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Malvasia odorosissima is an aromatic grapevine (Vitis vinifera L., 1753) variety that is often confused with
Malvasia di Candia aromatica (Vitis vinifera L., 1753), despite the genetic information now available on
the pedigree and genetic relationships linking the two varieties. In an effort to offer a contribution to fill
this gap, also from an aromatic point of view, free and glycosylated aroma compounds were determined
using the SPE extraction method, followed by GC-MS analysis in two consecutive vintages. The results
have for the first time provided the aromatic characterisation of Malvasia odorosissima. Geraniol and its
derivatives were the most abundant set of volatiles. In contrast to Malvasia di Candia aromatica and the
other aromatic varieties, Malvasia odorosissima showed a very small amount of glycosylated volatiles,
thus expressing its aromatic potential almost completely. The abundance of free terpenoids in the aromatic
profile of Malvasia odorosissima, even higher than in Malvasia di Candia aromatica, is a main feature for
the oenological exploitation of this variety, which is on the brink of extinction. In addition, the presence
of rose oxides, found solely in Malvasia odorosissima, renders its aromatic profile more similar to that of
White Muscat. This result is consistent with the parent-offspring relationship linking the two varieties that
was recently ascertained.

INTRODUCTION

Grape aroma compounds are considered quality indexes that
influence the wine’s sensory expression (Lund & Bohlmann,
2006). Terpenoids, C ,-norisoprenoids, benzenoids, aliphatic
alcohols (in short aliphatics), esters, methoxypyrazines
and sulphur-containing compounds are the main classes of
volatiles identified in grapes (Robinson et al., 2014). Several
of these compounds are present in grapes in their free and
glycosylated forms, and their relative proportion varies
according to the cultivar (Gonzalez-Barreiro et al., 2015).
Glycosides are considered an aromatic potential, since
they are susceptible to releasing volatile aglycones through
enzymatic or acid hydrolysis (Loscos et al., 2009).

It has long been known that terpene compounds
contribute mainly to the varietal aromatic profile (Stevens
et al., 1966; Webb et al., 1966; Ribéreau-Gayon et al., 1975;
Gunata et al., 1985). In fact, aromatic and non-aromatic
grapevine varieties can be distinguished on the basis of their
total concentration of free monoterpenes (Mateo & Jiménez,

2000). A different classification of the aromatic varieties can
be carried out according to the prevalence of either linalool
and its derivatives or geraniol and its derivatives (Di Stefano,
2013).

Malvasia di Candia aromatica (MC) and Malvasia odo-
rosissima (MO; also known as Malvasia aromatica di Parma)
are white aromatic varieties belonging to the Malvasia fam-
ily, a large group of cultivars commonly considered to be
born in Greece and widely cultivated in the Mediterranean
area (Crespan et al., 2006), as well as North America (Betti-
gaet al.,2003), South America (Fielden, 2003; Ducati et al.,
2009) and Australia.

One of the most interesting aspects of many Malvasia
varieties is the expression of aromatic compounds. Just like
the Moscato family, Malvasia varieties are used worldwide
in winemaking due to their peculiar sensory characteristics.
In particular, these kinds of wines are in great demand in the
Asian and Eastern markets, where grapevine nurseries and
grapevine growing are developing strongly.
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Malvasia di Candia aromatica and Malvasia odorosissima
are particularly interesting, not only as representatives of the
Italian grapevine germplasm, but also of the international
one. In fact, MC is a well-known cultivar in the worldwide
vine and wine scene, while MO is almost unknown
internationally, although historical records and local tradition
attest to its oenological potential, which requires analytical
confirmation for targeted exploitation. Known at least since
the 19th century in Emilia (Northern Italy), MO is currently
on the brink of extinction because of its low productivity,
and it has often been replaced in vineyards by the higher
yielding MC (Bignami et al., 2015). A recent genetic study
(Ruffa et al., 2016) describes a parent-offspring relationship
between MO and MC, as well as between MO and White
Muscat (Moscato bianco). At the same time, no genetic
relationship has been observed between MC and White
Muscat.

The aromatic profiles of MC grapes (Scienza et al.,
1989; Borsa et al., 2005; D’Onofrio et al., 2016) and MC
wine (Montevecchi et al., 2015) have already been described.
However, as far as we know there is no information on the
aroma profile of MO in the literature, except a note reporting
that the MO sensory profile is similar to that of the White
Muscat grape rather than being a typical aromatic Malvasia
grape (Fontana, 2104).

The aim of this study was to provide an aromatic
characterisation of MO and MC in order to highlight each
distinctive aromatic profile and support the use of these
varieties for winemaking and product differentiation, thus
safeguarding the local biodiversity. The effects of climatic
conditions in two consecutive vintages were also considered.

MATERIALS AND METHODS

Sampling

The MO and MC plants were cultivated in contiguous
and homogeneous plots of the same germplasm collection
located in the Reggio Emilia area (I.T.A. A. Zanelli, latitude
44.675420° N, longitude 10.584984° E). Ten bunches in
good sanitary condition were collected from three plants
of each variety when sugar accumulation (soluble solids)
became almost constant — around 21°Brix. Harvest dates
were 2012-09-10 and 2013-09-17. Following collection, the
samples were maintained at 4°C, immediately transferred
to the laboratory and quickly subjected to the extraction
protocol. Analytical replicates (n = 4, two per vintage)
consisted of one hundred berries picked randomly at the base
of the pedicel.

A standard set of 9 microsatellite (SSR) markers
was used for the molecular characterization, a useful tool
commonly performed to avoid sampling mistakes. All the
accessions considered in this work were previously collected
and analysed in the framework of a national project devoted
to the characterisation of all (major and minor) Italian
grapevine varieties (http://www.vitisdb.it).

Soil characteristics and meteorological trends

The vineyard was grown on a silty clay soil with the
following characteristics: sand 10.9%, clay 41.3%, and silt
47.8%. In addition, the pH was 7.5 and the organic matter
was 17.5 g/kg.
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The climatic data was provided by the agrometeorological
service of the Emilia Romagna region (ARPAE). Daily
datasets of maximum and minimum temperatures and
precipitation registered by a weather station located near
the vineyard (Cavriago, 8 km) were used to calculate the
Winkler bioclimatic index and for the evaluation of climate
effects on the aroma profile.

Chemicals and standards

Pure reference compounds, 2-heptanol (internal standard),
tartaric acid, sodium metabisulfite (Na,S,0,), sodium
hydroxide (NaOH), disodium hydrogen phosphate
(Na,HPO,) and citric acid were supplied by Fluka-Sigma-
Aldrich® (Milan, Italy). Methanol and dichloromethane
were purchased from VWR International Srl (Milan, Italy).
Deionised water was obtained using a Milli-Q purification
system (Millipore, Milan, Italy).

Extraction of volatiles

The grape extract was prepared following the methods
described by different authors (Di Stefano, 1991; Genovese
et al., 2013), with some modifications. In detail, 100 berries
(exactly weighed) were peeled and the skins were placed in
20 mL of methanol for 1 h in order to deactivate the enzymes
and to promote the extraction of the compounds of interest.

Deseeded pulp was collected in a beaker with 100 mg of
Na_S O, to prevent oxidation, and temporarily kept at -20°C
during the time of skin extraction. Then the pulp was added to
the methanolic suspension of skins and were ground together
and homogenised (Ultra-Turrax, IKA, Germany) after the
addition of 20 mL of a “must-like” tartaric solution at pH 3.2
(tartaric acid 0.5% w v'; Na S 0, 0.3% w v''; and NaOH 1 N
2.2% v v'). The suspension was centrifuged at 4 000 rpm for
15 min (at 4°C). The supernatant was recovered and the pellet
was washed with 20 mL of buffer solution at pH 3.2, and
then centrifuged again under the same conditions. The pellet
washing was repeated three times, reaching a final extract
volume of 250 mL. The obtained extracts were clarified by
adding a commercial pectolytic enzyme overnight without
side glycosidase activity (Lallzyme HC, Lallemand, Castel
d’Azzano, Italy).

Free and glycosylated volatile fractions were isolated by
solid phase extraction (SPE), following the method reported
by Costa Freitas et al. (2012). Each extract was spiked with
50 pL of internal standard (2-heptanol, 1 000 mg/L in ethanol)
and eluted through a 5 g C -endcapped cartridge (Isolute,
Biotage, Uppsala, Sweden), previously activated with 25 mL
of methanol followed by 50 mL of water. After the sample
was loaded, the cartridge was washed with 100 mL of water
in order to remove the hydrophilic compounds. Free aroma
compounds were recovered with 50 mL of dichloromethane.

Glycosylated compounds were subsequently eluted with
30 mL of methanol. Methanol was eliminated under vacuum
in a rotary evaporator (Rotavapor, Biichi, Switzerland) and
the residue was dissolved again in 5 mL of a phosphate—citrate
buffer at pH 5 (Na,HPO,, 0.2 M 49.3% v v''; citric acid, 0.1
M 50.7% v v'). To each glycosylated fraction, spiked with 50
uL of internal standard (2-heptanol, 1 000 mg/L in ethanol), a
commercial glycosidase enzyme with B-glycosidase activity
(Lallzyme HC, Lallemand, Castel d’Azzano, Italy) was
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added at 40°C for 24 h in order to release the aglycons. This
hydrolysed sample was eluted through a 1 g C.-endcapped
cartridge (Isolute, Biotage, Uppsala, Sweden), previously
activated with 5 mL of methanol followed by 10 mL of water.
After being loaded, the cartridge was washed with 10 mL of
water in order to remove the hydrophilic compounds. Free
aglycons were recovered with 6 mL of dichloromethane.

The dichloromethane extracts containing free and
glycosylated aroma compounds were first concentrated
under vacuum in a rotary evaporator (Rotavapor, Biichi,
Switzerland), and then under a gentle nitrogen flow up to
about 50 pL. Finally, the samples were subjected to GC-MS
analysis.

GC-MS analysis

GC-MS analyses were carried out with an Agilent GC-MSD
(7890A/5975C, Agilent Technologies Inc., Santa Clara, CA,
USA) equipped with an autosampler.

A Stabilwax-DA capillary column (0.25 mm i.d. x 30 m
length x 0.25 pm df, Restek, Milan, Italy) was employed
using ultrapure helium as carrier gas at a flow rate of 0.9 mL
min’'. The injector (splitless mode) and the transfer line were
set at 240°C. The oven initial temperature was set at 30°C.
The temperature was increased by 4.25°C min™' up to 230°C,
and then finally held for 20 min (66 min in total). The MS
ion source operated by electron ionisation (EI) at 150°C. The
ionisation energy was set at 70 eV and the mass range at 33
to 350 m/z, in full-scan acquisition mode.

Identification was carried out by comparing the retention
times and the qualifying ions of all the available pure
standards. In the absence of pure standards, the volatiles
were tentatively identified by comparing the mass spectra
with those present in the data system libraries (Wiley 7%
Edition Library and NIST-05a). Whenever it was possible,
the presence of volatiles was also verified in the literature
focused on similar aromatic varieties. Quantification was
carried out by measuring the relative peak area of the
quantifying ion in relation to that of the internal standard.

Statistical analysis

Analysis of variance (two-way ANOVA) was performed
using Statistica version 8.0 software (Stat 180 Soft Inc.,
Tulsa, OK, USA).

RESULTS AND DISCUSSION
Free compounds

Free forms of eleven aliphatics, twenty-four terpenoids,
and fourteen benzenoids, and three C13-norisoprenoids were
identified and quantified (Table 1).

Two-way ANOVA was applied to the data, considering
varieties (MO and MC) and vintages (2012 and 2013) as
factors, as well as their interaction (varieties x vintages). With
regard to the varieties, statistically significant differences
were found for all the volatiles, except for hexanal,
B-citronellol, benzaldehyde, acetophenone, eugenol, vanillin
and acetovanillone.

ANOVA applied to the two vintages showed statistically
significant differences for a lower number of compounds
(Table 1). In general, in the first year of vintage the mean
concentrations of volatiles in MC were almost double that
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in the second year for most of the substances. The sum of
terpenoids was significantly higher for MO, while the sum of
aliphatics and benzenoids was significantly higher for MC.

Interactioneffects weresignificantforthe sumofaliphatics
and the sum of terpenoids, while no significant interaction
was observed for the sum of benzenoids. 1-Hexanol, (E)-2-
hexen-1-ol, (Z)-2-hexen-1-ol, B-citronellol, geraniol, geranic
acid and methyl vanillate showed significant interactions
between the factors due to lower values in the second vintage
for MC. This trend indicated a dependence of MC on the
vintage, while MO did not show the same behaviour.

The relative mean values of the two vintages showed
that MO was characterised (Fig. 1A) by a prevalence of
total terpenoids (97.0%), followed by benzenoids (1.6%)
and aliphatics (1.4%). The relative aromatic profile of the
MC (Fig. 1B) highlights a lower terpenoid fraction (70.7%),
along with higher aliphatics (24.2%) and benzenoids (5.1%).
With regard to terpenoids (Table 1), both varieties showed a
prevalence of geraniol and its derivatives (G,,,) that was one
order of magnitude higher than linalool and its derivatives
(L,)- However, MO showed comparable amounts of the cis
form of geraniol — nerol — thus partially justifying its name,
odorosissima (very fragrant).

The two rose oxide isomers are pleasant volatiles
associated with a very low threshold of perception (Table 1).
Both of them were only detected in MO, thus supporting a
sensory (Fontana, 2014) and a genetic similarity (Ruffa et al.,
2016) between MO and White Muscat. Unlike aromatic
Malvasia grapes, White Muscat is a variety characterised by
both a prevalence of linalool and its derivatives (Ribéreau-
Gayon et al., 1975; Di Stefano & Corino, 1984; Palomo

Aliphatics_ Other
A 1.4% \\MO _Terpenoids

Benzenoids N, d 1-"9 L//Lmalool and

B | — derivatives
1)
na ‘ ‘ ‘ 6.7%

Geraniol and
derivatives
88.9%

B Benzenoids. MC
5.1% \
Aliphatics Other

24.2% Terpenoids
4.0%

Geraniol and
derivatives
62.0%

Linalool and
derivatives
4.7%

FIGURE 1
Free aroma groups of (A) Malvasia odorosissima (MO) and
(B) Malvasia di Candia aromatica (MC). Relative values (%)
calculated as the sum of the mean values of the two vintages.

DOI: http://dx.doi.org/10.21548/39-1-2458



su su sk ['0Ft6 LTFLTI SOFIT ['0FTT wslBBID-(3)

su su . 00FC0 00FS0 €OFET [0F€T 0ST wslouldIaf-n

su su " I'1FC¢ 90FI'E ['0F60 [OFTT wslBD-(Z)

su su . 00F+0 ['0FT0 TOFET VOFYI wIOUSLIIOH

su su - VEFYIE I'TF11T 6TFO6TL 601 F+79 T ws[OOTRUI']

su su ok 00F+0 ['0F+0 ['TFS8 9T F 101 wOPIXO[OION

su su % T0F90 00FS0 COFII TOFII 000 $—000 € ws(ProueIny) aprxofeur-(x)

. su su sk 00FLI TOFSI TOFLO ['0FL0 000 $—000 € ws(proueIny) aprxojoreury-(z)
m su su sk pu pu 90FST YOF6T ws@PIX0 250-(7)
E su su ok pu pu IIFI6 01F68 To wsPPIX0 350Y-(Z7)
m su su . 00F1°0 00F 10 T0F90 ['0FS0 sUdUOWI ]
2 sprouadiaf
m * ok sk TOFO0081  VSEFILOE  6€FSSI 90 F &SI wmns soneydiyy
S su % o 00FC0 ['0F90 ['0FCT0 1'0FC0 wsIOUEO- |
su . % TOFSI 00F81 00F01 TOFSI ws[0-€-U2300-
m * * ok €EFOTT L'6F LSy SOF9T 00F8T ws[0-[-U9XH-7~(Z)
z ok ok ok TTFERS €6F8€01 TIFOE r0F6T wsl0-T-U9XOH-Z-(3)
m su su - 80F91 €OFET 00FT0 00FT0 wisl0-1-UOXH-¢-(])
w su su ok 80F6Y LOFTE TOF90 ['0F90 00t ws[0- [-UdXOH-¢-(Z)
m . o - 90FETL  6EIFI8EI CIF19 TOFSS 000 8 ws[OUBXOH- |
3 su su ok [OFIT €OFET 00F 10 00F 10 wsI0YOd[E [AUrY
o ok ok 01 FH'SI S0F9'8 SO0FTT ['0FTT ws[BUOXOH-Z-()

su su o ['0F0¢ 90F€T TOFSO TOFE0 000 0€ ws[OYOd[e [Aureos|

su % su 00FCT0 00F€0 00FT0 00FT0 ws[BUBXOH

souvydipy

IA X BA A N €10C T10t €102 T10t
VAONV O (T8t UL

000> d = 455 'S00°0>d = 45 00> d =

‘(queoyrugIs jou = su

) PA1I0da1 aIe (SOSBIUIA X SANALIBA = IA x BA ‘SOSBIUIA = IA ‘SAOLIBA = BA) VAONYV ABM-0M] JO S}[NSY "3FLIUIA [OBS I0J T = U ‘SaSejuIAa

€107 PUe Z10T 2Y) Ul pajod[[od (DIA) BIEWIOIE RIPUR)) IP BISBA[RIA PUB (QJA]) BWISSISOIOPO BISBA[RIA JO UOLRIASD pIepue)s (.5 S1) spunodwios o[1e[oA 931) JO SUOHBIUIIU0))

f=)
5]

[ 4TdVL

//dx.doi.org/10.21548/39-1-2458

: http:

DOI

S. Afr. J. Enol. Vitic., Vol. 39, No. 1, 2018



81

Aromatic Profile of Malvasia Odorosissima and Malvasia di Candia Aromatica

su su ok 00F1°0 00F10 90F0T [0F6'1 O wsloudydiApg-4
su su su 00F00 00FT0 00F00 00F00 9 wslouasnyg
su su o 00FT°0 00FT0 00F00 00FT0 wlosar)-d
su su o [OFI'T SOFTI 00FT0 00FT0 wsRloZerylozuag
su su - LOFITT TYFLST ['0FS0 ['0FS0 000 #1000 01 wsIOYO[e [AYIauaY g
su su ok LTFLOI 0°€ F89I ['0FT0 00FCT0 00S § wislOYod[E [AZudg
su su su 00F+0 ['0FS0 ['0FS0 ['0F S0 wsuoudydojooy
su su su 00F00 00F 10 00F 10 00F 10 wsPPAyap[ezudg
m%matmwtmm

o su . I'61 F0€9E  6TIIFLTISS SLIFSS60I +9I1FL806 s}
su su . 6'S F8TS STFTIY 9% F908 LTI F869 1
* su . 90EF9SHY  CETIFIVS6 LSLF6I6IT S6T1FS €66 wns sprouadio,
- - - pu pu pu pu ws]OTURIOBAX0IPAH-8-(H)
- - - pu pu pu pu ws]OTURIOBAXOIPAH-8-(7Z)
% % o 68FECOII  €HYIFETIOT  T9FSHS 8YF Lty wsPIO€ OIULID
su su o 00F90 ['0FLO ['0FT0 ['0FT0 wPIOIpIUNOLOIPAYI(
su % o TOF6T I'TF¥S SOFET vOF9OT wloofeur]AxoIpAH-8-(1)
su su . ['0FO0T ['0FST SOFO0E 00F9C wI0OTeuT[Ax0IpAH-8~(7)
su su o LOFST TTFSS 00FT0 00FT0 wlO[[euONIAX0IPAH
su su - CIFSL LOFIS 00FT0 00F 10 w(T 101Q) [01p-9°¢-ULIPLI0-L [-JAYIOWI-9°C
* % o I'0F90 ['0F€0 00F 10 00F 10 w(I0IPUL) [01P-9°Z-Ud00- L -[AYIOWI-9 T
% % ok 0t F €0 6'9F 1'€T TOFLO 00F90 w(1 101Q) [01p-9°Z-ULIPLIO0-L ¢-JAYIOWI(I-9°C
ok . o €9TF9G8I  6SEFO6IS I'EIFILIS €9SFIeht 0€¢ ws[OTUBIoN
su su ok 9T F$6€ I'LFLTS  OLSTFISSY T'E€STFSE0p 00t ws[OION
% su su €0F6'E 6'0F+'9 0TFEY 90FSE 001 wislo[[ouonI)-¢g
" % - SOFSE 00FLT 00FS0 ['0Ft0 000 $—000 € ws(Proueikd) aprxo joojeur-(s)
su su - TTFVIL [0FI'8 €OFO1 ['0FO0T 000 $—000 € ws(proueikd) aprxo joojeur-(7)

IA X BA IA eA €102 T10t €102 T10t
VAONV ON O (LT3 il

(INNILNOD) T AT19dVL

//dx.doi.org/10.21548/39-1-2458

: http:

DOI

S. Afr. J. Enol. Vitic., Vol. 39, No. 1, 2018



Aromatic Profile of Malvasia Odorosissima and Malvasia di Candia Aromatica

82

019U ‘[O[[UONIO-( ‘SIOWOSI [BIID ‘OPIXO0[0IdU

"oseqerep SN £q uoneoynuapI =, ‘spaepue)s aind Jo owr) UONUII £q UOTIBOYNUIPI = ¢
*(S10WOSI [01URIOFAXOIPAY-§ ‘PIok O1URIOF ‘[O[[oUONIOAXO0IPAY

O,

‘[0TURIOT) SOATIBALIOP PUR [OIURION) = *°r) ¢(SIOWOSI [00[RUI[AXOIPAY-S “ISWOSI SPIXO[O[eUl] JTURIAd pUBR dIURINY [OO[RUI[) SOATIRALIOP PUB [OO[RUIT = 2]

*p930939p J0u = pu ‘uondooiad Jo proysary ] :du.L

- - - I0OFTII EO0FCI 00FT10 00FT10 wns sproudidostoN-'D
- - - 0TF¥SIT S0F98 S0FTT I'0FTT wIOUOI-(J-0X0--0IpAYR(J-€£°C
- - - ['0F0¢ 90FET TOFS0 TOFE0 nUOUOI-¢-0IPAYIP-8°/-AXOIPAH-€
- - - 00FT0 00F€0 00FT0 00FC0 wlOUOI-g-0X(Q-¢
- - - pu pu pu pu WOUOI-0-0XO)-¢€
- - - pu pu pu pu Wuoosewrep-¢-AX0IpAH-¢

sprouaadosrion-' )
su su ook LOFLTY ['01 F¥'6S 6'¢€FS8I 9EFOLI wns sprouszusg
su su o I'0FCC 60FIY 9CFVI1 €eF00I ws[OYOO[E JA][IUBAOWOH
- - - pu pu pu pu wisQUOIABUIZ
su * su 00F91 LOF6T 00FS'1 90FTT 000 I wOUO[[IUBAOJIY
* su % CO0FSO POFEl 00F10 00F00 wIe[[IueA [KYIoN
su su su 00FL0 cOF L1 I'0F80 C0F80 00¢ wisUITUBA
su su * I'0OF¥1 ['0FI1T EOFI1 VOFTI 000 I wisPIOB dlozZuog
* - o TOFST TOFE0 00FC0 1'0FC0 081 wlouayd[AUIA -

IA x BA A EA €10T (41114 €10¢ 414
VAONY O ON (a7 di

(ANNILNOD) T 4 T1dVL

//dx.doi.org/10.21548/39-1-2458

: http:

DOI

S. Afr. J. Enol. Vitic., Vol. 39, No. 1, 2018



Aromatic Profile of Malvasia Odorosissima and Malvasia di Candia Aromatica 83

C13- MO

NOI‘lSOpl‘CﬂOldS
4.5%

All phatics
l 390, Other

~Terpenoids

1.7%
Benzenoids
10.9% Linalool and
derivatives

5.0%

Geraniol and
derivatives
69.1%

Cl3- )

B Norisoprenoids MC Allph atics Other
0.2% 1.7% ~__Terpenoids

\ L 2.4%

Benzenoids _
10.9% ~~_Linalool and

| derivatives
6.7%

Geraniol and
derivatives
78.1%

FIGURE 2
Glycosylated aroma groups of (A) Malvasia odorosissima
(MO) and (B) Malvasia di Candia aromatica (MC). Relative
values (%) calculated as the sum of the mean values of the
two vintages.

et al., 2006) and the presence of rose oxide isomers (Ruiz-
Garcia et al., 2014).

Apart from geraniol, the MC terpenoid profile was
characterised by diol 1 and diol 2, and their presence was
consistent with what was found by Scienza et al. (1989)
and D’Onoftio ef al. (2016), but it did not agree with what
was found by Borsa et al. (2005). Therefore, the presence of
rose oxide isomers moves MO aromatically close to White
Muscat grape and distinct from MC.

Limonene, neroloxide, hotrienol, nerol, 4-ethylphenol
and homovanillyl alcohol showed concentrations
significantly higher in MO than in MC, even though only
nerol presented a concentration higher than the threshold of
perception. For the sake of precision, it must be noted that
this consideration is strictly related to grapes. Winemaking
changes the varietal volatile profile deeply. In fact, part of
the free fraction is lost through volatilisation, but it has to be
replaced by hydrolysis of the glycosylated fraction (Wilson
et al., 1986).

(Z2)-linalool oxide (pyranoid), (E)-linalool oxide
(pyranoid), (E)-citral, (Z)-citral, hydroxycitronellol, (E)-8-
hydroxylinalool and geranic acid showed a concentration
significantly higher in MC then in MO. In particular, citral
had a low threshold of perception and was associated with a
lemon scent.

MC showed high concentrations of most of the
aliphatics. In particular, the concentration of the alcohols
with six carbon atoms (C6 alcohols), 1-hexanol, (Z)-3-
hexen-1-ol, (E)-2-hexen-1-ol and (Z)-2-hexen-1-ol, as well
as (E)-2-hexenal, was by far higher in MC than in MO. C6
alcohols are substances of pre-fermentative origin and may
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provide a herbaceous scent.

Phenethyl and benzyl alcohol presented a concentration
significantly higher (p < 0.001) in MC than in MO. Both of
them are varietal volatiles with a pleasant floral note of rose.
Only phenethyl alcohol is also a fermentative volatile, arising
from amino acid microbial metabolism (Gomez-Plaza et al.,
1999), and the varietal amount represents a low contribution
to the total concentration in the fermented products.

Glycosylated compounds

Glycosylated forms of 11 aliphatics, 25 terpenoids, 15
benzenoids and five C,,-norisoprenoids were identified and
quantified (Table 2).

Two-way ANOVA was applied to this dataset,
considering variety (MO and MC) and vintage (2012 and
2013) as factors, as well as their interaction. ANOVA (between
varieties) showed statistically significant differences for
all the volatiles, except for (E)-2-hexanal, (Z)-3-hexen-1-
ol, 1-octen-3-ol, benzaldehyde, vanillin, 3-oxo-f-ionol and
3-hydroxy-7,8-dihydro-f-ionone.

The concentration of most of the volatiles was
significantly higher in MC than in MO, with a few exceptions.
Among the C6 alcohols, (Z)-2-hexen-1-ol showed higher
concentrations (p < 0.001) in MO than in MC. (Z)-Rose
oxide and endiol were present only in MO, albeit at lower
concentrations in comparison with the free forms of the same
variety. Acetophenone (p < 0.001), 4-ethylphenol, benzoic
acid and homovanillyl alcohol showed significant higher
concentrations in MO. Finally, two C, -norisoprenoids,
3-oxo0-0-ionol and  2,3-dehydro-4-oxo-fB-ionol,  were
significantly higher in MO.

ANOVA applied to the vintages showed a higher
number of significant differences in comparison with what
found in the free aroma compounds, mostly due to the
lower concentrations found for MC in the second vintage.
Interaction effects were significant for the sum of terpenoids,
the sum of benzenoids and the sum of C,,-norisoprenoids,
while no significant interaction was observed for the sum of
aliphatics. Once again, significant interactions between the
factors were due to the lower concentration of a large part of
volatiles in the second vintage for MC.

MO (Fig. 2A) and MC (Fig. 2B) were both characterised
by the prevalence of total terpenoids (75.8% and 87.2%
respectively), followed by benzenoids (10.9% for
both), aliphatics (8.9% and 1.7% respectively), and C,.-
norisoprenoids (4.9% and 0.2% respectively).

For both varieties, the G, content was one order of
magnitude higher than that of L _, as already observed for
the free aroma compounds.

In terms of absolute concentrations, MO showed a
considerably lower content for all groups of compounds,
except for C ,-norisoprenoids, in comparison to MC
(Table 2). This point represents a major distinguishing factor
between the two varieties. As a matter of fact, MC showed
a terpenoid content in the glycosylated form that was more
than three times higher than in the free form and even higher
for benzenoids, so that these scentless precursors may act as
a reservoir of flavour (Del Caro ef al., 2014). For this reason,
MC has a high latent aromatic potential. On the other hand,
MO showed a content of benzenoids very similar for the
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free and glycosylated forms, and a content of glycosylated
terpenoids one order of magnitude lower than that of the
free form. In contrast to MC, MO is proven to express its
aromatic patrimony almost completely and presents a very
small amount of volatiles in the glycosylated form.

The lack of glycosylated terpenoids observed in MO
was not consistent with what was reported for other aromatic
grapes, i.c. a terpenoid glycosylated fraction more abundant
than the free one (Selli et al., 2003; Gonzalez-Barreiro et al.,
2015).

Relationship between aromatic profile and climatic
conditions

The year 2012 was characterized by low rainfall (700 mm)
and a quite warm summer season (24.8 °C seasonal average
temperature; 38.9 °C maximum seasonal temperature).
In the year 2013 the summer was cooler, with a mean and
maximum seasonal temperature of 23.4 °C and 37.2 °C,
and the annual rainfall was higher than in the previous year
(989 mm). The Winkler index (WI April-October) was 2038
in 2012 and 1928 in 2013.

In MC, the warmer and drier weather conditions of the
first year were conducive to increasing the production of
volatile substances in both the free and glycosylated forms,
compared to in the second year (Ribéreau-Gayon et al.,
2006). However, the ratio between free and bounded forms
remained practically unchanged over the two years, with
only a few exceptions.

The concentration of free (E)-2-hexenal in MC was
higher in the second, cooler vintage. Some authors have
reported higher concentrations of 6-carbon aldehydes,
including (E)-2-hexenal, in grapes grown in a cool site than
those grown in a hotter site (Ji & Dami, 2008; Fang & Qian,
2012; Xu et al., 2015). The same trend was not showed by
hexanal because of its tiny concentration in the samples, or
by glycosylated (E)-2-hexenal.

In contrast to the main terpenols (i.e. geraniol and
nerol) in MC, the free form of linalool was present in higher
concentrations in the samples harvested in the second,
cooler vintage. Monoterpenes are sensitive to environmental
conditions. Most of them accumulate in hot climatic
conditions, with linalool as the only exception (Reynolds
et al., 1996; Ji & Dami, 2008; Song et al., 2015). Linalool
biosynthesis includes the action of a decarboxylase, which is
more sensitive to sun exposure than other enzymes (Belancic
et al., 1997), whereas geraniol, nerol, citronellol and other
monoterpenes are synthetised through a different pathway.

Technological considerations

The outcomes obtained are very interesting from a
technological standpoint. In fact, terpenoid free forms are
key compounds, as they are the aromatic impact substances
in grapes, as well as in their derivate products — must and
wines. However, they tend to be stripped by developing CO,
during alcoholic fermentation. In contrast, the glycosylated
forms act as a buffer, as they are slowly released during
fermentation and storage (Wilson et al., 1986). Moreover,
the presence of high quantities of glycosylated terpenols
justifies and suggests the use of cold maceration techniques,
such as the “criomaceration” (Amati et al., 1982) or the more
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recent “pellicular maceration” (Baumes ez al., 1988), already
applied to Malvasia di Candia aromatica (Montevecchi ez al.,
2015) to enhance the extraction of the sugar-linked forms,
particularly soluble in must.

CONCLUSIONS

The increasing interest in Malvasia wines on the international
market opens good prospects to re-propose the diversification
of oenological products from the underexploited Malvasia
cultivars.

The richness of the aromatic profile of MO is an important
feature for the oenological exploitation of this variety, which
is currently on the brink of extinction and erroneously
confused with MC, even by winemakers. The peculiarity of
the volatile profile, with a high content of terpenoids in the
free form — even higher than in MC, provides a prerequisite
for the production of aromatic wines. In addition, MO seems
to be less susceptible to seasonal variation in terms of the
quantitative expression of volatiles, as otherwise shown
by MC. This supposed stability is of considerable interest
and deserves further investigation in the current situation of
climate change, which is affecting grape and wine quality.

Some evidence renders the MO aromatic profile similar
to that of White Muscat, thus giving value to the proximity
already demonstrated by the genetic analysis between the
two aromatic varieties.

The low yield of this cultivar, which was the only reason
for its substitution in the vineyards with the high-yielding
MC, may be overcome or mitigated by agronomic tools
aimed at enhancing the poor fruit set of its female flowers
through the introduction of appropriate pollinisers and
canopy management in the vineyard.
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