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AbstrAct

the volatile composition of musts 
from different geographical areas with-
in the rías baixas Denomination of or-
igin is reported. Volatile compounds 
were identified and quantified by gas 
chromatography/mass spectrometry. 
the results demonstrate that the Al-
bariño must from o rosal should be 
the most aromatic must since it had a 
significantly higher volatile compound 
content, and was comprised of the 
largest group of bound compounds. 
non-terpenyl compounds were the 

rIAssunto

è stata relazionata la composizio-
ne in composti volatili di mosti pro-
venienti da differenti aree geografiche 
appartenenti alla Aoc rías baixas. I 
composti volatili sono stati identificati 
e quantificati con la gascromatografia 
accoppiata alla spettrometria di mas-
sa. I risultati dimostrano che il mo-
sto di Albariño proveniente da o ro-
sal dovrebbe essere quello maggior-
mente aromatico in quanto presen-
ta un contenuto in composti volati-
li significativamente maggiore e com-
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most abundant compounds in the Al-
bariño musts for the three geograph-
ical areas.

prende il più ampio gruppo di com-
posti minori. I composti non-terpeni-
ci sono quelli più abbondanti nei mo-
sti di Albariño provenienti dalle tre aree 
geografiche.

IntroDuctIon

Albariño, a Vitis vinifera L. grape vari-
ety, is a typical white variety from Gali-
cia, a region in northwestern spain, lo-
cated on the Atlantic ocean. rías baixas 
Denomination of origin is the most im-
portant production area of the Vitis vinif-
era Albariño grape in spain. twelve native 
varieties are allowed to be grown in this 
area, but Albariño makes up 90% of the 
vineyards. the rías baixas area was orig-
inally made up of three subzones, Val do 
salnés, o rosal and condado do tea.

the aromatic Albariño grape grows in 
very small clusters and is distinguished 
from other types of grapes by its high sug-
ar content and high degree of acidity. tra-
ditionally the vines are cultivated on gran-
ite pergolas called ‘parrales’, to lift them 
off the damp ground and give them great-
er exposure to the sun. they are trained 
to a double-curtain system. the vintage, 
which varies according to the subzones, 
takes place in mid-september in o ro-
sal and condado do tea and at the end 
of september in Val do salnés.

the Atlantic climate, characterized by 
wet winters and sea mist, varies among 
the subzones. Differences of climate and 
geography make the wines from the dif-
ferent subzones unique. this variety 
has been the object of various studies 
(cortÉs, 1997; FErnÁnDEZ et al., 1999; 
cArbALLEIrA et al., 2001; VILAnoVA and 
MAsnEuF, 2005). the Albariño variety is 
characterized by a high intensity of floral 
descriptors (cArbALLEIrA et al., 2001; 
DIEGuEZ et al., 2003).

the objective of this work was to identi-

fy and quantify the aromatic compounds 
of the Vitis vinifera cv. Albariño must ac-
cording to geographic area: Val do salnés, 
o rosal and o condado do tea.

MAtErIALs AnD MEtHoDs

Must samples

the samples of the Albariño grape va-
riety were obtained from Vitis vinifera cv 
Albariño grapes during the 2004 vintage. 
the grapes were collected from different 
cultivars of each geographic area from 
rías baixas Aoc: Val do salnés, conda-
do do tea and o rosal. three samples 
of 10 kg were analyzed from each area 
(in triplicate). the grapes from different 
cultivars from each geographic area were 
mixed, crushed, destemmed, racked and 
pressed and the musts obtained were an-
alyzed in triplicate. the maturation in-
dex (sugar content/total acidity) in Al-
bariño musts was very similar: o rosal 
(22.22), condado do tea (22.19) and Val 
do salnés (21.32).

Analysis of free
and bound compounds 

Each sample was fractionated by se-
lective retention on sepPak Vac c-18 
(Waters, Milford, MA, usA) according to 
the procedure described by DIEGuEZ et 
al. (2003).

the extracts were analysed using a 
Hewlett-Packard 5890 series II gas chro-
matograph equipped with chrompack 
cP-Wax57cb (50 m x 0.25 mm i.d. x 
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0.20 mm film thickness) (Varian, Houten, 
the netherlands) a fused silica capillary 
column with a flame ionisation detector. 
the conditions used for chromatograph-
ic analysis were: injector temperature 
(250ºc), temperature program (60ºc for 
5 min, increased to 200ºc), temperature 
detector (260ºc), injection type (splitless, 
30s) and injection size (1 mL). 

Aromatic compounds were identified 
by comparing the retention times with 
those of pure compounds and confirmed 
by Gc-Ms using a HP5890 series II cou-
pled to a HP 5989 A mass spectrometer 
in the EI mode (ionization energy, 70 eV, 
source temperature 250ºc). the acqui-
sition was made in the scanning mode 
from 10 to 1,000 m/z at 5 scan/s. Inter-
nal standards were used to quantify con-
centrations of individual compounds.

the analyses were made in triplicate.

statistical analyses

to determine if there were significant 
differences among the musts from the 
different areas the data were analyzed 
by AnoVA, using the Enterprise Guide 
3 system software (sAs Institute, cary, 
nc, usA).

rEsuLts AnD DIscussIon

table 1 shows the free and bound vol-
atile compounds of Albariño musts, ex-
pressed as the mean (mg/L) from the 
Gc analysis. A total of 17 aroma com-
pounds were identified and quantified in 
the three geographic areas, including ter-
penes, c13-norisoprenoids and benzyl al-
cohol. significant differences were found 
in 14 of the volatile compounds in the 
three geographic areas. In the Albariño 

table 1 - Volatile compounds in Albariño musts (mg/L) and standard deviation.

Compounds	 Condado	do	Tea	 O	Rosal	 Val	do	Salnés	 Sig.

Free	compounds
Limonene	 29.57±0.28	 42.14±0.51	 21.53±0.35	 ***
Linalool	 6.63±0.45	 9.46±0.15	 3.57±1.05	 ***
Citronellol	 1.77±0.11	 2.23±0.36	 1.83±0.39	 ns
Nerol	 42.52±1.06	 47.27±0.44	 50.42±0.57	 ***
α-Ionone	 5.97±0.44	 8.67±0.21	 6.89±0.46	 ***
2-Phenylethanol	 178.81±2.34	 180.36±4.63	 185.34±2.80	 ns
α-Damascenone	 26.96±0.36	 27.05±1.57	 26.57±0.35	 ns
β-Damascenone	 31.08±1.80	 31.71±0.29	 34.79±0.02	 *
Total	free	compounds	 323.31	 348.89	 330.94

Bound	compounds
Limonene	 46.49±0.92	 53.80±0.26	 54.38±2.53	 **
Linalool	 45.20±0.09	 51.96±0.26	 37.98±4.47	 **
α-terpineol	 1.24±0.14	 3.02±0.26	 0.00±0.00	 ***
Citronellol	 5.78±0.23	 6.26±0.26	 8.06±0.55	 ***
Nerol	 11.22±1.26	 14.59±0.26	 13.35±1.45	 *
α-Ionone	 15.49±0.38	 26.30±0.26	 15.58±1.92	 ***
2-Phenilethanol	 260.12±9.08	 319.38±0.26	 176.23±7.39	 ***
α-Damascenone	 7.90±0.05	 9.06±0.26	 9.19±0.33	 **
β-Damascenone	 0.28±0.00	 0.51±0.26	 0.35±0.79	 ***
Total	bound	compounds	 393.72	 484.88	 315.12

Data	are	means	of	triplicates.	Sig.:	significance	in	which	means	differ	as	shown	by	ANOVA:	*,	**,	***	=	significance	
at	p<0.05,	p<0.01and	p<0.001	respectively;	ns:	not	significant.
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musts from o rosal, the concentration 
of volatile compounds (836.69 mg/L) was 
higher than the Albariño must from Val 
do salnés (647.63 mg/L) and condado 
do tea (716.81 mg/L).

Free aroma fraction

non-terpenyl compounds were the most 
abundant compounds in the free volatile 
fraction of the Albariño must from the 
three geographic areas, with 2-phenyleth-
anol being the highest. this compound is 
characterized by a floral aroma. this con-
curs with previous data obtained by DI-
EGuEZ et al. (2003), who observed a flo-
ral character in the Albariño variety. of 
the c13-norisopresnoids, β-damascenone 
was present in the highest concentrations 
for the three areas. the terpene content 
of a variety is considered to be a positive 
quality factor. the Albariño must from o 
rosal showed a high free terpene content 
(101.10 mg/L). nerol was the most abun-
dant monoterpene in the three areas. the 
next most abundant free monoterpene 
was limonene.

bound aroma fraction

the total amounts of bound com-
pounds were higher than those of the 
free forms in o rosal and condado do 
tea (table 1), which would be expected 
in a quality variety. these glycosidically 
bound forms can be converted into the 
free odorous forms by hydrolysis with 
glycosidases or by yeast with b-glycosi-
dase activity, modifying the aromatic pro-
file of wines and even enhance their vari-
etal character (MEnDEs FErrEIrA et al., 
2001). this author has confirmed that 
yeast have the ability to increase free ter-
penols especially in aromatic wine variet-
ies such as Muscat. However in two oth-
er Portuguese varieties, no free terpenols 
were released, probably due to their neu-
tral character. Among the bound com-
pounds, 2-phenylethanol was the most 
abundant compound, followed by ter-

penes. terpenols and norisoprenoids 
are very important volatile compound 
that are synthesized during berry mat-
uration; their concentration depends on 
various factors such as cultivar, the area 
and the climatic conditions (WILLIAMs et 
al., 1989). the two most important ter-
penols identified were linalool and limo-
nene.  DIEGuEZ et al. (2003) demonstrat-
ed a high content of bound forms in Al-
bariño, where linalool, geraniol benzyl al-
cohol and 2-phenylethanol predominate. 
similar results were found by cArbAL-
LEIrA et al. (2001). From norisoprenoids, 
α-ionone (violet aroma) was the most 
abundant. the highest concentration of 
bound terpenes was found in the Albari-
ño musts from o rosal (table 1). skin 
contact treatment could be used to en-
rich this variety in free and bound aroma 
compounds. sELLI et al. (2006) showed 
that the skin contact treatment increased 
the total concentration of free and bound 
compounds in narince wines.

concLusIon

non-terpenyl compounds were the 
most abundant compounds in the free 
aroma fraction of the Albariño musts 
from the three geographic areas, of these, 
2-phenylethanol (rose aroma) was the 
most important. the Albariño must from 
o rosal should be the most aromatic 
must since it had a significantly high-
er volatile compound content, with the 
bound compounds making up the larg-
est group, quantitatively. the Albariño 
must from Val do salnés had the lowest 
concentrations of volatile compounds 
and should therefore be the least aro-
matic; this could be related to its lower 
maturation index.
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