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Abstract

BACKGROUND: Official stable isotope databases, based on the analysis of (D/H)I ethanol, (D/H)II ethanol, ⊐
13Cethanol and ⊐18Owater of

wine, are an indispensable tool for establishing the limits beyondwhich themislabeling or the addition of sugar and/or water in
wine production can be detected. The present study investigates, for the first time, whether the use of hybrid varieties instead
of European Vitis vinifera for wine production can have an impact on the stable isotope ratios.

RESULTS: The analyses were performed by isotope ratio mass spectrometry and site-specific natural isotope fractionation by
nuclear magnetic resonance, in accordance with the official methods of the International Organization of Grapes and Wine.
The comparison shows the tendency of some stable isotope ratios of hybrid varieties, in particular (D/H)I, to deviate from the
regional averages of the V. vinifera samples. Notably, Baron, Monarch and Regent showed significantly different values at
one of the two sampling sites. Particularly high ⊐13C values characterize Helios compared to other hybrid varieties.

CONCLUSION: For the first time, and from an isotopic point of view, the present study investigates the wine obtained from
hybrid varieties, showing that further attention should be paid to their interpretation, on the basis of the database established
according to the European Regulation 2018/273.
© 2022 Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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INTRODUCTION
European Vitis vinifera varieties have always been known and
widely used for their excellent grape quality. A threat to this culti-
vation is represented by a wide range of diseases and pests, such
as powdery mildew (Erysiphe necator), downy mildew (Plasmo-
para viticola), botrytis (Botrytis cinera) and Pierce's disease (Xyllela
fastidiosa), which require specific plant protection measures1 A
survey on the use of plant protection products in the European
Union2 showed that, although vines cover only approximately
3% of the agricultural land, they account for approximately 65%
of the total European Union market (68 000 tonnes year−1) in
plant protection products. A large part of the applied quantities
goes back to the control of powdery mildew. In this respect, the
influence of climate change will have a further negative impact
on possible fungicide reductions and, according to Salinari et al.,3

the change in temperature and precipitation conditions promote
the growth of P. viticola. In addition, the development of resistance
to fungicides is a recurring issue.4 On the other hand, thewine indus-
try faces the consumer's increasing demand for a sustainable and
environmental-friendly production.5 This request has been shared
andboosted by the EuropeanUnionwithin the EuropeanGreenDeal
in the Farm to Fork strategy, which aims to reduce pesticide utiliza-
tion in farming systems by 50%.6 Among the agronomic approaches

so far proposed, the use of mould-resistant hybrid varieties (based
on crossings of V. vinifera with other Vitis species) with a high toler-
ance to vine pathogens attacks is gaining the vine growers attention
and their production is continuously increasing.7

In this general framework, the analysis of stable isotope ratios is
the referencemethod for revealing counterfeiting in thewine sec-
tor (such as watering down or addition of exogenous sugars).8

Nevertheless, the way in which the isotope ratios of wine can be
influenced by the increasing use of these hybrid varieties has
not yet been explored. Stable isotope ratio analysis is based on
themeasurement of the ratio between the heavier and the lighter
isotope of a specific element (e.g. C, H, or O). These elements
become enriched or depleted in their heavier/lighter isotope
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through a variety of kinetic and thermodynamic isotope effects,
the so-called ‘non-statistical intermolecular distribution of stable
isotopes’.9 These phenomena are regulated by several well-
known processes, classified according to their biotic (e.g. Calvin
pathway of C3 plants versus the Hatch-Slack pathway of C4
plants10) and abiotic (e.g. evapotranspiration from grapes and
leaves11) causes. Therefore, the measurement of isotope ratios
can be used to discriminate between samples otherwise sharing
identical chemical compositions.12

Official methods applied in the wine chain are based on the anal-
ysis of ethanol in wine products after distillation, aiming to identify
illegal additions of exogenous sugars (such as beet or cane). These
analyses consist in the determination of the site-specific D/H ratio
(OIV-MA-AS311-05 R2011) using Site-specific Natural Isotope
Fractionation-Nuclear Magnetic Resonance (SNIF-NMR) and of the
13C/12C stable isotope ratio (OIV-MA-AS312-06 R2009) using isotope
ratio mass spectrometry (IRMS).13 In the official method OIV MA-
AS2-12 R2009, the ratio of the stable isotopes of water oxygen
(18O/16O, expressed as ⊐18O) is used to identify fraudulent additions
of water towine and to verify the geographical origin and the year of
harvest declared for the product. This can be achieved by building
annual official reference databases, in which the isotopic ranges of
variability of authentic wine are reported.8

The response of vines to water stress is a cultivar-dependent
feature,14 which can also alter the isotopic ratios.15 Although the
metabolic spectrum of hybrid varieties overlaps the V. vinifera
one,16 the wines from resistant hybrids show peculiar characteris-
tics depending on the variety linked to the genotype17 and to its
interaction with the environment.18,19 The combination of these
synergetic features requires further investigation, also consider-
ing recent approval by the European Parliament to the use of
grape varieties resistant to diseases in products having a designa-
tion of origin (European Regulation 2021/2117).
The present study aims to show and discuss, for the first time, the

stable isotope ratios of H, C and O of wines produced using hybrid
grape varieties and, subsequently, to determine whether the use of
disease-resistant varieties instead of European V. vinifera may affect
the stable isotopic ratio variability of wine. In this case, the isotopic
database, established according to European Regulation 2018/273,
should also consider thepossible useof hybrid varieties.Wine samples
produced by seven white hybrid varieties (Aromera, Bronner, Helios,
Johanniter, Muscaris, Solaris, Souvignier Gris) and seven red hybrid
varieties (Baron, Cabernet Cortis, Cabernet Cantor, Cabernet Carbon,
Monarch, Prior, Regent) grown in two experimental plots sited in the
northern Italian regionof Trentino and sampled in threedifferentwine
years (2017, 2018 and 2019) were considered. Furthermore, as a com-
parison, samples of wine from V. vinifera variety from the same region
(Trentino) and sampled in the same 3 years were analyzed.

MATERIALS AND METHODS
Samples
Sixty-nine samples from 14 mold-resistant hybrid grape varieties,
bred and selected in the State Institute for Viticulture Freiburg
(Germany) and the Geilweilerhof Institute for Plant Breeding
(Germany), were grown in two experimental vineyards
(Navicello and Telve) sited in Trentino (Italy) (for specifications,
Supporting information, Fig. S1). The experimental vineyards were
geographically differentiated, having specific pedoclimatic features
and an agronomic management performed according to the pro-
duction goals. The Telve plot faces south and has an average altitude
of 415 m a.s.l. and an extension of approximately 0.4 ha with a
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slightly steep trend. The vines are trained in Guyot. TheNavicello plot
is sited on the bottom of the Adige valley and has an average alti-
tude of 170 m a.s.l. and an extension of approximately 1.2 ha with
a flat layout. The vines are trained on the simple pergola system.20

Twenty-eight samples from different V. vinifera grape varieties
(see Supporting information, Table S1) were grown in different
vineyards in Trentino (Italy) and sampled in three different harvest
years: 2017, 2018 and 2019.
Wines were produced according to two different experimental pro-

tocols, depending on the color of the skin and the wine style. Briefly,
white wines were destemmed, pressed and settled for 24 h. The alco-
holic fermentation was conducted with a dry active yeast inoculated
after must racking. At the end of the alcoholic fermentation, sulfur
dioxidewas added to thewine, whichwas then stored at 4 °C until fil-
tration and bottling. On the other hand, red wines were destemmed
with the addition of sulfur dioxide andwere therefore inoculatedwith

dried active yeast. Skin contact maceration was performed punching
down the skins twice a day for 7 days. Marcs were pressed and the
resulting wine was inoculated with lactic acid bacteria for malolactic
fermentation. After settling, wines were filtered and bottled. Further
information about the vinification protocols has been reported previ-
ously.19,21 All wines were stored at 14 °C until analysis.
The varieties, the sampling sites (trace) and the harvest dates in

the three considered years are shown in Table 1.

Stable isotope analysis
Distillation of wine and SNIF-NMR analysis
The samples were first distilled using a Cadiot spinning band col-
umn according to official OIV methods (MA-AS311-05 MA-AS-
312-06). This system offers a high distillation efficiency and avoids
isotope fractionation during the process by preventing evapora-
tion of water after the complete distillation of the alcohol.

Table 2. Mean isotopic parameters determined in white and red wines in three vintages (2017–2018–2019) from the Navicello plot

Navicello white (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V-PDB ⊐18O ‰ versus V-SMOW

Aromera (n = 3) 103.1 a 129.4 a −28.8 ab 3.1 a
Bronner (n = 3) 103.5 a 126.0 a −27.8 bc 2.9 a
Helios (n = 2) 104.0 a 126.6 a −27.2 c 3.9 a
Johanniter (n = 2) 104.0 a 125.6 a −29.3 a 3.7 a
Muscaris (n = 3) 102.6 a 127.4 a −28.3 abc 2.4 a
Solaris (n = 3) 102.8 a 128.9 a −28.6 abc 4.4 a
Souvignier Gris (n = 3) 102.8 a 128.7 a −28.4 abc 2.7 a

Navicello red (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V-PDB ⊐18O ‰ versus V-SMOW

Baron (n = 3) 104.4 a 131.1 a −27.3 a 4.2 a
Cabernet Cantor (n = 4) 103.4 a 131.1 a −27.4 a 3.7 a
Cabernet Carbon (n = 2) 104.0 a 128.9 a −27.3 a 3.4 a
Cabernet Cortis (n = 2) 102.5 a 130.3 a −27.4 a 3.3 a
Monarch (n = 2) 104.3 a 129.9 a −28.0 a 4.5 a
Prior (n = 1) 101.7 a 130.8 a −28.3 a 3.9 a
Regent (n = 2) 105.9 a 131.1 a −28.1 a 4.7 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).

Table 3. Mean isotopic parameters determined in white and red wines in three vintages (2017–2018–2019) from the Telve plot

Telve White (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V-PDB ⊐18O ‰ versus V-SMOW

Bronner (n = 3) 101.1 a 125.2 a −28.2 ab 1.4 a
Helios (n = 2) 102.4 a 127.4 a −26.7 c 0.9 a
Johanniter (n = 3) 101.7 a 124.2 a −28.5 ab 1.0 a
Muscaris (n = 3) 100.6 a 127.4 a −28.5 ab 1.4 a
Solaris (n = 3) 100.7 a 127.2 a −28.9 a 2.5 a
Souvignier Gris (n = 3) 101.5 a 127.9 a −27.9 b 1.0 a

Telve Red (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V-PDB ⊐18O ‰ versus V-SMOW

Baron (n = 3) 102.5 a 128.9 a −28.4 a 1.5 a
Cabernet Cantor (n = 2) 101.0 a 129.8 a −27.3 a 1.8 a
Cabernet Carbon (n = 3) 102.0 a 130.1 a −27.7 a 1.1 a
Cabernet Cortis (n = 2) 101.1 a 129.0 a −27.5 a 1.1 a
Monarch (n = 2) 102.8 a 125.3 a −28.2 a 1.3 a
Prior (n = 3) 102.3 a 129.6 a −27.7 a 1.5 a
Regent (n = 2) 102.6 a 127.6 a −28.3 a 1.0 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).

Stable isotope ratio variability of hybrid grape varieties www.soci.org

J Sci Food Agric 2023; 103: 2867–2875 © 2022 Society of Chemical Industry. wileyonlinelibrary.com/jsfa

2869
 10970010, 2023, 6, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jsfa.12316 by Fondazione E
dm

und M
ach, W

iley O
nline L

ibrary on [13/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com/jsfa


The samples of ethanol were analyzed using SNIF-NMR (FT-NMR
AVANCE III 400; Bruker BioSpin GmbH, Karlsruhe, Germany). The
D/H values were measured site-specifically in the methyl and
methylene sites of ethanol [(D/H)I and (D/H)II]. These results are
expressed in parts per million (ppm).
The isotopic values were calculated against certified tetramethy-

lurea 99% STA-003 m with a value of 153.70 ppm (JRC Institute for
Reference Materials and Measurements, Geel, Belgium) for (D/H)I
and (D/H)II. Analytical uncertainties of measurement (calculated as
2 standard deviations of reproducibility of the measurements alone)
were lower than 0.8 ppm for (D/H)I and 1.2 ppm for (D/H)II in ethanol.

IRMS analysis
The ⊐13C measurement of wine ethanol was performed using an
IRMS (SIRA II; VG ISOGAS; FISIONS, Rodano, Milano, Italy) inter-
faced with an Elemental Analyzer (Flash 1112; Carlo Erba, Milano,
Italy) in accordance with the OIV-MA-AS312-06 method.
The ⊐18Omeasurement of wine water was performed according

to the OIV-MA-AS2-12 method. An IRMS (SIRA II; VG Fisons, Mid-
dlewich, UK), connected to the water/CO2 equilibration system
Isoprep 1 (VG Fisons) was used for the analysis.
According to the IUPAC protocol,22 the 13C/12C and 18O/16O

values are expressed in the delta scale (⊐‰), against the interna-
tional standards V-PDB (Vienna-Pee Dee Belemnite) for carbon
and VSMOW/SLAP (Vienna-Standard Mean Ocean Water/
Standard Light Antarctic Precipitation) for oxygen according to:

⊐ref
iE=jE, sample

� �
=

R iE=jE, sample
� �

R iE=jE, ref
� �

2
4

3
5−1 ð1Þ

where ref is the international measurement standard, sample is
the analyzed sample and iE/jE is the isotope ratio between heavier

and lighter isotopes. The delta values weremultiplied by 1000 and
expressed in units ‘per mil’ (‰).
The isotopic values were calculated against in-house working

standards (ethanol and water), calibrated against international
reference materials: ethanol BCR 656 (Institute for Reference
Materials and Measurements, Geel, Belgium) with a value of
−26.91 ± 0.07 ‰ and fuel oil NBS-22 (International Atomic Energy
Agency, Vienna, Austria) with a value of −30.03 ± 0.04‰ for ⊐13C,
as well as V-SMOW2 with a value of 0.0 ± 0.02‰ and SLAP2 with a
value of −55.50 ± 0.02‰ (International Atomic Energy Agency) for
⊐18O. Analytical uncertainties of measurement (calculated as 2 stan-
dard deviation of reproducibility of the measurements alone) were
lower than 0.30‰ for ⊐18O in water, 0.30‰ for ⊐13C in ethanol.

Statistical analysis
The data were statistically evaluated using XLSTAT (Addinsoft,
Paris, France). Statistical differences were revealed through
the representation of data with box and whisker plots (graphi-
cally displaying the median, minimum and maximum of the
dataset variables) or through regression analysis, considering
a confidence level of 95%. One-way analysis of vatiance
(ANOVA) was performed to determine the significant spatial
difference of variables. Tukey's honestly significant difference
test for unequal sample sizes was considered to evaluate signif-
icant differences according to geographical origin. P < 0.05
was considered statistically significant.

RESULTS AND DISCUSSION
Variation in stable isotope ratios by variety
To evaluate the potential cultivar effect, the (D/H)I, (D/H)II, ⊐

13C of
ethanol and ⊐18O of wine water resulting from the analysis of the
hybrid varieties were compared. The use of different yeast strains
during vinification has no significant effect on the D/H and ⊐13C

Table 4. Mean isotopic parameters determined in white wine in three vintages (2017–2018–2019) and two plots (Navicello + Telve)

White wines (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V-PDB ⊐18O ‰ versus V-SMOW

Aromera (n = 3) 103.1 a 129.4 a −28.8 b 3.1 a
Bronner (n = 6) 102.6 a 125.6 bc −28.0 b 2.1 a
Helios (n = 4) 103.3 a 127.0 abc −26.9 a 2.4 a
Johanniter (n = 5) 102.6 a 124.8 b −28.8 b 2.1 a
Muscaris (n = 6) 101.6 a 127.4 abc −28.4 b 1.9 a
Solaris (n = 6) 101.7 a 128.1 ac −28.8 b 3.5 a
Souvignier Gris (n = 6) 102.2 a 128.3 a −28.2 b 1.9 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).

Table 5. Mean isotopic parameters determined in red wine in three vintages (2017–2018−2019) and two plots (Navicello + Telve)

Red wines (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Baron (n = 6) 103.4 a 130.0 a −27.9 a 2.9 a
Cabernet Cantor (n = 6) 102.6 a 130.7 a −27.4 a 3.1 a
Cabernet Carbon (n = 5) 102.8 a 129.6 a −27.5 a 2.0 a
Cabernet Cortis (n = 4) 101.8 a 129.6 a −27.5 a 2.2 a
Monarch (n = 4) 103.7 a 127.6 a −28.1 a 2.9 a
Prior (n = 4) 102.2 a 129.9 a −27.9 a 2.1 a
Regent (n = 4) 104.3 a 129.3 a −28.2 a 2.8 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).
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Table 6. Mean isotopic values of white wines from two considered plots (Navicello and Telve) in 2017, 2018 and 2019

2017 White (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Aromera (n = 1) 102.0 a 128.0 a −28.6 a 4.5 a
Bronner (n = 2) 101.9 a 126.0 a −28.5 a 3.5 a
Helios (n = 1) 102.8 a 128.3 a −27.4 a 4.1 a
Johanniter (n = 2) 101.7 a 124.9 a −28.9 a 2.9 a
Muscaris (n = 2) 101.2 a 127.5 a −28.6 a 3.9 a
Solaris (n = 2) 101.4 a 129.3 a −29.2 a 4.6 a
Souvignier Gris (n = 2) 101.4 a 127.3 a −28.1 a 0.9 a

2018 White (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Aromera (n = 1) 105.3 a 130.1 a −29.1 ab 2.5 a
Bronner (n = 2) 103.3 a 124.4 a −27.6 ab 1.9 a
Helios (n = 2) 104.1 a 125.8 a −26.7 a 2.1 a
Johanniter (n = 2) 104.0 a 124.9 a −29.1 b 1.8 a
Muscaris (n = 2) 102.6 a 126.8 a −28.1 ab 0.9 a
Solaris (n = 2) 102.6 a 126.0 a −28.5 ab 3.2 a
Souvignier Gris (n = 2) 103.3 a 128.5 a −28.0 ab 3.1 a

2019 White (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Aromera (n = 1) 101.9 a 130.0 a −28.6 a 2.2 a
Bronner (n = 2) 101.8 a 126.5 a −28.0 a 1.1 a
Helios (n = 1) 101.7 a 128.0 a −27.0 a 1.2 a
Johanniter (n = 1) 101.9 a 124.5 a −28.2 a 1.2 a
Muscaris (n = 2) 101.1 a 128.0 a −28.5 a 0.9 a
Solaris (n = 2) 101.2 a 128.9 a −28.7 a 2.6 a
Souvignier Gris (n = 2) 101.8 a 129.1 a −28.5 a 1.6 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).

Table 7. Mean isotopic values of red wines from two considered plots (Navicello and Telve) in 2017, 2018 and 2019

2017 Red (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Baron (n = 2) 103.3 a 131.7 a −27.8 a 5.0 a
Cabernet Cantor (n = 1) 104.2 a 131.9 a −27.5 a 6.6 a
Cabernet Carbon (n = 2) 104.2 a 130.5 a −27.3 a 1.1 a
Cabernet Cortis (n = 1) 100.7 a 127.6 a −27.9 a 0.4 a
Prior (n = 1) 101.8 a 128.4 a −28.2 a 1.4 a
Regent (n = 1) 105.0 a 130.8 a −28.5 a 5.4 a

2018 Red (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Baron (n = 2) 103.9 a 130.2 a −27.7 a 1.3 a
Cabernet Cantor (n = 2) 104.0 a 130.8 a −27.3 a 2.6 a
Cabernet Carbon (n = 2) 104.0 a 129.9 a −27.4 a 2.5 a
Cabernet Cortis (n = 1) 103.3 a 130.3 a −27.2 a 3.1 a
Monarch (n = 2) 104.6 a 126.4 a −28.0 a 3.3 a
Prior (n = 1) 103.2 a 130.8 a −27.7 a 1.7 a
Regent (n = 2) 104.9 a 130.5 a −27.8 a 2.3 a

2019 Red (D/H)I ppm (D/H)II ppm ⊐13C ‰ versus V−PDB ⊐18O ‰ versus V−SMOW

Baron (n = 2) 103.1 a 128.2 a −28.1 a 2.3 a
Cabernet Cantor (n = 2) 100.6 b 130.1 a −27.4 a 2.7 a
Cabernet Carbon (n = 2) 102.3 ab 129.2 a −27.8 a 2.1 a
Cabernet Cortis (n = 1) 101.6 ab 130.3 a −27.4 a 3.4 a
Monarch (n = 2) 102.7 ab 128.8 a −28.2 a 2.5 a
Prior (n = 2) 101.8 ab 130.3 a −27.8 a 2.7 a
Regent (n = 1) 102.3 ab 125.4 a −28.6 a 1.3 a

Note: Different lowercase letters in the same column indicate significant differences by ANOVA and Tukey's test (95%).

Stable isotope ratio variability of hybrid grape varieties www.soci.org

J Sci Food Agric 2023; 103: 2867–2875 © 2022 Society of Chemical Industry. wileyonlinelibrary.com/jsfa

2871
 10970010, 2023, 6, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jsfa.12316 by Fondazione E
dm

und M
ach, W

iley O
nline L

ibrary on [13/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com/jsfa


values, according to Fauhl and Wittkowski,23 and is therefore dis-
regarded as a factor of isotopic variability in the subsequent eval-
uation of the results.
Wine samples were tested for significant differences using

ANOVA and Tukey's test (95%) of the mean values, considering
white and red wine separately in each of the vintages (2017,
2018 and 2019) within the respective plot (Navicello and Telve)
(Tables 2 and 3) and white and red wines separately over the
3 years and the two plots (Tables 4 and 5).
The results of the Navicello plot (Table 2) show that there are

generally no significant differences within the hybrid grape
varieties, either for white or for red wines. The isotope parame-
ter ⊐13C is the only one that shows a statistically significant dif-
ference between the hybrid variety Helios and the other white
wine varieties. This could be explained by the effect of post-
veraison water stress described by Poni et al.,15 which results
in relatively high ⊐13C values. The results obtained could indi-
cate a greater sensibility of the Helios variety to water stress,
although only more in-depth studies can confirm this
hypothesis.
No significant differences were found among the red wines

from the Telve plot (Table 3). Once again, for white wines, the

⊐13C made it possible to distinguish the hybrid Helios from the
other white wine varieties.
In Table 4, an evaluation of significant differences among mean

values of white wines regardless of their origin (Navicello and
Telve) is reported. Significant differences in the (D/H)II and ⊐13C
values of some grape varieties are highlighted. The former param-
eter made it possible to discriminate Aromera and Souvignier Gris
from Johanniter, whereas the latter revealed a significant differ-
ence between Helios and the other considered varieties.
None of the wines in Table 5, comparing the mean values of all

red varieties regardless of their origin, differed significantly from
each other.

Variation in isotope ratios by year of harvest
To determine whether there is a significant difference among the
grape varieties for each vintage, the samples were tested using
ANOVA and Tukey's test (95%). As shown in the Supporting infor-
mation (Fig. S2), the climatic conditions (average annual temper-
ature), monitored at the weather station at San Michele all'Adige
(Trento, Italy) were not significantly different between the 2 years
(2018 and 2019) and in line with the historical trend. A distinction
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Figure 1. Variation of (D/H)I, (D/H)II, ⊐
13C and ⊐18O content in hybrid and Vitis vinifera varieties in three different years (2017, 2018 and 2019).
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between white (Table 6) and red vine varieties (Table 7), regard-
less of the origin of the sample, was considered.
As shown in Table 6, the ⊐13C value represented the only excep-

tion for significance in the 2018 among the white wines and
revealed a significant difference between the Helios and Johanni-
ter hybrid grape varieties. As for 2017 and 2019, the Helios variety
showed particularly high values of ⊐13C (−27.4‰ and −27.0‰,
respectively), although not significant, compared to all the other
varieties considered.
Focusing on the statistical analysis of the red wines in all vin-

tages (Table 7), no significant differences were found among the
cultivars, except in 2019 (D/H)I values. The hybrid Cabernet Cantor
shows the lower value of (D/H)I (100.6 ppm), which is significantly
different from the Baron hybrid variety (103.1 ppm).

Deviation of isotope ratios from hybrids to V. vinifera
Figure 1 shows the distribution in box and whisker plots of the
(D/H)I, (D/H)II, ⊐

13C and ⊐18O values of the samples of V. vinifera
and hybrid varieties in the three considered vintages (2017,
2018 and 2019, respectively). ANOVA and Tukey's test do not
show statistically significant differences between the two groups
considered in the different years (P > 0.01).

By observing the different distributions, it is possible to observe
how some specific varieties, even considering the analytical uncer-
tainty associated with the different parameters, had values falling
outside of the range of variability established on the basis of
V. vinifera samples (mean ± 2 SD) (see Supporting information,
Table S1). The values of these samples also laid outside the range
of variability reported by Camin et al. for the Trentino region,24 which
can be considered as a reference regardless of the harvest year. The
validity of the values for a certain region despite of the harvest year
has been reported by Ogrinc et al.25 as for the (D/H)I and ⊐13C values.
Regardless of the harvest year, the hybrid samples of the Baron,

Regent and Monarch varieties grown in the Navicello plot stood
out with very high values of (D/H)I. In 2018, characterized by an
upper limit for V. vinifera varieties of 104.3 ppm, we found values
for the three hybrid varieties equal to 105.2 ppm for Baron,
105.8 ppm for Monarch and 106.8 ppm for Regent. The same
hybrid varieties grown in the Telve parcel did not show this
behavior, indicating that these deviations could be caused by a
blend of conditions (varieties and environmental conditions).
Considering the analytical uncertainty of 1.2 ppm, none of the

hybrid samples showed a value of (D/H)II outside the variability
range of the V. vinifera samples for the respective three consid-
ered years (see Supporting information, Table S1).

Table 8. Deviations to the isotopic parameters from the respective reference variety (Chardonnay:WhiteWines; Marzemino: RedWines) in the Navi-
cello plot in two vintages (2018–2019)

Origin, year of harvest and color of grape Variety (D/H)I ppm (D/H)II ppm δ13C ‰ versus V−PDB δ18O ‰ versus V−SMOW

Navicello 2018 White RV*: Chardonnay 101.5 124.9 −29.3 1.4
Deviations to the RV*:

Solaris 2.3 1.2 1.1 3.2
Bronner 3.4 0.1 2 2.1
Helios 3.6 0 2.3 2.3
Johanniter 3.8 1.6 −0.4 2
Aromera 3.8 5.2 0.2 1.1
Muscaris 2.5 1.9 1.6 0
Souvignier Gris 2.7 3 1.3 2.8

Red RV*: Marzemino 103.2 130.6 −27.5 3.5
Deviations to the RV*:

Baron 2 0.9 0.6 −0.2
Cabernet Cantor 1 1.2 0.4 0.2
Cabernet Carbon 1.9 −2 0.7 −0.1
Cabernet Cortis 0.1 −0.3 0.3 −0.4
Monarch 2.6 −2 −0.3 1.5
Regent 3.6 0.7 −0.1 0.4

Navicello 2019 White RV*: Chardonnay 100.9 127.3 −28.6 1.2
Deviations to the RV*:

Aromera 1 2.7 0 1
Bronner 1.3 0.7 0.7 0.5
Muscaris 0.5 −0.6 0.3 0.1
Solaris 0.6 3 0.1 2.3
Souvignier Gris 1.1 2.4 −0.2 1.1

Red RV*: Marzemino 101.8 131 −28.4 1.4
Deviations to the RV*:

Baron 1.7 −1.1 0.8 2.4
Cabernet Cantor −1.1 −0.8 0.7 1.8
Cabernet Carbon 1 −1.8 0.6 1.9
Cabernet Cortis −0.2 −0.7 0.8 2
Monarch 1.4 0.1 0.3 2.5
Prior −0.1 −0.2 0.1 2.5
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Although remaining within the regional variability for the
individual years considered, the hybrid varieties Helios and
Cabernet Cortis had values of ⊐13C laying at the upper limits
of the 2018 (−26.3‰) and 2019 (−26.9‰) vintages of the
V. vinifera samples.
In the 2017 vintage, it was possible to calculate a limit value for the

parameter ⊐18O equal to +4.5 ‰. Various hybrid varieties coming
from the Navicello plot had values exceeding this limit and, in partic-
ular, the hybrid Carbernet Cantor reported a value of +6.6‰.
This behavior was not repeated in the 2018 and 2019 vintages,

when almost all the hybrid varieties fell within the calculated var-
iability range. An exception was represented by the Monarch
hybrid, which, in 2018, had a value of +5.0 ‰, above the limit of
+4.8 ‰ (uncertainty included), and, in 2019, reached the limit
(showing a value of +3.9 ‰ and being the limit set at +4 ‰).
The results appeared to indicate a possible difference between

Vitis Vinifera and some hybrid varieties, but further analyses
should be carried out to verify this assumption. Indeed, even phe-
nomena of biotic and abiotic fractionation canmodify the isotopic
composition of grapes.
By considering only the white and red hybrid wine samples of

Navicello plot (2018 and 2019), it is possible to compare their iso-
topic data (D/H)I, (D/H)II, ⊐

13C and ⊐18O with the V. vinifera refer-
ence varieties Chardonnay and Marzemino (marked withan
asterisk) grown in the same plot and in the same conditions
(Table 8). All values with a deviation above the analytical uncer-
tainty of the respective parameter (see Stable isotope analysis in
the Materials and methods) are indicated in bold. Individual
values are reported in the Supporting information (Table S1).
The (D/H)I values of the Navicello hybrid samples ranged

between 103.3 and 106.8 ppm (Regent sample) and showed
higher values than the reference varieties, particularly in 2018.
In 2018, the Aromera hybrid showed a larger deviation

(+5.2 ppm) of (D/H)II with respect to the reference variety, with
the (D/H)II values of hybrid Navicello samples ranging between
124.4 and 131.5 ppm.
The ⊐13C values of hybrid Navicello samples ranged between

−29.7 ‰ and −26.8 ‰. Once again, higher deviations of the
hybrids compared to the reference variety were mostly recorded
in 2018, with deviations much higher than the analytical uncer-
tainty (0.3 ‰) especially for Helios (+2.3 ‰ versus Chardonnay)
and for Bronner (+2 ‰ versus Chardonnay).
The ⊐18O values, ranging between +1.4‰ and +5‰ for hybrid

Navicello samples, showed high deviations in both years, espe-
cially in 2018. The maximum difference is reported by the Solaris
variety (+3.2‰ respect to Chardonnay). The Monarch and Solaris
varieties showed particularly high values of 5.0 ‰ and 4.6 ‰ in
2018 (see Supporting information, Table S1). They are normally
harvested earlier than the other varieties when the climate is
warmer and drier after veraison. This contributed to particularly
high values, which are typical of southern Italy, but not common
for the wine-growing areas of Trentino.

CONCLUSIONS
The results of the present study showed that the stable isotope
ratios (D/H)I, (D/H)II, ⊐

13C and ⊐18O of some hybrid grape varieties
differed from each other within the same year and/or regardless
of the respective year and origin. The differences mainly con-
cerned D/HII and ⊐13C. Red grape varieties such as Monarch, Baron
and Regent showed ethanol (D/H)I values out of the range of var-
iability reported in the literature for Trentino, and out of the

extremes calculated on the basis of authentic samples of
V. vinifera for the same region and year.
Based on the present study, it was not possible to establish

whether these results were related to the grape variety or resulted
from abiotic/biotic isotope fractionation effects. In any case, these
preliminary results show that further attention must be paid to
the interpretation of stable isotope data measured on hybrid
wines compared to the database established according to the
European Regulation 2018/273. This initial study should be
extended over time to provide more meaningful results by con-
sidering a larger number of samples.

ACKNOWLEDGEMENTS
This work was supported by the VEViR (‘Valorizzazione enologica di
vitigni resistenti’) project, through action n. 16 of the Rural Devel-
opment Programme 2014-2020 of the Trentino Province. The pro-
ject aimed to identify varieties most suitable for cultivation in
certain areas of the Trentino Province to outline the technical pro-
tocols for cultivation and winemaking and to assess the relevant
economic sustainability.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.

SUPPORTING INFORMATION
Supporting informationmay be found in the online version of this
article.

REFERENCES
1 Hofmann U. Biologischer Weinbau. Verlag Eugen Ulmer, Stuttgart, Ger-

many 2013.
2 Bonanno A, Materia VC, Venus T and Wesseler J, The plant protection

products (PPP) sector in the European Union: a special view on her-
bicides. Eur J Dev Res 29:575–595 (2017).

3 Francesca S, Simona G, Francesco Nicola T, Andrea R, Vittorio R,
Federico S et al., Downy mildew (Plasmopara viticola) epidemics on
grapevine under climate change. Glob Chang Biol 12:1299–1307
(2006).

4 ChenW-J, Delmotte F, Richard-Cervera S, Douence L, Greif C and Corio-
Costet M-F, At least two origins of fungicide resistance in grapevine
downy mildew populations. Appl Environ Microbiol 73:5162–5172
(2007).

5 Gerling C, Environmentally Sustainable Viticulture: Practices and Practi-
cality. Apple Accademic Press Inc., Oakville, Canada (2015).

6 From Farm to Fork. The European Green Deal, European Commission,
Bruxelles (2019).

7 LloredaMD l F andDe la Fuente LloredaM, Use of hybrids in viticulture.
A challenge for the OIV. OENO One 52:231–234 (2018).

8 Christoph N, Hermann A and Wachter H, 25 years authentication of
wine with stable isotope analysis in the European Union – review
and outlook. BIO Web Conf EDP Sciences. Apple Accademic Press
Inc., Oakville, Canada 5:2020 (2015).

9 Schmidt H-L, Fundamentals and systematics of the non-statistical dis-
tributions of isotopes in natural compounds. Naturwissenschaften
90:537–552 (2003).

10 O'Leary MH, Carbon isotopes in photosynthesis. Bioscience [American
Institute of Biological Sciences, Oxford University Press] 38:328–
336 (1988).

11 Dunbar J, A study of the factors affecting the 180/160 ratio of the water
of wine. Z Lebensm Unters Forsch 174:355–359 (1982).

12 Perini M, Carbone G and Camin F, Stable isotope ratio analysis for
authentication of red yeast rice. Talanta 174:228–233 (2017).

13 Dordevic N, Camin F, Marianella RM, Postma GJ, Buydens LMC and
Wehrens R, Detecting the addition of sugar and water to wine. Aust
J Grape Wine Res 19:324–330 (2013).

www.soci.org M Perini et al.

wileyonlinelibrary.com/jsfa © 2022 Society of Chemical Industry. J Sci Food Agric 2023; 103: 2867–2875

2874

 10970010, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jsfa.12316 by Fondazione E

dm
und M

ach, W
iley O

nline L
ibrary on [13/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com/jsfa


14 Bota J, Tomás M, Flexas J, Medrano H and Escalona JM, Differences
among grapevine cultivars in their stomatal behavior and water
use efficiency under progressive water stress. Agric Water Manag
164:91–99 (2016).

15 Poni S, Bernizzoni F, Civardi S, Gatti M, Porro D and Camin F, Perfor-
mance and water-use efficiency (single-leaf vs. whole-canopy) of
well-watered and half-stressed split-root Lambrusco grapevines
grown in Po Valley (Italy). Agric Ecosyst Environ 129:97–106 (2009).

16 Ruocco S, Perenzoni D, Angeli A, Stefanini M, Rühl E, Patz C-D et al.,
Metabolite profiling of wines made from disease-tolerant varieties.
Eur Food Res Technol 245:2039–2052 (2019).

17 Roman T, Nardin T and Trenti G, Press fractioning of grape juice: a first
step to manage potential atypical aging development during wine-
making. Am Soc Enol Viticulture 71:17–25 (2020).

18 Nicolini G, Roman T, Flamini R, Tonidandel L, Gardiman M and
Larcher R, Thiol precursors in Vitis mould-tolerant hybrid varieties.
J Sci Food Agric 100:3262–3268 (2020).

19 Román T, Nicolini G, Barp L, MalacarneM, Tait F and Larcher R, Shikimic
acid concentration in white wines produced with different proces-
sing protocols from fungus-resistant grapes growing in the Alps.
VITIS - J Grapevine Res 57:41–46 (2018).

20 Gelmetti A, Bottura M, Roman T, Stefanini M, and Nicolini G. 2018
updates on the agronomic performances of fungus resistant wine
grapes in Trentino (Italy). 21st GiESCO international meeting: a multidis-
ciplinary vision towards sustainable viticulture GR; p. 768–769 (2019).

21 Roman T, Barp L, Malacarne M, Nardin T, Nicolini G and Larcher R,
Mono- and di-glucoside anthocyanins extraction during the skin
contact fermentation in hybrid grape varieties. Eur Food Res Technol
245:2373–2383 (2019).

22 Stable Isotope-Ratio Guidelines Aid Forensic Science. Chemistry Inter-
national -- Newsmagazine for IUPAC. Springer-Verlag, Heidelberg,
Germany (2011).

23 Fauhl C and Wittkowski R, Oenological influences on the D/H ratios of
wine ethanol. J Agric Food Chem 48:3979–3984 (2000).

24 Camin F, Dordevic N, Wehrens R, Neteler M, Delucchi L, Postma G
et al., Climatic and geographical dependence of the H, C and O
stable isotope ratios of Italian wine. Anal Chim Acta 853:384–390
(2015).

25 Ogrinc N, Košir IJ, Kocjančič M and Kidrič J, Determination of
Authenticy, regional origin, and vintage of Slovenian wines using a
combination of IRMS and SNIF-NMR analyses. J Agric Food Chem
49:1432–1440 (2001).

Stable isotope ratio variability of hybrid grape varieties www.soci.org

J Sci Food Agric 2023; 103: 2867–2875 © 2022 Society of Chemical Industry. wileyonlinelibrary.com/jsfa

2875
 10970010, 2023, 6, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jsfa.12316 by Fondazione E
dm

und M
ach, W

iley O
nline L

ibrary on [13/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com/jsfa

	Insights into the stable isotope ratio variability of hybrid grape varieties: a preliminary study
	INTRODUCTION
	MATERIALS AND METHODS
	Samples
	Stable isotope analysis
	Distillation of wine and SNIF-NMR analysis
	IRMS analysis

	Statistical analysis

	RESULTS AND DISCUSSION
	Variation in stable isotope ratios by variety
	Variation in isotope ratios by year of harvest
	Deviation of isotope ratios from hybrids to V.vinifera

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	REFERENCES


