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AbStrAct

the volatile composition of aromatic grape varieties at harvest is a very important criterion in 
the choice of vinification technique to yield the optimal quality of the final product. the berry me-
chanical characteristics are important for assessing resistance to fungal attacks and for the es-
timation of shattering. In this study the effect of irrigation on the volatile fingerprint and the me-
chanical properties of the Muscat blanc (Vitis vinifera L.) grapes grown in mountain north-west 
region of Italy was investigated. three water regimes were compared: standard irrigation, moder-
ate irrigation and drought.

In the meteorological conditions of the considered season, a significant increase in the amounts 
of the most representative free volatile components of the Muscat blanc variety (linalool and ge-
raniol markers), was observed in standard irrigation treatment. Significantly higher amounts of 
four c13-norisoprenoid bound compounds were observed in the drought treatment with respect 
to the standard treatment. Furthermore, no influence of irrigation treatment on berry skin hard-
ness and thickness parameters was noted.

therefore, in the considered alpine environment, on aromatic Muscat blanc variety, the opti-
mum irrigation treatment is an important choose to improve the quality of the grapes.

mailto:vincenzo.gerbi%40unito.it?subject=
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INtrODUctION

Vitis vinifera L. Muscat blanc grape variety 
(synonym of white Frontignan and Muscat à petit 
grains blanc), a widespread aromatic grape va-
riety, has been grown since the Middle Ages in 
the Aosta Valley, a mountain region located in 
the North-West of Italy. Its cultivation area is 
mostly concentrated in the South-facing, well 
exposed mountain slopes around the village of 
chambave, at an altitude ranging from 500 to 
700 m above sea level. Here it is used for pro-
ducing the renowned dry wine sold under the 
Appellation of Origin Vallée d’Aoste - Chambave 
Muscat. the climatic conditions of the area are 
favourable for wine grape growing: low levels 
of average annual rainfall (less than 600 mm, 
even less than 400 mm during particularly dry 
years, with two seasonal peaks in spring and 
autumn), low relative humidity, low cloudiness 
and very high levels of solar radiation. the es-
timated annual mean temperature is 10°-11°c 
(MErcALLI, 2003).

Plant water status can greatly affect, either 
positively or negatively, vegetative growth, ber-
ry size, production yield, grape phenolic con-
tent and profile, grape aromatic potential, must 
composition, and wine sensory characteristics 
depending on its intensity level and timing (HEP-
NEr et al., 1985; MAttHEWS et al., 1990; OJE-
DA et al., 2001; DELOIrE et al., 2004; cHAPMAN 
et al., 2005; KOUNDOUrAS et al., 2006; QIAN 
et al., 2009; VAN LEEUWEN et al., 2009; GAM-
bAcOrtA et al., 2011). therefore, in environ-
ments where low rainfall is a limiting factor, ir-
rigation practices may be a powerful tool for im-
proving grape quality by modifying berry char-
acteristics and composition; this can often be 
achieved by inducing moderate levels of water 
stress in specific stages of berry development 
and ripening. On the other hand, an excess of 
irrigation may easily result in poor grape quali-
ty (GLADStONE, 1992). thus, the assessment of 
the correct amount of irrigation and its sched-
uling is essential in order to reach a desired 
production target.

Volatile aroma compounds of the Muscat blanc 
have been less studied (USSEGLIO-tOMMASEt 
and DI StEFANO, 1980; bUrEAU et al., 2000) 
than other aromatic Muscat varieties (rIbErEAU-
GAYON et al., 1975; GUNAtA et al., 1985; WIrtH 
et al., 2001) and often many studies treating the 
aroma profile of the Muscat variety were relat-
ed to aroma wines produced (SANcHEZ PALOMO 
et al., 2007; del cArO et al., 2012). the terpene 
content in the grape may be influenced by tem-
perature, light and water availability during rip-
ening (rIbErEAU-GAYON et al., 2000b), thus a 
knowledge of free and bound precursors of this 
aromatic variety may help in the selection of 
best vineyard practices. the effect of the biocli-
matic and agronomical conditions, in particu-
lar the water regimes, on the aromatic composi-

tion of white aromatic berries has not yet been 
deeply investigated, although the aromatic pro-
file of the ‘Muscat’ grapes should be considered 
at least as important as the usual technologi-
cal ripeness parameters (i.e. sugars content and 
acidic composition).

texture Analysis is a analytical technique of 
survey used for measurement of the physical 
properties of wine grapes in order to assess their 
quality (rOLLE et al., 2012). In fact, instrumen-
tal texture parameters can be used as phenols 
extractable markers and ripeness predictors 
(MAUrY et al., 2011; ríO SEGADE et al., 2011a). 
Knowing the characteristics of some mechanical 
parameters such as the ease of detachment of 
the pedicel, the hardness and thickness of the 
skin, is important because it is directly related 
to the phenomena of shattering, resistance to 
splitting and plant diseases (LANG and DUrING, 
1990; GAbLEr et al., 2003), in particular during 
on-vine withering process (rOLLE et al., 2010). 
At our knowledge, the effect of irrigation on the 
physico-mechanical characteristics of the ber-
ries has not yet been reported.

During the last ten years the irrigation, nor-
mally carried out by drip irrigation systems, has 
become increasingly popular among the grape 
growers of the Aosta Valley area. While it is con-
sidered a special measure to be adopted only 
when exceptionally dry conditions occur, it is 
now often become standard viticultural prac-
tice in Aosta Valley.

On the base of all these consideration, the aim 
of this work was to study the free and bound va-
rietal volatiles and mechanical properties of ber-
ries of the Vitis vinifera L. grape aromatic vari-
ety Muscat blanc comparing the effect of three 
different water regimes on these physico-chem-
ical parameters.

MAtErIALS AND MEtHODS

Plant materials

the experimental site was located on a steep 
slope with a south aspect, at an altitude of 600 
m above sea level, on a loamy sand soil. the 
vines (Vitis vinifera L., cv Muscat blanc, clone r6, 
grafted on 110 richter rootstock) were 12 years 
old. the trellis system was Guyot. the vine and 
row spacing was 0.70 and 1.80 m respectively. 
the vineyard was equipped with a drip irriga-
tion system using pressure-compensated emit-
ters. the distance between emitters was 60 cm; 
their flow rate was 2.3 L h-1.

Grapes were collected from the 2008 vintage 
season. A randomized complete block Design 
with three replicates was adopted. Plots had 
three rows each of about 15 m long; only the 
central row was used for experimental purpos-
es; the other two received the same water treat-
ment and were used as border rows. On the cen-
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tral row eight plants were selected and used for 
sampling berries.

Water treatments

three water regimes were compared: standard 
irrigation (S), moderate irrigation (M), drought 
(D). treatment D did not receive any irrigation, 
while S and M irrigation strategies were based 
primarily on pre-dawn water potentials (ΨPD). 
treatment S was kept at ΨPD levels above -0.2 
MPa (absence of water stress) until two weeks 
before harvest. treatment M was kept above 
-0.2 MPa until veraison; after veraison a moder-
ate water stress (-0.2 to -0.4 MPa) was allowed. 
No irrigation treatment was carried out during 
the last two weeks before harvest. before verai-
son, even in the absence of water stress, treat-
ments S and M received 50 and 25% of the esti-
mated crop evapotranspiration (Etc) respective-
ly, at approximately 10 day intervals. Etc was 
estimated from meteorological data logged by a 
weather station (Vantage Pro, Davis Instruments 
corp., Hayward, california 94545 USA) situat-
ed in the experimental site, by multiplying the 
reference evapotranspiration (Et0, directly cal-
culated by the station) by a crop coefficient Kc 
(varying from 0.6 to 0.7 from the start of treat-
ments to veraison).

Plant water status measurements

Plant water status was monitored by meas-
uring the pre-dawn water potential ΨPD with a 
SKYE pressure chamber, model SKPM 1400 
(SKYE Instruments, Llandrindod Wells, Powys 
LD1 6DF UK). ten measurements were made 
from fruit set to harvest. For each plot, the ΨPD 
was estimated by measuring six fully expand-
ed leaves taken from the primary shoots. Meas-
urements took about two hours and terminat-
ed before dawn.

Cluster thinning

the crop load of the eight selected plants per 
plot was balanced by cluster thinning at verai-
son, aiming at a yield of 1.6-1.8 kg/vine, which 
is generally considered optimal for the usual lo-
cal requirements, given the plant density of the 
experimental vineyard.

Technological parameters analysis

the total soluble solids concentration (°brix, 
as SSc) was measured using an Atago 0-32 °brix 
temperature compensating refractometer (Atago 
co., tokyo, Japan), pH was determined by po-
tentiometry using a crison electrode (carpi, It-
aly) on the grape must. titratable acidity (tA), 
expressed as gL-1 tartaric acid, was estimated 
using the official OIV method. the must con-
tents of citric, tartaric and malic acid were an-

alyzed using an HPLc system (P100-AS3000, 
thermo Electron corporation, Waltham, MA, 
USA) equipped with a UV detector (UV3000) set 
to 210 nm. the analyses were performed isoc-
ratically at 0.8 mLmin-1 flow and 65°c column 
temperature, with a 300x7.8 mm i.d. Aminex 
HPX-87H cation exchange column and a cation 
H+ Microguard cartridge (bio-rad Laboratories, 
Hercules, cA, USA), using 0.0013 mol/L H2SO4 
as mobile phase (GIOrDANO et al., 2009). Data 
treatment was carried out using the chrom-
QuesttM chromatography data system (thermo-
Quest, Inc, San Jose, cA, USA).

Volatile analysis

Sample preparation
Analysis of free and glycosidically bound 

components was carried out according to 
the previous method proposed by DI StEFA-
NO (1991), with some modifications. For each 
plot, two subsamples of 100 berries were taken 
and analysed separately. they were de-seeded 
and the pulp (about 200 g) was separated from 
the skin with the addition of Na2S2O5 (80 mg). 
Skins were placed in 20 mL of methanol for 1 
h to inactivate glycosidase enzymes. the pulps 
and skins were then separately crushed under 
a nitrogen atmosphere with a laboratory blend-
er (Waring Laboratory, torrington, USA). the 
skin suspension and pulp homogenate were 
then combined. the mixture was centrifuged 
twice (7,000 g; 10 min; 4°c), washing the sol-
id pellet with tartaric acid buffer (pH=3.2) and 
the liquid extract was then clarified with pec-
tolytic enzyme (100 mg) without secondary gly-
cosidase activity (rapidase X-Press, DSM, the 
Netherlands) at room temperature for 2 hours. 
Aliquots of 500 mL were collected from this 
juice. Afterwards, each replicate of the grape 
juice (100 mL) (n=2), added of 2-octanol as in-
ternal standard (200 μL of 41 mg L-1 solution 
in 10% ethanol), was loaded onto a 1g tc18 
reversed-phase SPE cartridge (Sep-Pak, Wa-
ters, Ireland), previously activated with 10 mL 
of methanol and 20 mL of water, with a flow 
rate of ca. 3 mL min-1. the cartridge was then 
rinsed with 30 mL of pure water to eliminate 
sugars, acids and other low molecular weight 
polar compounds. the free fraction was then 
eluted with 30 mL of dichloromethane. the el-
uate was dried over Na2SO4 and concentrated 
to 200 μL under a stream of nitrogen. the gly-
coconjugates were finally eluted from the car-
tridge with 50 mL of methanol and concentrat-
ed to dryness using a vacuum rotavapor (buchi 
r-210, Switzerland) at 35°c. the dried glyco-
sidic extract was dissolved in 3 mL of citrate-
phosphate buffer (0.2 M, pH=5). the enzymatic 
hydrolysis was carried out using 50 mg of an 
Ar-2000 commercial preparation with glycosi-
dase side activities (DSM Oenology, the Neth-
erlands) and incubating at 40°c for 24 h. After 
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addition of 200 μL of 2-octanol (41 mg L-1 so-
lution in 10% ethanol), glycosidic precursors 
were then extracted following the SPE meth-
od previously described. the dichloromethane 
extract obtained was dried over anhydrous  
Na2SO4, concentrated to 200 μL under nitro-
gen and kept at -20°c until analysed. All anal-
yses were performed in duplicate.

GC/MS analysis
Analysis was performed with a Shimadzu Gc-

2010 gas chromatograph equipped with a Shi-
madzu QP-2010 Plus quadrupole mass spec-
trometer. the gas chromatograph was equipped 
with a Db-WAX capillary column (30 m x 0.25 
mm i.d., 0.25 μm film thickness, J&W Scien-
tific Inc., Folsom, cA, USA). the temperature 
program started at 35°c for 5 min; 2°c min -1 
to 190°c; 3°c min -1 to 230°c for 5 min. carri-
er gas (He) was at 1mL min -1. Injections of 1 μL 
were performed in split mode 1:20. the injec-
tion port temperature was 230°c, the ion source 
temperature was 240°c and the interface tem-
perature was 230°c (solvent delay of 4.5 min). 
the detection was carried out by electron im-
pact mass spectrometry (70 eV) in total ion cur-
rent (tIc) mode in a mass range m/z 30-350. 
Identification of compounds was carried out by 
comparing their mass spectra and retention in-
dices (rI) (a mixture of a homologous series of 
c5-c28 was used) with those of standard com-
pounds or by comparing their mass spectra and 
Kovats with those reported in literature or by 
comparing mass spectrum with mass spectral 
databases NISt12, NISt62 (National Institute of 
Standards and technology, Gaithersburg, MD, 
USA), Adams and on line (http://webbook.nist.
gov/chemistry/). Semiquantitative data (μgL−1) 
were obtained by measuring the relative peak 
area of each identified compound in relation to 
that of the added internal standard.

Mechanical properties

A Universal testing Machine (UtM) tAxt2i 
texture Analyzer (Stable Micro Systems - SMS, 

Surrey, UK) equipped with a HDP/90 platform 
(perforated or not) and a 5 kg load cell was used. 
All the acquisitions were made at 400 Hz; data 
were evaluated using the texture Expert Ex-
ceed software package (vers. 2.54 in Windows 
2000). the operating conditions applied, probe 
and mechanical parameters measured, are sum-
marized in table 1, according to methods pro-
posed by LEtAIEF et al. (2008). Skin hardness 
was evaluated using the puncture test. the ber-
ries (n=30, MAUrY et al., 2009) were placed on 
the metal plate of the UtM with the pedicel in 
a horizontal plane in order to be consistently 
punctured in the lateral face. For the measure-
ment of berry skin thickness, a piece of skin of 
almost 0.25 cm2 was removed from the lateral 
side of all the 30 berries of each sample with a 
razor blade. Especial care was taken when re-
moving the pulp from the skin and when posi-
tioning the skin sample on the UtM platform to 
prevent folds in the skin. After calibration of the 
instrumental probe position, the skin thickness 
was calculated as the distance between the point 
corresponding to the probe contact with the ber-
ry skin (trigger) and the platform base during 
a compression test. It was convenient to insert 
an instrumental trigger threshold equal to 0.05 
N that enabled the plane surface of the probe 
to adhere completely to the skin sample before 
the acquisition started. It allowed a reduction or 
elimination of the ‘tail’ effect due to the postpone-
ment of the point. Peduncle detachment resist-
ance was determined by a traction test (rOLLE 
et al., 2009). In this test the peduncle was an-
chored to the pliers of the A/PS probe. During 
the traction, the peduncle passes through the 
perforated platform of the UtM (diameter of the 
hole 5mm), while the berry is blocked, permit-
ting the determination of the force of peduncle 
detachment.

Statistical analysis

Statistical analyses were performed using the 
statistical software package SPSS (version 17.0; 
SPSS Inc., chicago, IL, USA).

table 1 - Operating conditions used in the texture analysis of grapes.

Test Probe - Platform Test speed Force Mechanical properties

Berry skin hardness SMS P/2n needle; 1 mm s-1 compression 3 mm Fsk = Berry skin break Force (n)
 HDP/90 platform   Wsk = Berry skin break Energy (mJ)
    Esk = Skin Young’s modulus (n/mm)

Berry skin thickness SMS P/2 Ø 2mm; 0,2 mm s-1 - Spsk = Berry skin thickness (µm)
 HDP/90 platform

Peduncle detachment SMS A/PS modified 1 mm s-1 traction Fped = Peduncle detachment Force (n)
resistance with rigid arm;  10 mm Wped = Peduncle detachment
 HDP/90 perforated   Energy (mJ)
 (Ø 5mm) platform
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rESULtS AND DIScUSSION

Meteorological conditions

the season was characterised by an unusually 
high amount of rainfall during spring and early 
summer followed by low precipitation levels un-
til harvest. total precipitation between flower-
ing to veraison was 160 mm; only 32 mm were 
registered from veraison to harvest. before ve-
raison the pre-dawn leaf water potentials ψPD of 
all three treatments remained at relatively high 
levels (within the 0 to -0.2 MPa range), showing 
an absence of water stress even in the non-irri-
gated plots. After veraison, the ψPD of moderately 
irrigated and non-irrigated vines began to slow-
ly drop, showing an effective differentiation of 
the relative water status. Only the D treatment 
reached pre-dawn ψPD below -0.6 MPa, which 
can be considered severe water stress threshold, 
but only in the last days before complete ripen-
ing, when these levels are not unusual. No sta-
tistically significant differences in ψPD were ob-
served among treatments before 54 DAF (days 
after flowering). From 54 DAF until harvest treat-
ment S showed significantly higher ψPD values 
than treatment D. treatment M showed inter-
mediate ψPD, values, often comparable or clos-
er to D for most of the veraison-harvest period.

the S treatment received a total of 110 mm of 
additional water by drip irrigation distributed in 
ten applications from day 8 AF to day 90 AF; M 
treatment received 34 mm of additional water in 
five applications from day 8 to 68 AF. Differences 
in yield were not statistically significant; yields/
vine ratios ranged from 1.67 kg (treatment D) to 
1.82 (treatment M). Harvest date was 108 DAF.

Technological parameters of ripeness

Sugar content, pH, acid composition, yield 
and berry weight of grapes from the three dif-
ferent water treatments exhibited no significant 
statistical differences. At harvest, on average, 
the grape musts were characterized by soluble 
solid contents of 23.4 ± 0.6 as °brix, titratable 
acidity expressed as tartaric acid of 7.53 ± 0.52 
gL-1 and by a pH of 3.36 ± 0.05. the contents 
of the main organic acids were 0.26±0.04, 4.58 
±0.16, 3.90 ±0.51 for citric, tartaric and malic 
acid, respectively.

Free volatile compounds

A total of 33 free volatile compounds were de-
tected (mean values of concentrations ± stand-
ard deviations) in Muscat blanc grape juices. 
they were classified into three chemical cate-
gories: four c6 compounds (alcohols and alde-
hydes), 27 monoterpenoids and two aromatic 
alcohols (table 2). All c6 compounds and 18 
of 27 monoterpenoids were always observed in 
all treatments.

Among monoterpenoids, free linalool was the 
most abundant compound found in all water re-
gimes. Other components, that contribute with 
more than 5% to the terpenoids content, were 
geraniol, 3,7-dimethyl-1,5-octadien-3,7-diol (di-
endiol I) and 3,7-dimethyl-1,7-octadien-3,6-di-
ol (diendiol II). Linalool, that provides charac-
teristic sweet and flowery notes, together with 
geraniol, α-terpineol and ho-trienol are consid-
ered the marker compounds for the terpene-like 
character of Muscat wines (rIbErEAU-GAYON et 
al., 1975; MArAIS, 1983). the content of linal-
ool in Muscat blanc grape was found at simi-
lar average levels by other authors (bUrEAU et 
al., 2000; SANcHEZ-PALOMO et al., 2006; LAM-
brI et al., 2012). Another terpene alcohol, ge-
raniol, was found at high content in all treat-
ments, above all in S treatment. this compo-
nent is known as a floral, rose-like character 
in berries (LUND and bOHLMANN, 2006). Ne-
rol was not found in any treatments in the free 
form, but at high concentration as bound-gly-
cosidic precursor. citronellol was present at 
low amount only in the S treatment, at amount 
similar to that of Muscat “a petit grains” grapes 
(SÁNcHEZ PALOMO et al., 2007). Among polyox-
ygenated terpenes, diendiol I is predominant in 
grape juices, followed by diendiol II. Even if di-
endiol I is not considered to contribute direct-
ly to Muscat aroma due to its low sensory rele-
vance, it is a precursor of monoterpenol odor-
ants such as hotrienol and nerol oxide in wines 
(WILLIAMS et al., 1980). Among c6 compounds, 
the major compounds of the Muscat blanc grape 
were the c6 alcohols in particular 1-hexanol 
and (E)-2-hexen-1-ol, known as responsible for 
the green and herbaceous aromas of grape and 
wines (GOMEZ et al., 1995). A predominance of 
c6 alcohols and aldehydes has also been re-
ported in musts of Semillon grapes, that pre-
sented a herbaceous note, when influenced by 
an excess of water (UrEtA and YAVAr, 1982).

Generally, the standard irrigation treatment 
seemed to increase the level of free and bound 
volatile compounds compared to the other treat-
ments. In total, the content of five free varietal 
monoterpenoids (linalool, citronellyl formate, ge-
raniol, (Z)-8-hydroxy-linalool and geranic acid), 2 
c6-compounds (1-hexanol and (E)-2-hexen-1-ol) 
and three c13-norisoprenoids were significantly 
higher in the S treatment compared to the other 
water regimes. In fact linalool increased about 
1.8 times compared to the D treatment (P<0.05 
with ANOVA). Linalool represented about 28% of 
free monoterpenoids in the S treatment, about 
29% in the M treatment and a low content in the 
drought regime (about 23%). the geraniol lev-
el in the S treatment was almost 2 times higher 
than in other treatments, accounting for 19% of 
all monoterpenoids (P<0.05 with ANOVA). thus, 
the significant major contribution of linalool and 
geraniol, both the most distinctive Muscat-like 
varietal compounds, observed in the standard 
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irrigation treatment could help to differentiate 
this treatment from the other water regimes.

Glycosidically-bound compounds

A total of 46 bound volatile compounds were 
detected and classified into four chemical cat-
egories: three c6 compounds (alcohols), 33 
monoterpenoids, eight c13-norisoprenoid and 
two aromatic alcohols (table 3).

table 2 - Free volatile compounds (μgL-1)* in mountain Muscat grapes influenced by different irrigation treatments.

 Concentration (μgL-1)

Compounds* LRIcalc
§ (LRIlit

@) ID^ S M D P ξ

C6 compounds
(E)-2-Hexenal 1201 (1192) i 4.0±0.6 6.3±8.5 2.8±1.6 nS
1-Hexanol 1352 (1356) i 38.3±5.9a 21±10.2b 18.2±8.7b 0.002
(Z)-3-Hexen-1-ol 1380 (1386) i 6.8±1.9 5.2±2.0 4.0±1.9 nS
(E)-2-Hexen-1-ol 1404 (1409) i 38.0±7.0a 22.7±8.9b 20.3±9.4b 0.005
Total   87.1±15.4a 55.2±29.6b 45.3±21.6b 0.006

Monoterpenoids
β-Myrcene 1154 (1145) i 2.2±2.1 2.8±3 0.7±0.8 nS
α-Phellandrene 1163 (1166) i nD 0.3±0.8 nD nS
Limonene 1181 (1218) i 3.3±2.4 3.5±4.5 2±0.6 nS
(Z)- β-Ocimene 1226 (1225) ii 1.2±1 1±1.7 nD nS
γ-Terpinene 1229 (1238) i nD 0.2±0.4 nD nS
(E)- β-Ocimene 1241 (1250) ii 2.3±1.9 2.5±3.3 nD 0.040
Terpinolene 1266 (1287) i 1.5±1.6 1.8±2 nD nS
(E)-Furan linalool oxide 1432 (1437) i 4.8±2.2 4.2±1.9 2.7±0.8 nS
(Z)-Furan linalool oxide 1460 (1476) i 6.5±1.9 6.5±2.3 5.3±2 nS
Linalool 1546 (1562) i 211.2±60a 167.7±41.7ab 118.5±41.2b 0.016
ho-Trienol 1605 (1623) ii 3.8±1.9 6.8±11.4 2.2±1.5 nS
α-Terpineol 1686 (1688) i 4.2±1.2 3.5±0.5 3.2±0.8 nS
Ethoxy-diol i 1702 iii 4.5±1 3±1.3 3±2.1 nS
(E)-Pyran linalool oxide 1728 (1710) ii 44.8±7.6 45±8.5 41.8±10.3 nS
(Z)-Pyran linalool oxide 1757 (1754) ii 4.8±1.2 6.3±2.3 5±1.3 nS
Citronellyl formate 1764 iii 11.3±3.3a 5±3.5b 5.5±4b 0.014
β-Citronellol 1765 (1775) ii 1.8±4.5 nD nD nS
Geraniol 1844 (1858) i 142.7±33.2a 75.5±23b 82.5±53.3b 0.016
Diendiol i 1948 (1949) i 95±22.4 94.8±18.3 97.5±30.5 nS
Endiol 1980 (1986) ii 1.2±1.8 nD nD nS
Diendiol ii 2126 (2134) i 68.8±19.5 64.8±14.8 52.5±10.3 nS
Hydroxy citronellol 2205  12.3±2.8 nD 8.7±3 0.001
8-Hydroxy-6,7-dihydrolinalool 2208 (2220) ii 3.8±5.9 5.2±5.7 7.2±6.6 nS
(E)-8-Hydroxylinalool 2269 (2270) ii 18.2±5.5 16.5±5.3 14.5±3.9 nS
(Z)-8-Hydroxylinalool+ 2308 (2310) ii 35.5±6a 17.7±14.3b 35.8±9.9a 0.014
hydroxy-geraniol
Geranic acid 2348 (2329) i 58±14.2a 43.5±10.3ab 34.5±16.5b 0.032
Total   743.7±205.1a 578.1±180.8ab 522.6±199.4b 0.020

Alcohols
Benzyl alcohol 1862 (1882) i 4.7±4.3 1.2±2.9 1.8±2.9 nS
2-Phenylethanol 1895 (1929) i 3.8±2.8 1.7±2 nD 0.014
Total   8.5±7.1 2.9±4.9 1.8±2.9 0.053

Diendiol i: 3,7-Dimethyl-1,5-octadien-3,7-diol; Endiol: 3,7-dimethyl-1-octen-3,7-diol or 2,6-dimethyl-7-octen-2,6-diol; Diendiol ii : 3,7-dimethyl-1,7-octadien-3,6-di-
ol ; (E)-8-Hydroxylinalool: (E)-2,6-dimethyl-2,7-octadien-1,6-diol; Hydroxy citronellol: 3,7-dimethyl-octan-1,7-diol; 8-Hydroxy-dihydrolinalool: 2,6-dimethyl-7-octen-
1,6-diol); (E)-8-Hydroxylinalool: (E)-2,6-dimethyl-2,7-octadien-1,6-diol; hydroxyl-geraniol: 3,7-dimethyl-2-octen-1,7-diol.
*Values are mean ± standard deviation (n=6 samples per treatment).
§LRi: Linear retention index on column DB-Wax calculated (@LRi literature).
^iD: Compounds identified by comparing i: their mass spectra and retention indices (Ri) with those of standard compounds; ii: their mass spectra and Kovat’s 
index with those reported in literature; and iii: mass spectrum with mass spectral database.
ξ P values are referred to one-way AnOVA: Values of means followed by the same letter are not significantly different (P≤0.05). nS= not significant.
nD, not detected.

Among the monoterpenoids, high levels of 
geranic acid (accounting for about 17% of all 
terpenoids), followed by nerol (~16%), geraniol 
(~12%), linalool (~11%), (E)-8-hydroxy linalool 
(~11%) and hydroxy-geraniol (~7%), were found 
in all treatments. 

It was observed, in all bound fraction, the 
presence of a cyclic ether, cis-rose oxide, at very 
low content. this compound is already known 
as a potent varietal odorant in Scheurebe and 
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table 3 - Glycosidically-bound compounds (μgL-1) * in the juice of mountain Chambave Muscat grapes influenced by differ-
ent irrigation treatments.

 Concentration (μgL-1)

Compound* LRIcalc
§ (LRIlit

@) ID^ S M D P ξ

C6 compounds
1-Hexanol 1352 (1356) i 18.7±6.8 21.5±3 27.0±11.2 nS
(Z)-3-Hexen-1-ol 1380 (1386) i 2±2.4 3±2 3.8±1.3 nS
(E)-2-Hexen-1-ol 1404 (1409) i 1.5±1.6 3.3±0.5 3.5±1.8 nS
Total   22.2±10.8 27.8±5.5 34.3±14.3 nS

Monoterpenoids
β-Myrcene 1154 (1145) i 18±16.4 8.7±3.8 6.2±1.9 nS
α-Phellandrene 1163 (1166) i 2.3±4.4 1.5±1 0.3±0.8 nS
Limonene 1181 (1218) i 15.5±12.1 10.5±3.7 7.3±2.1 nS
β-Phellandrene 1189 (1287) ii 2.3±2.1 0.5±0.8 nD 0.011
(Z)-β-Ocimene 1226 (1225) ii 9.7±9.4 4.2±1.5 2.8±1.3 nS
γ-Terpinene 1229 (1238) i 3.2±3.1 2±0 1±1.1 nS
(E)-β-Ocimene 1241 (1241) ii 17.2±15.4 8.3±3.1 5.7±2.2 nS
Terpinolene 1266 (1287) i 12.5±13.7 4.5±1.9 3.2±0.8 nS
cis-Rose oxide 1339 (1355) i 3.2±1.2 2.3±1.6 2.3±0.8 nS
(E)-Furan linalool oxide 1432 (1437) i 68.2±19.7 78.2±31.7 74.3±28.7 nS
(Z)-Furan linalool oxide 1460 (1476) i 50.8±28.4 41.2±14.4 46.7±21.1 nS
Linalool 1546 (1562) i 539.8±100.7 640.3±223.2 468.2±161 nS
ho-Trienol 1605 (1623) ii 8.5±5.6 6±3 5.3±1.2 nS
α-Terpineol 1686 (1688) i 37.5±14.3 35.3±14.5 32.8±14.5 nS
(E)-Pyran linalool oxide 1728 (1710) ii 108.5±26.7 127.8±52.3 132.2±37.9 nS
(Z)-Pyran linalool oxide 1757 (1754) ii 7.7±3.6 9.3±5.4 10.8±5.8 nS
β-Citronellol 1765 (1775) ii 39.8±7.9 38±12.8 39.2±5.4 nS
nerol 1797 (1811) i 788.2±187.2 699.2±139.2 690.5±190.9 nS
Geraniol 1844 (1858) i 588±125.9 607.3±90.5 576.8±166.9 nS
exo-2-Hydroxy-1,8-Cineole 1850 (1860) ii nD nD 1.8±2.6 nS
Diendiol i 1948 (1949) i 235.5±277.9 157±51.7 172.5±43.4 nS
Endiol 1980 (1986) ii 20.7±16.5 16±6.1 17.7±5.5 nS
Diendiol ii 2126 (2134) i 79±57.8 67±24.2 69±13.2 nS
Hydroxy citronellol 2206 (2143) ii 103±98.7 82.3±18.8 100.3±23.9 nS
8-Hydroxy-6,7-dihydrolinalool 2208 (2220) ii 127.2±89.3 96±23.5 115.5±20.7 nS
Hydroxy-nerol 2266 iii 36±25.7ab 30.2±5.8b 45±8.1a 0.030
(E)-8-Hydroxylinalool 2269 (2270) ii 565.5±471.8 421.8±122.3 446.5±55.9 nS
(Z)-8-Hydroxylinalool 2277 (2310) ii 16.8±17.7 15.2±3.3 18±1.7 nS
Hydroxy-geraniol 2308 (2310) ii 288.8±182.9 272.7±59 348.2±21.7 nS
Geranic acid 2348 (2329) i 857.5±192.7 966.7±144.5 969.3±193.3 nS
p-Menth-1-ene-7,8-diol 2501 (2517) ii 295±583.1 48±19.6 50.2±7.2 nS
(Z)-8-Hydroxy-nerol 2582 iii 39.3±23.5 30.8±6.2 37.3±8 nS
(E)-8-Hydroxy-nerol 2590 (2613) ii 82.2±62.8 63±17.4 79.8±14.7 nS
Total   5067.4±2698.2 4591.8±1107 4576.7±1064.3 nS

C13-norisoprenoids
3-Hydroxy-β-damascone 2520 (2537) i nD 0.2±0.4 0.7±0.5 0.030
3-Oxo-α-ionol 2606 (2635) i 54.7±17.4 70.5±22.6 66.3±19 nS
3,4-Dehydro-7,8-dihydro-β-ionone 2623 iii 71.5±53.4 53.7±17.3 46.7±10.1 nS
3,9-Dihydroxy-megastigman-5-ene 2629 iii 158±95.9 116.8±33.2 119.2±18.5 nS
6,7-Dehydro-7,8-dihydro-3-oxo-α-ionol 2660 iii 1.7±4.1b 12.3±4.8a 22.8±14.7a 0.006
3-Hydroxy-7,8-dihydro-β-ionol 2676 (2675) ii nD 11.3±9.4 18.2±4.1 0.007
Homovanillic alcohol 2889 (2892) ii nD 8.5±19.4 1±0 0.005
Dihydroconiferyl alcohol - iii 38±37.7 24.5±18.7 24±10.3 nS
Total   323.9±208.5 297.8±125.8 298.9±77.2 nS

Alcohols
Benzyl alcohol 1862 (1882) i 23±6.4 27.3±4 25.7±11.6 nS
2-Phenylethanol 1895 (1929) i 29.5±4.3 29.7±3.2 28±6.2 nS
Total   52.5±10.7 57±7.2 53.7±17.8 nS

Hydroxy-nerol: 3,7-dimethyl-2-octen-1,7-diol, (m/z: 69, 121, 136, 43, 59).
*Values are mean ± standard deviation (n=6 six samples per treatment).
§LRi: Linear retention index on column DB-Wax calculated (@LRi literature).
^iD: Compounds identified by comparing i: their mass spectra and retention indices (Ri) with those of standard compounds; ii: their mass spectra and Kovat’s 
index with those reported in literature; and iii: mass spectrum with mass spectral database.
ξ P values are referred to one-way AnOVA: Values of means followed by the same letter are not significantly different (P≤0.05). nS= not significant.
nD, not detected.
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Gewürztraminer wines, and was even found re-
cently, in the black Muscat Hamburg grape va-
riety (FENOLL et al., 2009). Its stereoselective bi-
osynthesis in grape berry mesocarp has recent-
ly been demonstrated (LUAN et al., 2005). More-
over, grapes from drought treatment were char-
acterized by the presence of a low level of 2-exo-
hydroxy-1,8-cineole too, a component of grape 
cv Sauvignon (bIttEUr et al., 1990).

the different water regimes did not modify the 
levels of monoterpenoids except for the hydroxy-
nerol that was found at a higher level (P< 0.05) 
in the D treatment, and for β-phellandrene that 
was not present in D water regimes. In contrast, 
compared to the S treatment, the drought treat-
ment seemed to increase the levels of four c13-
norisoprenoids.

both positive and negative effects of water 
stress on the content of free and glycoconjugated 
aromatic components have been reported in pre-
vious investigations. KOUNDOUrAS et al. (2006) 
compared three non-irrigated sites widely differ-
ing in their water status and found higher lev-
els of bound volatile compounds in wines from 
stressed locations. However, in this case, the ob-
served differences may also be due to the fact that 
three different environments were compared. On 
the other hand, on non-aromatic grape cv of Sau-
vignon blanc, non volatile S-cysteine conjugate 
precursors were assessed during optimising irri-
gation, and, according to our results, severe wa-
ter deficit stress seemed to limit aroma potential 
(PEYrOt DES GAcHONS et al., 2005).

Mechanical properties

table 4 shows the mechanical properties of 
berry skins. Higher average values of Fsk were 
found in parcels S, although no statistical dif-
ferences were observed. In this treatment, the 

berries skins also show a higher springiness 
(lower value of Esk). No differences were found 
in skin thickness (Spsk). the skin of the grape 
plays a critical role, regulating gas exchange 
between the berry and the surrounding envi-
ronment, serving as a protective barrier against 
fungal disease and protecting the grape from 
UV light and physical injuries (LANG and DUr-
ING, 1990; GAbLEr et al., 2003). therefore, skin 
hardness evaluated by break skin force, is a 
positive parameter for the grape quality. this 
characteristic can also be used to characterize 
the Muscat blanc cultivars because this proper-
ties is a varietal marker, even if the parameters 
are strongly conditioned to the climatic course 
of the year (rOLLE et al., 2011) and growing lo-
cations (LE MOIGNE et al., 2008; ríO SEGADE et 
al., 2011b; ríO SEGADE et al., 2011c). In this 
study on Muscat blanc variety, no influence of 
irrigation treatments on Fsk and Spsk parameters 
were found. therefore, this practice of vineyard 
management would not seem to induce signifi-
cant changes on the resistance at the splitting 
and plant diseases.

Instead, in spite of the high dispersion of 
the data, significant differences in peduncle 
detachment resistance were present among 
all three different levels of irrigation. In par-
ticular, Fped showed the lowest average values 
in the treatments S (-0.377N) and M (-0.478) 
(table 5). However, these values are higher in 
comparison with other varieties (rOLLE et al., 
2010) and, in fact, no problems of shattering 
were observed.

the high resistance to shattering is an impor-
tant property for the Muscat blanc grapes, be-
cause of the severe environmental conditions of 
growing present in mountain areas. In young 
berries the shatter is caused by the hydrolysis 
of pectins of the middle lamella of the cell walls 

table 4 - Mechanical properties of berry skin.

  S M D P ξ

 Fsk (n) 0.522±0.122a 0.487±0.101a 0.492±0.112a nS
 Wsk (mJ) 0.589±0.195a 0.478±0.167b 0.479±0.170b 0.018
 Esk(n/mm) 0.202±0.029b 0.229±0.521a 0.236±0.050a <0.001
 Spsk (µm) 199±47a 196±34a 200±47a nS

Fsk = Berry skin break force; Wsk = Berry skin break energy; Esk = Young’s modulus of Skin; Spsk = Berry skin thickness. Average value ± standard deviation (n=30).
ξP values are referred to one-way AnOVA; nS= not significant. Values of means followed by the same letter are not significantly different (P≤0.05).

table 5 - Peduncle detachment resistance.

  S M D P ξ

 Fped (n) 2.393±0.592 ab 2.292±0.550 b 2.770±0.684 a 0.024
 Wped (mJ) 2.402±1.077 a 2.157±0.897 a 2.616±1.104 a nS

Fped = Peduncle detachment force; Wped = Peduncle detachment energy. Average value ± standard deviation (n=30). Average value ± standard deviation (n=30). 
ξP values are referred to one-way AnOVA; nS= not significant. Values of means followed by the same letter are not significantly different (P≤0.05).
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forming a separate layer at the base of pedicel 
(rIbErEAU-GAYON et al., 2000a). During grape 
maturation adverse meteorological conditions 
and a varietal-specific sensitivity are respon-
sible of this phenomenon (rIbErEAU-GAYON et 
al., 2000a). therefore, the force of detachment 
of the pedicel (Fped) is an effective parameter that 
should be monitored to assess this character-
istic. Although the irrigation effect on this pa-
rameter at harvest cannot be considered a prob-
lem, these grapes could not be adapted to on-
vine drying process where the decrease of Fped is 
high (rOLLE et al., 2009).

cONcLUSION

the assessment of free volatile compounds 
and their precursors together with the mechan-
ical properties in white aromatic grapes may be 
important in selecting the best irrigation strat-
egy in order to obtain the highest grape quality.

In this study the contributions of free linalo-
ol and geraniol, the most characteristic volatile 
varietal compounds of Muscat grape, were more 
dominant in the standard than in the drought 
regime, with an increase in standard irrigation 
of about 78% for free linalool and 73% for free 
geraniol respect to drought treatment.

berry mechanical characteristics are impor-
tant for assessing the resistance to fungal at-
tacks and for the estimation of shattering. In 
particular, no influence of irrigation treatment 
on Fsk and Spsk parameters was noticed. there-
fore, apparently, this practice of vineyard man-
agement does not result in significant changes 
to the resistance towards splitting and spread 
of plant diseases. Finally, the values of techno-
logical parameters of ripeness as well as berry 
weight and production yield of grapes from the 
three different water treatments showed no sig-
nificant differences.
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