 2007, 
Moyano et al., 2009); diethyl succinate, ethyl dodecanoate 
and ethyl hexadecanoate with a fruity-floral-lardy smell and 
odour thresholds of 100 mg/L, 1000 µg/L and 500 µg/L, 
respectively (Moyano et al., 2002, 2009); cis‑3‑hexen‑1‑ol 
with a green-herbaceous-fatty smell and an odour threshold 

of 400 µg/L (Guth, 1997); 4-vinylphenol with undesirable 
medicinal-chemical flavours and an odour threshold of 
725 µg/L (Chatonnet et al., 1992, 1993); α-terpineol with a 
lilac-floral smell and an odour threshold of 250 µg/L (Guth, 
1997); benzyl alcohol with a high odour threshold of 900 
mg/L (Moreno et al., 2005); benzaldehyde with an almond 
smell and an odour threshold of 2 mg/L (Peinado et al., 
2004) and γ-butyrolactone with a caramel-buttery smell and 
an odour threshold of 20 µg/L (Peinado et al., 2004, Moyano 
et al., 2002). Whereas for 2-methyl butanol, there is no data 
available about its odour threshold.

Aromatic compounds detected in the concentrations 
above their odour threshold in at least one of the varieties 
are listed in Table 5, together with their odour thresholds, 
odour description and assignation of compounds to different 
odorant series.  

TABLE 1
General composition of the Zelen, Ribolla Gialla and Malvasia Istriana wines produced by different procedures (K-control 
without skin contact, B6 or B12-addition of 6% or 12% grape berries during alcoholic fermentation, Fp-freezing of the pomace, 
Fg-freezing of whole grapes).

ZELEN  K  B6  B12 Fp  Fg
ethanol (%vol) 11.1 ± 0.1b* 10.9 ± 0.1a 11.0  ± 0.1b 10.9 ± 0.1a 11.0  ± 0.1ab

total dry extract (g/L) 19.6 ± 0.2a 19.6 ± 0.3a 19.5 ± 0.4a 20.2 ± 0.1b 20.5 ± 0.2b

reducing sugar (g/L) 1.4 ± 0.1a 1.9 ± 0.1b 2.1 ± 0.1c 1.4 ± 0.1a 2.2 ± 0.1c

pH (-) 3.02 ± 0.01a 3.04 ± 0.02a 3.08 ± 0.01b 3.35 ± 0.03d 3.27 ± 0.01c

total acidity (g/L) 7.3 ± 0.1e 7.2 ± 0.0d 6.9 ± 0.1c 6.1 ± 0.1b 5.9 ± 0.1a

volatile acidity (g/L) 0.17 ± 0.01ab 0.19 ± 0.01bc 0.16 ± 0.01a 0.20 ± 0.01c 0.17 ± 0.02ab

ash (g/L) 1.61 ± 0.03a 1.67 ± 0.04a 1.65 ± 0.05a 2.21 ± 0.03c 2.10 ± 0.02b

methanol (mg/L) 27.1 ± 0.7b 31.1 ± 1.1c 34.0 ± 1.0d 24.6 ± 0.2a 34.0 ± 1.5d

total phenols (mg/L) 134 ± 7a 145 ± 2ab 157 ± 2b 160 ± 3b 148 ± 11ab

RIBOLLA  G.  K  B6  B12 Fp  Fg
ethanol (%vol) 11.2 ± 0.1b 11.2 ± 0.1b 11.1  ± 0.1b 10.7 ± 0.1a 10.7  ± 0.2a

total dry extract (g/L) 17.5 ± 0.3a 17.7 ± 0.1a 18.2 ± 0.3b 18.8 ± 0.2c 18.3 ± 0.2c

reducing sugar (g/L) 1.4 ± 0.1ab 1.6 ± 0.1bc 1.7 ± 0.3c 1.4 ± 0.1ab 1.2 ± 0.1a

pH (-) 3.29 ± 0.02a 3.30 ± 0.03a 3.32 ± 0.03a 3.40 ± 0.02b 3.42 ± 0.04b

total acidity (g/L) 5.5 ± 0.1b 5.5 ± 0.1b 5.5 ± 0.1b 5.4 ± 0.1b 4.9 ± 0.1a

volatile acidity (g/L) 0.12 ± 0.01a 0.11 ± 0.02a 0.11 ± 0.01a 0.10 ± 0.01a 0.11 ± 0.02a

ash  (g/L) 1.45 ± 0.04a 1.43 ± 0.01a 1.46 ± 0.04a 1.81 ± 0.05c 1.75 ± 0.03b

methanol (mg/L) 34.0 ± 0.8b 36.4 ± 0.5b 39.7 ± 3.0c 15.6 ± 0.8a 35.4 ± 1.5b

total phenols (mg/L) 67 ± 3a 80 ± 4b 90 ± 8cd 94 ± 3d 83 ± 1bc

MALVASIA I.  K  B6  B12 Fp  Fg
ethanol (%vol) 10.9 ± 0.1b 11.0 ± 0.2b 11.0  ± 0.2b 10.6 ± 0.1a 10.6  ± 0.1a

total dry extract (g/L) 18.5 ± 0.2a 18.8 ± 0.3ab 18.8 ± 0.1ab 19.8 ± 0.3c 19.5 ± 0.9bc

reducing sugar (g/L) 1.4 ± 0.2ab 1.6 ± 0.1bc 1.8 ± 0.1c 1.2 ± 0.1a 1.6 ± 0.4bc

pH (-) 3.23 ± 0.02a 3.27 ± 0.01b 3.29 ± 0.01b 3.42 ± 0.02d 3.39 ± 0.01c

total acidity (g/L) 5.8 ± 0.0ab 6.0 ± 0.1b 5.7 ± 0.1ab 5.9 ± 0.1b 5.6 ± 0.3a

volatile acidity (g/L) 0.11± 0.01a 0.10 ± 0.01a 0.12 ± 0.03a 0.12 ± 0.02a 0.13 ± 0.02a

ash  (g/L) 1.58 ± 0.02a 1.63 ± 0.03b 1.63 ± 0.02b 2.09 ± 0.02d 2.01 ± 0.03c

methanol (mg/L) 25.6 ± 0.7b 28.5 ± 1.3bc 29.5 ± 1.2c 9.5 ± 3.0a 27.7 ± 1.4bc

total phenols (mg/L) 64 ± 1a 72 ± 2b 82 ± 2d 76 ± 3bc 80 ± 5cd

*All data present mean value ± standard deviation (n = 3).
Significant differences between procedures are indicated a, b, c, d at p ≤0.05.
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TABLE 2
Concentrations of individual aromatic compounds in the Zelen wines produced by different procedures (K-control without skin 
contact, B6 or B12-addition of 6% or 12% grape berries during alcoholic fermentation, Fp-freezing of the pomace, Fg-freezing 
of whole grapes).

Aromatic compounds K B6 B12 Fp Fg
ethyl acetate (mg/L) 28.8 ± 0.5c * 29.7 ± 0.3d 30.7 ± 0.5e 21.6 ± 0.3a 23.8 ± 0.5b

2-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
1-propanol (mg/L) 19.8 ± 0.1c 19.4 ± 0.7bc 18.2 ± 0.2b 15.7 ± 0.5a 24.5 ± 1.6d

2-methyl propanol (mg/L) 39.4 ± 2.3c 40.0 ± 1.0c 33.9 ± 2.8b 39.6 ± 1.5c 27.1 ± 0.8a

1-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
2-methyl butanol (mg/L) 48.5 ± 0.3c 48.3 ± 0.4c 45.7 ± 0.1b 48.9 ± 1.4b 43.4 ± 0.8a

3-methyl butanol (mg/L) 193.6 ±1.7c 192.2 ± 1.5bc 189.1 ± 0.7b 183.0 ± 3.3a 181.9 ± 3.3a

total higher alcohols (mg/L) 343.3 339.1 329.9 328.5 319.4
ethyl butanoate (μg/L) 187 ± 5d 176 ± 6c 202 ± 9e 126 ± 6a 139 ± 3b

ethyl hexanoate (μg/L) 415  ± 8b 423 ± 43b 496 ± 17c 294 ± 17a 432 ± 6b

hexyl acetate (μg/L) 69 ± 2e 36 ± 2c 24 ± 1a 28 ± 1b 47 ± 3d

ethyl lactate (μg/L) 2370 ± 29d 2220 ± 42c 2128 ± 45b 1217 ± 14a 1257 ± 3a

ethyl octanoate (μg/L) 509 ± 32c 458 ± 13b 533 ± 12c 415 ± 28a 440 ± 16ab

ethyl decanoate (μg/L) 235 ± 5c 196 ± 9ab 200 ± 4b 199 ± 13b 179 ± 15a

diethyl succinate (μg/L) 100 ± 7c 95 ± 11bc 98 ± 5bc 74 ± 2a 87 ± 4b

ethyl dodecanoate (μg/L) 20 ± 1bc 18 ± 1a 19 ± 1ab 20 ± 1bc 21 ± 2c

ethyl cinammate (μg/L) n.d. n.d. n.d. n.d. n.d.
ethyl hexadecanoate  (μg/L) 10 ± 2a 12 ± 4a 8 ± 1a 9 ± 3a 11 ± 1a

isoamyl acetate (μg/L) 1315 ± 16c 1151 ± 61b 1209 ± 82b 779 ± 4a 1138 ± 29b

2-phenylethyl acetate (μg/L) 233 ± 2d 156 ± 7b 134 ± 7a 131 ± 4a 198 ± 3c

total esters (μg/L) 5463 4941 5051 3292 3949
1-hexanol (μg/L) 665 ± 10b 637 ± 4a 633 ± 15a 743 ± 20c 1929 ± 21d

cis-3-hexen-1-ol (μg/L) 6 ± 2a 5 ± 2a 6 ± 3a 8 ± 3a 18 ± 0b

trans-2-hexen-1-ol (μg/L) n.d. n.d. n.d. n.d. n.d.
total  C6 volatiles (μg/L) 671 642 639 751 1947

4-vinylphenol (μg/L) 83 ± 5ab 86 ± 3ab 99 ± 5bc 109 ± 24c 66 ± 3a

4-ethylguaiacol (μg/L) n.d. n.d. n.d. n.d. n.d.
4-vinylguaiacol (µg/L) 870 ± 140a 1049 ± 40a 1156 ± 74a 891 ± 335a 1066 ± 52a

total volatile phenols (μg/L) 953 1135 1255 1001 1132
linalool (μg/L) 33 ± 3a 44 ± 2b 48 ± 2b 68 ± 4c 69 ± 6c

α-terpineol (μg/L) 65 ± 3a 72 ± 4a 100 ± 7b 128 ± 6c 169 ± 6d

citronellol (μg/L) 23 ± 2a 27 ± 0,6b 27 ± 2b 31 ± 1c 31 ± 1c

nerol (μg/L) n.d. n.d. n.d. n.d. n.d.
geraniol (μg/L) n.d. n.d. n.d. n.d. n.d.

total terpenes (μg/L) 121 143 175 227 269
benzyl alcohol (μg/L) 12 ± 0a  23 ± 2b 34 ± 2c  52 ± 3d 58 ± 0e

benzaldehyde (μg/L) 1 ± 0ab 2 ± 0b 1 ± 0a 2 ± 0b 1 ± 0ab 
β-ionone (μg/L) n.d. n.d. n.d. n.d. n.d.
γ-butyrolactone (μg/L) 1520 ± 18b 1656 ± 36c 2009 ± 25e 1856 ± 18d 1162 ± 39a

n.d. = not detected.
*All data present mean value ± standard deviation (n = 3).
Significant differences between procedures are indicated a, b, c, d, e at p ≤0.05.
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TABLE 3
Concentrations of individual aromatic compounds in the Ribolla Gialla wines produced by different procedures (K-control 
without skin contact, B6 or B12-addition of 6% or 12% grape berries during alcoholic fermentation, Fp-freezing of the pomace, 
Fg-freezing of whole grapes).

Aromatic compounds K B6 B12 Fp Fg
ethyl acetate (mg/L) 39.4 ± 0.6b * 44.2 ± 1.1c 47.5 ± 0.7d 32.0 ± 1.1a 54.0 ± 1.4e

2-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
1-propanol (mg/L) 24.8 ± 0.7a 24.5 ± 0.4a 25.4 ± 1.1a 27.5 ± 0.4b 26.9 ± 0.5b

2-methyl propanol (mg/L) 34.1 ± 2.3c 31.2 ± 0.2b 35.2 ± 1.4b 35.4 ± 1.2c 27.3 ± 1.1a

1-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
2-methyl butanol (mg/L) 45.4 ± 3.0cd 43.4 ± 0.9bc 42.0 ± 0.9b 48.3 ± 1.2d 36.7 ± 1.1a

3-methyl  butanol (mg/L) 175.9 ±10.0c 164.3 ± 2.4b 157.2 ± 5.0b 161.8 ± 5.3b 127.1 ± 6.0a

2-phenylethanol (mg/L) 32.3 ± 2.6c 28.3 ± 0.7b 28.8 ± 1.0b 29.3 ± 0.7b 22.4 ± 0.4a

total higher alcohols (mg/L) 312.5 291.7 288.6 302.3 240.4
ethyl butanoate (μg/L) 318 ± 37b 361 ± 12c 374 ± 14c 265 ± 12a 346 ± 18bc

ethyl hexanoate (μg/L) 721 ± 101b 817 ± 36b 966 ± 57c 520 ± 10a 739 ± 54b

hexyl acetate (μg/L) 210 ± 15d 129 ± 8c 94 ± 3b 69 ± 3a 544 ± 24e

ethyl lactate (μg/L) 1184 ± 26d 1137 ± 115d 1012 ± 73c 864 ± 33b 722 ± 21a

ethyl octanoate (μg/L) 910 ± 109bc 886 ± 46b 935 ± 9bc 756 ± 7a 1003 ± 59c

ethyl decanoate (μg/L) 319 ± 60a 311 ± 15a 306± 9a 325 ± 7ab 379 ± 24b

diethyl succinate (μg/L) 45 ± 3b 49 ± 9b 47 ± 2b 57 ± 4c 33 ± 2a

ethyl dodecanoate (μg/L) 15 ± 5a 17 ± 1a 20 ± 1ab 26 ± 1c 24 ± 4bc

ethyl cinammate (μg/L) n.d. n.d. n.d. n.d. n.d.
ethyl hexadecanoate  (μg/L) 12 ± 1a 12 ± 2a 14 ± 4ab 17 ± 1b 12 ± 1a

isoamyl acetate (μg/L) 4371 ± 364b 4494 ± 260b 4322 ± 36b 2771 ± 75a 5264 ± 291c

2-phenylethyl acetate (μg/L) 534 ± 37e 431 ± 30b 342 ± 14a 317 ± 4a 575 ± 49c

total esters (μg/L) 8647 8650 8437 5987 9641
1-hexanol (μg/L) 616 ± 8b 627 ± 7b 614 ± 21b 303 ± 10a 911 ± 28c

cis-3-hexen-1-ol (μg/L) n.d. n.d. n.d. n.d. 6 ± 1
trans-2-hexen-1-ol (μg/L) n.d. n.d. n.d. n.d. n.d.

total  C6 volatiles (μg/L) 616 627 614 303 917
4-vinylphenol (μg/L) 466 ± 2c 436 ± 18b 438 ± 2b 577 ± 11d 317 ± 10a

4-ethylguaiacol (μg/L) n.d. n.d. n.d. n.d. n.d.
4-vinylguaiacol (µg/L) 534 ± 6ab 509 ± 20a 510 ± 11a 640 ± 6c 559 ± 25b

total volatile phenols (μg/L) 1000 945 948 1217 876
linalool (μg/L) 7 ± 2a 8 ± 1a 8 ± 1a 7 ± 1a 7 ± 1a

α-terpineol (μg/L) n.d. n.d. n.d. n.d. n.d.
citronellol (μg/L) 19 ± 4a 19 ± 3ab 22 ± 5ab 27 ± 6b 18 ± 4a

nerol (μg/L) n.d. n.d. n.d. n.d. n.d.
geraniol (μg/L) n.d. n.d. n.d. n.d. n.d.

total terpenes (μg/L) 26 27 30 34 25
benzyl alcohol (μg/L) 7 ± 1a  9 ± 0b 12 ± 1d  13 ± 1d 11 ± 1c

benzaldehyde (μg/L) 2 ± 0a 2 ± 0a 2 ± 0a 3 ± 0b 2 ± 0a

β-ionone (μg/L) n.d. n.d. n.d. n.d. n.d.
γ-butyrolactone (μg/L) 1250 ± 35b 1266 ± 105b 1323 ± 46b 1832 ± 23c 1059 ± 43a

n.d. = not detected.
*All data present mean value ± standard deviation (n = 3).
Significant differences between procedures are indicated a, b, c, d, e at p ≤0.05.
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TABLE 4
Concentrations of individual aromatic compounds in the Malvasia Istriana wines produced by different procedures (K-control 
without skin contact, B6 or B12-addition of 6% or 12% grape berries during alcoholic fermentation, Fp-freezing of the pomace, 
Fg-freezing of whole grapes).

Aromatic compounds K B6 B12 Fp Fg
ethyl acetate (mg/L) 26.9 ± 0.7b * 26.9 ± 1.6b 29.2 ± 0.8b 17.6 ± 1.0a 27.3 ± 3.9b

2-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
1-propanol (mg/L) 17.7 ± 2.3b 15.0 ± 1.3ab 16.5 ± 4.2ab 13.2 ± 0.8a 19.1 ± 1.6b

2-methyl propanol (mg/L) 25.5 ± 1.0c 21.1 ± 1.1b 19.2 ± 0.2b 28.0 ± 0.7d 14.4 ± 2.7a

1-butanol (mg/L) n.d. n.d. n.d. n.d. n.d.
2-methyl butanol (mg/L) 46.0 ± 0.7a 43.3 ± 1.7a 44.1 ± 3.2a 55.6 ± 0.6b 44.5 ± 1.8a

3-methyl  butanol (mg/L) 178.2 ±6.1c 167.9 ± 6.7b 166.1 ± 1.7b 201.0 ± 2.6d 155.1 ± 2.9a

2-phenylethanol (mg/L) 36.7 ± 1.0c 33.1 ± 0.7ab 35.9 ± 2.8bc 36.6 ± 0.8c 32.4 ± 1.2a

total  higher alcohols (mg/L) 304.1 280.4 281.8 334.4 265.5
ethyl butanoate (μg/L) 214 ± 7bc 239 ± 4cd 260 ± 31d 140 ± 3a 209 ± 14b

ethyl hexanoate (μg/L) 532  ± 23b 614 ± 32bc 619 ± 85bc 352 ± 15a 643 ± 58c

hexyl acetate (μg/L) 206 ± 7d 142 ± 2c 102 ± 6b 54 ± 111a 291 ± 15e

ethyl lactate (μg/L) 1466 ± 71d 1417 ± 37bc 1316 ± 28bc 1182 ± 152ab 1084 ± 42a

ethyl octanoate (μg/L) 623 ± 14b 636 ± 18b 658 ± 62b 482 ± 26a 691 ± 96b

ethyl decanoate (μg/L) 239 ± 7b 227 ± 3b 180 ± 30a 183 ± 11a 309 ± 35c

diethyl succinate (μg/L) 82 ± 1ab 90 ± 4cd 96 ± 5d 87 ± 3bc 76 ± 5a

ethyl dodecanoate (μg/L) 23 ± 2bc 21 ± 1ab 18 ± 4ab 18 ± 0a 26 ± 3c

ethyl cinammate (μg/L) n.d. n.d. n.d. n.d. n.d.
ethyl hexadecanoate  (μg/L) 11 ± 1a 11 ± 2a 11 ± 1a 14 ± 1b 15 ± 2b

isoamyl acetate (μg/L) 1825 ± 110b 1948 ± 59bc 2136 ± 240c 1070 ± 15a 1952 ± 161bc

2-phenylethyl acetate (μg/L) 190 ± 9c 159 ± 7b 146 ± 12b 116 ± 1a 195 ± 16c

total esters(μg/L) 5411 5504 5542 3698 5491
1-hexanol (μg/L) 1212 ± 30c 1221 ± 28c 1105 ± 37b 689 ± 35a 1446 ± 21d

cis-3-hexen-1-ol (μg/L) 32 ± 1b 31 ± 0b 29 ± 1b 26 ± 2a 93 ± 2c

trans-2-hexen-1-ol (μg/L) n.d. n.d. n.d. n.d. n.d.
total C6 volatiles (μg/L) 1244 1252 1134 715 1539

4-vinylphenol (μg/L) 67 ± 1a 89 ± 12b 83 ± 8b 132 ± 5c 78 ± 0ab

4-ethylguaiacol (μg/L) n.d. n.d. n.d. n.d. n.d.
4-vinylguaiacol (µg/L) 379 ± 11b 449 ± 28c 425 ± 55bc 296 ± 29a 518 ± 4d

total volatile phenols (μg/L) 446 538 508 428 596
linalool (μg/L) 24 ± 3a 33 ± 3b 41 ± 3c 37 ± 3bc 41 ± 3c

α-terpineol (μg/L) n.d.a 52 ± 4b 74 ± 5c 78 ± 13cd 87 ± 6d

citronellol (μg/L) 25 ± 4a 27 ± 7a 31 ± 3a 29 ± 7a 28 ± 6a

nerol (μg/L) n.d. n.d. n.d. n.d. n.d.
geraniol (μg/L) n.d. n.d. n.d. n.d. n.d.

total terpenes  (μg/L) 49 112 146 144 156
benzyl alcohol (μg/L) 5 ± 1a  9 ± 1b 12 ± 1c  14 ± 1d 14 ± 1d

benzaldehyde (μg/L) 1 ± 0a 1 ± 0a 1 ± 0a 1 ± 0a 1 ± 0a 
β-ionone (μg/L) n.d. n.d. n.d. n.d. n.d.
γ-butyrolactone (μg/L) 1396 ± 57a 1616 ± 9b 1725 ± 96b 2094 ± 77c 1372 ± 88a

n.d. = not detected.
*All data present mean value ± standard deviation (n = 3).
Significant differences between procedures are indicated a, b, c, d, e at p ≤0.05.
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TABLE 5
Aromatic compounds with OAV >1 detected in the Zelen, Ribolla Gialla and Malvasia Istriana wines, odour thresholds, odour 
description and assignation of compounds to different odorant series.

Aromatic compound Odour threshold Odour description Odorant series
2-methyl propanol 40 mg/L * alcohol, wine like, nail polish solvent
3-methyl butanol 30 mg/L * alcohol, solvent, nail polish solvent
2-phenylethanol 10 mg/L *‍‍ † rose, honey floral

ethyl acetate 15 mg/L ‍‍† solvent, fruity, pineapple, 
varnish solvent, fruity

ethyl butnaoate 20 μg/L  ‡ banana, pineapple,  strawberry fruity
ethyl hexanoate 5 μg/L * ‡ fruity, green apple, banana fruity
ethyl octanoate 580 μg/L • fruity, banana, sweet, pear fruity, fatty
isoamyl acetate 30 μg/L * banana, fruity, sweet fruity
2-phenylethyl acetate 250 μg/L * flowery floral
1-hexanol 1300 μg/L † herbaceous, green, woody green

4-vinyl guaiacol 440 μg/L □ black pepper, clove-like, 
smoky phenolic-spicy

linalool 15 μg/L ↕ flowery, rose, grape-like floral
citronelol 18 μg/L ◊ citrus, grapefruit, flowery floral

*Moreno et al., 2005, ‍‍† Moyano et al., 2002, ‡ Moyano et al., 2009, ‍‍• Peinado et al., 2004, □ Rocha et al., 2005, ↕‌Guth, 1997, 
◊ Ribéreau Gayon et al., 2006.

TABLE 6
Overall OAV of each odorant series for Zelen, Ribolla Gialla and Malvasia Istriana (K-control without skin contact, B6 or B12-
addition of 6% or 12% grape berries during alcoholic fermentation, Fp-freezing of the pomace, Fg-freezing of whole grapes). 

ZELEN K B6 B12 Fp Fg
fruity 138.1 ± 2.1b * 133.8 ± 9.1b 151.6 ± 5.5c 93.2 ± 3.8a 132.9 ± 1.7b

floral 7.7 ± 0.2a 8.3 ± 0.2b 9.0 ± 0.2c 10.4 ± 0.4d 10.6 ± 0.4d

solvent 8.4 ± 0.1b 9.4 ± 0.1c 8.3 ± 0.0b 7.5 ± 0.1a 7.7 ± 0.1a

green n.d.a n.d.a n.d.a n.d.a 1.5 ± 0.0b

fatty n.d. n.d. n.d. n.d. n.d. 
phenolic-spicy 2.0 ± 0.3ab 2.4 ± 0.1ab 2.6 ± 0.2b 2.0 ± 0.8a 2.4 ± 0.1ab

RIBOLLA G. K B6 B12 Fp Fg
fruity 307.3 ± 33.5b 332.8 ± 13.5bc 357.6 ± 12.4c 210.9 ± 4.5a 342.2 ± 21.4bc

floral 6.4 ± 0.2b 5.6 ± 0.3a 5.5 ± 0.3a 5.7 ± 0.4a 5.5 ± 0.2a

solvent 8.5 ± 0.3b 8.4 ± 0.1b 8.4 ± 0.2b 7.5 ± 0.3a 7.8 ± 0.1a

green n.d. n.d. n.d. n.d. n.d. 
fatty 1.6 ± 0.2bc 1.5 ± 0.1b 1.6 ± 0.0bc 1.3 ± 0.0a 1.7 ± 0.1c

phenolic-spicy 1.2 ± 0.0a 1.2 ± 0.0a 1.2 ± 0.0a 1.5 ± 0.1c 1.3 ± 0.1b

MALVASIA I. K B6 B12 Fp Fg
fruity 180.7 ± 8.5b 202.5 ± 5.6bc 211.1 ± 26.4c 115.1 ± 3.6a 207.2 ± 17.5bc

floral 6.7 ± 0.3a 7.0 ± 0.6ab 8.1 ± 0.2c 7.7 ± 0.3bc 7.6 ± 0.6bc

solvent 7.7 ± 0.2bc 7.4 ± 0.3ab 7.5 ± 0.1bc 7.9 ± 0.0c 7.0 ± 0.4a

green n.d.a n.d.a n.d.a n.d.a 1.1 ± 0.0b

fatty 1.1 ± 0.2b 1.1 ± 0.0b 1.1 ± 0.1b 0.0 ± 0.0a 1.2 ± 0.2b

phenolic-spicy n.d.a 1.1 ± 0.1b n.d.a n.d.a 1.2 ± 0.0c

n.d. = not detected.
*All data present mean value ± standard deviation (n = 3).
Significant differences between procedures are indicated a, b, c, d at p ≤0.05.
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FIGURE 1
PCA performed on the OAV of aromatic compounds found in Zelen and Malvasia Istriana wines produced by different 

procedures in the plane defined by the first two main components (control without skin contact – , addition of 6% grape 
berries during alcoholic fermentation – , addition of 12% grape berries during alcoholic fermentation  – , freezing of the 

pomace – , freezing of whole grapes – ;  Zelen – grey signs, Malvasia Istriana – black signs).

FIGURE 2
PCA performed on the OAV of aromatic compounds found in Ribolla Gialla wines produced by different procedures in 

the plane defined by the first two main components (control without skin contact – , addition of 6% grape berries during 
alcoholic fermentation – , addition of 12% grape berries during alcoholic fermentation  – , freezing of the pomace – , 

freezing of whole grapes –  ).
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FIGURE 3
PCA performed on the OAV of aromatic compounds found in Zelen, Ribolla Gialla and Malvasia Istriana wines in the plane 

defined by the first two main components.

Aromatic compounds found in the Zelen wines with 
OAV >1 were: 2-methyl propanol, 3‑methyl butanol, 
2-phenylethanol, ethyl acetate, ethyl butanoate, ethyl 
hexanoate, isoamyl acetate, 1-hexanol, 4-vinylguaiacol, 
linalool and citronellol. Aromatic compounds found in 
the Ribolla Gialla wines with OAV >1 were: 3-methyl 
butanol, 2-phenylethanol, ethyl acetate, ethyl butanoate, 
ethyl hexanoate, ethyl octanoate, 2-phenylethyl acetate, 
isoamyl acetate, 4-vinylguaiacol and citronellol. Aromatic 
compounds found in the Malvasia Istriana wines with OAV 
>1 were: 3-methyl butanol, 2-phenylethanol, ethyl acetate, 
ethyl butanoate, ethyl hexanoate, ethyl octanoate, isoamyl 
acetate, 1-hexanol, 4-vinylguaiacol, linalool and citronellol.

In Table 5 each aromatic compound was assigned to 
one or two odorant series, depending on its principal odour 
descriptors. The floral, fruity, solvent, green, fatty and 
phenolic-spicy were chosen for this purpose on account of 
their usefulness for describing and distinguishing young 
fresh and fruity wines (Peinado et al., 2004; Sanchez Palomo 
et al., 2007). By combining the OAV for each individual 
compound in an odorant series, the overall OAV for each 
series was obtained (Table 6). The results were subjected 
to MANOVA in order to identify which series exhibited 
significant differences between procedures within each 
variety. 

From Table 6 it is obvious that fruity odour dominated 
in all three varieties. The main reason was the high 
concentration of the so-called fruity esters in young wines 
after alcoholic fermentations. Those compounds, acetates, 
short chain and medium chain esters play a significant role in 

the properties of young white wines made from neutral grape 
varieties (Ferreira et al., 1995). In combination with their 
relative low odour thresholds, the most important odorants 
in this series were ethyl hexanoate, isoamyl acetate and ethyl 
butanoate. Significantly (p ≤0.05) higher fruitiness in the 
case of all three varieties was determined in the B12 process 
and the lowest one in the Fp process.

Floral odour in Zelen and Malvasia Istriana correlated 
with terpene concentrations. Terpene compounds typical for 
aromatic varieties such as Muscat, have a low odour threshold 
and are generally associated with floral and citric aromas 
(Etievant et al., 1983; Guth, 1997). B12, Fp and Fg proved to 
be the most successful processes for the extraction of those 
grape derived volatiles. On the other hand, in Ribolla Gialla 
because of its low terpene content, fermentative volatiles 
2-phenylethanol, 2-phenylethyl acetate and ethyl acetate 
were determinative for floral odour. Significantly higher 
floral overall OAVs for Ribolla Gialla were determined only 
in the K procedure. 

Solvent odour mainly correlated with the higher alcohol 
2-methyl propanol and 3-methyl butanol content and less 
with ethyl acetate. As mentioned previously, generally lower 
concentrations of total higher alcohols were determined in 
macerated wines in correlation with some data (Sanchez 
Palomo et al., 2007). This effect was not detected for 
other varieties or maceration procedures by some authors 
(Tamborra et al., 1992; Cabaroglu et al., 1997; Peinado et 
al., 2004; Selli et al., 2006). As reported previously, higher 
concentrations of total higher alcohols are not desired when 
combined with lower ester content (Ferreira et al., 1995; 
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Lukic et al., 2008). For Zelen and Ribolla Gialla the solvent 
odour had significantly less impact in Fp and Fg compared 
to K, for Malvasia Istriana only Fg produced the same effect. 

Green odour was correlated to C6 alcohol 1-hexanol. 
Higher concentrations of C6 alcohols and aldehydes in wines 
are generally not desired because of the intensive herbaceous-
green odour dominant in wines made from unripe grapes, 
but in small quantities they can give fresh and green notes 
to neutral varieties (Sanchez Palomo et al., 2006, 2007). 
Bearing this in mind, the concentrations of 1-hexanol above 
the odour threshold in the Fg process for Zelen and Malvasia 
Istriana can be accepted as positive because of the additional 
freshness and complexity in wine odour.

In this study, fatty odour correlated with ethyl octanoate, 
as other compounds with similar impact, like ethyl lactate or 
cis-3-hexen-1-ol, and were not present in the concentrations 
above odour thresholds (Peinado et al., 2004). The lowest 
impact of this odour series was determined in the Fp 
procedure only for Ribolla Gialla and Malvasia Istriana, but 
the actual differences were rather low.

Phenolic-spicy odour correlated with volatile phenols. 
Volatile phenols are considered characteristic components 
of wine aroma, but their influence on wine can be positive 
or negative depending on their final concentration. 
4-vinylphenol in the concentration above 725  µg/L is 
considered as off-flavour (Chatonnet et al., 1992, 1993). In 
this case only 4‑vinylguaiacol, associated with positive black 
pepper, clove-like, smoky odours, had the concentrations 
above odour threshold (Versini, 1985; Marais & Rapp, 
1988; Rocha et al., 2005). The highest impact of phenolic-
spicy odour series was detected in macerated wines, in B12 
for Zelen, in Fp for Ribolla Gialla and in Fg for Malvasia 
Istriana. In our experiment volatile phenols did not attain 
levels sufficient to produce off-flavours. They were 
understood to be similar to C6 compounds like volatiles that 
can add additional complexity to wine odour.

Sensory evaluation
For sensory evaluation wines were compared in the first (K, 
B6, B12) and the second group (K, Fp, Fg). In the first group 
for Zelen odour in B12 and overall impression in B6 were 
rated as the most preferable. In the second group for Zelen, 
odour in K and overall impression in Fp were prefered. In 
the first group for Ribolla Gialla, odour in K and overall 
impression in B12 were rated as preferable. In the second 
group for Ribolla Gialla, odour and overall impression in 
Fg were chosen as the best. In the first group for Malvasia 
Istriana, odour in B12 and overall impression in B6 were 
rated as preferable. In the second group for Malvasia 
Istriana, odour in K and Fg rated equally high, but for overall 
impression Fg was chosen. In conclusion, odour evaluation 
differences in the various processes were probably more 
difficult to detect because of the dominancy of fruity odour, 
but for overall impression the skin contact wines were always 
the most preferred.

Principal component analysis
To evaluate the influence of some aromatic compounds 
and the differentiation between varieties or wine-making 
procedures, the OAV >1 were subjected to a principal 

component analysis (PCA). Final results are presented in 
Fig. 1, Fig. 2 and Fig. 3. The two first components (PC 1, 
PC 2) explained 73% of the overall variance, with PC 1 
accumulating >62%. Together with the third and fourth PC 
they explained 86% of the overall variance. Fig. 1 and Fig. 
2 show the position of the wine samples according to their 
values on the two principal components. As can be seen in 
Fig. 1, PC 1 separated Malvasia Istriana from Zelen var. with 
the exception of the Malvasia Istriana Fp wines.  PC 2 was 
effective for the separation between Fg, K and B6 procedure 
in Zelen. For the Ribolla Gialla variety in Fig. 2, PC 1 
distinguished between Fp and Fg procedures.

The influences of individual aromatic compounds are 
presented in Fig. 3. Variables mostly contributing to PC 1 
were ethyl butanoate, isoamyl acetate, ethyl hexanoate and 
2-phenylethyl acetate. These variables were negatively 
correlated with 2‑phenyl ethanol and linalool, lying near PC 
1 on the opposite side. Variables mostly contributing to PC 2 
were 4-vinylguaiacol and 2-methyl propanol.

CONCLUSIONS
Alternative maceration procedures proved to have an effect 
on both general wine and aromatic compound composition. 
General wine composition were more affected by freezing 
(Fp, Fg) than by the addition of berries (B6, B12), when 
compared to the control procedures. After revising the 
aromatic compound data it seems that the procedures B12 
and Fg can be accepted as promising for the production of 
young, fresh Zelen and Malvasia Istriana wines. Based on 
analytical data, those procedures resulted in wines with more 
pronounced fruity (B12) and floral odours (B12, Fg), less 
intensive solvent odours (Fg) and additional freshness (Fg). 
For the same procedures in Ribolla Gialla, only additional 
fruitiness (B12) and less intensive solvent odour (Fg) were 
beneficial towards the control process K. In correlation with 
the lower concentrations of terpenes determined in this 
variety, maceration processes examined in this experiment 
had little influence on floral odour in the Ribolla Gialla wines. 
In the sensorial evaluation the skin contacted wines were 
preferred to the control wines. Applications of the same skin 
contact processes to some aromatic varieties could provoke 
even more pronounced changes in the aroma composition 
due to higher concentrations of grape derived aromatics.
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